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14 p ESTATICA DE FLWIDOS *

v

Densidad de una mezcla de liquidos wdeales RENE

TRy

La dénsidad dc una mczcla de liquidos ideales (aquellos que al mezclarse
no reducen su vnlumcn) puede calcularse a partir de:

1 X X. X
= ! + = 2 =
pmezcia Py Py - P.

X, = I'raccmn masa del liquido n.
P, = demndad del Ilqundo puro n.

v v i

Densidad en los gases e

l.a manera comin de obtener la densidad de un gas es a través de una
ecuacion de estado que relaciona su presién, temperatura.y volumen. Los
gases ideales obedecen la ecuacian:

pv = T = 2L RT P = presion{=)ML~' 6%
rPM V = volumen{=)L?

Mo T - = temperatura(=)T
pgas = — .. -4+ 1 R: = constante de los gases

e S - (1abla-ll, apéndice)

n = namero de moles

PPAM Al = masa(=)M '

pRas = =T PM = peso molecutar(=)Mmol ™

L.os gases siguen esta ley a temperaturas reducidas’ mayores de 2 y a pre.
siones reducidas menores de 1. es decir, a prewnncs mennrcs de 10 atm
v remperaturas mayores a §°C. -

) T . ¢
Pr = - , r =1 !
Pr Tec :
M = presiaon reducida (=) adimensional T
Pro= presion critica (=) M.t p-? (=) Fl,—*
7' = temperatura reducida (=) adimensional
Te = 1emperatura critiea (=) 1
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FLOW MEASUREMENT ENGINEERING HANDBOOK

Table 6.1 Flowmeter Selection Table

) Goses . -
. {vapors) Liquidse
Sharries
' s 3
Fipe slze. § E s E E E ‘g i
Flowmeter in {mm) o a8 o b & S - =
SQUARE.-ROOT SCALF: MAXIMUM SINGLE RANGE 4-1
Onifice . I
Square.wiged > 5 (40}
Honed meter run - §5-15(12
Foxhorn IFOA am
Integral <05 12)

Quudrant/comc edge  >15 (40)

Eccentric >2 1560
Segmental =4 {100}
Annular >4 (100)
Target =054
(12-190)
Venturi =2 (50 * ;
Finw norrle =2 (K0}
{av-Lows >3+75)
Pitnt =375
Muitiport sveraging >14{25)
Elbow =2 {50
LINEAR SCALE: TYPICAL RANGE 101
Magnetic Vi-72{25-
1800}
Mans lowmeler
Corinlin
Tastive diaplacement =12 (30M
Tirrbune 025-24 {f-
RNy
Hlteasonie
Tune of Might =05012) o
Prappler =051 "
Varinble aren =<1 {15
Y nrtex 0% — IR £
(12 — 40m S y

® = geagned [or thea apphication, 8 = normaily applicable; 0 = not deaugned for this spphicstion
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E) PLACA DE ORIFICIO

- Esta es la forma mas comun de reduccion del drea de circulacion para producir diferencia
de presiones y sus caracterfsticas son: -

a) Maixima pérdida de presién permanente.

b) Es el mas cominmente usatdo. -
¢} Mais facil de instalar.

d) Facilmente reproducible.

e) Requiere inspeccion periodica.

f) Es el de mas bajo costo.

Este tipo de elemento primario de medicién para medir flujo es una placa delgada de me-
1al con una abertwura generatimente redonda y concéntrica como se muestra en la fig. 1-21.

FIG. 1-21
Placa de orificio y unibn de brida. {Cor- ‘Inzp oy orificio tipo Deniel. (Cortesfa
tes{a The Bristol Ca.} de Danviel Inc.}.
. . -
Orificio concéntrico Orificio sagmental Orificio excéntrico
-7 FIG. 1- 1A

{Cortes{a The Foxboro Co.)
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Date of 1ssue: July 1991

Affected Publication: Manual of Petrolenm Measwrement Standards, Chapler 14,
*“Natural Gas Floids Measurcment,” Section 3, *Concentric,
Sqnare-Fdged Orifice Meterr,” Part 1, “General Unuahions and
Uncertainty Guidefines,” Third Edilion, Septeinber 1990

ERRATA

On page 2, Footnote | should read as follows:

| Ameticun Ntional Standards Inctitate, 1 West 42nd Street, Now York, New York 10036,

On page 3, Figire 1-1 should appear as follows (that is, the letters PE shouid e used
to represent the downsiream siatic pressure element):

0O o

* R re———

Upstream piping seclion Downstream plping sacilon

@ Orillice plate holder (Tlangas or ling)

E Straightuning vane assembiy (opilonal)

i:::- Woiding -neck flango

Differcni:ai prossure eloment

’ @ Downstream sialic prassure elernant
@ Downstroam temperature elemant

@ Themowell

Figure 1-1— Qrifice Mater

. - -

On page 3, the fir st paragraph should read as fellows (that Is, the werd Ohia showldd re-
place the word Oklahomo}:

Although it docs not mean that other data are of inferior qualily, it is known that insuff-
cient infoirmation exisis to detennine whether the independent varinhles were contralled ad
quantified. Some exnmples of comparison quality data are the Ohio State Univeisity Data
Base (303 flange-tapped polnts), the 1983 NBS Boukder Experiments, thie Foxboro  Colum-
bus-Daniel 1000 Point Data Dase, and the Japanese Water Data Base,

opyright by the AMERICAN PETROLEIM [HSTUTUTE (APD) A

we Oct 09 13:17:13 199
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Fgure 16.28 Quadrent (quartar—circle) cancentric arifice.




" An Overview _df the

Daniel Danalyzer System.

The Danalyzer measures the BTU of gas to within =34 BTU in 1000 over

16— - the full ambient range of 0—130°F.
The system includes:

- Sample conditioning system A_nalyzer Model 2251 controller

e e

SAMPLE
CONDITIONING
SYSTEM

UTILITIES 115V
OR 230 wWC

4
¥R caupranon
GAS
HELIUM
CARRIER GAS

-‘ - — e
CHROMATOGIAM SWAGIRMH RECOMDE
0—10 ORNUT TO DAMEL ALOW COMRUTER

VoS T
eo— TIF ]

I CONTIVUCLES TRENESS OF ey

OR [ e, ¥y
CORMPRESSSREY WORME

26 & W0 U TD

AMAR CONTACT CLOTLINE . RTWG
I0VOCORAC. D TS A 30W
AESISTIVE D 4 W BNOUCTIVE

-

R5232 \?37

— oo
CHROMATOGRAM =1 ]

Inputs o < OR Outputs
- ~~——4 REPORTS

» Up to five sample streams from e *» Chromatogram, bargraph or input
the pipeline or sampie cylinders. signal to Daniel's flow computer to
Four streams with automatic provide therm calculation.
calibration. i * Three 4-20 mA trends of any

* Two 4-20 mA signals from any component, BTU, specific gravity,
continuous analyzer, such as compressibility, Wobbe, and ratio.
a moisture or hyvdrogen sulﬁde ;‘gm?gg Up to 18 optional trends.
monitor.

» Complete remote operation of
system via a personal computer
or host with true bi-directional

mmunication.

* Alarms: 15 programmable
HI/LO alarms, 12 hardware
alarms,

* RS232C serial port for printer,
RTU, host computer or modem.

* Remote chromatogram available

HOST OR via dlglta] link to personal com-

PERSONAL COMPUTER

puter printer.
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, Daniel directiy mea-

dioxide separation. To provide the
best repeatability avalable from any

BTU analyzer

Four Minutes,

+1% BTU Repeatability.

on

Chromatogram. Complete
in
The chromatogram is a graphic rep-

Separati

sures each peak. The Danalyzer is

vide you repeatable results to within

the only BTU analyzer that will pro-

concentration in the gas.

Each peak represents a component.

resentation of the measured com-

ponents

BTU m 1000 over the complete
ambient temperature range of

v

The area under a peak is propor-

tional to the component’s concen-

tration. Notice how each peak is

clearly

Only the Danalyzer can

provide the highest repeatability
available over a wide amb

130°F.

O—

t tem-
minute

separated from the others.

The Danalyzer easily performs the
tough nitrogen/methane/carbon

perature range within a 4
e.

analysis
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o o)
o o)
o ANALYSIS ) o
) . o
° DATE: 05/01/8B6 " ANALYSIS TIME: 225 " BTREAM SEQUENCE: "} ol

- TIME: 07:47 CYCLE TIME: 240 STREAM#: 1
o ANALYZERR: 5488 MODE: RUN CYCLE START TIME: 07:41 o
o COMP NAME COMP CODE MOLE % B.T.U.# SP. GR.% o
o C o6+ - 108 0.028 1.50 0.0009 o
PROPANE 102 1.004 25.33 0.0153
o I-BUTANE 103 0.308 10.03 0.0062 o
N-BUTANE 104 0.302 " 9.89 0.0061
o NEO CS 107 0.103 4.09 .. 0.0026 o
IPENTANE 105 0. 099 I.96 0.0025
(o] NPENTANE 106 0.098 .95 . 0.0024 Q
NITROGEN 114 2.488 0.00 0.0241
o METHANE 100 89.583 906.58 0.4962 o)
Coz 117 0.981 ©.00 0.0149 )
o) ETHANE 101 . S5.006 88.7% 0.0520 % o
o TOTALS 100. 000 1054.12 0.56231 ' BN o
=~ % @ 14.730 PSIA DRY.t UNCORRECTED FOR COMPRESSIBILITY .0
COMPRESSIBILITY FAETDH (172} = 1,0024 -0
DRY B.T.U. @ 14.730 PSIA & &0 DEG. F CORRECTED FOR (1/2) = 1056.6 7.
© SAT B.T.U. @ 14.730 PSIA % &0 DEG. F CORRECTED FOR (1/Z) = 1038.3 o
REAL SPECIFIC GRAVITY = 0.6286 ' o
© UNNORMALIZED TOTAL MOLE % = 99.94 -
© ACTIVE ALARMS o
© NONE ©
O o
80-Column Format for complete  data of specific mterest without determined to be within operator-
data presentation and easy operator  burdenmg him with the complete selectable limits, the controller cali-
review., analysis report each printout. brates the analyzer’s output. The
. _ Danalyzer measures the calibration

Analysis Report provides com- Extended Averages . gas before calibrating, ensuring

plete compositional analysis and 36 extended averages are available.  reliable results.

BTU factors for diagnostic purposes.  The extended averages can be
hourly, daily or monthly. The

Short Report allows operator the extendad average provides the
ability to select or edit for printout high, average and low value that
of any data available n the analysis occurred during that period. Each
report. For example, the operator extended average will be stored
can select BTU only to be printed for three time periods.
m 24-hour average printed or

combmation of the analysis Calibration report first checks
report vanables. The short report the calibration gas. Once the
allows the operator to see only the calibration gas concentration is



INTRODUCCION.

El término norma o estiandar se define como una regla establecida, por la que se rige la mayoria de las
personas, para caracterizar un producty o método de trabajo. Asli, un estindar puede llegar 8 definir las
condiciones técnicas de fabricacion, operacién y verificacién de un determinado equipo o sistema.

Hoy en dia. no es posible concebir un sistema de medicion de flujo de gases y liquidos sin considerar el
empleo de estandares que regulen su manufactura, disefio, calibracion, prueba, operacién y mantenimiento.
La importancia de] empleo de los estiandares se fundamenta en dos actividades principalmente; una es el
mantener cierta uniformidad dentro del equipo de trabajo y Ja otra €s el contar con ¢l minimo de fuentes
polenciales de incertidumbre en la medicion. Ambas actividades repercuten directamente en el aspecto
economico de toda aquella industria cuyo principal ingreso y/o egreso monetario se encuentra en funcion
de la comercializacion de algin fluido, como es el caso de 1a industria petrolera.

Todas y cada una de las reglas que se establecen en los estindares estin respaldadas por un gran nimero de
prucbas de laboratorio y por un gran numero de revisiones y verificaciones del desempeiio obtenido. Con
esto se garantiza que al seguir de forma rigurosa los lineamientos de un estindar, el sistema de medicién a -
ser disefiado, integrado y probado tendri de forma implicita una serie de prucbas de desempeilo superadas.
Esta alirmacion se basa en la Ley de Similitud, la cual especifica que todos aquellos resultados obtenidos
cn instalaciones cxperimentales pueden ser obtenidos puevamente si existe una similitud dindmica y
geométrica entre la instalacién del medidor en proceso y la instalacién donde se obtuvieron los datos
experimenlales. La similitud geométrica requiere que e sistema de flujo experimental sea un modelo a
escala de las instalaciones de campo, mientras que la similitud dindmica implica una correspondencia de las
fuerzas del fluido entre ¢l sistema de flujo experimental y el sistema de campo. Hoy en dia estd ley ¢s el
principic basico para presentar resultados le6ricos y experimentales de la mecénica de fluidos.

Los estindares de medicion emitidos por el Instituto Americano del Petroleo (API) determinan como punto
de entrada las siguientes notas aclaratorias;

I.  Las publicaciones API visualizan problemas de tipo general. Para situaciones de tipo particular, leyes
ylo regulaciones locales, estatales y federaies deben ser consuliadas.

2. Las publicaciones APl no tatan de definir las obligaciones de empleados, fabricantes o
suministradotes. La informacion relacionada a precauciones y medidas de seguridad con respecto 2
maleriales y practicas de ingenicria, deberan ser obtenidas del fabricante ¢ en su caso de la hoja de
datos def material o producto que se esté manejando.

3. Nada de lo escrito en alguna publicacién API estd orientado a una marca o palente especifica. (Al
contrario, los fabnicantes o patentes tratan de apegarse a lo que dicen las normas API).

4. Generalmente las publicaciones API son revisadas cada cinco 2iios, o antes en caso de ser necesario.
En algunos casos sc adicionan dos afios mis a este ciclo.

5. Todas las publicaciones de API han sido desarrolladas bajo los procedimientos de estandarizacion AP,
los cuales aseguran una apropiada participacion y documentacién durante el proceso de desarrollo.

6. Los estindares AP tienen por objetivo el facilitar una amplia disponibilidad de adecuadas pricticas de
ingenteria. operacion y prueba de los equipos y sistemas a ser habilitados.

7. /El fabricante que marca sus productos con la leyenda de conformidad con algin estindar API, es el

.Ainico responsable de que el producto efectivamente haya sido desarrollado tal y como lo marca el

172
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estandar. Esto quiere decir que APl no garantiza ningin material que este marcado con la leyenda de
conformidad con los estandares API.

B. Las recomendaciones estipuladas en las publicaciones APl pueden ser seguidas por quién asi quiera
hacerlo, por lo que su aplicacién es enteramente voluntaria.

9. El institute ha hecho esfuerzos por asegurar la exactitud y fiabilidad de los datos contenidos en xus
publicaciones, razon por la cual los estindares.API consideran solo disefios, técnicas, procesos y
materiales que han demostrado ser satisfactorios para-el servicio requerido. Innovaciones en estos
campos, seran consideradas por los estindares cuando prucbas de desempeiio son disponibies.

10. El Instituto Americano del Petréleo instituto no se responsabiliza por pérdidas o dafios resultantes que
podrian llegar a generase por ¢l empleo de los estAndares, o bien, por si llegara a violarse alguna ley o
regulacion local, estatal o federal

Las caracteristicas de tipo general del Manual de Estindares en la Medicion del Petréleo (MPMS) emitidos
por el APl son:

- Incluyen definiciones y terminologia dentro de sus lineamientos para evitar ambigiiedades.

- Describen los principios, caracteristicas y limitantes de desempeiio de los equipos o dispositivos
que estén involucrados en el estindar. Asimismo, establecen los procedimientos de instalacion y
prueba de los equipos mencionados.

—  En slgunos casos, deterninar ¢l nivel de exactitud de los equipos o dispositivos, por posibles
variaciones en el medio ambiente o en las condiciones de instalacion, operacion y mantenimiento.

—  Describen cuando es primordial seguir las recomendaciones de los fabricantes.

—  Son imparciales y no involucran aspectos de tipo comercial.

‘Los principales beneficios que pueden ser oblenidos por el empleo y seguimiento de los lineamientos de los
estandares API son: N

—  Permiten definir de forma clara los términos de un producto o scrwcno que ha sido contratado, y de
lo que ha sido o serd suministrado. .

- Permite determinar con un alto nivel de certidumbre la fiabilidad y exactitud de un producto o
servicio desde la etapa de disefio y conceptualizacidn.

~ Pemmiten realizar adquisiciones de equipo de diferentes origenes. (Dispositivos intercambiables y
compatibles).

- Permiten minimizar {a capacuacubn del personal. (Ya que la terminologia y métodos de prueba son
comunes para todos los fabricantes).

—  Permiie reducir costos de los equipos o dispositivos. (Y& que los disefios o caracteristicas finas del
producto se han definido por consenso de varios expertos y fabricantes de dispositivos),

— Permiten eliminar “estindares propietarios” emitidos de manera unilateral por un fabricante.

Los presentes apuntes, sélo son un resumen de los siguientes capitulos del MPMS. Capitulo 4 “Sistemas de
Prueba™, Capitulo 5 “Medicién. Capitulo 6 “Ensambles de Medicion™, Capitulo 7 “Determinacién de
temperatura”, Capitulo 8 “Muestreo, Capitule 10 “Agua y Sedimento™, Capitulo 12 “*Célculo de cantidades
de petréleo™ y el Capitulo 14 “Medicion de fluides de gas natural™. Todos tas notas y comentarios
existentes en estos apuntes, eslin onentados a los sistemas de medicion de flujo (pipeline systems) para
aplicaciones de transferencia de custodia. Si el lector desea un mayor detalle de la informacién contenida
en estos apuntes, es necesario consultar directamente las normas correspondientes.

En el Anexo A de este documento, se incluye un sumario de todos los estindares que conforman el MPMS.
Este sumario se extrajo directamente de la pdgina del API en internet. En el Anexo B de este documento, se
incluye un glosario de ténminos de tipo general donde el autor de estos apuntes considera que son de vital
importancia para el mejor entendimiento de los estandares. Para ver a detalle todo el glosario de términos
que maneja el MPMS, se recomienda consultar el Capitulo 1 *Vocabulario™ de este manual de} MPMS.

22
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CAPITULO 14. MEDICION DE FLUIDOS DEL GAS NATURAL.
SECCION 14.0. PROLOGQ.

El Capituto 14 del Manual de Estindares en la Medicion de Petroleo fMPMS) es una guia para el disefio,
instalacion, calibracién y operacicn de los sistemas de medicién de fluidos del gas natural.

El capitulo 14 se divide en las secciones siguientes:

14.1 Recoleccién y manejo de muestras de gas natural para transferencia de custodia.

14.2  Factores de compresibilidad del Gas Natural y otros hidrocarburos gaseosos relacionados.

14.3  Medicion de gas natural y de otros hidrocarburos relacionados, mediante medidores de orificio.

144 Convirtiendo masa de liquidos v vapores de gas natural a su equivalente en volumen liquido.

145 Calculo de la capacidad calcrifica: (Gross Heating Value), Densidad Relativa (Gravedad
especifica)y del Factor de compresibilidad de Mezclas de Gas Natural a partir de su anilisis
composicional.

14.6 Medicion continua de densidad. ;

14.7 Estandar para la medicidn de masa de Liquidos de Gas Natural.

148 Maedicion de Gas Licuado de Petréleo.

Para fines didacticos, dentro de estos apuntes se cambia la secuencia del orden de los estindares para una
mejor comprension de los sisternas de medicion de fluidos de gas natural. Siendo asi, la secuencia de
exposicion serd como sigue:

Seccién 14.3 Medicitn de gas natural y de otros hidrocarburos, mediante medidores de orificto.

Scecion 14.2 Factares de compresibilidad del Gas Natural y otros hidrocarburos gaseosos relacienados,

Seccion 14.4 Convirtiendo masa de liquidos y vapores de gas natural a su equivalente en volumen liquido.

Scccién t4.5 Calculo de la capacidad calorifica, Densidad Relativa y del Factor de compresibilidad de
Mezclas de Gas Natural a partir de su analisis composicional.

Seccion 14.]1 Recoleceion y manejo de muestras de gas natural para transferencia de custodia.

Seccidn 14.6 Medicion continua de densidad.

Seccion 14.7 Estdndar para la medicion de masa de Liquidos de Gas Natural.

Seccion 14.8 Medicion de Gas Licuado de Petroleo,

Se hace notar que Ios estandares contenidos en este capitulo estin fueriemente ligados con los estindares y
Iinearmentos emitidos por organizaciones especializadas en el manejo y medicién del gas natural, como lo
cs, Gas Research Institute {GRI1), Gas Processors Association (GPA) y American Gas Association (AGA).
e forma particular v a manera de informacion se menciona que la American Gas Association ha emitido
estindares dirigidos hacia la medicion de gas natural mediante otros tipos de medidores como son los
medidores de tipo turhina (AGA Reporte No. 7) y los medidores de tipo ultrasénico (AGA Reporte No. 9).



-22-.

SECCION 143 MEDICION DE GAS NATURAL Y DE OTROS
HIDROCARBUROS MEDIANTE MEDIDORES DE ORIFICIO.

El estdndar se desarrollé en conjunto por API, AGA, GPA y con valiosas contribuciones de CMA
(Chemical Manufactureres Association), CGA {Canadian Gas Association), EC (European Community) y
diversas organizaciones de Japén y Noruega. El estindar esti organizado en cuatro partes. La parte |, 2 y 4
aplican en la medicién de cualquier fluido Newtoniano de la industria petrolera y quimica (incluyendo
liquidos). La parte 3 se enfoca a la aplicacién de las partes 1, 2 y 4 en la medicién de gas natural.

En general la seccién 14.3 del MPMS aplica para fluidos que pricticamentt son considerados como
limpios, de una fase, homogéneos, Newtoniznos y con Niimero de Reynolds 2 4000. Todos los gases, la
mayoria de los liquidos y la mayoria de los fluidos en fase densa asociados con la industria del petrdleo,
petroquimicas y de gas natural son usualmente considerados como fluidos Newtonianos.

El estandar da especificaciones y requerimientos de instalacién de placas de orificio, portaplacas, tomas
barrenadas para sensores (tap hole), ubos de medicidn, termopozos y acondicionadores de flujo. Para
aplicaciones de transferencia de custodia, los medidores de orificio y su tuberia adyacente deberin
apegarse, estrictamente, a los requerimientos del estindar, ya que posibles desviaciones invalidardn los
estimados de incertidumbre que se especifican,

Se hace notar que la incertidumbre del sistema de medicién no depende Gnicamente de! “hardware” que se
emplee, sino que también dependerd del desempefio del “hardware y “software™, del método, equipo y
procedimientos de calibracién y sobre (odo, del factor humano. Para construir, operar y mantener las
instalaciones de un sistema de medicion dentro de un nivel de incertidumbre deseado, el usuario debe
definir este nivel de incertidumbre desde la etapa de disefio, ya que Ia exactitud en Ia medicién depende de
1a combinacion de: n

El disefio, instalacion y operacidn de las instalaciones del medidor de orificio.

La seleccion del equipo de medicién.

El medio de transmision de los datos.

El procedimiento de cilkulo y el medio de cédmputo. :

Los efectos de las condiciones ambientales sobre el equipo de operacién y/o de calibracion.
La variacién de temperatura y presién del fluido.

El tiempo de respuesta.

Las fuerzas de gravitacion locales.

La cadena de trazabilidad asociada con los patrones portétiles de campo.

TR e A0 T

1. ECUACIONES GENERALES Y LINEAMIENTOS DE INCERTIDUMBRE.

1.1 Resumen.

En esta parte del estindar se describen las ecuaciones para Guterminar a razén de flujo de masa y de
volumen a condiciones estindar. Se presentan las ecuaciones empiricas para determinar el coeficiente de
descarga y el factor de expansi6n, se definen las propiedades fisicas del fluido que influyen directamente en
la medicion de flujo y se describen los lineamientos que permiten estimar la incertidumbre asociada al
disefio, instalacién y mantenimiento de Jos medidores de orificio.

1.2 Algunss definiciones.
MEDIDOR DE ORIFICIO. Ei medidor de orificio es un dispositivo que infiere una razén de flujo mediante

la diferencial de presion que produce en ¢l fluido. El medidor consiste de los elementos que se describen a
coniinuacion:

1724



-23-

a) Una placa con orificio concéntrico de borde cuadrade.

b) Fittings o bridas para sujetar la placa equipadas con las apropnadas tomas para el sensado de la
‘presion diferencial.

¢) Un tubo de medicion que conforma las secciones de tuberia adyacentes a la placa.

COEFICIENTE DE DESCARGA DE LA PLACA DE ORIFICIO (C,). Es la relacién que existe entre el
flujo real y el flujo tedrico que pasa a través del orificio de 1a placa. Se aplica en la ecuacion de flujo tedrica
para obtener ¢l flujo real. En otras palabras, es un factor de compensacién entre el flujo tedrico y el real.

FACTOR DE EXPANSION (Y). Es una expresidn empirié usada para comregir la razén de flujo por la
reduccién en Ia densidad que un fluido compresible experimenta cuando pasa a través del orificio de una
placa. Para fluidos incompresibles el factor de expansion es igual a 1.0

VELOCIDAD DE ACERCAMIENTO (Ey). Es la expresién matemdtica que relaciona la velocidad del
fluido en ¢l tubo de medicidn aguas arriba y la velocidad del fluido en el orificio de la placa.

FACTOR DE COMPRESIBILIDAD (Z). Es el factor de gjuste uszdo pars contabilizar la desviacién que
experimenta un fluido gaseoso con respecto a la ley de los gases ideales.

EXPONENTE ISENTROPICO (k) Es una propiedad termodinimica que establece la relacién entre la
densidad y la presidn de un fluido cuando pasa a través del orificio de la placa.

VISCOSIDAD. Es la medicién de las fuerzas intermoleculares de un fluido para resistir su deformacion
cortante. Para muchas aplicaciones con alto nimero de Reynolds las variaciones de wviscosidad son
practicamente ignoradas ya que no repercute en mayor manera en el céiculo del flujo. Para aplicaciones con
bajo nimero de Reynolds es de vital importancia el determinar con exactitud el valor de 1a viscosidad y las
vaniaciones que puede llegar a sufrir con los cambios de condiciones de operacion, ya que si influye de
manera significativa en el cilculo del flujo.

DENSIDAD. Es la masa por unidad de volumen del fluido que estd siendo medido a determinadas
condiciones de temperatura y presién. La densidad puede ser obtenida ya sea mediante 1a aplicacion de una
ecuacién de estado, o bien, mediante la aplicacién de un densitémetro en linea. Para la instalacidn,
operacién y calibracién de densitdmetros empleados en la medicion de densidad de 0.30 gr/em’, refiérase al
API MPMS 14.6; para valores de densidad menores refiérase a los manuales del fabricante. Los fabricantes
del densitometro deberdn demostrar que 1a operacidn de éste no interfiere con las operaciones bésicas del
medidor de orificio. Para fluidos cuya densidad cambia rdpidamente por cambios en la temperatura del
fluido, para fluidos a baja velocidad y/o para minimizar los efectos de Ia transferencia de calor debido a Ia
temperatura ambiental, se recomienda aislar térmicamente el tubo de medicion entre el elemento primario y
la toma de lectura de temperatura.

1.3 Ecuaciones para determinar la razén de flujo.

La ecuacion aceptada para determinar el flujo mésico a través de un medidor de orificio es:

g, =C,EY(r/4)d* [ig_p, AP M
Donde:

Cy = Coeficiente de descarga de la placa de orificio.
d = Diametro del orificio de la placa caleulado la temperatura dei fluido (T.
AP = Presion diferencial provocada por la placa de orificio.

£, = Velocidad de acercamiento = ==

= Constante de conversion dimensional.
x = Constanie universal = 3.14159
qm = Razon de flujo de masa.
iy =Densidad del fluido a las condiciones de fluido (P Ty
Y = Factor de expansion
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Para determinar la razdn de Mujo volumétrico, a condiciones del fluido y a condiciones base (estiandar), se
emplea la expresion:

9e '
q,=— (2)
L pl.p
0=2 ‘ ')
Pe

Donde:

¢, = Flujo volumétrico a condiciones de temperatura y presion del fluido.

@.= Fhyjo volumétrico a condiciones de temperatura y presion base (estandar).
pip= Densidad de masa a condiciones de temperatura y presion del fluido.

= Densidad de masa a condiciones base festandar) del fluido.

El coeficiente de descarga y el factor de expansidén son funciones empiricas obtenidas a partir de datos
experimentales. El coeficiente de descarga depende del miimero de Reynolds, de Ia localizacién de las
tomas de presion, del didmetro del tubc de medicién y de la relacién de didmetros B. La ecuacién para
determinar el coeficiente de descarga es aplicable para tubos mayores o iguales a 50 mm (2 in) y relaciones
B de 0.1-0.75, por o que los orificios e las placas de orificio deberdn ser mayoresa 11.4 mm (045 in) y
numero de Reynolds mayores o iguales 2 4000. La ecuacién del coeficiente de descarga esth dada por.

' &m0
C,(FT )= C,(FT)+0.000511 [1: £ ] +(0.0210 +0.0049 )F'C @
C(FT)=C,(CT)+ TapTerm )
C,(CT)=0.5961 +0.291 8" + 0.003(1 - M (6)
TapTerm =Upstrm + Dnstrm M
Upstrm = [0.0433 +0.712™% = 0.1145¢7°% 1 - 0.23 4)B ®)
Dnstrm = —0.0116{M, - 0.52M1*]8"' (1 - 0.14 4) ©
A |
= _ - (10)
1-p*
M, = max(z.s—i,o.oJ an
N, .-
" - L1} ] 6 035
M, - 2L, ., _[1000g]" o _[10 2
I-p Re, Re,
Donde:
fi = d/D = Relacion existenie entre el didmetro del orificio de la placa y el didmetro del tubo de medicion.
d=dfi+a, -1 d,=d_fi+a,(,-1.)
p=nfea,r,-1)} D, =D l+a,@, -1.)}

T; = Temperatura del fluido a condiciones de flujo.

T, = Temperatura referencia para determinar el didmetro del orificio de la placa v del tubo de medicién, para
propasito de este estdndar, se considern que T. = 68°F (20°C).
T, = Temperatura de la placa de orificio v del tubo de medicion a la hora de medir sus didmetros.
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a, = Coeficiente de exponsion térmica para ¢l material de la placa de orificio.

a: = Coeficiente de exponsion térmica para ei material del tubo de medicion. -
d, = Diametro del orificio de la placa a temperatura T,.

d = Diameiro del orificio de la placa a temperatira T,

d = Diametro del orificio de la placa a la temperatura de flujo Tp.

D, = Diametro interior del tubo de medicion a iemperatura T,.

D,, = Diameiro interior del tubo de medicion a temperatura T,

D = Diametro interior del ubo de medicion a la temperarura de flujo T;.

i&
xul) *
41 = Viscosidad absolta del fluido.
CAFT) = Coeficiente de descarga a un especificado Rep para un medidor de orificio con bridas barrenadas para

Rep = Niimero de Revnolds =

toma de presion.

CAFT} = Coeficiente de descarga o un infinito Rep, para un medidor de orificio con bridas barrenadas para toma de
presion.

C(FT) = Coeficiente de descarga a un infinito Rep para un medidor de orificio con esquinas barrenadas para toma de
presion.

€ = Constante universal = 2.7/828.
L; = Carreccion dimensional para la localizacion de los barrenos = Ly = N, /D para bridas barrenadas.
N, = [.0 cuando D esta en pulgadas ¢ 25.4 cuando D estd en milimetros.

Desde un punto de vista prictico, se define que la expansién de un fluido es reversible y adiabética (sin
ganancia o pérdida de calor. Para gases perfectos (gas ideal con calores especificos constantes) el
exponente isentropico k, es igual a A; evaluado a las condiciones base. Para un gas real, el exponente
isentropico £, es una funcidn de las condicicnes de presién y temperatura del fluido. ). Dentro de rangos de
operacién practicos de presidn diferencial, presidn estitica y temperatura del fluido, ¢! factor de expansién
es insensible al exponente isentrépico por lo que asume fa existencia de un exponente isentrépico ideal,
esto es que, come k; = k, = &, entonces es comuin emplear &; en las ecuaciones de flujo. Para un gas ideal el
exponente isentrdpico es igual a la relecién de calores especificos a presidn y volumen constante, siendo
independiente de 1a presidn i.e.

al

k, =-2 \ (16)
c'
Donde:
k, = Coeficienie iseniropico de un gas ideal,
C, = Calor especifico a presion constante.
C, = Calor especifico a volumen constante.

Teniendo este concepto como referencia se estipula que existen dos métodos para determinar e} factor de
expansién de un fluido. El primer método (Y)) se recomienda por su simplicidad. El segundo método (Y)
es mas exacto que el primero ya que considera Ja presion estitica del fluido antes y después de la placa de -
orificio. Las expresiones matemdticas que determina el factor de expansidn son:

Y, =l—(0.4l+0.35ﬂ‘)% (13)
P . Z
Y,=Y, (A& (14)
sz qu
Donde, -
‘g:%%:‘ para cuando se mide la presion estdtica agues arriba
X, =

AP . ., . ,
Y Y para cuando se mide la presion estdtica aguas abajo

X, = Relacion enire presion diferencial v prezion estatica absoluta aguas arriba o aguas abajo de la placa.
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JP Ditirencial de presion pravocada par la placa Je orificio. -
= Factor de conversion de unulades = 1.0 cuando la presion se mide en lbs/i in & en Pascoles.
P,, Presion extdiica absoluta aguas arriba de la placa.
P = Presion estanca absoluta agias abajo de la placa.
k = Exponente iseniropico.

La ecuacion presentada para el factor de expansion es vilida bajo las siguientes condiciones:

- Relaciones qu;;:slén dentro det rango de 0.10 2 0.75
- Idéntica temperatura del fluido aguas urriba y aguas abajo de la placa.
- Que se cumplan las siguierites criterios de relacidn de presiones:

P
0< <0.20; 0.8<-FL< 1.0 : {15)

34 A

1.4 Condiciones de Flujo.

Las condiciones de flujo pueden afectar significativamente la exactitud en la medicién. El estado del tubo
de medicion, el acoplamiento de la tuberia, las tomas de la presidn diferencial, las longitudes de tuberia
recta aguas arriba y aguas abajo de la placa de orificio y varios detalles mas relacionados a la instalacién,
son factores que influyen en las condiciones de flujo. Para garantizar exactitud en ja medicién dentro de un
nivel de incertidumbre definido, deber: asegurarse como minimo, las siguientes condiciones de flujo:

a) El flujo debe aproximarse a condiciones de fluido en estado estable. El fluido debe ser limpio, de !
una fase, homogéneo y Newtoniano. &

b) No debera existit ningin cambio de fase en ¢l fluido cuando pase a través del crificio del medidor.

c) El flujo deberd ser subsdnico cuando pase a través del orificio y del tubo de medicidn.

d) El mimero de Reynolds deberd estar dentro de las limitaciones que especifican los coeficientes
empiricos del coeficiente de descarga y del factor de expansién.

¢) El flujo debe entrar al orificio de la placa con un perfil de velocidad completamente desarrollado.

f) No deber4 existir en ninguno de los casos un bypass de flujo alrededor del medider de orificio.

Las mediciones de fiujo tomadas por un medidor de orificio no son coniiables cuando existen pulsaciones
apreciables en el punto de medicién, ya que provocan cambios repentinos en la velocidad, presion y
densidad del fluido. Las fuentes mas comunes de pulsacién en el flujo de fluidos son las que se mencionan
a continuacion:

a) Intercambiadores, compresores, impuisores y/o motores.

b) Bombeo y reguladores de presion mal dimensionados.

¢) Vilvulas, configuraciones de tuberia y elementos similares en mat estado o mal instalados.
d) Movimientos irregilares de agua o aceites condensados en la linea. -

e) Cavidades en la linea provocados por malos terminados en las juntas de Ia tuberia.

f) Basura o residuos ¢n los separadores v/o goteos.

Hasta la fecha, no existen ajustes tedricos o0 empiricos que permitan compensar los efectos que causan las
pulsaciones en la medicién de flujo, por lo que se recomienda eliminar o disminuir ia presencia y/o efectos
de tales pulisaciones. Algunas de las acciones que se pueden llevar a cabo para lograr este cometido son:

a} Rcubicar ¢l tubo de medicion en un lugar més adecuado, o bien, incrementar la distancia existente
entre el medidor de orificio y la fuente de Ias pulsaciones.

b) Insertar entre el medidor de orificio y la fuente de las pulsaciones filtros disefiados especificamente
para la causa, o en su caso, tanques {capacitores de volumen) y restricciones de flujo.

¢) Adicionar al instrumento de medicién de presién diferencial, manifolds de aproximadamente el’
mismo tamafio de las tomas de presion.
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d) Reemplazar la placa de orificio por una que tenga ¢l didmetro del orificio mas pequefio, o en su
caso. concentrar el flujo que pasa a través de varios medidores a través de un numero restringido de
ellos. ' ’

¢) Usar tubos de medicién més pequeiios y mantener en esencia ¢l mismo didmetro del orificio de 1a
placa, de tal forma que se mantengan los limites de la presién diferencial.

1.5 Ley de Similitud

Los coeficientes empiricos calculados como se especifica en el presente estindar son vélidos si existe una
similitud dinamica y geométrica entre Ia instalacién del medidor en proceso y la instalacién donde se
obtuvieron los dalos experimentales. A este concepto se le denomina Ley de Stmilitud. Hoy en dia estd ley
es el principio basico para presentar resultados tedricos y experimentales de la mecénica de fluidos.

La similitud geométrica requiere que el sistema de flujo experimental sea un modelo a escala de las
instalaciones de campo. Esto incluye las especificaciones mecinicas del tube de medicién, la placa de
orificio, las bridas para la sujecion de la placa, los requerimientos de tuberia recta aguas amiba y aguas
abajo del elemento primario, el acondicionador de flujo ¥ la instalacién del termopozo.

La similitud dinamica implica una comrespondencia de las fuerzas del fluido entre el sistema de flujo
experimental y el sistema de campo. Para el medidor de orificio, las fuerzas inerciales y viscosas son
consideradas como significativas dentro de este estindar. Como resultado, se debe verificar que el mimero
de Reynolds de los dos sistemas de medicion s+a similar. )

1.6 Calibracion “In-Situ™.

Para asegurar la exactitud de las mediciones de flujo, el usuario debe llevar a cabo calibraciones del
medidor /n-Situ: Se entiende por calibracién In-Situ & aquella calibracién que se lleva -a cabo bajo
condiciones de operacién rormales, con la misma configuracién de.tuberia, con el mismo fluido y con la
placa de orificio y sistema de registro de mediciones que se encuentran realmente instalados en la estacién
de medicion del fluido. Preferiblemente, las calibraciones /n-Sifv deben ser realizadas sobre todo el rango
de flujo, temperatura y presion para asegurar un alto nivel de confidencialidad en todo el rango de variacion
de las condiciones de flujo.

La calibracidn fn-Situ requiere el uso de un sistema de medicién de referencia cuya incertidumbre total sea
menor que la incertidumbre total del sistema de medicién que se esti calibrando. Este sistema puede ser
portati} o instalado permanentemente {(medidor maestro que haya sido calibrado con un sistema primario de
flujo masico).

La calibracion /n-Sitie provee un factor del medidor (MF) que puede ser utilizado para corregir la razén de
flujo de masa calculada por el sistema de medicién. El Factor del Medidor se define como:

MF = g.’!z. - _q_"'r_ (16)
9. 9.9,

Dande:

q., = Razdn de flujo de masa determinado pcr el sistema de medicion de referencia.

q. = Razon de flujo de masa determinado por el sistema de medicion que estd siendo calibrado.

9. = Razéan de flujo voluméirico indicado por el sistema de medicion que estd siendo calibrado.

pip = Densidad de masa del fluido a condiciones de temperatura y presién yF.

Cuando se obtienen diferentes factores del medidor parz varias condiciones de operacion, se recomienda
trazar una curva de la vanacién del factor del medidor contra la variacién del mimero de Reynolds. Si el

factor del medidor se emplea en la medicion de cantidades de flujo para propésitos de transferencia de
custodia, entonces las calibraciones /n-Sity deben realizarse de forma periddica para asegurar mediciones
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exactas. Una nueva calibracion debera Hevarse a cabo siempre que el sistema de medicion sufra camb:o-;
fisicos o de condiciones de operacién que sean significativos. -

Los resultados de la calibracidn pueden ser empleados para verificar que el sistema de medicién se
encuentra dentro de los niveles de incertidumbre considerados para su disefio. Si ef factor del medidor ests
fuera de los limites de 0.9 < MF < 1.1, entonces se debera verificar el sistema de medicién hasta determinar
y corregir las causa fisicas que propiciaron dicha desviacion. - — e

La calibracidn de la instrumentacion secundaria también contribuye a la incertidumbre total de Ia medicidn
de flujo. Los estindares de calibracion de esta instrumentacién normalmente no consideran correcciones en
las lecturas por la fuerza de gravedad local o alguna otra cotreccidn que se indique en los estindares que
rigen su calibracién. Todos estos factores deben de incluirse dentro del célculo de flujo, ya que es més
exacto este procedimiento que el de permitir que la persona que esté llevando a cabo la calibracidn realice
tas compensaciones fuera de linea. -

1.7 Incertidumbre.

Existen muchos factores que contribuyen a la incertidumbre total de la medicién de flujo mediante un
medidor de orificio. Entre estos factores se enuncian las tolerancias de construccidn de los componentes del
medidor, las tolerancias de los coeficientes empiricos de descarga, variaciones en las propicdades fisicas
del fluido, incertidumbres asociadas con la instrumentacién secundaria e incertidumbre asociada con los
procedimientos de calibraciones de los dispositivos. En ia Fig. 14.1 se muestra una guia de tipo general
para valorar ¢l nivel combinado de la incertidumbre asociada a los sigutentes pardmetros:

a. Coeficiente de descarga.

b. Efectos del Perfil de velocidad.

¢.  Ruogosidad de la tuberia, excentricidad de la placa con ¢l tubo de medicién y filo del borde del
orificio de la placa.

Como se muestra en la Fig. 14.1, las mejores mediciones de flujo se obticnen dentro del rango de 0.10 <
B < 0.60 y que el limite de un nivel de incertidumbre aceptable se da para relaciones [ de hasta 0.75.
NOTA: El nivel de incertidumbre que se muestra en la Fig. 14.1 considera que ¢l perfil de velocidad esta
libre de efectos de tipo swirl.

%

300 T T T T T 1
Repdn més senritive pan perfll de wlocidad, rgosided ¥ excentricided

i’omnlljn de [ncertdumbm

00
000 010 02X 030 04 0% 0.60 oM o082 0%
B8

Fig. 14-1 Niveles de Incertidumbre asociados a las condiciones de instalacion del medidor de orificio.
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La incertidumbre total en la medicion de flujo se determina mediante la suma cuadritica de las
incertidumbres asociadas a cada una de las variables que intervienen el cilculo del flujo. De la ecuacion (1)
se tiene que la razon de flujo de masa es una funcién de

X’ =f(Cd,Y,AP,d,D,p,_,)

La incertidumbre asociada al cocficiente de descarga esté en funcin de la relacién P y del Rep y su valor
serd igual al valor que se obtienen de las grificas que se muestran en la Fig. 14-2 y 14-3. Las placas con
dismetro de orificio menor de 11.4 mm (0.45 in) pueden llegar a tener un 3.0% de incertidumbre asociada
al coeficiente de descarga, este aumento en incertidumbre se debe a los problemas que existen con el filo de
borde del orificio. )

0.65

0.6

B
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o
&
/
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Porcentgye de mcertidumbre(US3)
a h
n
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Fig. 14-2 Incertidumbre a Rep infinito del Coeficiente de descarga de un medidor de orificio. -
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Numero de Reynolds

Fig. 14-3 Factor de ajuste del nivel de inceriidumbre del coeficiente de descarga
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La incertidumbre asociada al factor de expansién se presenta en la Tabla 14-1. Para fluidos que no son
compresibles el factor de expansion es 1.0 y su incertidumbre es cero. -

TABLA 14.1 Determinacicn del nivel de incertidumbre asociado al Factor de Expansion Empirico.

Common U. S. Units

AP Expansion Factor Uncertainty (';/;) When P, (psia) Equals

{inches | 54 50 100 | 250 | soo |- 750 | 1000 | 1250 | 1500

H:Os0) »
10 0.36 0.03 - 0.01 0.01 0.00 0.00 0.00 0.00 0.00
50 1.80 0.14 0.07 0.03 0.01 0.01 0.01 0.01 0.00
100 3.61 .29 0.14 0.06 0.03 0.02 0.01 0.01 0.0}
150 541 0.43 0.22 0.09 0.04 0.03 0.02 0.02 0.0%
200 7.22 058 0.29 0.12 0.06 0.04 0.03 0.02 0.02

250 9.02 0.72 0.36 0.14 0.07 0.05 0.04 0.03 0.02

300 10.83 0.87 0.43 0.17 0.09 0.06 0.04 0.03 0.03

Common S1 Units

aP Expansion Factor Uncertainty (%) When P, (psia) Equals
(inches | 4p. | 03 0.7 1.7 34 52 69 | 86 103
H2040)
10 2.49 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00
50 12.44 0.14 0.07 0.03 G.01 0.01 0.01 0.01 0.00 e
100 24.88 0.29 0.14 0.06 0.03 0.02 0.01 0.01 0.01
150 37.33 0.43 0.22 0.09 0.04 0.03 0.02 0.02 0.0] -
200 4977 0.58 0.29 0.12 0.06 0.04 0.03 0.02 0.02 ot
250 62.21 0.72 0.36 0.14 0.07 0.05 0.04 0.03 0.02
300 74.65 0.87 043 0.17 0.09 0.06 0.04 0.03 0.03

La incertidumbre asociada al didmetro del plato de orificio y del didmetro interno del tubo de medicion
puede ser determinada a partir del proceso de la medicién del didmetro, Para esto, se emplea la siguiente
ecuacion:

_I ? 05 -
;Idm - dﬂ - d- m
- 0.5
$(D. ) /,._:]
6D 4 -~
= " = Li=l * (l8)
ub, D, D. X 100 _

Donde:

&i = Diferencia del diametro del orificio con respecto al valor promedio de las mediciones tomadas a T,

&, = Diferencia del didmetro def tubo de medicion con respecto al valor promedio de las mediciones tomadas a T,
i = Incertidumhre asociada al diémeiro del orificio de la placa.

pD, = Incertidumbre asociada al didmetro del tubo de medicién.

La incertidumbre asociada s la presion diferencial (Ap) se obtiene a partir del propio anilisis de
incertidumbre que se lieva a cabo para el proceso de toma de lecturas de 1a presion diferencial. Este anslisis
debe considerar entre sus pardmetros la incertidumbre especificada en el certificado de calibracién del
instrumento, y los efectos de la temperatura ambiental, mecanismos de manejo y el tiempo de respuesta del
instrumento. Se hace notar que la seleccién del instrumento para 1a medicién de la presion diferencial, se
basa en el nivel de incertidumbre que se desea tener asociado a este proceso. Para fines pricticos, se asume
que la incertidumbre asociada a este parametro es de 0.5%.
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La incertidumbre asociada a la densidad del fluido se obtienc a partir de] propio andlisis de incertidumbre
que se lleva a cabo para ¢l proceso de toma de lecturas de la denSidad del fluido; ya sea que la densidad se
obtenga por una correlacion empirica, tal como se describe en el estindar API MPMS 1.3 para liquidos o
la descrita en el estindar APl MPMS 14.2 para gases, o bien, que se obtenga a partir de un densitometro en

linea.

2. ESPECIFICACIONES MECANICAS Y REQUERIMIENTOS DE INSTALACION.

Esta parte del estindar provee especificaciones para el disedio y construccién de los sistemas de medicién
de flujo que emplean medidores de orificio. Es estindar detalia las tolerancias mecénicas caracterizadas por
resultados experimentales disponibles.

2.1 Especificaciones de ia placa de orificio.

2141

214

En la Fig. 14.4 se muestra un esqrrema de las partes que conforman una placa de orificio.

Fig. 14-4 Esquema v simbolos de los componentes de una placa de orificio.

Las superficies de 1a placa de orificio deberdn ser planas. La mixima desviacién de planicidad es
igual al 1% de la altura del terraplén formado por la superficie de la placa aguas abajo. La altura
del termaplén se puede calcular por 1a expresion (D, - d.)/2. Esta especificacién aplica para
cualesquiera dos puntos de la superficie de la placa de orificio que estén dentro del didmetro del
tubo de medicidén. La rugosidad de las superficies de la placa no deberd tener abrasiones o
ralladuras que sean visibles a simple vista y que excedan en 50 micropulgadas. La placa deberd
mantenerse siempre limpia y libre de acumulaciones de suciedad o de cualquier otro material
extrano.

El borde del orificio de la placa de la superficie que estd aguas arriba deberd ser cuadrado y
afilado. Se considera que el borde es inadecuado para llevar a cabo mediciones con alta exactitud
si llega a refiejar un haz de luz desde cualquier perspectiva, o cuando un haz de luz se liega a
filtrar cuando se sobrepone contra una placa de orificio con borde calibrado. Los bordes de la
placa de orificio (aguas arriba y aguas abajo) deberdn estar libres de defectos visibles a simple
vista tales como manchas, rugosidades, rebabas, muescas, ralladuras o protuberancias.

La medicion-del didmetro del orificio (dn} se define como el promedio aritmético de cuatro
lecturas independientes del didmetro. Ninguna de las lecturas puede variar del valor promedio
determinado més alla de las tolerancias que se muestran en la Tabla 14.2. La temperatura a la que
se encuentra la placa de orificio debe ser tomada al mismo tiempo que se realizan las mediciones
de diametro. El diametro del orificio (d,) se define como el didmetro de referencia calculado a la
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temperatura de referencia (T,) y se determina como se especifica en la seccion 1.3, dentro de la
descripcion de parametros de la ecuacion de coeficiente de descarga. - -

TABLA 14.2 Tolerancia de redondez en la medicion del didmetro del orificio de una placa.

d,, (in) Tolerancia (= in)
SO.ZSL'_ 0.0003
0.376-0.375 0.0004
0.376 - 0.500 ] . 0.0005
0.501 - 0.625 0.0005
0.626 - 0.750 0.0005
0.751 - 0.875 0.0005
0.876 - 1.000 0.0005
>1.000 0.0005 in por pulgada de didmetro

2.1.5 La superficie interior del orificio de la placa deberd ser de [a forma de un cilindro de didmetro
constante y no deberd tener defectos tales como ranuras, picaduras o grumos visibles a simple
vista. La altura del cilindro es el grosor del orificio de la placa (e). El minimo grosor del orificio
de la placa serd igual al valor mas grande que sc obtenga de las siguientes desigualdades.

- e2001d,
e > 0.005 in
El miximo grosor del orificio de la placa serd igual al valor més pequefio que se obtenga de las
siguientes desigualdades.
e<0.02D,
e 01254,
De cualquier forma el grosor del orificio (€) no deberd ser mayor que el grosor de la placa.

2.1.6  El minimo, méximo y recomendado valor del grosor de la placa de orificio (E), para placas de
orificio de acero inoxidable se definen en la Tabla 4-3. Los valores de la tabla son vélidos para
presiones diferenciales que o excedan 200 inH;O y que las temperaturas de operacion no sean
mayores de 150°F.

2.1.7  El angulo de bizelado del orificio de la placa (B) se define como el dngulo entre el biselado y la
superficie aguas abajo de la piaca. El &ngulo permisible del bisel es de 45 +£15 grados.

TABLA 14.3 Especificacion de Grosor de una placa de orificio.
 Diametro 2 3 s 6 8 10 1 16 2 2
mtenior (in) )
Minimo [E @lls |_ oIS 0115 0115 0.115 0.175 G175 0240 0240 0370 |
Maxmma 0130 { 0130 0150 0.163 03254 0319 | 03719 0A% 0.505 0,505 0.562
Recomienda 0125 0.125 0.125 0.12% 0.125 0.250 0.250 0375 0375 0375 03500

2.2 Especificaciones del tubo de medicién.

221

222

El tubo de medicion se define como el conjunto que conforma los tramos de tuberia recta aguas
ammiba y aguas abajo de la placa de orificio, los acondicionadores de flujo y el portaplaca, todos
cllos deben ser del mismo diametro. A lo largo del tubo de medicion, no deben existir conexiones
de tuberia 8 excepcién de las tomas de presibn y de temperatura, y el acoplamiento del
acondicionador de flujo el cual debera ser bridado.

La rugosidad de la superficie intema del tubo de medicion debe ser verificada en |
aproximadamente las mismas localizaciones axiales que se emplean para determinar y verificar el
diametro intemo del tubo. La rugosidad interna del wubo de medicidn no deberd exceder las
siguientes tolerancias:
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224

225
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a) 300 micropulgadas si la relacion P es menor que 0.6

b) 250 micropulgadas si la relacion B es mayor o igual que 0.6
No deberdn existir irregularidades, tales como surcos, raspaduras o arrugas provocadas por
uniones, soldaduras,.distorsiones y compensaciones que afecten ¢l didmetro interno del tubo de
medicidn més alla de las tolerancias especificadas en {a seccién 2.2.6. Cuando estas tolerancias
sean excedidas, las irregularidades deben ser corregidas. El interior del tubo de medicion deberd
estar siempre limpio y libre de acurulaciones de contaminantes o de sustancias extraiias.
La medicién del didmetro interno del tubo de medicién (D.) se define como el promedio
aritmético de cuatro lecturas independientes del didmetro del tubo en un solo plano. La
temperatura a la que se encuentra el tubo de medicién deberd ser tomada al mismo tiempo que se
realizan las mediciones dei diametro. El didmetro interno del tubo de medicién (D,) se define
como ¢l didmetro de referencia calculado a la temperatura de referencia (T,) y se determina como
se especifica en la seccidén 1.3. dentro de la descripcién de pardmetros de la ecuacién de
coeficiente de descarga:
Se deberd verificar el didmetro interno del tubo de medicidn en un minimo de dos secciones
transversales adicionales. Una de las secciones adicionales de verificacion deberd estar localizado
en una region que tenga como minime, dos didmetros nominales de distancia de la superficie de la
placa de orificio aguas abaje. La otra seccién de verificacién deberd localizarse en cualquier
regién intermedia del tubo de medicién aguas arriba de la placa de orificio. Estas mediciones son
utilizadas para verificar la uniformidad dei didmetro intemo del tubo de medicién y no deben
formar parte de la determina.ién del valor promedio del didmetro interno del tubo como se
especifica en el punto 2.2 4.
Tolerancias y restricciones.

a) El valor absoluto de la diferencia porcentual existente entre la medicién del didmetro intemo
del tubo de medicién D, y cualquier medicion individual dentro de la distancia de un
didmetro nominal de la superficie aguas arriba de la placa de orificio no deber4d
exceder del 0.25% de D,

b) La diferencia porcentual entre el méximo y minimo valor de medicién de didmetro interno
del tubo de medicidn aguas arriba de la placa de orificio no debera exceder de 0.5%.

c) El valor absoluto de la diferencia porcentual existente entre la medici6n dei didmetro interno
del tubo de medicién D, y cualquier medicién individual del didmetro intermo del tubo
de medicién aguas abajo de la placa de orificio no deberd exceder de 0.5%.

d) No deberin existir cambios abruptos en la superficie interna del tubo de medicién
(protuberancias resultantes por juntas o sellos, compensaciones, crestas, soldaduras' y/o
uniones}. .

e) No deben existir rebajos, provocados por una junta o sellado, mayores a 0.25 pulgadas de
profundidad. Cuando existan rebajos mayores a 0.25 pulgadas, el nivel de incertidumbre
especificado en la seccidn | puede aumentar considerablemente.

f) Todos los dispositivos de seilado ¥y de sujecion de la placa de orificio deberdn tener el mismo
didmetro intemno que ¢! tubo de medicién.

E!l aislamiento témmico del tubo de medicién puede ser requerido en caso de que existan extremas
diferencias entre la temperatura ambiente y la temperatura del fluido, o bien, para el caso de que
los fluidos que estin siendo medidos estén cerca de su punto critico, donde pequefios cambios de
temperatura provocaran significativos cambios en a densidad del fluido.

23 Especificacién de las Bridas.

231

Las bridas para la instalacion del tubo de medicién deberin ser construidas y acopladas de tal
forma que las especificaciones mecénicas del tubo de medicién sean consideradas.

2.4 FEspecificacién de las Tomas de Presion.

24

Las tomas de presion en las bridas (para la presiém diferencial) deberdn estar localizadas a |
pulgada de la superficie de la placa de orificio. La tolerancia de la ubicacién de las tomas de
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presion en ias bridas se muestra en la Fig. 14-5. Por ninguna circunstancia. estas iomas deberan
ocuparse para alguna otra aplicacién que no sea la de la toma de presion.

LP I
£ ds Tupen briddads—tuho awinel de 4 prigedas de lamgieed
) A/
)
= ™~
=
E dw
T
Ao
a
S
: o — >
o Ly
- ‘“M_H““.T
%5 h lL_‘l_l.B CL T w

Fig. 14-5 Tolerancias en la ubicacion de las tomas de presion en las bridas de sujecion de placa de orificio.

242  El didmetro de ias tomas de presién, medido en la superficie intemna del tubo de medicion, deberd ..
: ser de 3/8 + 1/64 in para tubos con didmetro nominal de 2 6 3 pulgadas y de % & 1/64 in para tubos
de 4 pulgadas o mayores.
243  FEl acabado de las.tomas de presion, en la superficie intemna del tubo de medicién, deber estar
libre de rebabas por lo que puede ser ligeramente redondeado.

[

2.5 Especificacién de Acondicionadores de Flujo tipo “Tube Bundle™. e

2.5.1 Tomando como referencia Ja Fig. 14-6 se especifica que la seccién transversal (a) de las venas del
acondicionador no deberd ser mayor a un cuarto del diametro (D,) del tubo de medicion. El érea de
la regidn existente entre cada vena {4) no debers ser mayor a un dieciseisavo del érea de! tubo de
medicién. La longitud (L) de las venas, deberd ser como minimo 10 veces la maxima longitud de
{a). La longitud (L) no deberd exceder un medio de la distancia C* que se muestra en las Figs. 14-
7, 14-8, 14-9, 14-10 y 14-11; en el dado caso de que esto llegase a suceder, entonces las distancias
C’ y A’ en dichas figuras deberdn ser incrementadas. No necesariamente todas las venas deben ser
del mismo tamaiio; mis sin embargo, su arreglo siempre debe ser simétrico.

Fig. 14-6 Acondicionador de flujo de tipo " Tube-Bundle .
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2.5.2  Las venas pueden ser construidas de tubos de pared delgada, con material de uniforme suavidad y
pueden tener forma circular. hexagonal o cuadrada. Deberdn estar sujetados con un anillo ¢n cada
uno de sus extremos de tal forma que puedan deslizarse dentro del rubo de medicion.

2.5.3  La sujecion al tubo de medicion deberd ser segura y firme y deberd tenerse cuidado de no
distorsionar la simetria de las venas dentro del tubo de medicién.

254 La especificacién de otro tipo de acondicionadores, deberd estar soportada por datos de
desempeiio técnico y las partes involucradas en la medicién deberdn estar de acuerdo con su
empleo. Este estindar no presenta especificaciones de otro tipo de acondicionador de flujo.

255 lLos acondicionadores de flujo debern mantenerse limpios y libres de residuos que pueden irse
acumulando conforma pasa el tiempo.

2.5.6  El empleo de acondicionadores de flujo no garantiza la eliminacién de los efectos swirl en et perfil

de velocidad, por lo que si =sto llegase a suceder entonces existiria un incremento en el nivel de

incertidumbre de la medicién de flujo. ’

1.6 Especificaciones de Instalacién de la Placa de Orificio.

2.6.1 La placa de orificio deberd ser concéntrica, aguas amriba y aguas abajo, con el elemento de
sujecion de la placa de orificio. La excentricidad de la placa de orificio, medida en paralelo a los
ejes de las tomas de presion, deberd ser menor o igual que la tolerancia definida por la siguiente
ecuacion:

0.0025D,
< T,

< 19
€= 01+238° i

Donde:
£ = Excentricidad del orificio de la placa.

.2.6.2 La excentricidad de la placa medida perpendicularmente a ios ¢jes a los de las tomas de presion
puede ser hasla cuatro veces la cantidad calculada por la ecuacién (19).

2.6.3 El dispositivo de sujecidn de la placa de orificio, deberd mantener el plano de ésta a un dngulo de
90° con respecto al eje del tubo de medicién.

2.6.4 La tolerancia de excentricidad especificada por la ecuzcién (19) puede ser aumentada al doble si
las bridas de sujecién de la placa cuentan con dos tomas de presidn (distanciadas 180°) de tal
forma que la presidon que se obtiene de ellas sea promediada.

2.6.5 la excentricidad refativa en la superficie que estd aguas arriba es la més critica.

2.7 Especificacién de Termopbzos.

27.1  Tomando como referencia las Figs. 14-7, 14-8, 14-9, 14-10 y 14-11; los termopozos deberin
localizarse aguas abajo de la placa de orificio y no deberdn instalarse a una distancia menor que B
y mayot que 4B a partir de la superficie de la placa de orificio.

2.8 Especificacién de Longitudes de Tubos de Medicién.

NOTA. Existen evidencias de que los efectos de swirl en el flujo requieren 100 o méis didmetros de tuberia
recta para decaer. Dado que no hay dutos empiricos que predigan con exactitud ¢l incremento de
incertidumbre debido a este efecto, la informacidn que se presenta en esta parte del estindar es sélo una
guia para el disefador de un sistemna de medicion. En la acualidad, el estudio de los efectos swirl en los
sistemas de medicion, son un tema de investigacién.

2.8.1 Cualquier variacion significativa del perfil de flujo provocari errores en la medicién. Previniendo
esta situacion, el estindar presenta una guia para determinar las longitudes minimas de tuberia
recta aguas arTiba y aguas abajo del elemento primario de medicion. Las configuraciones que el
estdndar presenia se muestran en las Figs. 14-7, 14-8, 14-9, 14-10 y 14-11. Se especifica que para
todas aquellas instalaciones que no estén cubiertas explicitamente en alguna de las figuras
mosiradas, el arreglo de la Fig. 14-7 debera ser seguido.
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Las graficas que acompaiian a las figuras indican los minimos de longitud de tubo de medicion. el
cual va variando en funcion de 1a relacién de diametros B.

El criterio de disefio para instalaciones nuevas debera considerar que la relacion de diametros P} es
igual a 0.75.

Las dimensiones C y C" no deberdn ser menores a las que se indican en las grificas, aun cuando se
usen tbos de medicién equipados con acondicionadores de flujo y que excedan las

‘especificaciones que se muestran en las grificas comrespondientes.

En 1a Fig. 14-7 se muestra ¢l amregle bisico de longitudes del tubo de medicién. En esta
instalacion se considera una restriccién parcial en la tuberia aguas arriba de a placa de orificio.

En Ja Fig. 14-8 se muestran dos codos en dngulos rectos uno del otro (no en el mismo plano) '

separados uno del otro por menos de [0D de tuberia recta y localizados antes de Ja tuberia recta
que conforma el tubo de medicion. Cuando la distancia entre los dos codos es muy cercana (menos
que 3D) y que estin precedidos por un tercer codo que no esth en ¢l mismo plano, los
requerimientos de tuberia recta estipulados para A deben de ser doblados.

La Fig. 14-9 muestra dos codos (en ¢l mismo plano) y scparados uno del otro por menos de 10D
de tuberia recta, localizados antes de la tuberia recta que conforma el tubo de medicién.

La Fig. 14-10 muestra dos codos (¢n el mismo plano) y separados uno del otro por més de 10D de
tuberia recta, localizados antes de la tuberia recta que conforma el tubo de medicidn.

La Fig. 14-11 muestra el empleo de un reductor o expansor de diametro localizados antes de la
tuberia recta que conforma el tubo de medicién. En este caso la longitud A° = A + Longitud del
acondicionador de flujo. Esta figura aplica solo para reductores o expansores concéntricos.
Cuando los expansores o reductores son excéntricos ias longitudes de tuberia recta corresponderin
a las indicadas en la Fig. 14-7. °
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Fig. 14-7 Longitudes doi tuho de medicion considerando una valvula parcialmente
cerrada uguas arriba de la placa de orificio.
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Fig 14-8 Longitudes del tubo de medicion considerando dos codos (no en el mismo plano)
aguas arriba de la placa de orificio.
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Fig. 14-9 Longitudes del tubo de medicion considerando menos de 10D de tuberia recta entre
dos codos fen el mismo plano) ubicados aguas arriba de la placa de orificio.
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Fig. 14-10 Longitudes del tubo de medicicn considerando mas de 10D de tuberia recta entre
dos codos (en el mismo pilano) ubicados aguas arriba de la placa de orificio.
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Fig. 14-11 Longitudes del tubo de medicion considerando reducciones o expansiones de
diametro en el tubo de medicién aguas arriba de la placa de orificio.

3 APLICACION DEL ESTANDAR EN LA MEDICION DE GAS NATURAL.

En esta parte del estandar se presenta una aplicacion especifica del la Parte 1 del estindar a 1a medicion de
gas natural Las mezclas de gas natural que contempia este estindar son aquellas cuyas composiciones en
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%emol sc encuentran dentro de los rangos que se especifican en el estindar API MPMS 14.2. El estandar
esta orientado al empleo de unidades del sistema inglés. En caso de que se requiera conocer ¢l flujo Jde
masa o volumétrico en el sistema métrico, debersd aplicarse un factor de conversion al final de los calcules.,
ya que conversiones intermedias de unidades, pueden no llegar a conducir a resultados consistentes. El
medidor de orificio debe ser construido ¢ instalado de acuerdo a los lincamientos que se estipulan en la
Parte 2 de este estandar.

NOTA. Los cilculos especificados en esta parte del estindar, son consistentes con los mostrados en la Parte
1; por lo que solo se hara referencia a aquellos célculos © conceptos que estén directamente relacionados
con la medicion de gases naturales.

3.1 Razén de flujo de masa de un gas natural.

La razén de flujo de masa de un gas natural, puede ser calculada en funcion de la densidad del fluido a
condiciones de flujo, de la densidad relativa de un gas ideal o de la densided relativa de un gas real. La
ecuacion que determina la razdn de flujo de masa en funcion de la densidad del fluido es:

Q. = 359.072C4(FT)E,Y,d2,fp,‘p‘h, (20a)

Para calcular la razo6n de flujo de masa en funcidn de Ja densidad relativa de un gas ideal es:

GP.h
Q. =589.885C,(FT)E Y d? | L= (20b)
Zf.Tf

Para calcular ]a razon de fiujo de masa en.funcién de la densidad relativa de un gas real se asume que las
condiciones base de referencia son 14.73 psia y 519.67°R {60°F), por lo que la compresibilidad del aire se
incorpora a la constante numérica de la ecuacidn. Asi, Ia ecuacién de flujo de masa que estd en funcidn de
Iz densidad relativa de un gas real es:

Q. =590.006C,(FT)E,Yd’ (20c)

Donde:

Q. = Razén de flujo de masa (1b/h).

T, = Temperatura del fluido (°R).

k. = Presion diferencial provocada por la placa de orificio (inH 0 a 60 °F).

Pp = Presion de fluyo medida en la toma de presion aguas arriba de la placa de orificio (psia),
i = Densidad del fluide a condiciones de fluje aguas arriba de la placa de orificio (Pp. Ty y Zp). {th ).
£, = Densidad del fiudo a condiciones estandar (P,. T,.). (1b/t')

G, = Densidad relairia de un'gas ideal (gravedad especifica).

* G, = Denudad relauva de un gas real (gravedad especifica).

Z, = Compresibilidnd a condiciones estandar (P, T,).

Zy; = Compresibilidad a condiciones de flujo aguas arriba de la placa de orificio (Pp,, Tp.

Las respectivas ecuaciones para calcular la razén de flujo volumétrico de gas natural a condiciones
estdndar, son:

359.072C,(FT)E.Y,d* [p, , h.
P,

(21a)

Pk

=TNVI9CAFT)E Yd'Z
Qn d( ) vOU ¥ G‘Z’-IT!
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0. =7709.61C,(FT)E.Y.d (2ie)

En la ecuacito (21c) se incorpora dentro de 1a constante numérica el valor de compresibilidad del aire (Z,_
= 0.99959) a condiciones estindar de referencia. Para propésitos de la Parte 3 del estindar, se asume que las
condiciones base y las condiciones estindar de referencia son las mismas. En ¢l caso de que llegasen a ser
diferentes, la razén de flujo volumétrico calculada a condiciones estindar puede ser convertida a
condiciones base a través de la siguiente relacidn:

-of5)2)2)
b 3 L]

Donde: . .
Os = Razon de flujo volumétrico a condiciones base o).
O, = Razon de flujo voluméirico a condiciones estandar (fi'/h).
Py, = Presion base (psia).

P, = Presion estandar (psia.).

T, = Temperumra base (°R)

T, = Temperatura estandar (°R)

2, = Compresibilidad a condiciones base 1P, T,)

Z, = Compresibilidad a condiciones estandar (P,, T).

La relacion de diametros f3, el coeficiente de descarga FT(C,), el factor de velocidad de acercamiento Eyy
el factor de expansion Y se obtienen tal y como se especifica en la Parte 1 de este estindar. El nimero de
Reynolds del flujo de un gas natural, se obtiene directamente de la expresién

R, =00l 1454{-9&—J o . 23)

1. €
b,

Usande un valor promedio para la viscosidad del gas de p = 0.0000069 Tb/ft-s, y sustituyendo las
condiciones estandar de P, = 14.73 psiay T, = 519.67°R (60°F), 1a ecuacion (23) se reduce a

R = 47.072393@ ' (24)

n
3.2 Propiedades del gas.

El estindar incluye dentro de uno de sus anexos, un resumen del estandar GPA 2172 (APl MPMS 14.5) en
donde se especifican los procedimientos de calculo para calcular la capacidad calorifica, la densidad
relativa y el factor de compresibilidad de una mezcla de gas natural a partir de su andlisis composicional.
En el estandar GPA 2172 {API MPMS 14.5) se incluye una lista de propiedades fisicas de los componentes
predominantes de un gas natural. La lista esta considerada como la base de datos mas actualizada y

completa con respecto a las propiedades fisicas de los gases naturales, La lista estd tomada del estandar
GPA 2145-91.
|

COMPRESIBILIDAD (2).

Partiendo de ias leyes de los gases ideales*

144PV = nRT (253)
m_oh
T T, (25b)

Donde-
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P = Presion abwlita Jdel gas.

P = Volumen dol gas

T = Temperatura absolita del gas.

R = Consiante wmversal de los gases = 1545.35 (lhf-f1). tlbmol-°R).

n = Niimero de moles que componen el gas.

144 es una constante numérica requirida para poder manejor la presion en psia.

Eil sufije | indica que un volumen de gas es medido a determinadas condiciones de presion y temperatura v el sufijo 2
indica que se esta midiendo el mismo volumen de gas a diferentes condiciones de presion y temperatura.

Se define como compresibilidad a la desviacién que tienen los gases con respecto a la ley de los gases
ideales. El estandar AGA No. § (AP MPMS 14.2) detalla ¢l método para determinar su valor. Aplicando el
término de compresibilidad en fa ley de los gases ideales, se obtiene la expresién que representa a los gases
reales

144PV = nZRT " (26a)
wm_Ah :
ZT, ZT, (26b)

De la ecuacion (26b) se deduce la exnresion que permite convertir Vﬁ aV.ie.

PYZ YT,

B AZ T, |
Donde: .
¥y = Volumen de un gas a condicianes base (P, To) (t).
¥y = Volumen de un gas a condiciones de flujo (Py Tg 7).

La relacion que existe entre Z, y Z; se le denomina factor de supercompresibilidad (Fp). Matematicamente,
se define como

p¥

F, = |2 28)
Z

DENSIDAD RELATIVA. (GRAVEDAD ESPECIFICA).

La densidad relativa (G se define como un nimero adimensional que expresa la relacién que existe entre la
densidad del fluido y la densidad de un gas de referencia a las mismas condiciones de temperatura y
presion. La industria del gas ha designado como su gas de referencia al aire y ias condiciones de referencia
de temperatura y presion son 14.73 psia y 5i9.67°R (60°F).

La densidad relativa de un gas ideal G, se define como la relacion que existe entre Ia densidad ideal de un
gas y la densidad ideal del aire seco a las mismas condiciones de temperatura y presion. Como las
densidades ideales son referidas a Jas misma. condiciones de presidn y temperatura, la relacion se reduce a
una relacion de masas molares, por lo que G,. Puede obtenerse a partir de

G = Mr., - Mr,,,
. " Mr., 289625

- air

(29)

Donde:
Mr, . = Masa en mnles {pesn molecular) del oire = 28.9625 (Iby, 7/ 1bagy).
M1 = Masa en moles (pesa molecular) del gas (1b,, / Iby)
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DENSIDAD REALT[VA' DE UN GAS REAL. (GRAVEDAD ESPECIFICA REAL).

La densidad relativa de un gas real G, se define como la relacion que existe entre la densidad real del gas
con la densidad real del aire seco determinadas amabas a las mismas condiciones de temperatura y presion.
Para aplicar cormectamente G, al calculo de flujo, Ias condiciones de referencia para la determinacion de G,
deben ser las mismas que las condiciones de referencia para el cSlculo de flujo. A condiciones de referencia
(P;. T) la densidad relativa de un gas real se expresa como sigue:

- Y.Z zZ
Gr _ MJ‘" [ - G‘- b . (30)
M / air Zb_. Zb-,

Cuando G, se determina directamente por sistema de medicién de densidad, deberd asegurarse que las
mediciones de densidad del gas y del aire sean llevadas a cabo bajo ias mismas condiciones de presidn y
lemperatura.

DENSIDAD DEL FLUIDO A CONDICIONES DE FLUJO.

La densidad del flujo {,,} se define como la masa por unidad de volumen a las condiciones de presion y
temperatura del fluido. El valor de p,, puede ser calculada por ecuaciones de estado o medida por
densitometros comerciales. Idealmente la densidad debe medirse en Ia misma lugar donde su ubican las
tomas que se emplean para medir la caida de presidn en la placa de orificio (flange hole tap), como esto no
es posible, entonces debe tenerse presente que si existe una variacién significativa de la presion y
temperatura entre ei punto donde se encuentra la placa de orificio y ¢! punto donde se toma la muestra para
el andlisis de densidad, entonces puede ser que exista una variacion significativa de la incertidumbre en la
medicida de flujo. Para verificar la operacion del densitdmetro, se recomienda hacer una comparacién entre
los valores reportados por el densitdmetro y por los valores obtenidos de 1a ecuacidn de estado.

Cuando 1a composicién del gas es conocida, la densidad del fluido a condiciones de flujo (p,,) vy la
densidad del gas a condiciones base (p,) pueden ser obtenidas a partir del peso molecular del gas, como
sigue. E] Peso molecular de un gas se obtiene por la expresion

w .
Mr =& Mr, +®,Mn +...+® Mr, =) OMr ‘ (30
il
Donde:
@, = Fraccidén molar del i-seavo componente,
Mr; = Masa en moles {peso molecular) del i-seavo componte ((15,, / (b

De (31) se deduce que

n= e 32
Mr‘w (32)
Sustituyendo {32) en (26a)} y despejando los componentes de volumen y masa, se tiene que
m 144P Mr
P =y =7 Rr f}”. = (33)
- A Ar
144P,
pb = ﬂ = —b.—ﬁ:{fs—“- (34)
V, Z,RT,
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Para determiinar g, y £ a partir de la densidad relativa del gas ideal. es necesario despejar Mr:de (29) ¥
sustituirlo en (33) y (34). obteniéndose que

P, G,
P, = (2.69881) ! (35)
Zf. r
P, = (2.69881)Lq' (36)
Z,1, .

Para determinar p,, ¥y o & partir de la densidad relativa del gas real, es necesario despejar G; de (30) y
sustituirlo en (35) y (36), obteniéndose que

2.69881P,G,Z,
oy = = 5
Pip Z,7,2, (35)
2.69881F,G,
Py =— T7 =t (36)
s,

3.3 Ciiculo de la razén de flujo empleando el método de factores.

El método de factores puede proveer cilculos de flujo idénticos a los que se obtienen por el méiodo
descrito a lo Jargo del estindar. Aunque el método de los factores, es y ha sido el método mis empleado en
las instalaciones de medicién de flyjo, tiene Ia desventaja de que es mucho mas estricto que el método
formal, esto se debe principalmente a que los valores obtenidos para cada factor son unicamente vdlidos
para aquellos valores de variables que se ajustan exactamente a los especificados dentro de las bases de
datos que se incluyen en el estindar. El manejo de conversiones de unidades debe llevarse a cabo con sumo
cuidado y la extrapolacion de los datos mostrados en las tablas de datos no es permitida.

El método de factores tiene como finalidad el calcular 1a razdn de flujo a condiciones estindar mediante el
empleo de bases de datos que evitan ¢l manejo de una gran cantidad de cdlculos que pueden propiciar
errores o retardos en el calculo. Para este propdsito se asumen las siguientes condiciones estindar o base.

G, =1.000

P, =P =14.73psia
T, =T, =519.67°R

. 7
T, =519.67°R G7
Zb = Z:
Zb_' = 0.999590
A panir de la ecuacion de razdn de flujo a condiciones base
PZZ h
Q, =218.573C,(FT)E Y d* T [DaZelelt (32)

Y GZ,T,

Si ahora se sustituye (32) y (37) en (22) y se resuelve para 0, se tiene que

22124



-44-

0. =z:a.573(5'°‘67 ! c_,(fT)E,w;d’('-T‘—“]J’ 0.999590 « (T“"' 31961 ,P h (3)
14.73 N519.67 519.67 F

reagrupando se tiene que _

4o

Q, =F,(F. +F,\F FyF F F, JP.h, (32)
Dande: -
Cada uno de estos factores puede ser calculado individualmente a partir de las siguientes expresiones
196D’ §*

F = 338.19 ‘ﬂ 33)

Vi-8
Fo =C(I'T)= f(B,Re,, D) . e

105" ]
v = 0.000511] R +(0.0210+0.00494)5°C = f(5,Rey) 3%
Co A

14.73
F,= 36
b P (36)
F, = Ty a7

519.67
= F, = 519.67 | (38)

T, .

! ) 39
F, = -(E‘: | (39

A

Z P '

El estandar incluye tablas de valores para diferentes datos de entrada de cada uno de los factores. Existen
algunos limitantes para el empleo de cada una de las tablas. La tabla de valores para F,, F¢ y F,; consideran
que Tr= 68°F, G, = 0.6, p = 0.000069, k = 1.3, P,= 14.73 psia y Ty = 519.67°R. La tabla para F,, sélo aplica
para gases con gravedad especifica de 0.6 y que no contengan nitrégeno o diéxido de carbono. Por ninguna
razén debe interpolarse algin dato, es su caso, se recomienda ecg‘ulr el procedimiento de célculo que se
enuncia en ¢ estandar AGA No. 8 (APl MPMS 14.2).

4. ANTECEDENTES, DESARROLLO, PROCEDIMIENTOS DE IMPLEMENTACION Y
DOCUMETNACION DE SUBRUTINAS.

En esta parte del. estandar se describen ios antecedentes e historia de! desarrollo del estindar. Ademaés, se
recomienda un método prototipo para solucionar Jas ecuaciones de masa y/o de volumen que se mencionan
en la parte 1 del estandar.

4.1 Reseiia historica del estdndar.

En 1924, la Natural Gas Association {Posteriormente llego a ser el Natural Gas Departsnent del AGA)
conformo un comité de trabajo (Gas Measuremnt Committee) que se abocaria exclusivamente a la

medicion de gas natural. Los objetivos iniciales fueron:

®  Determinar los correctos métodos de instalacion de medidores de orificio.
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¢  Determinar los requerimientos Sperativos y los factores de comreccion necesarios para el empieo de los - -~ .

medidores de orificio en la medicion.
En 1927 el comité presentd su primer repoite, ¢l cual fue publicado hasta 1930. En la introduccion de dicha
publicacion se especificaba que aunque se habian encontrado resultados coherentes, era necesario continuar
con los estudios ‘analiticos y experimentales, aun inclusive sobre los resuitados ya encontrados, ya que
habia algunos datos que no habian quedado del todo cerrados.

En 1931 el comité comenzd a trabajar en conjunto con el Special Research Committee of Fluid Meters de
la ASTM con la principal finalidad de que las publicaciones de estos dos comités estuvieran en armonia. El
segundo reporte del Gas Measurement Committee fue publicado en 1935 y la gran diferencia que existia
con respecto al primero €] rango de condiciones de aplicacién era mucho més amplio. Este segundo reporte
estuvo basado en un reporte técnico elaborado en conjunto por AGA/ASME.

Fue hasta 1955 cvande aparecié el Reporte No. 3 del comité. En este se incluian las especificaciones de
medidores de orificio de mayor didmetro y se consideraban los adelantos que tenia la industria para fabricar
las placar de orificio. En 1969 hubo una revisién del Rporte No. 3, la cual no tuvo mayores cambios ¥ solo
sc adiciond informacién que habia sido desarrollada desde su publicacién original.

En 1975 el Committee on Petroleum Measurement de la APl adoptd el Reporte No. 3 como parte de su
manual de estindares en la medicion del petr6leo (MPMS) y lo aprobd para publicarlo como el capitule
14 3 del MPMS. El API sometié €l Report= No. 3 al ANSI para convertirlo en un estindar nacional. El
ANSI aprobé el Reporte No. 3 en 1977 y fue identificado como ANSIYAPT 2530.

Durante 1982-1983 el API trabajd en conjunto con el AGA y la GPA para revisar el estandar. La revisién
de 1983 provocd cambios de forma ya que ¢l formato original fue alterado para proveerlo de mayor
claridad y facilidad en su aplicacion. Asimismo, se adicionaron varias representaciones equivalentes de las
formulas que determinan la razon de flujo. La ecuacion de estado para el gas natural y un amplio trzbajo
retacionado al calculo del factor de compresibilidad también fue incluido dentro de esta revision. Todo el
trabajo relacionado al clculo del factor de compresibilidad fue adoptado por el AGA y lo emitio como su
Reporte No. 8. ANSI aprobd la revision de 1983 en 1985.

En la actual revision, la principal actualizacién consistid en la ecuacién que determina el coeficiente de
descarga. Esta nueva ¢cuacion estd soporntada por una extensa coleccién de datos de alta calidad. las
condiciones de instalacidn no han cambiado desde la revisién de 1983, Actualmente, los grupos de
investigacion estan trabajando sobre este particular, pudiendo ser posible que nuevas especificaciones de
niveles de incertidumbre sean provistos en la nueva revisién.

4.2 Procedimientos de implementacién.

Los procedimientos de implementacion que se presentan consisten en razones de flujo calculadas a partir de
diferentes datos de entrada. Se detalla el procedimiento de tipo general que se sigue para obtener tales
resultados; posteriormente, y mediante un programa de computadora, Se obtiene una serie de resultados, los
cuales pueden ser empleados para verificar cualquier programa de cémputo desarrollado para llevar a cabo
los cilculos que se presentan dentro del estindar. El procedimiento de implementacion detalla dos casos
especificos; la aplicacién de los célculos presentados en la parte uno del estAndar (aplicacion de tipo
general) y la aplicacién de los cileulos presentados en 1a parte tres del estindar (aplicacién para gases
naturales). -
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.‘;ECCION 14.2 FACTORES DE COMPRESIBILIDAD PARA GAS NATURAL Y
OTROS GASES DE HIDROCARBUROS.

1. RESUMEN.

La medicion de-flujo de gas requiere para su calculo ¢l factor de compresibilidad a condiciones de flujo (Z)
y ¢l factor de compresibilidad 2 condiciones base (Z,); asimismo, requiere la densidad del fluido a
condiciones de flujo y a condiciones base (pyv o).

En este estindar se precisan los calcuios para estimar, con una alta exactitud, las densidades y los factores
de compresibilidad del gas natural y/o de otros hidrocarburos que se encuentren en forma gaseosa como lo
_es el metano, etano, nitrégeno, diéxido de carbono, hidrégeno y mezclas de gas de hasta 21 componentes.
Las ecuaciones de estado que se presentan describen su incertidumbre asociada, la cual, forma parte del
total de incertidumbre asociada a la medicion de flujo.

La metodologia que se presenta en este estindar puede ser aplicada directamente en los cilculos de
volumen y/o de razén de flujo de gas. Asimismo, puede ser empleada en todo aquel cilculo donde sea
importante o predominante la relacion entre temperatura, presion y volumen de gas, como es ¢l caso de
estudios de capacidad calorifica, entalpia, entropia, factor de flujo critico, disefio de toberas sonicas, disefio
de intercambiadores de calor, etc.

El alcance del estandar, contempla a todas aquellas mezclas de gases que estén dentro de los rangos de
propiedades fisicas y de composiciores molares que se muestran en la Tabla 1. NO SE RECOMIENDA
EMPLEAR LOS CALCULOS DESCRITOS EN ESTE ESTANDAR PARA AQUELLOS CASOS
DONDE LAS COMPOSICIONES MOLARES DE LOS GASES ESTEN FUERA DE LOS RANGOS
ESTIPULADOS EN LA TABLA 1. LOS CALCULOS SOLO APLICAN PARA AQUELLOS FLUIDOS
QUE SE ENCUENTREN EN FASE GASEOSA Y QUE SE ENCUENTREN DENTRO DEL RANGO DE
TEMPERATURAS DE -130°C a 400°C (-200°E a 760°F) Y CON PRESIONES DE HASTA 280 MPa
(40000 psia). EL USO DE LOS METODOS DE CALCULO NO SE RECOMIENDA CUANDO LAS
CONDICIONES DEL GAS ESTEN DENTRO DE LA VECINDAD DEL PUNTO CRITICO.

Tabla 1 Caracteristicas v Rangos de me=clas de gas, que aplican en el presente estandar.

Cantidad Rango Normal Rango Expandido
Densidad Relativa* 0.554 a 0.87 0.07a1.52
Capacidad calorifica bruta®* 477 a 1150 Brw/scf 0 a 1800 Bru/scf
Capacidad calorifica bruta*** 18.7 a45.1 Ml/m’ 0 a 66 MJ/m’
%mol de Metano 45.0a 100.0 0al100.0
%mol de Nitrogeno 0 a 50.00 0a100.0
%mol de Diéxido de Carbono 0a300 0al00.0
%mol de Etano 0al100 0a100.0
%mol de Propano 0ad0 0al20
%mol de Butano 0ald 0a6.0
%mol de Pentano 0a03 0a4.0
%mol de Hexano + 0a0.2 0 a punto de condensacion
%mol de Helio 0a0.2 Gal.0
%mol de Hidrogeno 0ali0.0 0alil00o
%mol de Monoxido de Carpono 0a3o 0a30
%rmol de Argén # 0al.d
%mol de Oxigeno # 0a2l.0
%mol de Agua - Ca0.05 0 a punto de condensacion
%mol de Acido Sulfhidrico 0a0.02 0a 100.0

*  Condicion de referencio: Densidad relaiiva a 60°F v 14.73 psia.

** Condicion de referencia: Combustion a 60°F v 14.73 psia: densidad a 60°F y 14.73 psia.

*** Condicion de referencia: Combuston a 25°C v 0.101325 MPa; densidad 2 0°C v 0.101325 MPa,
# £l rango normal es considerado a zer cero para estos componentes.
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En general. el estandar describe dos ecaaciones de estado. El “Método de Caracterizacion Detallado™ vy el
“Método de Caracterizacion Grosso™. La diferencia entre los dos métodos son los datos de entrada que
necesita cada ecuacion. En el primer caso, se debe conocer a detalle la composicion del gas por lo que
puede ser empleado dentro de todo ¢l rango de presiones, temperaturas y composiciones que s¢ especifican
en la Tabla 1. El segundo método solo requiere un conocimiento grosso de la composicion del gas (dado
por la capacidad calorifica (Hcw) y/o por la densidad relativa) y se recomienda su uso para aquellos gases
que se encuentren dentro del rango de temperatura de 0°C & 55°C (32°F a 130°F) y presiones de hasta 8.3
MPa (1200 psia), ademas de que sus caracteristicas fisicas estén dentro de las que se estipulan en la
columna de “Rango Normal™ de la Tabla 1.

NOTA 1. Ambos métodos requieren el emplec de temperatura y presién en unidades absolutas, asi como
un analisis tnicial del gas para determinar el método que puede ser aplicado.

NOTA 2. La capacidad calorifica de una inezcla de gas (Hey) puede ser calculada a partir del valor ideal de
capacidad calorifica bruta de los componentes del hidrocarburo. Cuando la composicién del gas natural no
es conocida, Hey puede ser estimado a partir de datos de caracterizacion del gas nawral, (Véase estandar
GPA 2172/AP] MPMS 14.5). Los datos necesarios de caracterizacion son la densidad relativa del gas
natural (G,). la capacidad calorifica bruta por unidad de volumen (HV), la cantidad existente en la mezcla
de gas de dioxido de carbono y de Nitrdgeno.

2. METODO DE CARACTERIZACION DETALLADO.

Este método fue desarrollado para describir con una alta exactitud ¢l comportamiento de la presion-
temperatura-densidad de las mezclas de gas naturl, asi como el de ciertos componentes puros {en estado
gaseoso) como lo es el metano. etano, dioxido de carbono, nitrégeno, hidrégeno sobre un amplio rango de
condiciones fisicas. Adicionalmente, se desarrollé- una correlacion de baja densidad parz el propano e
hidrocarburos mas pesados, asi como’ para aquellas mezclas binarias de €stos con ¢l metano, etano,
nitrégeno y didxido de carbono. El método reduce la incertidumbre asociada al factor de compresibilidad y
a los calculos de densidad para pases naturales que provienen de separadores los cuales pueden llegar a
contener mas del 1% de %mol de hidrocarburos mas pesados que el Cg+.

Correlaciones del comportamiento de la densidad del dcido sulfhidrico puro (H>S), asi como mezclas
binarias del A,S con metano, etano, nitrégeno y didxido de carbono, fueron desarrolladas para reducir el
estimado de incertidumbre para gases naturales que contengan A5 (Gases amargos).

Finalmente, se desarrollaron comelaciones vinales para el agua v mezclas binarias de agua con metano,
etano, pitrogeno y dioxido de carbono para reducir el estimado de incertidumbre para gases naturales que
contienen vapor de agua (Gases himedos).

2.1 Ecuacion de estado para determinar el factor de compresibilidad,

La ecuacion de estado que se determina es el resultado de una formulacién hibrida, ya que combina
las caractenisticas de una ecuacién viral de estado para condiciones de bajas densidades {series de
potencia en densidad) y funciones exponenciales para aplicaciones de altas densidades. La ecuacion
de estado provee una alta exactitud en un amplio rango de temperatura-presion-composicion del gas y
provee propiedades termodinamicas asociadas al gas. La ecuacidn de estado para determinar el factor
de compresibilidad del gas esta dadz por:

[k:] 18
Z=1 +i—?-—DZCI T'*+> C'TY% (brckD") D* exp(-c. D*) )

n=13 n=13

Donde-

w 0. Co A din B G B 5o M o= Constanies de Tablas -
E K G. Q. F. 5vW(Parametros caracierizados de Energia. Tamaio, Onentacion. Cuatripoles, Alta Temperaturaa.

-
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Biholos v Asocuacion respectivameniet = Consiantes de Tablas.

E. U. K. G, Valores de pardmetros empleados en la interaccion binaria de fos componentes = Constantes de Tablas..
d = denvndud molar

N = Numero de componentes en la mezcla de gas

x = Fraccion molar de cada componcnie de la mezcla.

= K 'd ... {Densidad reducida)

2 5
K*= [Z\ ;,x_:f'] +2i S oK - 10K K )T

sal ml gwial

=z,r~zzu£ ‘KT8,

1 awh -

L= a (G g )T w kg )NF 1)U

=G, +1g, )00, + l-q.)"rFFF,-f L )HS,S, +1s ) (W, + 1w )™

t
= EJE E,)°

_ GG +G))

Py

[z' 5] CE B ekder )

L] A

.G + Z ZJ'J’(G;- IXG, + G,)

determinar la densidad molar. Para esto se sustituye la ecuacion de estado en la expresion de densidad
molar, dando como resultado

P = dRTl:l + Bd- DZCT‘”( — ¢,k D" )D expl-c, D™ )} @)
n=il

La densidad molar'se obtendra empleando procedimientos iterativos apropiados sobre Ia ecuacion (2).
Como se puede observar, antes de calcular la densidad molar serd necesario obtener los coeficientes B

Cuando la compos‘i-éién temperatura y presion (absoluta) del gas son conocidas, lo que se requiere es

v C, los cuales deben ser calculados a partir de la composicion y la temperatura del gas.

3. METODO DE CARACTERIZACION GROSSO.

En este método la caracterizacion del gas natural es ya sea por un analisis composicional, o bien, usando

una combinacion de las caracteristicas a, b y ¢; 0 una combinacién de las caracteristicas a, b y d que se
€nuncian a commuac:on

a)

La capacidad calorifica bruta por unidad de volumen a condiciones de referencia de 77°F, 14.696
psia para moles ideales y de 32°F, 14.696 psia para densidad molar.

La densidad relativa (gravedad especifica) a condiciones de referencia de 32°F, 14.696 psia.

La fraccidn en moles de didéxido de carbono,

La fraccion en moles de Nindgeno.

Este método fue desarrollado considerando las caracteristicas de gas natural que se muestran en la Tabla 2,
para calcular con exactitud los frctores de compresibilidad de gases naturales dulces y secos. Se
recomicnda usar este método para cédlculos de factores de compresibilidad y densidades de gases que se
encuentren a temperatura de 32°F a 130°F, presiones de hasta 1200 psia y que sus caracteristicas fisicas
estén deniro de las que se estipulan en la columna de “Rango Normal™ de la Tabla 1.

3/8
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Tabla 2 Rangos nominales de caracteristicas de gas natural a pértir datos usados en la prueba de los

métodos detallado y grosso para la obtencion del factor de compresibilidad

Cantidad Rango
Densidad Relativa® 0.55420.87
Capacidad calorifica bruta** 477 a 1150 Brw/scf
Capacidad calorifica bruta*** 18.7 a 45.1 MV/m®
%mol de Metano 45.2a983
%mol de Nitrogeno 0.3a53.6
%mol de Dioxido de Carbono 0.04 22894
%mol de Etano 0.24 29.53
%mol de Propano 0.02a3.57
%mol de Butano 001alog
%mol de Pentano 0.00220.279
%mol de Hexano + 0.0005 2 0.1004
%mol de Helio 0a0.158

®, %% %% se definen de la misma forma que en la Tabla 1.

3.1 Ecuacion de estado para factor de compresibilidad.

La ecuacion de estado determina con una alta exactitud los factores de compresibilidad para gases
naturales cuyas concentraciones de componentes estan dentro de los rangos dados en la Tabia 2, con
menos de 0.1% de moles de agua y 0.05% de moles de acido sulfhidrico. La ecuacién de estado es de
tipo virial ya que es una expansion polinomial de la densidad. Cada término de la densidad es
precedide por un coeficiente virial, Los coeficientes viriales.son funcion de la temperatura y de la
composicion. Aplicando la metodologia descrita por SGERG, la ecuacion virial es truncada después
del tercer término de la senie, Este método provec alta exactitud en la determinacion del factor de
compresibilidad en lineas de transmision de gas normal, pero esta limitada su aplicacién para sisternas
con densidades y presiones moderadas.

El método grosso_ trata a una mezcla de gas como una mezcla de solo tres- componentes. Un
hidrocarburo equivalente, nitrogeno y dioxido de carbono. El hidrocarburo equivalente CH representa
a todos los hidrocarburos que se encuentran en la mezcla de gas. El nitrégeno y ¢l diéxido de carbono
son los diluentes. El método puede también incluir hidrogeno y mondxide de carbono con una
relacion fija. En el caso del estandar. estos 1ltimos no son considerados ya que el gas que se emplea
en USA raramente contiene estos elementos.

El método grosso expresa el factor de compresibilidad en términos de la densidad molar y del segundo
y tercer coeficiente vinial de la mezcla (B ¥ Cun respectivamente). Matematicamente, la expresion
para determinar el factor de compresibilidad es:

Z=1+B_d+C,d* 3)

Donde:

d = densidad molar .

N = Numero de componentes en lo mezcla de gas,

I.. x, % = Fraccion molar de cada componente de la mezcia.
B,., = Segundo coeficiente Virial de la mezcla.

Co. = Tercer coeficiente Virial de la me=cla

B

C

-
n—re

N ¥

ZZBU.V,:,

izl e

ZZiC,,‘.r..rl.r‘

* &
rel p=l ax]
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Sélo se consideran tres componentes en la mezcla del gas (componentes i.j y k) los cuales son CO,, N, y
CH. donde los dos primeros son los diluentes. Los términos B,y C,x y son funciones que dependen de la
temperatura absolut en una forma de ecuacién cuadratica. Para los coeficientes viriales del Nitrogeno v del
Dioxide de Carbono la expresion que los determina es:

B, =b,+bT +b,T? (4)

Cu=co+c T +¢,T? ' (5)

Donde:
bn by by o ). ¢; se obtienen de la Tabla 3. -
T = Temperawra absoluta

Para los coeficientes viriales del CH se emplea

BCH—('H = Bo + BIH('H + Bz""’(w2 (6)
B =b,+b,T+ b,.zT2, 1=0,1,2
Ceti-cti-cn =Co+C\Hey + CIHCHz N

C =c,+c,T+c,T?, i=0,1,2

Donde.
B. b, b,). € 1. €12 5€ Obtienen de lo Tabla 4.
Hey = Capacidad calorifica bruta molar.

4
La Capacidad calorifica’ bruta molar se obtiene a partir de dos diferentes métodos iterativos, los cuales -
toman como datos de entrada la densidad relativa (G,), la composicion del dioxido de carbono y la
capacidad calorifica por unidad de volumen (HV) o la composicion del nimogeno.

Tabla 3 Constantes para determinar los coeficientes viriales del Nitrégeno y Diéxido de Carbono

Fluido para B; by, (d’/mel) b, (dm /mol K) b; (dm”/mol K°) i
N,-N; -0.144600 0.740910Xi0~ -0.911950X10™
C0:-CO, -0.868340 0.403760X10™ -0.516570X10™
CO,-N; -0.339693 0.161176X10™ -0.204429X10”

Fluido para By ¢ (dm°/mol®) ¢, (dm"/mol” K) C; (dm"/mo!” K
N»-N»-N, 0.784980X10™ -0.398950X10™ 0.611870X10™"
C0O--C0O,-CO; 0.205130X10°* 0.348880X10™ -0.837030%107
CO>-N»-N; 0.552066X107 -0.168609X10™ 0.157169X10~
CO--CO-N, 0.358783X10™ 0.806674X10° -0.325798X10"

Tabla 4 Constantes para determinar los coeficientes viriales del Hidrocarburo equivalente CH.

i by b by
Bo(dm /mot) [t} -0.425468 0.286500X10* -0.462073X10™
B (dm /kJ) 1 0.877118X10™ -0.556281X10” 0.881510X107
Bi{dm” mol/kJ*) 2 -0.824747X107 0.431436X107 -0.608319X107"

; i Ci €y [
Col(dm"/mol®) 0 -0.302488 0.195861X10* -0.316302X10°
C {dm°/mol-k]) | 0.646422X10" -0.422876X10” 0.688157X107
Cydm Ad*) 2 -0.332805X10” 0.223160X10™ -0.367713X10T

4. INCERTIDUMBRE.

La evaluacion de la incertidumbre del factor de compresibilidad calculado ya sea por el método detallado o
grosso. se dedujeron a partir de la comparacion de los resultados que arroja el método contra los factores de
compresibilidad definidos en las tablas de datos emitidos por el GRI y el GERG. Las bases de datos se
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obtuvieron mediante procedimientos experimentales con gas natural cuyas caracteristicas fisicas son las
que se describen en la Tabla 2. También se hicieron comparaciones con datos experimentales de
componentes puros y mezclas binarias.

t valor de incertidumbre asociado al factor de compresibilidad calculado por el método de caractenzacion
detallado son los que s¢ muestran en la Fig. | siempre y cuando los gases se encuentren denwro de los
rangos estipulados en la columna de “Rango Normal™ de la Tabla 1. Para aquellos gases cuyas propiedades
fisicas estan dentro de los rangos estipulados en la columna de “Rango expandido™ de la Tabla | la
incertidumbre asociada a la aplicacion del método serd mayor que los que se describen en la Fig. 1,
quedando particularmente fuera de la Region 1.

Temperatura, *C
-i3¢ 40 8 €2 120 1200
20,000 140
N T T 0%
Regidn 4
10,000 70
0.5%
-
b} [
= Regién 3 ]
s s
£ o2s00— - —ur E
& Regidn2 3%
1750 |- - 12
0.1%
Regién 1
0 . 0
-200 -80 17 143 250 40¢
Temperatura. °F

Fig. 1. Estimacion de incertidumbre para faciores de compresibildad calculados mediante el método de
caracterizacion detallado.

Cuando el factor de compresibilidad es calculado mediante el empleo del método de caracterizacion grosso,
el valor de incertidumbre asociado sera el que se muestra en ia Fig. 1 dentro de la Region 1 siempre que se
emplee este método para gases naturales cuyas caracteristicas fisicas estén dentro de las que se describen en
la columna de “Rango Normal™ de la Taola 1. EL METODO NO DEBERA SER EMPLEADO FUERA DE
ESTOS LIMITES. Se sobrentiende que el valor de incertidumbre que se muestra en la Fig. 1 ya aglutina
todas las posibles fuentes de error que pueden incurrir en la aplicacion de las ecuaciones que se describen
en el estandar.

5. PROGRAMAS DE COMPUTO DE LOS FACTORES DE COMPRESIBILIDAD, DE
SUPERCOMPRESIBILIDAD Y DE DENSIDADES. .
En la Fig.2 se muestra un diagrama a bloques sobre la secuencia que debe llevar un programa pcra
determimar computacionalemente el factor de compresibilidad, el factor de supercompresibilidad, la
densidad molar y la densidad de masa de una mezcla de gas, empleando el método de caracterizacién
detallado. Si se desea incluir este procedimiento computacional a un programa en linea de la medicion de
gas entonces se debera tener presente la secuencia de subrutinas que se muestran en la Fig. 3 para optimizar
los tiempos de calculo y desempeiio de! algoritmo. Para el caso del célculo por ¢l método de
caracterizacion grosso, se muestran las figuras 4 y 5.
El estandar presenta un algoritmo detallado para poder implementar los procedimientos de calculo descritos
dentro de un programa de computadora. Los algoritmos presentados consideran el empleo de unidades de
ingenieria en el Sistema Métnco por lo que la temperatura absoluta estard dada en Kelvins {K), presion en
Megapuscales (MPa), densidad molar en moles por decimetro cubico (mol/dm?), 1a capacidad calorifica por
unidad de volumen de un gas real en [Kilojoules por decimetro cibico (kJ/dm®) y la capacidad calorifica por
moles ideales de un gas real en Kilojoules por mol (kJ/mol),
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Entradas
T.P, v,

}

Computacidnde
! Coeficientes
B.C.’

tEs

conocida —— -
d? No l
Yes
iterate
P=dRT|I+B...| -
Tagetd
v

Salida
Z,F,..d.p

Fig. 2. Fig 4. Procedimiento para caicular Z, F,., d v p, por el método de caracterizacion detallado.

Programa de
Anglicaclén

!

Célculo de
varisbies dependientes
de los componentes

'

Calcolo de
variables dependientes %
de la composicibn

y :

Chlculo de
variables dependientes I
de la temperatara

¥

Célculo de
variasbles dependicentes [®
~ deladensidad

Camblo Presién

. =" Cambio Temperatara

Cambio Compaosicién

Cambio ts Componentes

Fig. 3 Secuencia de programa de computadora para el método de caracterizacion detallado.
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Hey Determinado par
iteraciones.

h 4

Bewcn=By+ ByHoy+ BiHYy
Concncn™Co+t CHy

B. =Zz B xx,
C o Z:}:Z.C_xlxlh

@_—. Tterate
P=dRT|I+B... |
Togetd

JEs
conocldo - l

Szlida
Z,F,.d.p

I
[satiasz.¥F, . 4. ]

Fig. 4. Procedimiento para calcular Z, F,.. d vy p. por el método de caracterizacion grosso.

Programs de

) aplicacién

Inicislizacion de
conttantes

+

Cilculo de Ins variables
que depen de Ia
R caracterizacion oo

!

Cilculo del
segundo ¥ tercer
témino virial

!

. Calculo de variables que
N dependen de la densidad [

y  Cambio de presién

L Cambio de temperaturs

L Cambio de caracterizacién

Fig. 5. Secuencia de programa de computadora para el método de caracterizacion grosso.
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SECCION 14.5 CALCULO DE LA CAPACIDAD CALORIFICA BRUTA, DENSIDAD
RELATIVA Y FACTOR DE COMPRESIBILIDAD PARA MEZCLAS DE GAS
NATURAL A PARTIR DE UN ANALISIS COMPOSICIONAL.

1. RESUMEN.

Este estandar es publicado por la Gas Processors Association (GPA) como estandar GPA 2172. El estindar
presenta el procedimiento para calcular, con base al anilisis composicional, 1a capacidad calorifica bruta, la
densidad relativa (real e ideal) y el factor de compresibilidad de una mezcla de gas natural. Para esto, es
necesario inciuir dentro del anélisis practicado a la muestra, todos aquellos componentes (exceptuando el
agua} que tengan fracciones molares mayores o igual a 0.0001. Algunas rutinas de andlisis ignoran algunos
componentes como lo son el Helio y el Acido Sulfhidrico, pero se hace notar que su consideracion es
importante para la exactitud de los calcalos. La aplicacion de este estindar esta orientada a las estaciones
de mansferencia de custodia.

La capacidad calorifica es una propiedad del gas evaluada sobre una base por unidad de masa Hm. Esta
propiedad es técnicamente catalogada como una propiedad ideal Em id. Desde un punto de vista practico,
la medicion de flujo de masa no encuentra diferencia entre un gas ideal y un gas real. El valor es convertido
a capacidad calorifica por pie cubico HV usando la siguiente relacién El valor de HV se usa como un factor
para calcular la razon de flujo de energia, o la energia total que pasa a través del medidor de flujo. HV es
un pardmetro que se emplea en las espacificaciones del producto (gas natural)

2. ECUACIONES.

La Capacidad Calorifica Bruta por unidad e volumen de un gas seco se determina a partir de ia expresion

N
Hv']i(dry): x,Hvl""+x2Hv;" +...+XHHvﬂ=inHv:d n

i=|
Hv*(sat)=(1-x )Hv™ (dry) (2)
Donde:

H" = Capacidad Calorifica 8ruta por unidad de Volumen a temperasera y presion base.
x, = fracciones de moles por cada componente de la mezcla de gas.
N = Numero total de componentes, excluvendo al agua.

X, = P” = Sfraccién de moles de agua en ef gas.
F,
P =presion de vapor del agua a la temperatura base.

Py = Presion base.
el superiativo (1d) indica propiedad de un gas ideal, (sat) indica gas saturado con agua, (dry) indica gas seco..

En la ecuacidn (2) se presenta el caso de que el andlisis composicional sc hace considerando que ¢l gas es
seco pero en realidad el gas esta saturado con agua, es necesario ajustar las fracciones en mol para tomar en
cuenta el hecho de que el agua ha desplazado algo de gas disminuyendo por lo tanto su capacidad
calorifica. En el caso de que el analisis composicional determine la fraccion en moles del agua, entonces la
expresién que se emplea para determinar la capacidad calorifica bruta es:

N
H =Y x™HY - x HVE - 3)

- it

Es necesario remover ¢l efecto del agua porque, aungue el agua tiene un determinado poder calorifico, éste
solo es un efecio de condensacion.

12
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En la siguiente tabla se dan algunos vzloses {dentro de USA) para el efecto de la presencia de agua en la
mezcla de gas para algunas presiones base considerando una temperatura base de 60°F y una presion de
vapor del aguz de 0.25636 psia.

P, (psia) 1-x.
14.50 0.9823
14.696 0.9826
1473 0.9826
15.025 0.9829

T, (°C; T-x.
0 0.9940
13 0.9832
70 09769
25 0.9687

En la siguiente tabla se dan algunos valores (fuera de USA) para el efecto de la presencia de aguz en la
mezcla de gas para algunas temperaturas base considerando una presién base de 1 atm.

El calculo de la densidad relativa a partir de la composicion de la mezcla de gas se obtiene por la expresion:

-

N
G” =xG!' +x,G +..+x,Gy =) _x,G 4
in|
Donde.
G/® es la densidad relativa de un gas ideal Datos de tabla de propiedades de componentes de gas natural a 60°F y
14.696 psia (Estindar GPA 2145).. o

FACTOR DE COMPRESIBILIDAD.

El factor de compresibilidad a ser utilizado en aplicaciones de transferencia de custodia, es el que se
obtiene a partir de ia metodologiz que se presenta en ¢l estandar AGA Reporte No. 8 (APl MPMS 14.2).
Sin embargo, si el usuario desea obiener dicao factor de una manera simple y ripida, se recomienda
emplear {a siguiente formula

=1

N
Z=l—ﬁ[2x,b,] . (5)

Donde: ' -
8, = Factores indicados por 1abla de propiedades de componentes de gas natural a 80°F y 14.696 psia (Estandar GPA

2145)

272
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SECCION 14.4 CONVERSION DE MASA DE LIQUIDOS Y VAPORES DE GAS
NATURAL A SU EQUIVALENTE EN VOLUMEN LIQUIDO.

L.

RESUMEN.

Este estandar es técnicamente idéntico al estindar GPA 8173. Fue desarrollado en conjunto por el APl y el
GPA. El estindar describe un método para convertir la masa medida de gas natural a condiciones de
operacion, a su equivalente en volumen a temperatura estandar 15°C (60°F) y presién de equilibrio.

La decterminacién del volumen y de la densidad absoluta, y la toma de muestra y su analisis, deberan
llevarse a cabo como se indica en ¢l API MPMS 14.7. La densidad absoluta de un hidrocarburo purc en
Kg/m* (pounds/gallon) se determina en ¢l estandar GPA 4125.

2.

a.

3.1

3.3

PRECAUCIONES.

El equipo, instalacién y operacion del sistema de medicion deberd cumplir estrictamente con lo
especificado en el AP1 MPMS 4.7,

El estandar solo aplica para fluidos de una fase, homogéneos y Newtonianos.

Para determinar con exactitud la masa de un fluido, se deberd determinar la densidad 2 la misma
presién y temperatura con que se llevé a cabo la medicion de volumen. La densidad puede ser medida
directamente o calculada de acuerdo a lo que se especifica en el estindar AP MPMS 14.7

El equipo de medicidon y de muestrec deberan ubicarse en un lugar que no scan afectados por
pulsaciones del fluido.

METODO DE CALCULO.

CONVERSION DEL %MOL DE LA MEZCLA DE GAS, EN FRACCIONES DE PESO.

Dado el analisis composicional de la mezcia en %mol y el peso molecular que se muestra en el

estandar GPA 2145 para cada componente. h

a. Multiplicar el porcentaje en moles de cada componente por su respectivo peso molecular.

b. Dividir el producte de la multiplicacion realizada & cada componente, entre la suma de los
productos de todos los componentes, obteniéndose de esta forma la fraccion de peso de cada uno
de Jos componentes,

CALCULO DE LA MASA DE CADA UNO DE LOS COMPONENTES.

Dada la masa total en Kg (pounds) v lz fraccion de peso de cada componente.

a. Multiplicar la fraccion de peso por el total de masa, obteniéndose asi, la masa en pounds (Kg) por

cada componente.

b. Sumar la masa de todos los componentes para asegurarse de que la suma es igual a la masa total.
CALCULAR EL VOLUMEN DE CADA COMPONENTE A 60°F (15°C} Y A LA PRESION DE
EQUILIBRIO.

Dado ia densidad absoluta de cada componente del estindar GPA 2145 y la masa de cada uno de los

componentes.

a. Dividir ]a masa de cada componente entre su densidad absoluta para obtener su equivalente en

volumen.

c. El equivalente en volumen total sera iguat a la suma de todos los equivelentes de volumen de cada
componente. )

EJEMPLO.
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PASO1
Porcentaje Suma de
Malecular X Porcentaje
Porcentaj Peso Peso Molecular X Fraccion de
Componentes e Mol Moiecular Molecular Peso Molecular . Peso
CO, 0.11 X| 44010 |= 4.84 / 437227 = 0.001107
C, 2.14 16.043 3433 437227 0.007852
C, 3897 30.070 1171.83 437227 0.268014
Cx 36.48 44 (097 1608.66 437227 0.367923
IC, 2.94 58.123 170.88 4372.27 0.039083
NC, 8.77 58.122 509.74 437227 0.116585
I1C; 1.71 72.150 123.38 4372.27 0.028219
NC; 1.82 72.150 131.31 437227 0.030032
Cet 7.06 87.436 617.30 4372.27 0.141185
160.00 437227 1.000000
PASO2
Fraccionde | Masa Composicion
Componentes Peso Masa Total (Kilogramos) (Kilogramos)
CO; 0.001107 X 374,350 = 414
[of 0.007852 374,350 2939
C, 0.268014 374,350 100,331
[ 0.367923 374,350 137,732
IC, 0.039083 374,350 . 14,631,
NC, 0.116585 374 350 43,644
IC;s 0.028219 374350 10,564
NC, 0.030032 374,350 11,242
Co+ 0.141185 374,350 52853
1.000000 374,350
PASO3
_ Masa
Composicion Metros Cubcos a 15
Componentes {Kilogramos) Densidad (Kjlogramoslm]) °C,EVP
CO, 414 / 821.94 = 0.50
C, 2,939 300.00 9.80
C, 100,331 357.76 280.44
C, 137,732 507.30 271.50
IC, 14,631 562.98 25.99
NC, 43,644 584.06 74,73
IC; 10,564 624.35 16.92
NC; “11.242 631.00 17.82
Ce* 52,853 713.10 74.12
374,350 771.82

22
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SECCION 14.1 RECOLECCION Y MANEJO DE MUESTRAS DE GAS NATURAL
PARA TRANSFERENCIA DE CUSTODIA.

1. RESUMEN.

La medicion, ¢l muestreo y el anilisis son las tres principales funciones criticas para determinar con
exactitud el valor de un gas natural. En esta seccion se describen el sistema de muestreo que conglomera
los procedimientos de recoleccion, acondicionamiento y manejo de muestras de gas natural. El estindar
considera el muestreo de gases dulces y amargos y la toma de muestras en lineas de baja y alta presion. No
se incluye el muestreo de liguidos o de fluidos multifasicos. El estindar estd onentado a sistemas de
medicién de transferencia de custodia.

2. SONDAS DE MUESTREOQ.

El objetivo de la sonda es recolectar una muestra del fluido que sea lo suficientemente representativa. El
disefio de la sonda debe considerar la posible resonancia que se llega 2 inducir en ella debido a la alta
velocidad del fluido.

Para seleccionar el tipo de sonda de muestreo, s¢ debe definir ¢! tipo de flujo que fluye en ta linea. En
general, el flujo turbulento es ventajoso para cualquier sistema de muestreo, ya que la misma turbulencia
conduce a un fluido bien mezclado evitando la separacion de los componentes del gas debido a ta gravedad.’
La existencia de liquido en la linea pu=de provocar dafios en el sistema de muestreo, ademas de que no se
obtendra una muestra representativz del gas. Cuando se llega a tomar una muestra de un fluido de dos
. fases, lo que se recomienda es separar el gas y el liquido y hacer el andlisis por separado aunque esto’=
conducira a un analisis.con poca exactitud, ya que se corre el riesgo de condensar parte del gas, o bien, de
extraer el gas del scpamdor a una temperaiura diferente que la de la linea.

Las lineas de gas libres de liquidos y que se encuentren a condiciones de temperatura muy por armba de su
punto de condensacion, pueden empiear cualquier tipo de sonda. Para lineas de gas que estén operando
cerca del punto de condensacion se cdeberan emplear disefios especiales de sondas las cuales puedan::
afrontar posibles probiemas de condensacion y/o de particulas de liquidos que fluyen con el gas.:«
Basicamente, existen dos tipos de sonda que se emplean en el muestreo de gases, Sondas de Muestreo de-
Tubo Recto y Sondas Reguladas, En cualquiera de los dos casos, la sonda deberd estar instalada de tal
forma que el extremo recolector esté ubicado en la parte central de una divisién en tres partes del tubo. La
sonda puede estar opcionalmente fija al sistema o puede ser removible. Se recomienda que la sonda esté
localizada como minimo 5D aguas abajo de cualquier elemento que provoque disturbios en ¢l flujo. El
matenial de Ia sonda, debe ser el apropiado para usarse con las caracteristicas del fluido considerando las
impurezas y las condiciones ambientales. Las sondas pueden ser modificadas para alguna aplicacion en
especifico, como lo es caso de proveerlas con aletas para incrementar la transferencia de calor entre la
muestra de gas y el gas que esta fluyendo (para que 1a muestra se mantenga a la misma temperatura del
fluido). o bien, de proveerlas con dispositivos de calefaccion para garantizar que la muestra se mantenga en
estado gaseoso. Opcionalmente, se pueden adicionar filtros, que se colocan en el exwremo recolector, para
reducir la posibilidad de que particulas de liquidos entren a la sonda.

El extremo recolector de las Sondas de Muestreo de Tubo Recto puede ser inclinade o recto y su
orientacion no es importante. Las Sorndas Reguladas se emplean cominmente cuando existe un analizador
continuo y deben estar disefiadas de tal forma que ¢l gas que llegue al analizador sez a presion reducida. Se
debe tener especial cuidado en el emplen de este tipo de sondas, ya que al regular la presion se puede dar el
caso de la muestra que esta dentro de la sonda se condense por el efecto del regulador de presion, por lo
que muestra no scra lo suficientemente representativa. Para evitar e] problema de condensacion, se puede
emplear un regulador de presion que utilice un método de regulacion por calentamiento.

3. TRANSMISION DE LA MUESTRA HACIA EL ANALIZADOR O CONTENEDOR
(CIRCUITO DEL SISTEMA DE MUESTREOQ).
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El circuito del sistema de muestreo debe ser corto y debe estar disefiado de tal forrna que permita que la
razén de flujo de la muestra sea relalivamente alta: esto para evitar que exista una disgregacion de la
mezcla del gas. Los circuitos del sistema de muestreo no deben purgar a la atmésfera ya que esto provoca
la emision de desechos de gas al medio ambiente y puede contraponerse a las regulaciones ambientales. Se
debe tener cuidado de que no exista una caida de presidn alta en el circuito ya que la muestra puede liegar a
condensarse y redundar en la exactitud del anilisis. En el caso de que se llegase a dar la condensacion, se
- deberd asegurar que todos los gases condensados sean revaporizados antes de proceder a su anilisis. Se
recomienda equipar al sistema con un sensor que mida la presién diferencial entre los dos extremos del
circuito para monitorear la pérdida de presion en ¢l circuito. En el caso de que s¢ requiera, puede incluirse
_dentro de! circuito un sistema de bombeo. Deberd cuidarse de que el sistema de bombeo no provoque
inestabilidad y/o pulsaciones en el flujo. En caso de ser necesario, se recomienda aislar térmicamente el
circuito para evitar la condensacion de la muestra.

4. VELOCIDAD DE MUESTREO.

La velocidad del intervalo de muestreo se determina en funcién de las variaciones que pueden sufrir la
velocidad de flujo v la composicién del fluido en la linea. Se recomienda que la velocidad de mueswueo sea
proporcional a las variaciones de flujo y de composicion del fluido.

5. CONTENEDORES DE MUESTRAS.

Un contenedor de muestras es el dispositivo que s¢ empliea para retener la muestra hasta que su
composicion haya sido determinada El contenedor no deberd afectar por ningin motivo la composicion del
gas, por lo que su limpieza y manejo debe ser la adecuada para asegurar que la muestra del gas no sea
contaminada. Como medida preventiva, los contenedores deberan etiquetarse con su ID y especificar su
maxima presion de trabajo.

Se recomienda el empleo de contenedores de acero inoxidable y puede ser del tipo de una o de dos vélvulas
o bien, del tipo de piston flotante. Para aplicaciones de gases amargos los contenedores: deberan estar
cubiertos de 1eflén o resina epoxidica, no obstante con esto, se recomienda que las muestras de este tipo de
gases, sean analizados en sitio ya que el contenedor cubierto puede no eliminar totalmente la absorciéon o
reaccion de los contaminantes. El uso de metales suaves como cobre, aluminio o bronce deberén ser
evitados debido a sus_excesivas razones de corrosion. El factor corrosion siempre deberad ser considerado
para ¢l disefio de los sistemas de muestreo. Una descripcion general de los contenedores de muestreo se
encuentra en el estindar GPA 2166. Si el contenedor va a ser transportado deberd cubrir las regulaciones
del US Department of Transportation {(DOT).

Los contenedores deben ser purgados y limpiados antes de cada recoieccion de muestras. Deberdn
emplearse solventes que no dejen residuos después de! secado, como lo es la acetona. El Nitrogeno y el
Helio son un buen ejemplo de gases que pueden ser empleados para el secado o purga de los cilindros, ya
que cl cromatografo no cuantificara a estos gases como parte de la muestra a ser analizada. Por tal razén es
comun que los cilindros o contenedores estén precargados y gue empleen como gas de arrastre al Nitrogeno
o al Helio.

La hmpieza con vapor solo se aceptara si el vapor es limpio y no contiene elementos que propicien la
corrosion. Si Ia muestra contiene componentes de azufre, entonces no se debera ocupar el vapor para
limpieza de los contenedores por ninguna circunstancia.

Todo el sistema de muestreo, incluyendo cualquier separador que se encuentre dentro del sistemna, debera
ser purgado y limpiado de contaminantes y liquidos acumulados antes de la recoleccién de la muestra.

6. METODOS DE MUESTREO ESPORADICOS.

Hay siete diferentes métodos que son aceptados por AP, Para detalle de los métodos consultar GPA 2166.
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a. METODO DE CONTENEDOR EVACUADQ. Las valvulas y fittings del contenedor de muestra
deberan estar en buenas condiciones y libres de fuga. Si pudiese llegar a existir condensacion en e}
contenedor (va que la temperatura en el contenedor es menor que en la linea). se recomienda usar
el método de presidn reducida. .

b. METODO DE PRESION REDUCIDA. Es método es similar a la del contenedor evacuado solo
que en esté caso el contenedor es llenado lentamente hasta llegar aproximadamente a un tercio de
la presion de linea. La presion reducida es necesaria para evitar la condensacién de ia muestra, ya
que la temperatura de la muestra en ¢l contenedor s menor a la de la linea.

¢. METODO DE HELIO COMPRIMIDO. Es método es similar a la del contenedor evacuado solo

" que la carga de helio se usa para mantener ¢l contenedor libre de aire antes del muestreo.

d. METODO DEL CILINDRO DE PISTON FLOTANTE. Es conocido que una muestra depositada
en un cilindro de piston flotante, a la presion de linea y con lineas de muestreo calentadas,
proporcionara resultados de anilisis muy cercanos a los que se obtienen con un analizador en
linea. El cilindro de pistdn flotante debera calentarse en ¢l laboratorio hasta alcanzar una
temperatura necesaria para asegurar una compieta vaporizacion de cualquier liquido.

e. METODO DE PURGA. (LLENADQ Y VACIADO). Es el mas simple y el que requiere menor
equipo. El nimero de ciclos de purga se describe en la Tabla .

f. METODO DE DESPLAZAMIENTO DE AGUA. Precaucion: El agua puede absorber o
desprender CO,, H,S y/u otros ccmponentes dependiendo de la cantidad de agua y del tiempo de
contacto. Usando agua destilada se evitara el desprendimiento, pero no la absorcion, de CO, o
otros componentes. El desplazamiento del fluido puede contaminar los sistemas de muestra del
cromatografo.

g. METODO CONTROLADO DE PURGA. (SOLO PARA GAS SECO). Si el gas que se muestrea
no es seco, el liquido puede acumularse en el tubing que se encuentra a la salida del contenedor de .

la muestra. |

Tabla 1. Ciclos de Purga — Método de llenado v vaciado
Maixima Presion del gas en Niimero de ciclos de
¢l contenedor purga.

{psig)
15-29
30- 5%
60 - 89
90 - 149
150 - 500
> 300

—
L1

i Iaf Lh] v 0O

7. MUESTREO AUTOMATICO.

Las muestras son automaticamente tomadas por un largo periodo de tiempo y una determinada velocidad de
muestreo. De los muestreadores comerciales se recomienda el de tipo desplazamiento, el cual bombea la
muestra hacia el cilindro de piston flotante con una presién de linea constante, ademas, se recomienda uno
que tenga reroalimentacion del computador de flujo para que este pueda ajustar el periodo de muestreo en
funcion de la razén de flujo, o bien, en funcion de las variaciones de la composicion del fluido. En caso de
que ia composicion y la razon de flujo sean relativamente constantes, el ajuste del periodo de muestreo serd
por tiempo.

El sistema de muestreo puede incluir un regulador de presion que se encargard de elevar la presion de la
muestra que esta siendo recolectada en el contenedor, hasta un maximo de la presidn de linca. Este
regulador no se recomienda para lineas de baja presion, o para lineas donde las razones de flujo son muy
vaniables. a

A excepcion de los gases muy secos, el circuito, el dispositivo de muestreo y ¢l contenedor deben ser
aislados para evitar una posible condensacion de la muestra. En el caso de que el analizador sea de tipo
continuo. tal como los cromatografos o los gravitometros, se debera cerrar el circuito de conduccion de Ia
muestra hacia un punto de retomno de mas baja presion hacia ia linea, por lo que e analizador debera estar
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localizado lo mas cerca posible de la toma de muestra para mantener las lineas del circuito lo mas cortas
posible. Se recomienda que las lineas del circuite sean de tubing de acero inoxidable de '4 o de !: pulgada.
El circunto del sistema de muestra no debera conformar un sistema de bypass para el elemento de medicion

primaric.
8. ANALISIS DE LAS MUESTRAS.

Para evitar un anilisis no representativo debido a la condensacion durante el manejo de la muestra, éstas
deberan ser calentadas uniformemente al menos por dos horas a una temperatura minima de 140°F o de 20
a S0°F por abajo de la temperatura de la linea, cuaiquicra que sea mayor. Bafios de agua a temperatura
controlada es un aceptable método para calentar los contenedores de muestras de gas natural. No siempre
sera necesario calentar los contenedores de muestras, aunque sera indispensable si es necesario. Especial
cuidado deberd tenerse para no sobrepresionar el contenedor y debera considerarse el efecto del calor sobre
los sellos y/o sobre cualquier oo matenal,

Las calibraciones de cromatdgrafos que utilizan factores de respuesta publicados, no son adecuadas para
aplicaciones de transferencia de custodia, ya que estos factores asumen que ¢l cromatografo (columnas y
detectores) trabajan exactamente en las mismas condiciones que con las que se obtuvieron los mencionados
factores. Asimismo, asumen que el sisterna de muestreo esta libre de contaminacién y/o de cualquier otra
complicaciéon. Los cromatografos deben ser calibrados con estindares gravimétricos preparados con
tolerancias minimas y con composiciones similares a las del gas natural que esta siendo analizado. Los
gases estandar deberan ser mantenidos al menos 20°F por arriba de su punto de condensacién durante todo
el tiempo que dure la calibracion. Los factores de respuesta obtenidos por este tipo de calibracion son los
aceptados para aplicaciones de transferencia de custodia. Parz saber si los factores de respuesta fueron
determinados correctamente, es necesario graficar sobre una escala logaritmica los factores obienidos
contra el peso molecular de las fracciones; si la grafica da como resultado una linea recta, entonces los
factores fueron determinados correctamente; si no es asi, quiere decir que las columnas del detector no
estan trabajando en optimas condiciones. Es comin que los analizadores de gas natural trabajen
componente a componente hasta Cs posteriormente agrupan los componentes mas pesados en un solo valor
que se denomina C¢+. Cuando es necesario llevar a cabo andlisis de composiciones mas alld del rango de
C.*, entonces es necesario utilizar columnas capilares en el cromatdgrafo.

La composicion del fluido, asi como la presién y velocidad del fluido, deberin ser consideradas para
especificar el hardware que conformara el sisterna de muestreo.
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SECCION 14.6 MEDICION CONTINUA DE DENSIDAD.

1. RESUMEN.

Este estandar provee criterios y procedimientos para el diseiio, instalacion y operacién de un sistemna de
medicion continua de densidad para fluidos newtonianos de la industria del petrdleo y de gas natural. La
aplicacion de este estandar se limita a fluidos limpios, homogéneos y de una sola fase. Los fluidos
criogénicos son excluidos del alcance de este estindar. El seguimiento de los lineamientos de este estandar,
garantiza una alta exactitud en la medicién de 12 densided del fluido, pudiendo llegar a tener hasta un
0.10% de error. Los procedimientos y criterios que se especifican han sido aplicados a fluidos cuya

densidad de flujo es mayor que 0.3 g/cm’ a temperatura de operacién por arriba de 60°F (15.6°C) y a -

presion de saturacion.
2. ESPECIFICACIONES GENERALES.

Todo el equipo debera ser disefiado para soportar la maxima presion de operacion a la cual serd expuesto.
Todos los materiales deberan ser resistentes a la corrosion. Las instalaciones deberan estar adecuadas para
ser provistas de aislamiento térmico, drenado, despresurizecion, purgado y calentamiento. Todo el equipo
debera ser inspeccionado y mantenido de forma regular.

Antes de que el sistema de medicion de densidad sea disefiado, es necesario tener un amplio conocimiento
del fluido y del equipo de medicién para lograr el 0.10% de error que garantiza la aplicacion de este
estandar. Para un aprovechamiento sistematico del disefio se debera considerar principalmente los aspectos
sigutentes:

a. Propiedades y compbir-tamicmo del fluido.
b. Sistema de muestreo para determinar la densidad.
¢. Equipo de prueba del sistema de medicion de la densidad.

Para determinar la densidad del fluido con exactitud es necesario aplicar correcciones a la medicion de la
densidad por los efectos de la temperatura y de la presion. De hecho, se recomienda aislar térmicamente el
medidor de flujo, el medidor de densidad, el elemento de calibracion del densitometro y toda la tuberia de
interconexién; esto para minimizar las desviaciones de densidad debidas a la diferencia de temperaturas
que existe entre estos elementos.

2.1 PROPIEDADES Y COMPORTAMIENTO DEL FLUIDO.

S1 la composicion del fluido es constante, entonces la densidad del fluido estard en funcion de su
temperatura ¥ presion. La sensibilidad de la densidad del fluido a las variaciones de temperatura y presion
debe ser analizada mediante un diagrama de entalpia o curvas generalizadas de desviacion de densidad. La
temperatura y presion existente en el medidor de flujo, el medidor de densidad y el elemento de calibracion
del densitometro deben ser lo mas idénticas posible, de tal forma que los siguientes criterios s¢ cumplan:

a.  Durante la operacion normal. la desviacion de densidad entre el medidor de densidad, el clemento de
calibracién del densitémetro y el medidor de flujo no deberd exceder el 0.05%.

b.  El error resultante por diferencias de presion no debera exceder el 0.01% 6 1 psig, cualquiera que sea
mas grande.

c.  El error resultante por diferencies en la temperatura no debera exceder el 0.04% 6 0.2°F, cualquiera
que sea mayor.

En el caso de que el sistema esté operando cerca del punto de equilibrio, los criterios de desviacion son:;
a. Durante la calibracion (proving), la desviacion de densidad entre el medidor de densidad, el
picnomewo y €l medidor de flujo no debera exceder el 0.05%.

b. El densitometro deberd instalarse tan cerca como sea posible del medidor de flujo para evitar
desviaciones debidas a la presion.
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¢.  Para evitar desviaciones debidas a la temperatura. el tuberia principal que existe entre el medidor de
flujo v el punto de muestreo debera ser aislado témmicamente.

En la Fig. | se muestra un arreglo esquematico para la ubicacién de los puntos de medicion de presion y
temperatura que permitan llevar a cabo la verificacion de las desviaciones estipuladas.

Point }

- m‘ ‘
=200 .
8

Medicida de densidad
Local (Ver detalle A)

@ ®fr
_

'W—oM

Vidvula bypass dd
Picnd

Fig. I. Puntos de toma de leciuras de Presion vy Temperatura para inferir las desviactones de densidad.

Cuando se lleva a cabo la calibracion del medidor de flujo, debera cuidarse que las conexiones del prover
lleguen a provocar una diferencia de densidad entre el flujometro v el prover, porqué eso redundaria en un
error que no es real. Asimismo, deberd cuidarse ia no-existencia de dispositivos gque no restrinjan el flujo
entre el medidor de flujo, el medidor de densidad, el picnometro y el prover, de tal forma que puedan
resultar en diferencias en densidad.

2.2 SISTEMA DE MUESTREQO PARA DETERMINAR LA DENSIDAD.

El densitémetro a ser instalado debe ser sometido a un andlisis de sensibilidad a la razén de flujo del
sistema de muestreo, a la  velocidad del sonido en el fluido que esta fluyendo, a las variaciones de
temperatura y presion, a la rugosidad de la wbenia, a la acumulacion de liquidos o particulas, a la vibrac.on
mecanica y a las pulsaciones en el fluido.

Los densitometros continuos son los mas empleados para instalarse en los sistemas de medicion de
densidad. Esto porque permite conocer en todo momento las variaciones de densidad que pudiera llegar a
tener el fluido. Entre los densitémetros continuos los mas comunes son los de resonancia natural o de
elemento vibratoria. Estos densitometros se basan en le principio de que la densidad es inversamente
proporcicnal a la frecuencia de vibracion. Este tipo de densitdmetros es sensible a los efectos de la
velocidad del sonido y a los efectos provocados por las impurezas del fluido. Los densitometros de tipo
flotante y de pesado continuo normaimente son aplicados en aguellos sistemas cuyo fluido es de bajo o
moderada viscosidad. Los dos tipos de densitometros son sensibles a la vibracion y a la posicién horizontal.
E! densitometro a ser instatado. deberd tener una exactirud minima de 0.001 gr/icm’ y una repetibilidad de
0 0005 gricm' sobre el rango sobre el cual vaya a operar.
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El sistema de muestreo para la densidad debera de:
e Instalarse en una localidad donde el fluido sea homogéneo y que no induzca la separacion del fluido al

proceso.

e Proveer los suficientes puntos de medicion para determinar la temperatura y presion de cada
dispositivo.

e Proveer el suficiente flujo para minimizar el retardo de la respuesta entre el densitdmetro y el
picnémetro.

Ser instalado de tal forma que minimice la pulsac:on y cavitacién del fluido.

Ser instalado de tal forma que permita su limpieza sin llegar a impactar en la medicion de la densidad.

Proveer conexiones para uno o mas elementos de calibracién (picndometros), que esté lo mas cerca

posible del elemento de flujo (sin llegar a afectar su desempefio por variaciones en el perfil de

velocidad).

e Contemplar la instalacion de la sonda de muestreo tal y como se especifica en ¢l estindar APl MPMS
14.1. -

Los errores en la medicién de densidad generaimente se deben.a: -

s Cambios en la temperatura y presion del fluido.
e  Variaciones de la temperatura ambiente.
e Cambios en la composicion del fluido.

Para minimizar el efecto de las diferencias de temperatura, el sistema de muestreo para el densitometro
deberd incluir enlaces térmicos, los cuales pueden ser provistos por aislamiento térmico o bien por su
instalacion cerca de una fuente de caior.

Hay dos tipos de sistemas de muestreo, los cuales se clasifican segin el tipo de montaje del densitometro.
Los sistemas de insercidon v los sistemas de slipstream. Los sistemas de insercion son aquelios donde el
densitdmetro se inserta directamente en la linea pero el arreglo para la calibracion del densitometro sigue
montandose en modo slipswream. En la Fig. 2 se muestra un arreglo tipico de muesireo continuo tipo
INSETCI10T1).

P
?9 mj

mn@sm@
ﬂ%ﬁﬂou J

Fig. 2. Sistema de muestreo de densidad continua tpo Insercion.

msercién en linea

Los sistemas de muestreo tipo slipstream son los mas empleados y son aquellos que desvian parte del fluido
hacia un circuito donde se mide la dersidad El circuito debe proveer lo necesario para lievar a cabo la
calibracion del densitometro. En la Fig. 3 se muestra un arreglo tipico de muestreo continuo tipo slipstream.
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picpometro en paralelo con mn contador de densided
Fig. 3. Sistema de muestreo de densidad continua tipo Shpstream.

Para la gran mayoria de las aplicaciones el densitometro es instalado en serie con el picnémetro. Debera
asegurarse que la muestra que toman ambos dispositivos tengan la misma homogeneidad.

13 EQUIPO DE PRUEBA DEL SISTEMA DE MEDICION DE LA DENSIDAD.

Se recomienda llevar a cabo la calibracion del densitometro In-situ, con estd accidén se eliminara la
necesidad de introducir correcciones por la fuerza gravitacional. El equipo de calibracion o prueba consisie
en un picnometro, un dispositivo para pesar las muestras, un conjunto de pesos muertos certificados, un
instrumento de temperatura y un instrumento de presion. El instrumento de temperatura debera tener una
exactitud de 0.2°F (0.1°C) y la exactitud de! instrumento de presion debera ser de 1 psi (6.9 kPa) ambos
wazables a un patron primario.

E! picnometro es el dispositivo mas exacto y por lo tanto recomendado para llevar a cabo la calibracién de
un densitometro bajo condiciones de fluso. El picnometro es una vasija de tipo flow-through que atrapa una
muestra representativa del fluido a condicicnes de operacion, permitiendo el manejo de fluidos 2 aita
presion durante el muestreo y el ransporte y permiten determinar la densidad del fluido con una precisién
del 0.02%. El picnometro debera someterse a un analisis de sensibilidad a la razon del flujo del sistemna de
muestreo, a la acumulacién de liquidos y particulas y a la condensacion de agua atmosférica.

Antes de llevar a ¢cabo una prueba o calibracion del densitometro, se deberan llevar a cabo las siguientes

acciones.

Lavar y secar con aire s¢co ¢l picnometro,

Calibrar ¢| dispositivo de pesado de las muestras con los pesos muertos certificados.

Verificar el desempefio de los instrumentos de presion y temperatura.

Verificar el peso del picnémetro totalmente evacuado. (W,). Para esto hay que tomar de referencia el

valor especificado en el centificado de calibracién del picnémetro. El peso obtenido en W, no debera

diferir mas alla dei 0.02%.

Obtener el valor del peso del picndmetro lleno de aire. (W,).

e Instalar el picnémetro y ventear el arre del picnémetro.
Llenar el picnometro con el fluido y cerrar (parciaimente o totalmente) la valvuia para desviar el flujo
hacia el sistema de muestreo.

#  Venficar la desviacion de densidad y estabilidad.

¢ Cuando se hava estabilizado las condiciones de temperatura y presion en el picnometro tomar las
lecturas del densitometro. temperatura ¥ presion del densitdometro y temperatmura vy presion del
picnometro
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Abnr la valvula de bypass y quitar el picnometro del sistema de muestreo.

¢ Pesar el picnometre lleno v registrar la lectura.
Calcular el factor de correccion del densitometro. (DMF)
Repetir la operacion completa para venificar la repetibilidad del densitémetro,
Calcular la repetibilidad y el promedio de los factores de correccion del densitometro,
En caso de que s¢ haga un ajuste a la salida del densitometro repetir al menos dos veces el
procedimiento para verificar ¢l desempefio del densitémetro ya ajustado.

¢ Vaciar el picndémetro y limpiarlo perfectamente .
Verificar nuevamente el peso del picnometro evacuado (W,). Si el peso del picnémetro evacuado
difiere del valor estipulado en el certificado de calibracion mas alla del 0.02% los resultados de la
prueba seran invalidados.

Los requerimientos de repetibilidad son que dos pruebas consecutivas tengan una tolerancia de
repetibilidad no mayor que el 0.05% Si la variacion de la densidad en el intervalo de dos muestreos es
mayor que 0.05%, entonces la condicidn de repetibilidad es pricticamente inalcanzable por lo que sera
necesario aumentar la tolerancia requerida.

5/5
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SECCION 14.7 ESTANDAR PARA LA MEDICION DE MASA DE LIQUIDOS
DE GAS NATURAL.

1. RESUMEN.

El estandar fue desarroilado en conjunto por la GPA vy la APL. La publicacion sirve como referencia para
la seleccian, disefio, instalacion, operacion y mantenimicnto de sistemas de medicidn de masa de liquido
de gas natural, de una sola fase, los cuales operan en el rango de densidad de 300 a 700 kg/m’.

La medicién de masa es utilizada donde las condiciones de temperatura, presién y composicion de la
mezcla del fluido presentan dificultad para convertir el volumen de condiciones de flujo a condiciones
estandar. Ejemplo de este tipo de fluidos es el etano, los liquidos de gas natural (NGL) y/o mezclas de
etano y propano. Dentro del estindar se considera que las condiciones estindar de temperatura y presion
son 15°C y presion de vapor en equilibrio.

2. MEDICHON DE MASA.

La medicion de la masa puede ser llevada a cabo por medidores tipe turbina, de desplazamiento positivo
o de orificio. En el caso de los dos primeros, la determinacion de la masa se lleva a cabo mediante la
expresion:

. Factor de
Volumen medido Fa°f°.'.de Dc{asxdad “n por correceion del
. Medicion a unidad de volumen a "
a condiciones de X L. L. X densitometro a
. condiciones de condiciones de . .
operacion cion ion condiciones de
F - O operacién

Para el caso de placas de orificio, la determinacién de la masa es a partir de la expresidn que se indica en
el estandar AP1 MPMS 14.3 Parte 1. ¢ '

3. DETERMINACION DE- DENSIDAD.

La medicion de densidad serd mediante el empleo de densitometros instalados y calibrados tal y como se
especifica en los lineamientos establecidos el estandar APl MPMS 14.6. En el caso de que el uso de
densitémetros no sea practico, la densidad del liquido a condiciones de flujo puede ser calculada como
una funcidén de la composicion. temperatura y presién. Es recomendable que la densidad ya sea calculada
o medida sea aplicada en tiempo real a la medicion de flujo de masa. Sin embargo, por ¢l tiempo que
tarda en llevarse a cabo el analisis composicional del fluido, cominmente se emplea el promedio de
temperatura y presion que se registra entre cada analisis composicional.

El empleo de correlaciones empiricas y/o ecuaciones de estado generalizadas adiciona un determinado
valor de incertidumbre a Ia medicion total de flujo. El nivel de incertidumbre que incorpora dependera del
método o ecuacion de estado empleada.

4. MEDICION VOLUMETRICA.

La mediciéon volumeétrica podra ser llevada cabo por medidores de desplazamiento positivo, de tipo
turbina o de orificio. El medidor de desplazamiento positivo debera cumplir con las recomendaciones del
estandar API MPMS 5.2 y los accesorios relacionados deberan cumplir con el estandar AP MPMS 5.4.
Los medidores tipo turhina deberan cumplir con las recomendaciones del estandar API MPMS 5.3 y los
aceesorios relacionados deberdn cumplir con el estandar APl MPMS 5.4, Estos medidores deberan ser
probados de acuerdo aJos lineamientos estipulados en los estandares AP] MPMS 4 y APl MPMS 5. Si las
presiones y temperaturas existentes en el medidor de flujo y el probador varian, entonces se deben de
aplicar las correcciones que se especifican en los estindares API MPMS 11 y AP1 MPMS 12.

Si la medicion volumétrica se lleva & cabo por un medidor de orificio, éste deberd cumplir con las
recomendaciones del estandar AP1 MPMS 14.3. El cdiculo del volumen a condiciones estandar puede ser
llevado a cabo mediante el empleo de los procedimientos especificados en el estandar GPA 8173 (API
MPMS 14.43).
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5. MUESTREO.

El muestreo deberd ser llevado a cabo de acuerdo a los lincamientos establecidos en el estindar API
MPMS 14.1 ademis de los puntos que se exponen a continuacion.

La sonda de muestreo debera instalarse al centro del flujo de corriente. Una linea de bypass alrededor de
un dispositivo que provoque una presion diferencial debera ser provisto para suministrar producto a las
viivulas de mnyeccion de la muestra. El bypass no debera ser sobre el medidor de flujo.

Precauciones deberan ser tomadas para evitar la vaporizacién en el circuito del sistema de muestreo,
sobre todo cuando la operacidn se lieva a cabo cerca de la presion de vapor del producto. En algunos
casos es necesario controlar la presion o teimperatura de los contenedores de la muestra para evitar su

vaporizacion.

El circuito del sistema de muestreo debera ser corto y de didmetro pequefio. El circuito deberd ser
purgado completamente antes de la toma de la siguiente muestra. La obtencién de una muestra
representativa debera llevarse a cabo de acuerdo a los lineamientos establecidos en el estandar 14.1.

El sistema de recoleccion de la muestra deberd ser disefiado para mantener la muestra en estado liquido.
Esto se logra si se emplea un cilindro de piston flotante como contenedor, el cual empleza un gas inerte
que se opone a la inyeccion del liquido y mantiene ¢l nivel de presion por arriba de la presion de vapor de
la muestra. La transferencia de la muestra hacia un cilindro portatil para su analisis en el laboratorio,
debera llevarse a cabo de acuerdo a los procedimientos recomendados por los estandares GPA.

6. ANALISIS DE LA MUESTRA.

Dependiendo de la. composicion de la corriente, el andlisis de una muestra liguida deberd seguir los
procedimtentos cromatograficos descntos en los estandares GPA 2165, 2177 y 2186. Donde sea .
aplicable, puede ser requerido un analisis extendido para determinar el peso molecular y la densidad de Ia
fraccion del Cg+.

7. CONVERSION DE LA MASA MEDIDA A VOLUMEN,

La conversion de masa a su volumen equivaiente deberd .ser llevada a cabo de acuerdo a los
procedimientos que se especifican en el estaindar GPA 8173 (API MPMS 14.4). Para este efecto, un
analisis cromatografico es usado para determinar la masa de cada uno de los componentes que conforman
la masa total.
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~ SECCION 14.8 MEDICION DE LPG.

1. RESUMEN.

Este estandar describe los sistemas de medicion estiticos y dinamicos usados para medir LPG en un
rango de densidad relativa de 0.350 a 0.637. El estandar sirve como una guia para la seleccion,
instalacion, operacion y mantenimiento de los sistemas de medicion de LPG. El estindar no especifica
tolerancias o limites de exactitud.

2. CARACTERISTICAS DEL FLUIDO,

Ciertas caracteristicas fisicas del LPG requieren especial atencion para lograr mediciones con un nivel
acepiable de exactitud. E! LPG permanecerd en estado liquido solo si una presion suficientemente mas
grande que la presion de equilibrio es mantenida. En los sistemas de medicion de liquidos una adecuada
presién deberd ser mantenida para prevenir la vaporizacién causada por pérdidas de presion atribuibles a
la tuberia y vaivulas.

El LPG es mas compresible y tiene un coeficiente mas grande de expansion térmica que hidrocarburos
mas pesados. La aplicacion de los factores de compresibilidad y de correccion de temnperatura son
requeridos para determinar la medicion a condiciones estindar.

La prueba o calibracién de los medidores empleados en la determinacion de! flujo debera cumplir con los
lineamientos establecidos en las normas AP MPMS 4 y API MPMS 5.

3. REQUERIMIENTOS PARA LA MEDICION DE FLUJO.
Provisiones deberdn ser tomadas para asegurar que €] LPG sea mantenido totalmente en fase liquida. Para
esto, la presion a la entrada del medidor debera ser como minimo 1.25 veces la presion de equilibrio a la
lemperatura en que se esté lievando la medicion, mas dos veces la caida de presion a través del medidor a
maxima razon de flujo, o bien, a una presion de 125 psi mas grande que la presién de vapor a la maxima
temperatura de operacién. Cualquiera que sea mas baja. Los eliminadores de aire deben ser usados con
mucha precaucion particularmente porque pueden provocar la vaporizacion del fluido. Se recomienda
tener una medicion continua de temperatura para una mayor exactitud en la medicion de flujo.

La determinacion de densidad del fluido debera llevarse a cabo tal como se describe en los estandares API
MPMS 9.2 y 14.6. El equipo de muestreo debera estar localizado como es requerido en el estandar APl
MPMS 8. Muestras representativas deberan ser obtenidas como se especifica en el estandar GPA 2166.

La instalacion de las estaciones de medicidn, el calculo de la razon de flujo volumétrico, la prueba o
calibracion de los medidores, la recoleccion, manejo y analisis de las muestras, la determinacién de la
densidad, la determinacién de la masa y la conversién de la masa medida a unidades de volumen a
condiciones estandar se lleva a cabo tal y como se especifica en el estandar APl MPMS 14.7.
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-Chapter 14—Natural Gas Fluids Measurement

SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS
PART 1-—GENERAL EQUATIONS AND UNCERTAINTY GUIDELINES

1.1 Introduction
1.1.1 SCOPE

This standard provides a single reference for engineering equations, uncertainty estima-
tions, construction and installation requirements, and standardized implementation recom-
mendations for the calculation of flow rate through concentric, square-cdged, flange-tapped
orifice meters, Both U.S. custornary (IP) and International Systern of Units (SI) units are in-
cluded.

1.1.2 ORGANIZATION OF STANDARD

The standard is organized into four parts. Parts 1, 2, and 4 apply lo the measurement of
any Newtonian fluid in the petroleum and chemical industries. Part 3 focuses on the appli-
cation of Parts 1, 2, and 4 to the measurement of natural gas.

1.1.2.1 Part 1—General Equations and Uncertainty Guidellnes

The mass flow rate and base {or standard) volumetric flow rate equations are discussed,
along with the terms required for solutien of the flow equation.

The empirical equations for the coefficient of discharge and expansion-factor are pre-
sented. However, the bases for the empirical equations are contained in other sections of
this standard or the appropriate reference decument,

For the proper usc of this standard, a discussion is presented on the prediction (or deter-
mination)-of the fluid’s properties at flowing conditions. The fluid's physical properties
shall be determnined by direct measurements, appropriate technical standards, or equations
of state.

Uncertainty guidelines are presented for determining the possible error associated with
the use of this standard for any fluid application. User-defined uncertainties for the fluid’s
physical properties and auxiliary (secondary) devices arc required to solve the practical
working formula for the estimated uncertainty.

1.1.2.2 Part 2—Speclfications and Installation Requirements

Specifications arc presented for orifice meters, in particular, orifice plates, orifice plate
holders, sensing taps, meter tubes, and fiow conditioners.

Installation requirements for orifice plates, meter tubes, thermemeter wells, How condi-
tioners, and upstream/downstream meter tube lengths are presented.,

1.1.2.3 Part 3—Natural Gas Applications

The application of this standard to natural gas is presented, along with practical guidc-
lines. Mass flow rate and base {or standard} volumetric flow rate methods are presented in
conformance with North American industry practices.

he AMERICAN PETROLEUM INSTITUTE (API)
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

1.1.2.4 Part 4—Background, Deveiopment, and Implementation
Procedure and Subroutine Documentation for Empirical
Flange-Tapped Discharge Cosfticlent Equation

The coefficient of discharge data base for flange-tapped orifice meters and its back-
ground, development, and limitations are presented.-

Implementation procedures for flange-tapped orifice meters are presented, along with a
set of example calculations. The examples are designed to aid in checkout procedures for
any routincs that arc developed using the implementation procedures.

1.1.3 REFERENCED PUBLICATIONS

Several documents served as references for the revision of this standard, In particular,
previous editions of Chapter 14.3 (ANSI'/API 2530; A.G.A 2 Report No. 3) provided a
wealth of information. The laboratory reports for the experimental data bases also provided
valuable information concerning the control of independent variables, both gualitatively
and quantitatively. Other publications, symposium proceedings, trade journals, textbooks,
and society papers were consulted for the revision of this standard.

A complete bibliography is available upon request from the American Petroleum Insti-
tute. A reduced list, referencing the major experimental research, is contained in Appendix
I-A.

1.2 Field of Application
1.2.1 APPLICABLE FLUIDS

This standard applies to steady-state mass flow conditions for fluids that, for all practical
purposes, are considered to be clean, single phase, homoegeneous, and Newtonian and have
pipe Reynolds numbers of 4000 or greater. All gases, most liquids, and most dense phase
fiutds associated with the petroleum, petrochemical, and natural gas industries are usuatly
considered Newtonian fluids.

1.2.2 TYPES OF METERS

This standard provides desiga, construction, and installation specifications for flange-
tapped, concentric, square-edged orifice meters of nominal 2-inch Schedule 160 and larger
pipe diameters.

An orificc meter is a fluid flow megsuring device that praduces a differential pressure to
infer flow rate. The meter consists of the following elements (see Figure 1-1):

a. A thin, concentric, square-edged orifice plate.

b. An orifice plate holder consisting of a set of orifice flanges (or an orifice fitting) equipped
with the appropriate differential pressure sensing taps,

¢. A meter tube consisting of the adjacent piping sections (with or without flow condition-
ers).

The auxiliary (sccondary) devices necessary for the precise determination of flow rate arc
not included in the scope of this standard. These devices are usvally instruments that sense
the differential and static pressure, Auid temperature, and fiuid density and/or relative den-
sity (specific gravity), and either mechanical recording devices or electronic calcolators.
Publications of the A.G.A., API, GPA? and others should be used to specify and install
these auxiliary (secondary) devices.

JAmerican Society for Testing and Matenals, £916 Race Street, Philadelphia, Pennsylvenia 19103,
TAmerican Gas Association, 1515 Wilson Boulevard, Arlington, Virginia 22209,
3Gas Processors Association, 6526 East 60th Street, Tulsa, Oklahoma 74145,
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SECTION 3—CONCENTRIC, Sauare-Epncep CriFice METERS, PART 1—GENERAL EQUATIONS AND UNCERTAINTY GUIDELINES
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Figure 1-1—0Orifice Meter

1.2.3 UNCERTAINTY OF MEASUREMENT

Many factors influence the overall measurement uncertainty associated with a metering
application, Major contributors include construction tolerances in the meter components,
tolerances of empirical coeffic.ent of discharge data bases or in-situ flow calibrations, pre-
dictability of and variations in the fluid’s physical properties, and uncertaintics associated
with the auxiliary (secondary) devices.

Using the guidclines contained in this standard in combination with the associated uncer-
tamty tolerances for the fivid's physical properties, in-situ calibrations, or coefficient of dis-
charge data bases, and the appropriate auxiliary (secondary) devices, the user can estimale
the overall measurement uncertainty asscciated with a properly designed, installed, and
maintained thin plate, concentric, square-edged orifice metering application.

1.3 WMethod of Calculation

This standard provides recommended standardized calculation implementation methods
for the quantification of fluid flow under defined conditions, regardless of the point of origin
or destination or the units of measure required by governmental customs or statutc. The ree-
ommended implementation procedures provided in Chapter 14.3, Part 4, allow different en-
tities using various computer languages on different camputing hardware to arrive at nearly
identical results using the same standardized input data.

The following two recommended implementation procedures have been prepared to il-
lustrate the standardized set of mathematical expressions and sequencing, including itera-
tion/rounding techniques:

the AMERICAN PETROLEUM INSTITUTE (AR])
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On page 2, Faotiote 1 should read ax follons:

VAmicricnn National Stadacds Tnstitore, 11 Weet 42nd Street, Naw York, New York 10036

On page 3, Figrre 1-1 showld appear as follows (that ix, the letter s PR showid be nsed
1o reprosent the dmenstream static pressure element):
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Figute 1-1—Orifice Maler

i page L3, the fir st pavagraph showled read as follows (that Is, the werd Obio doald s e-
place the ward Oklahomoj;

Althongh it does not mean that other data are of inlarior quality, it is knows Uit insulf
cient information exists o detenmine whether the independent varinbles were contiafted ang
uantificd. Some examples of comparison quality data are the Obio State University Data
Dase (103 flange-tapped points); (he 1983 NBS Boulder Experiments, the Poxbop  Colum-
bus—T¥aniel 1000 Point Data Rage, and the Japancse Watnr Dain Base.
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a. Mass flow rate.
b. Standard volumetric flow rate.

The procedures prescnted address only the solution of the flow rate equation and require
specifi¢ inputs (fixed and variable). Typical fixed inputs include meter tube internal diam-
eter, orifice plate bore diameter, and linear coefficient of expansion for steels (pipe and
orifice plate). Typical variable inputs may include differential and static pressure, temper-
ature, flmid density, isentropic exponent for compressible fluids, and fluid viscosity.

The fluid’s physical propertics shalt be determined by direct measurements, appropriate
technical standards, or equations of state, If muliiple parties are involved in the measure-
ment, the approprinte technical method selected for determining the fiuid’s physical prop-
erties shall be mutually agreed upon.

1.4 Symbols

This standard reflects orifice meter application to fluid flow measurement with symbols
in general technical use.

Symbol Represented Quantity

Cy Orifice plate coefficient of discharpe.
C,(FT}) Coefficient of discharge at a specified pipe Reynolds number for flange-tapped
orifice meter.
C Coefficient of discharge at infinite pipe Reynolds number.
CACT) Coefficient of discharge at infinite pipe Reynolds number for corner-tapped
orifice meter.
C(FT) Coefficient of discharge at infinite pipe Reynolds number for flange-tapped
orifice meter.

Cp Specific heat at constant pressure.
Cy Specific heat at constant volume.
d Orifice plate bore diameter calculated at flowing temperature, T}
d, Orifice plate bore diameter measured at T,
d, Orifice plate bore diameier at reference temperature, T,.
D Meter tube internal diameter calculated at flowing temperature, T}
D, Meter tube internal diameter measured at 7,.
D, Meter tube internal diameter at reference temperature, T,.
AP Orifice differential pressure.
°C Temperature, in degrees Celsius,
°F Temperature, in degrees Fahrenheit.
K Temperature, in kelvins.
°R Temperature, in degrees Rankine.
E, Velocity of approach factor.
Z. Dimensional conversion constant.
G; Ideal gas relarive density (specific gravity).
k Isentropic exponent.
k, Idenl gas isentropic exponent.
k, Perfect gas isentropic exponent.
k. Real gas isentropic exponent.
MF In-situ calibration meter factor.
Mr,, Molar mass of air.
Mr, Molar mass of gas.
N, Unit conversion factor (orifice flow).
N, Unit conversion factor (Reynolds number).
N,y Unit conversion factor (expansion factor).
N, Unit conversion factor (discharge coefficient).
P, Base (reference or standard) pressure.
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i)
Py
P

Static pressure of fluid at the pressure tap.

Absolute static pressure at the orifice upsiream differential pressurc tap.
Absolute static pressure at the orifice downsiream differential pressure tap.
Mass flow rate.

Mass flow rate indicated by the orificc meter being calibrated.

Mass flow rate determined by the primary mass flow system {or master meter).
Volume flow rate at flowing (actual) conditions.

Volume flow rate indicated by the orifice meter being calibrated,

Volume flow rate at base {standard) conditions.

Universal gas constant.

Roughness average value from continuously averaging meter readings.

Pipe Reynolds nnmber.

Temperature.

Base (reference or standard) temperature,

Temperature of fluid at flowing conditions.

Temperature of the orifice plate or meter tube at time of diameter measure-
ments.

Refercnce temperature of orifice plate bore diameter and/or meter tube inside
diameter.

Ratio of differential pressure to absolute static pressure.

Ratio of differential pressure to absclute static pressure at the upstream pres-
sure tap.

Sensitivity coefficient (influence cocfficient).

Expansion factor. -

Expansion factor based on upstream absolute static pressure.

Expansion factor based on downstream absolute static pressure.

Fluid compressibility.

Fluid compressibility at flowing conditions.

Compressibility of the fluid flowing at the upstream pressure tap location.
Compressibility of the fluid flowing at the downsiream pressure tap location.
Linear coefficient of thermal expansion.

Linear coefficient of thermal expansion of the orifice plate material.

Linear coefficient of thermal expansion of the meter tube material.

Ratio of orifice diameter to meter tube diameter calculated at flowing condi-
tions,

Absolute viscosity of flnid flowing.

Universal constant,

Density of the fluid.

Density of the fiuid at base conditions (£, T,).

Density of the fluid at flowing conditions (7, T)).

1.5 Definitions

This standard reflects orific » meter application to fluid flow measurement. The defini-
tions are given to emphasize the particular meaning cf the terms a3 used in this standard.

1.5.1

PRIMARY ELEMENT

The primary element is defined as the orifice plate, the orifice plate holder with its asso-
ciated differential pressure sensing taps, and the meter tube.

1.5.1.1

QOrifice Plate

The orifice plate is defined as a thin plate in which a circular concentric aperture (bore)
has been machined. The orifice plate is described as a thin plate with sharp, square edge be-
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cause the thickness of the plate material is small, compared with the intemal diameter of the
measuring aperture (bore), and because the upstream edge of the measuring aperture is
sharp and square.

1.5.1.2 Orlfice Plate Bore Diameter (d, d,, d,)

The calculated orifice plate bore diameter (d) is the internal diameter of the orifice plate
measuring aperture (bore) computed at flowing temperature (7)), as specified in 1.6.2. The
calculated orifice plate bore diameter () is used in the flow equation for the determination
of ftow rate.

The measured orifice plate bore diameter (d,,) is the measured internal diameter of the
orifice plate measuring aperture at the temperature of the orifice plate (T,,) at the time of
bore diameter measurements, determined as specified in Chapter 14.3, Part 2,

The reference orifice plate bore diameter (d,} is the internal diameter of the orifice plate
measuring aperture at reference temperature (T}, calculated as specified in Chapter 14.3,
Part 2. The reference orifice plate bore diameter is the certified or stamped orifice plate bore
diameter.

1.5.1.3 Orlifice Plate Holder

The orifice plate holder is defined as a pressure-containing piping element, such as a set
of vrifice flanges or an orifice fitting, used to contain and position the orifice plate in the pip-
ing system.

1.5.1.4 Meter Tube

The meter tube is defined as the straight sections of pipe, including all segments that ure
integral to the orifice platc holder, upstrcam and downstream of the orifice plate, as spcci-
fied in Chapter 14.3, Part 2.

1.5.1.5 Meter Tube Internal Diameter (D, D, B,)

The calculated meter tube internal diameter (D) is the inside diameter of the upstream
section of the meter tube computed at flowing temperature (T}, as specified in 1.6.3. The
calculated meter tube internal diameter (D) is used in the diameter ratio and Reynolds num-
ber equations.

The measured meter tube internal diameter (D) is the inside diameter of the upstream
section of the meter tube at the temperature of the meter tube (7T,,) at the time of internal di-
ameter measurements, determined as specified in Chapter 14.3, Part 2.

The reference meter tube internal diameter (D,) is the inside diameter of the upstream
section of the meter tube at the reference tempetature (T,), calculated as specified in Chapter
14.3, Part 2. The reference meter tube internal diameter is the certified or stamped meter
wwbe internal diameter. i

1.5.1.6 Diameter Ratio (3)

The diamncter ratio () is defined as the calculated orifice plate bore diameter (d) divided
by the calculated meter tube internal diameter (D).

1.5.2 PRESSURE MEASUREMENT
1.5.2.1 Tap Hole

A tap hole is a hoie drilled radially in the wall of the meter tube or orifice plate holder,
the inside edge of which is flush and without any burrs.

~1ght by the AMERICAN PETROLEUM INSTITUTE (AP1) }?
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1.5.2.2 Flange Taps
Flange taps are a pair of tap holes positioned as follows (see Figure 1-2):

a. The upstream tap center is located 1 inch (25.4 millimeters) upstream of the nearest plate
face. --

b. The downstream tap center is located 1 inch (25.4 millimeters) downstream of the near-
est plate face.

1.5.2.3 Differential Pressure (A P)
The differential pressure (AP) is the static pressure difference measured between lhc up-
stream and downstream flange taps.

1.5.2.4 Statlc Pressure (P)

The static pressure () is the absolute flowing fluid pressure measured at one of the
flange tap holes. The absolute pressure may be measured directly or can be obtained by
adding local barometric pressure to measured gauge pressure:

Absolute static pressure = Gaugg static pressure + Local barometric pressure

F &

o

DIAsrantial Pressura loss
prassure

. k]
Recirculation zona
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| —
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Flow

1 ” “ 1
Upstream tap —+ & pownstream tap

FLANGE-TAPPED ORIFICE METER

Figure 1-2—Orifice Tapping Location
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1.5.3 TEMPERATURE MEASUREMENT (T;)

The temperature is the flowing fluid temperature (T) measured at the designated up-
streatn or downstream location, as specified in Chapter 14.3, Part 2.

In flow measurement applications where the fluid velocity is well below sonic, it is com-
mon practice to insert a temperature sensing device in the middle of the flowing stream o
obtain the flowing temperature. For practical applications, the sensed temperature is as-
sumed to be the static temperature of the fiowing fluid.

The use of flowing temperature in this part of the standard requires the temperature to be
measured in degrees Fahrenheit or degrees Celsius. However, if the flowing temperature is
used in an equation of state to determine the density of the flowing fluid, it may require that
the Fahrenheit or Celsius values be converted to absolute temperature values of degrees
Rankine or kelvins through the following relationships:

“R = °F + 459.67
K = °C + 273.15

1.5.4 FLOW RATE DETERMINATION
1.5.4.1 Orifice Flow Rate (q.,, q.. Q.)

The orifice flow rate is the mass or volume flow through an orifice meter per unit of time.

1.5.4.2 Orlfice Plate Coefficlent of Discharge (C,)

The onifice plate coefficient of discharge (C,) 1s the ratio of the true flow to the theoretical
flow and is applicd to the theoretical flow equation to abtain the actual (true) flow.
1.5.4.3 Velocity of Approach (E,)

The velocity of approach factor (£,) is a mathematical cxprcssiori that relates the velocity
of the flowing fluid in the orifice meter approach section (upstream meter tube) to the fiuid
velocity in the orifice plate bore.

1.5.4.4 Expansion Factor (Y)

The expansion factor (Y') is an empirical expression used to correct the flow rate for the
reduction in fluid density that a comnressible fluid experiences when it passes through the
orifice piate bore.

1545 Pipe Reynolds Number (Rep)

The pipe Reynolds number is a dimensionless ratio of forces used to correlate the vari-
ations in the orifice plate coefficient of discharge (C,) with chanpes in the fluid's propertics,
flow rate, and orifice meter geometry,

1.5.5 FLUID PHYSICAL PROPERTIES
1.5.5.1 Density (p,pr Ps)

The flowing Ruid density {p, ) is the mass per unit volume of the fluid being measured
at flowing conditions (T, Pp).

The base fluid density (p,) is the mass per vnit volume of the fluid being measured at
base conditions (7, £p).

1.5.5.2 Absolute Viscosity (u)

The absolute viscosity (i) is the measure of a fluid’s intermalecular cohesive force's re-
sistance to shear per unit of time.
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1.5.5.3 Compressibllity (Z)

The compressibility (Z) is an adjustment factor used to account for the deviation from the
ideal gas law.

1.5.,5.4 Isentropic Exponent (k)

The isentropic exponent (k) is a thermodynamic state property that establishes the rela-
tionship between an expanding fiuid’s pressure and density as the fluid flows through the
orifice plate bore.

1.5.6 BASE CONDITIONS (P, T,)

Historically, the flow measurement of some fluids, such as custody transfer and process
control, have been stated in volume units at base (reference or standard) conditions of pres-
sure and temperature,

The base conditions for the flow measurement of fluids, such as crude petroleum and its
liquid products, whose vapor pressure is equal to or less than atmospheric at base temper-
ature are defined in the United States as a pressure of 14.696 pounds per square inch abso-
lute {101.325 kilopascals) at a temperature of .60.0°F (15.56°C). According to the
Internationat Standards Organization, base conditions are defined as a pressure of 14.696
pounds per square inch absolute (101.325 kilopascals) at a temperature of 59.00°F
(15.00°C)

For fluids, such as liquid hydrocarbons, whose vapor pressure is greater than atmospheric
pressure at base temperature, the base pressure is customarily designated as the equilibrium
vapor pressure at base temperaturc.

The base conditions for the flow measurement of natural gases are defined in the United
States as a pressure of 14.73 pounds per square inch absolute (101.560 kilopuscals) at a
temperature of 60.0°F (15.56°C). According to the Intcmational Standards QOrganization,
base conditions are defined as a pressure of 14.696 pounds per sguare inch absolute
(101.325 kilopascals) at & temperature of 59.00°F (15.00°C).

For both liquid and gas applicanaons, these base conditions can change from one country
to the next, one state to the next, or one industry to the next. Therefore, it is necessary that
the base conditions be identificd for standard volumetric flow measurement.

1.5.7 SENSITIVITY COEFFICIENT (S)

In estimating the uncertainty associated with the metering facility, a number of variables
must be combined. The mathematical relationships among the variables establish the sen-
sitivity of the metered quantities to each of these variables. As such, each variable that may
influence the flow equation has a specific sensitivity coefficient. The derivation of this coet-
ficient is based on a mathematical relationship or estimated from calculations, tables, or
curves. ‘

1.5.8 METER FACTOR (MF)

The meter factor {MF) is a number obtained by dividing the quaatity of fluid measured
by the primary mass flow system by the quantity indicated by the orifice meter during cal-
ibration.

1.6 Orifice Flow Equation

The accepted one-dimensional equation for mass flow through a concentric, sguare-
edged orifice meter is stated in Equation |-1 or 1-2. The derivation is based on conservation
of mass and energy, one-dimensional fluid dynamics, and empirical functions such as equa-
tions of state and thermodynamic process statements. Any derivation is accurate when all
the assumnptions used to develop it are valid. As a result, an empirical orifice plate coeffi-
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ctent of discharge is applied to the theoretical equation to adjust for multidimensional vis-
cous fluid dynamic effects. In addition, an empirical expansion factor is applied to the the-
oretical equation to adjust for the reduction in fluid density that a compressible fluid
experiences when it passes through an orifice plate,

The fundamental orifice meter mass flow equation is as follows:

@ = C4EY(mi4)d Yigp, AP 1-n

Where:
C, = arifice plate coefficient of discharge.
d = orifice plate bore diameter calculated at lowing temperature (7}).
AP = orifice differential pressure.
E, = velocity of approach factor,
g. = dimensional conversion constant.
7 = universal constant
3.14159.
q,, = mass flow rate.
P, = density of the fluid at flowing conditions (P, T}).
Y = expansion factor.
The practical orifice meter fliow equation used in this standard is a simplified form that
combines the numerical constants and unit conversion constants in a unit conversion factor

NV

Il

]

Gn = N, C4E,Yd* Y p,, AP (1-2)

Where:
C, = orificc plate cocfficient of discharge.
d = orifice plate bore diameter calculated at flowing temperature (7)),
AP = orifice differential pressure.
E, = velocity of approach factor,
N, = unit conversion factor.

qn = mass flow rate.
P.» = density of the fluid at flowing conditions (P, ).
Y = expansion factor.

The expansion factor, ¥, is included in Equations 1-1 and 1-2 because it is applicable to
all single-phasc, homogencous Newtonian fluids. For incompressible fluids, such as water
at 60°F (15.56°C) and atmospheric pressure, the empirical expansion factor is defined as
1.0000.

The orifice plate coefficient of discharge, C,, and the expansion factor, Y, are empirical
functions derived from experimental data.

The orifice mceter is a mass meter from which a differential pressure signal is developed
as a function of the velocity of the fluid as it passes through the orifice plate bore. Manip-
ulation of the density variable in the equation permits calculation of flow rate in either mass
or voiume unifs. The volumetric flow rate at lowing (actual} conditions can be calcutated
using the following equation:

q, = qup.lp (l'3)

The volumetric flow rate at base (standard) conditions can be culculated using the foliow-
ing equation:

. Qv = Yl : (1-4)

The mass flow rate (g,,) can be converted to a volumetric flow rate at base (standard)

conditions () if the fluid density at the base conditions (p,) can be deterrnined or is speci-

fied.
The unit conversion factor, N,, is defined and preseated in 1.11.
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D, = reference meter tube intemnal diameter at T,
T, = temperature of the fluid at flowing conditions.
T, = reference temperature of the meter tube internal diameter.

Note: a, T, and T, must be in consistent uniis. For the purpese of this standard, T, is assumed to be 68°F (26°C).

The meter tubc intcrnal diameter, D,, calculated at T, is the diameter determined in ac-
cordance with the requirements contained in Chapter 14.3, Part 2.

1.7 Empilrical Coefficient of Discharge

Empirical coefficients of discharge for flange-tapped orifice meters have been determined
from experimental data by comparing the measured and theoretical flow rates. A major fac-
1or in the definition of the experimental patterns for this orifice research was dynamic sim-
ilarity. Using Reynolds' Law of Similarity, experimental correlations can be applied to
dynamically similar meters.

To accurately predict the coefficient of discharge, C,(FT), for a flange-tapped orifice me-
ter manufactured to the specifications of this standard, certain parameters conceming the
orifice meter and the fiuid must be known. The relationships between these functions can
be simplified for application to commercial use. In fact, the coefficient of discharge can be
shown to depend on a number of parameters, the major ones being the Reynolds number
{Rep), sensing tap location, meter tube diameter (D), and fratio:

C, = f(Rep, Sensing tap location, D, B)

In 1978, Jean Stolz presented an equation form that correlates the near vicinity taps for
orifice meters based on the neur ficld static wall pressure gradient. A complete discussion
of the bases of the equaticn i heyond the scope of this standard. However, the bibliography
contained in Appendix 1-A will allow the reader to further explore this technical discussion.

1.7.1 REGRESSION DATA BASE

Working jointly, a group of technical experts from the United States, Europe, Canada,
Norway, and Japan have developed an equation using the Stolz linkage form that {its the
Regression Data Set more accuratety than have previously published equations. The new
equation was developed from a significantly larger data base than was previously used for
discharge coefficient equatton development,

The Regrassion Data Sct consists of data taken on four fluids (oil, water, naturat gas, and
air) from different sources, 11 different laboratories, on 12 different meter tubes of differing
origins and more than 100 orifice vlates of differing origins. The data provided a pipe
Reynolds number range from accepted turbulent flow of 4000 to 36,000,000 on which to
select the best model. The orifice configurations included flange, corner, and radivs taps,
Nominal pipe sizes investigated were 2, 3, 4, 6, and 10 inches, in compliance with
ANSI/API 2530 specifications. Nominal B ratios used in the equation determination were
0.100, 0.200, 0.375, 0.500, 0.575, 0.660, and 0.750.

The bivariate data (Cy. Rep) were measured in a manner appropriate for the test fluid and
laboratory. The methed of determining mass flow rate, expansion factor, fluid density, and
fluid viscosity varied with the Iaboratory apparatus and test fiuid.

Rather than including possibly erroneous data in the equation regression, the API/GPA/
A.G.A. technical experts envisioned two classes of data sets for orifice research—regres-
sion and comparison. At a meeting of interested international orifice metering experts in
November 1988, it was mutvally agreed that the Regression Data Set be defined as follows:

The Regression Data Sct shall consist of those data pomnts contained in the APIGPA and EC dis-
charge coefficient experments which were perfonined on orifice plates whose diameter was greater
than 0.45 inch (1 1.4mm) and if the pipe Reynolds number was equal to or greater than 400¢ (tur-

bulent flow regime).
Data which does nor satisfy these criteria shall be included in the Comparison Data Set.
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Although it does not mean that other data are of inferior quatity, it is known that insuffi-
cient information exists to determine whether the independent variables were controlled and
quantified. Some examples of comparison quality data are the Oklahoma State University
Data Base (303 flange-tapped points), the 1983 NBS Boulder Experiments, the
Foxboro—Columbus—Daniel 1000-Point Data Base, and the Japanese Water Data Base.

The exclusion for arifice bore diameters less than 0.45 inch {11.4 millimeters) was due
to the increased uncertainty associated with the relative sharpness of the orifice plate up-
stream edge.

The Regression Data Set, as defined above, consists of data generated on orifice meters
equipped with corner, radius, and flange tappings. The number of regression data points are
summarized as follows:

Tapping No. of points
Flange 5,734
Comer 2,298
Radius 2,160
Total 10,192

The empirical data associared with the APT/GPA Data Base and the EC Data Base are the
highest quality and largest quantity available today.

Detailed information on the experiments, regression data, statistical fit, and other perti-
nent information may be found in Chapter 14.3, Part 4, or the references contained in Ap-
pendix 1-A.

1.7.2 EMPIRICAL COEFFICIENT OF DISCHARGE EQUATION FOR
FLANGE-TAPPED ORIFICE METERS

The concentric, square-edged, flange-tapped orifice meter coefficient of discharge,
C,(FT), equation, developed by Reader-Harris/Gallagher (RG), is struclured into distinct
linkage terms and is considered to best represent the current regression data base. The equa-
tion is applicable to nominal pipe sizes of 2 inches (50 millimeters) and jarger; diameter ra-
tios () of 0.1-0.75, provided the orifice plate bore diameter, &,, is greater than 0.45 inch
(11.4 millimeters); and pipe Reynolds numbers (Re,) greater than or equal to 4000. For di-
ameter ratios and pipe Reynolds numbers below the limit stated, refer to 1.12.4.1. The RG
coefficient of discharge cquation for an orifice meter equipped with flange taps is defined

as follows:
I(]Sﬁ 0.7
C,(FT) = C(FT) + 0.000511[—1?] + (0.0210 + 0.00494)3°C (1-9)
R )
C,(FT}y = CACT) + Tap Term (1-10}
C,(CT) = 0.5961 + 0.02918° - 0.22908° + 0.003(1 - B)M, a-11)
Tap Term = Upstrm + Dnusirm .. (1-12)
Upstrm = [0.0433 + 0.0712¢™" - 0.1145¢7*""](1 - 0.234)8 (1-13)
Dnstrm = —0.0L16[M, - 0.52M21B%(1 - 0.144) (1-14)
Also,
ﬁ‘
B = 4t 1-15
-5 (1-15)
D
. M, = max[Z.B -— 0.0] (1-16)
N4
M, = ]2—1‘35 (1-17)
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Although it does not mean that other datu are of inferior quality, itis known thut insuffi-
cient information exists to determine whether the independent variables were controlled and
quantified. Some examples of comparison quality data are the Oklahoma State University
.Data Base (303 fiange-tapped points), the 1983 NBS Boulder Experiments, the
Foxboro—Columbus-Daniel 1000-Point Data Base, and the Japanese Water 1ata Dase.

"The exclusion for orifice bore diameters less than 0.45 inch (11.4 millimeteis) was due
to the increased uncertainty associated with the relative sharpness of the orifice plate up-
stream edge.

The Regression Datn Sct, as defincd above, consists of data generated on orifice meters
equipped with corner, radius, and flange tappings. The number of regression data points are
summarized as follows:

Tapping No. ol poinms
Flange 5734 -
Comer 2,298
Rading 2,160
Total 10,192

The cmpirical data associatcd with the API/GPA Data Base and the EC Data Base are the
highest quality and largest quantity available today.

Detaited information on the experiments, regression data, statistical fit, and other perti-
nent information may be found in Chapter 14.3, Part 4, or the refcrences contnined in Ap-
pendix 1-A.

1.7.2 EMPIRICAL COEFFICIENT OF DISCHARGE EQUATION FOR
FLANGE-TAPPED ORIFICE METERS

The concentric, square-edged, flange- tapped orifice meter coefficient of discharge,
C4(FT), equation, developed by Reader-Harris/Gallagher (RG), is structwed into distinet
linkage terms and is considered to best represent the cnirent regression data base. The equa-
tion is applicable to nominal pipe sizes of 2 inclies (50 millireters) and larger; diameter ra-
tios (1) of (L 1-0.75, prov'ded the orifice plate bore diameter, 4, is greater than 0.45 inch
{11.4 millimeters); and pipe Reynolds numbers {Rep) greater than or equal to 4000. For di-
ameter ratios and pipe Reynolds nunibers befow Lhe limit stated, refer to 1.12.4.1. The RG
coefficient of discharge cquation for an orifice meter equipped with flange taps is defined
as [ollows:

P 7
C,(FTy = C(FIN + O.OUHSU[%?—E] + (0:0210 + 0.0040A)3'C (1)
eD
C(TT) = CACT) + Tap Term (1-10)
CCT) = 0.5961 + 0.02918 - 0.22908° + 0.00301 — fIM, (-1
Tap Termt = Upstrm v Dusorm ' (I-12)
Upstrm = [0 0433 + 0.0712¢ '™ - 01145 "1 - 0.23A)8 (1-13)
Dosim = —0.0116[M, — 0.52M7 18" (1 — (L14A) (1-14)
Also,
4
B = ﬂ—; (i-15)
1-p
n
M, = max[lﬂ - —, U.O] (1-16)
. N,
M, = ]—‘?'-[ﬂﬁ (-17)

the AMERICAM PETRPOLEUM INSTITUTE {API)
1:17:13 1974

&R



API MPMI*1l4.3.1 90 EE 0732290 00947389 2

14 CrapreER 14—NaTURAL GAS FLUIDS MEASUREMENT
L]

4 = [19,000,3] (1-18)
Re,
6 0.33

C = {M] (1-19)

Re,
Where:
B = diameter ratio
= diD.

C,(FT) = coefficient of discharge at a specified pipe Reynolds number for flange-tapped
orifice meter.
C(FT) = coefficient of discharge #1 infinite pipe Reynolds number for flange-tapped ori-

fice meter.
C(CT) = cocfficient of discharge ut infinite pipe Reynolds number for comer-tapped ori-
fice meter.
d = orifice plate bore diameter calculated at T,
D = meter wbe internal diameter calculated at 7).
e = Napierian constant
= 2.71828.
L, = dimensionless correction for the tap location
=1,

= N,/D for flange taps.
N, = 1.0 when D is in inches
= 25.4 when D is in millimeters.
Rep = pipe Reynolds number.

1.7.3 REYNOLDS NUMBER {Ffep)

The RG cquation uses pipe Reynolds number as the correlating parameter to represent
the change in the orifice plale coefficient of discharge, C,, with reference to the fluid’s mass
flow rate (its velocity through the orifice), the fluid density, and the fluid viscosity.

The pipe Reynolds number can be calculated using the following equation:

Rep = 49 (1-20)

The pipe Reynolds number equation used in this standard is in a simplified {orm that
combines the numerical constants and unit conversion constants:

Rep = N2dn (1-21)

For the Reynolds number cquations presented above, the symbols are described as fol-
lows:

D = meter tebe internal diameter calculated at lowing temperature (T}).
= absolute viscosity of fluid.
= unit conversion factor.
& = universal cunstant
= 3.14139.
q,, = mass How rate,
Rep = pipe Reynolds number,

Fx
||

The unit conversion factor, N,, for the Reynolds number equations is defined and pre-
sented in 1.11.
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Affected Publication: Chapter 14, “Natural Gas Fluids Measarement,” Section 3, “Con-
centric, Square-Edged Orifice Meters,” Part 1, “General Equations and Uncertainty Guide-
lines” of the Manual of Petroleum Measurement Standards, Third Edition, September 1990

ERRATA

On page 1, the last sentence of 1.1.1 should read as follows:
U.S. customary (Ioch-Pound (IP)] and International System
of Units (SI) units are included.

On page 13, Equations 1-16 and 1-17 should read as fol-
lows:

M, = max[2.8 - ‘3’. 0.0J (1-16)

4

2L,
: = 1_g (1-17)

On page 14, the nomenclature should read as follows (that
is, D, should be inserted in the list):

Where:

A = diameter ratic
= diD.

C,(FT) = coefficient of discharge at a specified pipe
Reynolds number for flange-tapped orifice me-
ter.

CAFT) = coefficient of discharge at infinite pipe Reynolds 5,

number for lange-tapped orifice meter.

cocfficient of discharge at infinite pipe Reynolds

number for corner-tapped orifice meter.

orifice plate bore diarneter calculated at T

meter tube internal diameter calculated at 7.

D = rmeter wube internal diameter at reference tem-

perature, T

-GN

oA
It n

e = Napierian constant = 2.71828.
L.;=L.. = dimensionless correction for the tap location
= N,/D, for flange taps. -
\ N, = 1.0 when D, is in inches
= 25.4 when D, 1s in millimeters.
Re;, = pipe Reynolds number.
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1.7.4 FLOW CONDITIONS
1.7.4.1 General

The condition of the meter tube, the mating of the piping sections, the AP sensing tap
holes, the straight lengths of pipe preceding and following the primary element, and so
forth, are factors that influence the flowing conditions. Although some factors may be con-
sidered insignificant for commercial putposes, flowing conditions can influence field aceu-
racy.

To assure accuracy within the uncertainty stated, certain flow condition limitations must
be followed:

a. The flow shall approach steady-state mass flow conditions on fiuids that are considered
clean, single phase, homogeneous, and Newtonian.

b. The fluid shall not undergo any change of phase as it passes through the orifice.

c. The flow shall be subsenjc through the orifice and the meter tube.

d. The Reynolds number shall be within the specified limitations of the empirical coeffi-
cients,

¢. No bypass of flow around the orifice shall occur at any time.

1.7.4.2 Law of Similarity

The empirical cocfficients calcutated from the equations in this standard arc vaiid if dy-
namic similarity exists between the metering installation and the experimental data base.
Technically, this approach is termed the Law of Similarity.

Dynamie similarity is the underlying principle for present-day theoretical and experimen-
tat fluid mechanics. The principle states that two geometrically similar meters with identical
initial flow directions shall display geometrically similar strcamlines.

The mechanical specifications for the meter tube, the orifice plate, the orifice flanges or
fitting, the differential pressure sensing taps, the upstream and downstream piping require-
ments, the flow straightener (if applicable), and the thermowell must be adhered to, as
stated in the standard, to assure geometric similarity.

Geometric similarity requires that the experimental flow system be a scale model of the
field instaliations. The experimental pattern’s design identifics sensitive dimensional re-
gions to explore, measure, and empirically fit. A proper experimental pattern for orifice me-
ters allows the user to cxtrapolate to larger meter tube diameters without incrcasing the
uncertainty.

Dynamic similarity implies a correspondence of fluid forces between the two metering
systems. The Reynolds number is a measure of the ratio of the inertial to viscous forces. For
the orifice meter, the inertial to viscous forces are the forces considered significant within
the application limitations of this standeard. As a result, the Reynolds number is the term that
correlates dynamic similarity in all empirical coeffictent of discharge equations. In fact, the
Reynolds number correlation provides a raticnal basis for extrapolation of the empirical
equation, provided the physics of thc fluid does not change. For instance, the physics asso-
ciated with subsonic flow is not sumilar to that associated with sonic flow.

For the empirical data base, undisturbed flow conditions (flow pattern and fully devel-
oped velocity profile) were achieved through the use of straight lenpths of meter tube both
upstream and downstream from the orifice and the use of flow straighteners. For buth the
APH/GPA and EC experiments, an undisturbed flow condition was defined as the equivalent
of a symmetrical, approximately swirl-free velocity profile located approximately 45 pipe
diameters downstream of a Sprenkle flow conditioner, in circular pipes with an average in-
ternal surface wall roughness, R, of approximately 150 microinches.

1.7.5° PULSATING FLOW

Reliable reasurements of flow cannot be obtained with an orifice meter when apprecia-
" ble pulsations are present at the point of measurement. Currently, no satisfactory theoretical
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or empirical adjustment for orifice measurement in pulsating flow applications exists that,
when applied to custody transfer measurement, will maintain the measurement accuracy
predicted by this standard,

1.7.5.1 Sources

Pulsations in a pipeline, originating from a reciprocating device, a rotary device, valve
actions, piping configuration, or another similar source, consist of sudden changes in the ve-
locity, pressure, and density of the fluid lowing. The most common sources of pulsation are
the following:

a. Reciprocating compressors, cngines, or impeller-type boosters.

b. Pumping or improperly sized pressure regulators and loose or womn valves.
¢. Irregular movement of guantities of water or oil condensates in the iine.

d. Intermitters on wells, automatic drips, or separator domps.

e. Dead-ended piping tee junctions and similar cavities.

1.7.5.2 Pulsation Reduction

To obtain reliable measuremenss, it is necessary to suppress pulsation, In general, the fol-
lowing practices have been effective in diminishing pulsation and/or its effect on crifice
flow measurement:

a. Locating the meter tube in 2 more favorable location with regard to the source of the pul-
sation, such as the inlet side of regulators, or increasing the distance from the scurce of
the pulsation. .

b. Inserting capacity tanks (volume}, flow restrictions, or specially designed filters in the
line between the source of pulsation and the meter tube to reduce the amplitude of the
pulsation.

¢. Using short-coupled impulse tubing and/or manifolds of approximately the same size as
the pressure taps to the differential pressure measurement instrument.

d. Operating at differentials as high as is practicable by replacing the orifice plate in use
with a smaller orifice bore plate or by concentrating flow in a multiple meter tube instal-
lation through a limited number of tubes.

e. Using smaller sized meter tubes and keeping essentially the same orifice diameter while
maintaining the highest practical limit of the differential pressure.

Considerable study and experimentation have been conducted to evaluate the re-
quirements and methods necessary to achieve pulsation reduction. This material is outside
the scope of this standard and may be found in many publications that are readily available.

1.7.5.3 Pulsatlon Instruments

Instruments, both mechanical and electronic, have been developed that indicate the pres-
ence of puisation. These devices are used to determine the effectiveness of pulsation sup-
pression practices.

1.8 Empirical Expansion Factor (Y) for
Flange-Tapped Orifice Meters

Expansibility research on water, air, steam, and natural gas using orifice meters equipped
with various sensing taps is the basis for the present expansion factor equation. The empir-
ical research compared the fiow for an incompressible fluid with that of several compress-
ible fluids.

The expansion factol, ¥, was defined as follows:

c
Y =2 (1-22)
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Where:

C,, = coefficient of discharge from compressible fluids tests,
C,, = coefficient of discharge from incompressible fluids tests.

'z

Buckingham derived the empirical expansion factor equations for orifice meters
equipped with various sensing taps based on the following correlation:

Y = f(B.k.x) (1-23)
Where:
B = diameter ratio (d/D).
k = isentropic exponent.

x = ratio of differential pressure to absolute static pressure.

Compressible fluids expand as they flow through a square-edged orifice. For practical ap-
plications, it is assumed that the expansion follows a polyiropic, ideal, one-dimensional
path,

This assumption defines the expansion as reversible and adiabatic (no heat gain or loss).
Within practical operating ranges of differential pressure, flowing pressure, and tempera-
ture, thie expansion factor equation is insensitive to the value of the isentropic exponent. As
a result, the assumption of a perfect or ideal isentropic exponent is reasonable for field ap-
plications. This approach was adopted by Buckingham and Bean in their correlation. They
empirically developed the upstream expansion factor (Y,) using the downstream tempera-
ture and upstream pressure.,

Within the limits of this standard’s application, it is assumed that the temperatures of the
fluid at the upstream and downstream differential sensing taps are identical for the expan-
sion factor calculation.

The application of the expansion factor is valid as long as the following dimensionless
pressure ratio criteria are followed:

AP

0 < < (.20
e
Cr,
- !
0.8 < - <10
g
1
Where:
AP = orifice differential pressure.
N, = unit conversion factor,
P; = absolute static pressure at the pressure tap.
F; = absolutc static pressurc at the upsiream pressure tap,

P, = absolute static pressure at the downstream pressure tap. "

Although nse of the upstream or downstream expansion factor equation is a matter of
choice, the upstream expansion factor is recommended because of its simplicity. If the up-
stream expansion factor is chosen, then the determination of the flowing fluid compressibil-
ity should be based on the upstream absolute static pressure, Py, Likewise, if the
downstream expansion factor is selected, then the determination of the flowing fiuid com-
pressibility shauld be based on the downstream absolute static pressure, Fy,

The expansion factor equation for flange taps is applicable over a f§ range of 0.10-0.75.

1.8.1 UPSTREAM EXPANSION FACTOR {Y)

The upstream cxpansion factor requires determination of the upstream static pressure, the
diameter ratio, and the isentropic exponent.
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On page 14, Equation 1-19 should read as follows:

106 (%3]
€= [ReD]

On page 17, the second equation for the dimensionless pressure ratio should read as fol-
fows:

4
08 < & < 10

On page 26, Equation I-40 should read as follows:

OF
4000]

SC(FTY/ SC(FT) = 1 + 0.7895(
€n

On page 30, the first two paragraphs under 1.12.4.5 should read as follows (that is, the
words meter tube should 1eplace the word plate):

The meter tube diameter uncertainty may be determined from dimensional measurements
of, alternatively, from the roundness specifications presented in Chapter 14.3, Part 2,

If the dimensional measurements are available, the meter tube diameter uncertainty is
cquated to the root mean square (rms) of the differences between each reading and the mean
value.

NOTICE TO USERS OF PART 1

Chapter 14.3, Part 4, “Background, Development, Implementation Procedure, and
Subroutine Documentation for Empirical Flange-Tapped Discharge Coefficient Equation”
will provide the calculation precedure necessary to obtain uniform answers, Users of Part
I may find it desirable to obtain Part 4 before attempting to program the equations con-
tained in Part {.
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If the absolute static pressure is taken at the upsiream differential pressure tap, then the
value of the expansion factor, Y|, shall be calculated as follows:

Y, =1- (0.41 + 0.35,8‘)5; (1-24)

When ihe upstream static pressure is measured,

X o= AP (1-25)
N3P,
When the downstream static pressure is measured,
X% = AP (1-26)
N.Pp + AP

: AP = orifice differential pressure.
k = isentropic exponent.

N, = unit conversion factor,
P, = absolute static pressure at the upstream pressure tap.
P;, = absolute static pressure at the downstream pressure tap.
x, = ratio of differential pressure to absolute static pressure at the upstream tap.
xi/k = upstream acoustic ratio.
Y, = cxpansion factor based on the absolule static pressure measured at the upstream

tap.

1.8.2 DOWNSTREAM EXPANSION FACTOR (Y,)

The downstream expansion factor requires determination of the downstream static pres-
surc, the upsiream static pressure, the downstream compressibility factor, the upstream
compressibility lactor, the diameter ralio, and the isentropic exponent. The value of the
downstream expansion factor, ¥, shall be calculated using the following equation:

[PZ
Y, =¥, [-b (1-27)
Fk;zﬁ

Pz
Y, = [1 - (0.41 + 0.35;3‘)%] %4 (1-28)

£z,

L]

When the upstream static pressure is measured,

(1-29)

When the downstream static pressure 18 measured,

AP

=_ 2 (1-30)
Ny, + AP

X

Where:

AP = orifice differential pressure.
k = isentropic exponent.
A, = unit conversion factor.
= absolute static pressure at the upstream pressure tap.
P, = absolute static pressure at the downstream pressure tap.
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ratio of differential pressure to absolute static pressure at the upstream tap,

xl =
x\/k = upstream acoustic ratio.
¥, = expansion facior based on the absolute static pressure measured at the upstream
tap.
¥, = expansion factor based on the absolute static pressure measured at the downstream
- tap.
Z;, = fluid compressibility at the upstream pressure tap.

Z;, = fluid compressibility at the downsiream pressure tap.

1.9 In-Situ Calibration
1.9.1 GENERAL

The statement of the uncertainty of the empirical coefficient of discharge for concentric,
square-edged orifice meters, C,, is predicated on compliance with the requirements of this
standard.

For accurate measurement applications, the flowmeter and adjacent piping should meet
the requirements of the relevant, preferably the most stringent, specification of the standard.
Deviations from the standard’s specifications (for example, eccentricity, steps between ad-
jacent sections of pipe, prerun lengths with or without a flow conditioner, post-run lengths,
and pipe wall roughness) will mvalidate the uncertainty statement.

To assure the accuracy of such flow measurements, the user may wish to calibrate the
meter in situ. This is particularly suggested for orifice meters under 2 inches (50 millime-
ters) nominal pipe size. In situ is defined as being under normal operating conditions, with
the actual approach piping configuration, using the actual fluid with the actusl orificc plate
and 1ecording system in place.

Calibration of an orifice meter in situ requires the use of a primary mass flow system:.
This primary mass flow system may be poriable or permanently installed. A master meter
that has been calibrated with a primary mass flow standard can also be used for in-situ cal-
ibration.

The in-situ calibration should be performed with a pnimary mass flow system {or master
meter) with an overall uncertainty less than the overall uncertainty of g,, of the meter being
calibrated. Refer to the working uncertainty equation given in 1.12.

To perform an in-situ calibration, the primary mass flow system {or master meter) should
be installed cither upstrcam or downstream of the pipe fitting nearest to the meter tube or
meter tube manifold so that it provides a calibration of the meter in its normal Aowing
conftguration (that is, velocity profile). In-situ calibration should be performed at the nor-
mal flow rate, temperature, and pressure of the meler station. Additionally, in-situ calibra-
tion may be performed over the range of flow rates, temperatures, and pressures to assure
a higher confidence level over the complete range of flowing conditions.

1.9.2 METER CORRECTION FACTOR

The in-situ calibration can provide a meter factor (MF) that may be used to correct the
calculated mass llow rate as determined by Equation 1-1, if agreed upon by the parties, The
ME is defined as follows:

MF = J2 o 9 (1-31)
qm, qwﬁ%p
Where:

Gn, = ass flow rate determined by the primary mass flow system (or master meter).

4., = mass flow rate indicated by the orifice meter being calibrated.
g, = volumetric fiow rate indicated by the orifice meter being calibrated.
P = density (mass) of fluid at the meter at flowing conditions.
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Altematively, the results may be used to identify installations that exceed the uncertainty
estimated using 1.12. If the MF falls outside the 0,9 < MF < 1,1 limits, the system should
be investigated until the physical cause for the deviation has been identified and corrected.

When the meter factors are determined over a range of operating conditions, several val-
ues of MF may result. A plot of MF versus pipe Reynolds number (Rep) should provide a
single curve that may be used for determining MF conmeciions.

If the MF is applied to the metered quantities for custody transfer purposes, then in-situ
calibration should be periodically repeated to ensure accurate measurement, Additional in-
sttu calibrations should be performed when physical changes to the metering system or
significantly different operating conditions are encountered.

1.10 Fluid Physical Properties

Certain fluid physical properties are required to solve the orifice flow equation.
For the mass flow cquation, the following fluid properties are required:

a. The viscosity at flowing conditions, g
b. The fluid density at flowing conditions, g, .
¢. The isentropic exponent, &, for compressible fluids,

For the standard volumetric flow equation, the density at base conditions, p,, is required
for solution.

1.10.1  VISCOSITY (1)

The absolute {or dynamic) viscosity of the fluid at flowing conditions is required to com-
puie the pipe Reynoids number. Fluid viscosities may be measured experimentally or com-
puted from empirical equations.

For high Reynolds nurrber applications, viscosity variations are usually ignored, sincc a
sensitivity analysis indicates negligible effect in the flow computation. For low Reynolds
number applications, accurate.viscosity values and their variation with composition, tem-
perature, and pressure may have a significant affect on the flow computation.

1.10.2  DENSITY (0, ps)

Appropriate values for the density of the fiuid, p,, and p,, can be obtained using one of
two methods:

a. Empirical density correlation. The empirical density value may be calculated by an equa-
tion of state or another technically qualified expression.

b. On-line density meters. An on-line density meter can measure the fluid density at oper-
ating conditions (or base conditions).

For on-line density meter applications where the density at flowing conditions (or basc
conditions) is greater than 0.30 gram per cubic centimeter, refer to Chapter 14.6 for'the in-
stallatton, operation, and calibration of these devices.

For on-line density meter applications where the density at flowing conditions (or base
conditions) is less than 0.30 grain per cubic centimeter, refer to the manufacturers’ recom-
mendations for the installation, operation, and calibration of these devices. The manufac-
turer should be able to demonstrate that operation of the on-line density measurerment
device will not interfere with the basic operation of the orifice meter.

From a practical standpoint, the fluid temperature differences between the upstream sens-
ing tap, the downstream sensing tap, and the temperature sensing device are assumed to be
instgnificant when the temperature device is installed as required in Chapter 14.3, Part 2.
For fluids whose density changes rapidly with changes in flowing temperature, for low fluid
velocities, and/or 10 minimize ambient temperature and heat transfer effects, the user may
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wish to thermally insulate the meter tube between the primary element and the temperature
device.

1.10.3 ISENTROPIC EXPONENT {k)

The isentropic exponent, k, is required in the solution of the empirical expansion factor
(Y} equation.

As a compressibie fluid flows through the reduced area of an orifice plate bore, it under-
goes a contraction and then an expansion, The expansion, which results in a change in the
static pressure, is assumed to follow a polytropic path expressed by the following relation-

ship:
P
- L = Constant (1-32)
[P,
Where:
P, = absolute static pressure.
P, = density of the fuid at flowing conditions (P, Tj).
n = polytropic exponent.

However, if the cxpansion is assumed to be relatively rapid (that is, short in length) and
the pressure change relatively small in magnitude, the polytropic relationship can be re-
placed by an idealized (reversible and adiabatic) one-dimensional isentropic expansion re-
lationship of the following form:

P
L_ = Constant (1-33)
[p.]
Where:
P, = absolute static pressurc.
P, = density of the fiuid at lowing conditions (P, 7).
k = isentropic exponent.

The real compressible fluid isenttopic exponent, £,, is 2 function of the fluid and the pres-
sure and temperature. For an id=al gas, the isentropic exponent, &, is equal to the ratio of
its specific heats (c,/c,) and is independent of pressure. A perfect gas is an ideal gas that bas
constant specilic heats. The perfect gas isentropic exponent, &, is equal to k; cvaluated at
base conditions. It has been found that for many applications, the value of %,, is nearly
identical to the value of k;, which is nearly identical to k,. From a practical standpoint, the
flow equation is not particularly sensitive to small variations in the isentropic exponent.
Therefore, the perfect gas iscniropic exponent, &, is often used in the flow equations. This
greatly simplifies the calculations. This approach was adopted by Buckingham in his cor-
relation for the expansion factor.

1.11 Unit Converslon Factors
1.11.1 ORIFICE FLOW EQUATION

_ The values for the unit conversion factor, ¥, for the orifice flow rate equation are sum-
marized in Table 1-2. The table contains common engineering units, along with their cor-
responding converston factor value.

1.11.2 REYNOLDS NUMBER EQUATION

The values for the unit conversion factor, N, for the Reynolds number equation are sum-
marized in Table 1-3. The table contains common cngineering units, along with their cor-
responding conversion factor value.
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1.11.3 EXPANSION FACTOR EQUATION

The values for the unit conversion factor, N, for the expansion factor equation are sum-
marized in Table 1-4. The table contains common engineering units, along with thcir cor-
responding conversion factor value.

1.11.4 FLOW RATE PER UNIT OF TIME CONVERSION

To convert the mass or volume flow rate per unit of tme to another unit of time, the fol-
lowing multiplication factors are applicable:

Multiplying
Fram To Tactor
Units per second Units per minute 60
Umuts per second Units per hour 3,600
Units per second Units per day 86,400

Tahle 1-2—0Orifice Flow Rate Equation: Unit Conversion Factor {N5)

Mass Rate
4 = NCEYE 5P
Volumetric Rate at Flowing (Actual) Conditions
4 _ NC,EYd®|p, AP
Py Prp

Volumetric Rate at Base Conditions

0 = _ NCEYd \p, AP

v

4 =

23 2N
Where:
IP Units SI Units
K3 3141593 3.141593 Universal constant
2 32 1740 NA {bm-fy/(Ibf-sec?)
2 NA 1.0000 kg-m/(N-sec?)
d Feet Meters
AP Ibf/f? Pa
D Ibrm/f® kg/m?
Ps lbm/f? kg/m?
I lom/scc kg/sec
. {i3fsec m¥sec
o, Sft’/sec Nm¥sec
Ny 06.30025 E+00 1.11072 E+00 T
6.30025 1.11072
U.S. Units U.S. Units 1.8, Units Metric Units  Metric Units
o 314159 3.14159 3.14159 3.14159 3.14159 Universal constant
g 321740 32,1740 32,1740 NA NA Ibm-fitf (1bf-sec?)
8 NA NA ' NA 10000 1.0000 kg-m/ (N-sec?)
d Inches Inches Inches Millimeters Millimeters
AP tbf/in? in HyOw, in HyOu Millibar kPa
Pis lbm/ft? lem/ft} lom/fe? kg/m? kg/m?
Py thm/fi? Ttm/frd Thm/fi? kg/ni? kp/m?
e lbm/sec. * ibmfsec lbm/sec " kgfsec kg/sec
4. ft¥/sec ft'/sec f¥/sec m*/sec m/sec
Q. Stt¥/sec SftVsec SftY/sec Nm?/sec Nm/sec
I 5.25021 E-O01 997424 E-02 997019 E-02 3.5124t E-04 3.51241 E-05
(1L.525021 0 0997424 00997019 0000351241 0.0000351241
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Table 1-3—Reynolds Number Equation; Unit Conversion Factor (N,)

R¢n=-4iorReo=Eﬁn-
D

HD
Where: A
IP Units SI Units
G Tbm/sec kg/sec
n 3.1415% 3.14159 Universal constant
I Tom/ft-sec kg/m-sec 51 Unit equal to PPa-sec
D Feet Meters
N, 1.27324 E+00 1.27324 E+00
1.27324 1.27324
U.S. Units U.8. Units Metric Units * Metric Units
u Ibm/sec Ibmysec ™ kgfsec kgfsec
x 3.14159 1.14159 3.14159 3.14159 Universal constant
u Centipoise Poise Centipoisc Poise
D Inches Inchas Millimeters Miliimeters
N, 227375 E+04  22.7375E401 1.27324 B+05 1.27324 E+(4
22,731.5 227375 127,324 12,7324

1.12 Practical Uncertainty Guidelines

The most important assumption underlying the calculation of the orifice discharge coef-
ficient equation is that laboratories’ systematic equipment biases are randomized within the
data base. This means that there is no bias in the cquation’s ability to represent recality due
to equipment variety in the various laboratories. Such an assumption of randomization has
precedent in [SO 5168, established in'1978, and a 1939 paper by Rossini and Deming, This
allows the use of results from the world’s finest laboratorics without requiring that exper-
imental equipment be identical, ’

Table 1'-4—Empirical Expansion Factor Equation:
Unit Canversion Factor {N,)

AP
X =
NP
IP Units SI Units
AP bf/i? Pascals
P Ibf/ic Pascals
Ny 1.00000 E+00 1.00000 E+00
1.00000 1.00000
U.S. Units U.S. Units U.8. Units
AP lbsfin? in H,0Oy, in H,O
4 1bs/in? Ibsfin? Ibs/fin?
N; 1.00000 E+00 2.77070 E+01 2.77300 E+01
1.20000 27,7070 27.7300
Meiric Units Metric Units Metric Units
AP Kilopascals Millibar Millibar
r Megapascals Bar Megapascals
- N, 1.00000 E+03 1.00000 E+03 1.00000 E-02
1006.00 1000.00 0.0100000

v the AMERICAN PETROLEUM INSTITUTE (API)
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Every effort has becn made to remove residual bias from the representation of the exper-
imental data by the equation for mass flow. Consequently, the subsequent precision state-
ments are valid for an individual orifice meter installation for which physical characteristics
and measurements of these characteristics are maintained within the precision that is used
1o determine the contributions to imprecision in mass flow measurement cansed by various
factors.

In accordance with prudent statistical and engineering practice, the estimated orifice flow
rate uncertainty shall be calcuiated at the 95-percent confidence level.

1.12.1 GENERAL

Many factors associated with an orifice installation influence the overall error in flow
measurement. These errors are due te uncertainties about the following:

a. Representation of reality by the mass flow equalion,

b. Uncertainty about actual physical propertics of the fluid being messured.

¢. Imprecision in the measurement of important installation paraimeters (such as orifice di-
ameter and f ratio)

Examples of the calculations of the overall uncertainty as it depends on these major cat-
egories are given below. For ease of understanding, graphical summaries are presented
where feasible.

1.12.2 UNCERTAINTY OVER A FLOW RANGE

From a practical standpoint, the accuracy envelope for an orifice meter is usually esti-
mated using the uncertainty assigned to the differential pressure sensing device. This tech-
nique realistically estimates the uncentainty associated with the designer's flow range.

An accuracy envelope incorporates the influence quantities associated with the AP sens-
ing device. The significant quantities include ambient temperature effects, static pressure ef-
fects, long-term drift, hysteresis, linearity, repeatability, and the calibration standard’s
uncertainty. o

For some applications, parallel orifice meters are required to meet the user’s desired usi-
certainty and rangeability. [n addition, the designer may chcose 1o install stacked AP
devices calibrated for different ranges to mmimize uncertainty while maximizing rangeabil-
ity for a given orifice plate, as shown in Figure 1-3,

1.12.3 UNCERTAINTY OF FLOW RATE

The overall uncertainty is the quadrature sum (square root ot the sum of the squares) of
the uncertainties associaicd with the pertinent variables:

Gm = fIC, Y, AP. 4, D, p,;)

For practical considerations, the pertinent variables are assumed to be independent to
provide a simpler uncertainty calculation. In fact, no significant change in the uncertainty
estimate will oceur if the user applies the simplified uncertainly equations presented below.

The total uncertamty of the flow ratc through an orifice meter may be caleculated by one
of two methods:

a. Empirical coefficient of discharge using flange-tapped orifice meters.

b. In-situ calibration using orifice meters.

1.12.3.1 Uncertainty Using Empirical Coefficlent of Discharge for
Flange-Tapped Orifice Meter

The basic flow equation used is as follows:

4w = CEY(mI4)d \[28.p, AP

oyri1ght by the AMERICAN PETROLEUM INSTITUTE (APL)
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0 20 40 €0 80 100 120 140 160 180 200
Difterential pressure reading (inches H,Qy,}
W Dilierential Prassure 1 ® Diflerential Prassure 2 A Diderential Pressura 3

Note: The precision of the differential pressure device used in this exampls is $0.25 percent of full scale.

Figure 1-3—Contribution to Flow Error due to
Diffarential Pressure Instrumentation

Where:

E, = velocity of approach factor
1

Ji- gt
B = diameter ratio (d/D).

Using differentiation, one can show that

(89,/4,) = Sc,(8C,/C,) + S, (8E,/E,) + S,(8YY) + §,(8d/d)

+ Sp*r(ﬁp,_,lp,.p} + S,.(8AP/AP) . . (1-34)
Where:
S = sensitivity coefficient of the particular variable.
Therefore,
Sc‘ and Sy = 1.0
And,
. Sd = 2
S, = A
Sep = 4

By continuing this process to put 8£,/E, in terms of &d/d and 8D/D, it can bc shown that

y the AMERICAN PETROLEUM INSTITUTE (API}
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2p*
(8E,[E)) = W[(&d!d) - {(6D/D)] (1-35)

Assuming that independent estimates are available for 8C,/C,, 6Y/Y, éd/d, and 8D/D and
substituting for SE/E, gives us the following working equation for the uncertainty of the
mass flow rate:

2
_ﬁ'*

2
(6q,/q,) = {(SC‘,/C,,)2 + (8Y/Y) + |:1 ](qfia’.r’d)1

03

+[ 2 }(51)/1{))-Z + %(dp,lp,) + M(JAP{AP)’} (1-36)

- B
1.12.3.2 Uncertainty Using an in—-Situ Callbration

When the orifice meter has been calibrated in situ, the practical working formula for the
uncertainty of the mass flow rate can be expressed as follows:

(84, /q,) = [(BMF/MEY + U(SAPIAPY + 4(3p,,/p,]  (1-37)

The meter factor (MF) term is estimated from the combination of the primary mass flow
uncertainty, the master meter uncertainty, and the precision of the orifice meter calibration.
Note that the meter factor (MF) determined for the orifice plate and tube is a combination
of several possible crrors. No additional uncertainty is necessary for installation conditions
or expansicn factor.

1.12.4 TYPICAL UNCERTAINTIES

For precise metering applications, such as custody transfer, the flowmeter and adjacent
piping should meet the requirements of the relevant, preferabiy the most stringent, specifi-
cation of the standard. In the following sections, the typical uncertainties expressed can be
obtained only through compliance with the specifications of the standard.

1.12.4.1 Empirical Coefficlent of Discharge

The estimated uncertainty of the empirical coetficient of discharge for concentric, syuare-
edged, flange-tapped orifice meters that are in compliance with this standard is a function
of the Reynolds number and the diameter ratio (3). At very high Reynolds numbers the un-
certainty is only a function of the diameter ratie (). This uncertainty estimate is shown
graphicelly in Figure 1-4. As the Reynolds number decreases, the uncertainty of the orifice
plate coefficient of discharge increases. The ratio of the uncertainty at a given Reynolds
number to the uncertainty at infinite Reynolds nutnber is shown graphically in Figure 1-5,
The overall uncertainty of the empirical coefficient of discharge is the product of the value
1ead from Figure 1-4 and (he vaiue read from Figure 1-3. The values for Figure 1-4 may be
approximated by the following:

For > 0.175,
SC.(FT)}/ C,(FT) = 0.5600 — 0.25508 + 1.93168° (1-38)
For B < 0.175,
SC.(FTy, C,{FT) = 0.7000 — 1,055083 (1-39)
I'he values for Figure [-5 may be approximated by the lbllpwing:
SCAITYEC(FT) = 1 + ].7895(4030)&‘ (1-40)
n
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Figure 1-4—Empirical Cosfficient of Discharge:
Uncertainty at tnfinite Reynolds Number
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Figure 1-5—Relative Change in Uncertainty: Dependence 6n Reynolds Number
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These estimates for the uncertainty were developed using the regression data base dis-
cussed in 1.7.1, Orifice plates with bore diameters less than 0.45 inch (11.4 millimeters), in-
stalied according to Chapter 14.3, Pari 2, may have coefficient of discharge [C{FT)]
uncertainties as great as 3.0 percent. This large uncertainty is due to problems with edge
sharpness. These types of problems are discussed further in Chapter 14.3, Part 2. Deviations
from the installation specifications in Chapter 14.3, Part 2, will invalidate this uncertainty
statement.

1.12.4.2 Empirical Expansion Factor for Flange-Tapped Orifice Meters

The values of ¥ computed by the empirical equations are subject to a tolerance varying
from 0, when x = 0, to £0.5 percent, when x = ().2, For larger vatues of x, a somewhat larger
uncertainty may be expected.

An alternative approach for determining the uncertainty for the expansion factor, which
has been proposed in the international community, stipulates that when 3 AP, P, and k are
assumed to be known without error, the percentage uncertainty of the value of ¥ is esti-
mated by

+ 4[ AP
Ny P,

] when 8 € 0.750

The expansion factor uncertainty is presented in Table 1-5. For fluids that are not com-
pressible, the expansion factor equals 1.000 by definition, and the estimated uncertainty is
ZEro.

Table 1-5—Uncertainty Statement for Empirical Expanslon Factor

Common U.S. Units

AP Expansion Facior Uncertainty (%) When £, (psia) Equals
(inches
H,0%) psid 50 100 250 500 750 1000 T 1250 1500
14 0.36 0.03 .01 0.0 0.00 0.00 0.00 0.00 0.00
30 1.80 __ Da4 007 0.03 a0 o0l 0.01 [1K4] 1 000
160 361 0.29 014 0.06 0.03 0.02 0.01 0.01 0.0t
150 5.41 0.42 0.22 0.09 .04 0.03 0.02 0.02 0.01
200 7.22 .58 029 0.12 1.06 .04 0.03 C002 .02
250 9.02 0.72 0.36 014 007 005 0.04 .43 (hiy2
aco 16.83 0.87 0.43 0.17 0.09 0.06 0.04 003 - 003

Common SI Units

AP Expansion Factor Uncertunty {%) When £, (MPa) Equals
finches
H,0u) kPa 0.3 0.7 1.7 34 52 69 8.6 10,3
10 2.49 0.02 0.01 o0l 0.00 0.00 0.00 0.00 - 0.00
50 12.44 .14 0.07 oo3 0.01 0.01 0.01 DUl 000
100 24,88 0,29 0.14 0.06 0.03 0.02 0.01 a0l .01
150 37.33 0.4% 0.22 0.09 0.04 .02 0.02 0.02 0.01
200 49.77 0.58 0.29 012 .06 0.04 0.03 .02 0.02
250 62.21 0.72 0.6 0.14 0.07 0.05 0.04 0.03 002
E1L0] 74.65 0.87 0.43 0.17 0.09 0.06 6.04 0.03 .03
Motes:

1. Orifice plates having bote diameters less than 0.45 inch (11.4 millimeters), installed according 10 Chapter 14.3,
Part 2, may have coefficient ot discharge (C4) unceriaintics a3 great as 3.0 percent. This large uncertaingy is due
1o problems with edge sharpness

2. 'Lhe relative uncertainty level depicted in Figure 1-6 assumes a swirl-free inlet velocity profile.
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1.12.4.3 Installation Conditions

To assure accurate flow measurement, the fluid should enter the otifice plate with a fully
_developed flow profile, free from swirl or vortices. Such a condition is best achieved
through the use of flow conditioners and adequate lengths of straight pipe preceding and
following the orifice plate.
For various technical reasons, the uncertainty associated with installation conditions is
difficult to quantify. Therefore, Figure 1-6 has been provided as a general guide. This figure
represents a combined practical uncertainty level attributed to the following parameters:

a. Empirical coefficient of discharge.

b. Installation conditions, such as velocity profile and swirl.

c. Mechanical specifications, such as pipe wall roughness plate eccentrlclty, and orifice
plate bore edge sharpness.

Figure 1-6 depicts the prospective combined uncertainty level as a function of diameter
ratio (). It is apparent from the figure that the lowest relative combined uncertainty levels
occur over a diameder ratio range of 0,10-0.60.

The approach length (upstream meter tube), piping configuration, and flow conditioning
recommendations presented in Chapter 14.3, Part 2, are essenfially unchanged from the sec-
ond (1985) edition of the standard. Substantial research programs in these areas are cur-
rently under way by the API, the EC,* and the GRI® A restatement of the orifice meter

‘Commission of the Eurgpean Communities, rue de la Loi 200, B-1049, Brussels, Belgium.
3Gas Research Institute, 83600 West Bryn Mawr Avenue, Chicago, Hlinois 60631,

3.00-

N

Raglon more sansitive to velocity profile, roughness, eccentriclty
2.00 ‘

1.00

000

Percent uncertainty

—1.00

Region more sensitive to edge sharpness

-~2.00

—-3.00

0.00 0.10 0.20 0.30 0.40 0.50 0.80 0.70 0.80 0.80

Notes:

1. Orifice plates whose boro diameters are less than 0.45 inch (1 1.4 millimeters), installed according to Chapter
14, Section 3, Part 2, may have coefficient of discharge uncertaintics as great as 3.0 percent, This large uncertainty
is due to problems with edge sharpness.

2, The relative uncertainty level shown 1n Lhe figure assumes & swirl-free inlet velocity profile.

Figure 1-6-—Practical Uncertainty Lavals
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uncertainty will naturally follow the conclusion of the current research and may offer a ba-
sis for future changes in this standard,

1.12.4.4 Orifice Plate Bore Diameter

The plate diameter uncertainty may be determined from dimensional measurements or,
alternatively, from the roundness specifications presented in Chapter 14.3, Part 2.

If the dimensional mecasurements are available, the plate diameter uncertainty is equated
to the root mean square (rms) of the differences between each reading and the mean value.

For example, if the four measurements for d,, are 20.005, 20.002, 19.995, and 19.9980),
then the mean value is 20.000,

The deviations from the mean are +0.0035, +0.002, -0.005, and —0.002, so

i(édrl‘)z 0.5
od =&
" n-1

_ +[(0.005)2 + (0.002)* + (=0.005)" + (mo.ooz)z]“
3
= +0.0044
dd 4 00044
d 20.00
= +0.00022 x 100

= +0.022 percent (1-41)

1.12.4.5 Meter Tube Internal Diameter

The plate diameter uncertainty may be determined from dimensional measurements or,
alternatively, from the roundness specifications presented in Chapter 14.3, Part 2,

If the dimensional measurements are available, the plate diameter uncertainty is equated
to the root mean square (rms) of the differences between each reading and the mean value.

For example, if the four measurements for D, are 20,050, 20.020, 19.950, and 19.980,
then the mean value is 20.000.

The deviations from the mean are +0.05, +0.02, -0.05, and -0.02, so

n 0.5

>(on,)
8D, = |

" n—1

_ 0057 + (0.02 + (~0.05)7 + (-0.02)*]
- 3
= £0.044
5D L 0044

D 20.00
= £0.0022 x 160
= +0.22 percent (1-42)

1.12.4.6 Differential Pressure Device

Performance specifications foi the differential pressure device must be provided by the
manufacturer. The user selects a device based on its performance specifications and the de-
sired uncertainty associated with the application,

ETROLEUM INSTITUTE (API)
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When considering the uncertainty, care should be taken to take into account the effects
of ambient temperature, humidity, static pressure, driving mechanism, and response time on
the user-selected device.

1.12.4.7 Fluid Denslty

When an empirical correlation is used to predict a liquid density, the uncertainty should
be estimated based on the stated uncertainty of the correlation and the estimated uncertainty
of the variables required to calculate the density. The following example for proplyene, cal-
culated using the method of Chapter 11.3.3.2, demonstrates this procedure.

Froplyene is being metered at 60°F and 800 pounds per square inch absolute. The stated
uncertainty of the Chapter 11.3.3.2 method for calculating the density of proplyene is £0.24
percent. The stated uncertainty of the temperature measurement is £0.5°F. The stated un-
certainty of the pressure measurement is 4 pounds per square inch absolute. The uncer-
tainty in the density is calculated according to the following formula:

2 2
d d
(80, 1P =18, 10,V 4| 22| (5T, 1p, 02+ L2 | (5P, 1p,, 7 (1-43)
aT, |, 3t |,

Using this method, the following calculated values can be used to estimate (dp, ‘,,/r?T,),,,
and (dp, ./OPpy - )

Ty B Density

°F) (psia) (b/ft?)

60 800 333413

60 780 33.3215

60 820 33.3611

- 58 800 33.4445
62 200 33.2376

= (33.2376 — 33.4445)/4 = -0.052

v
X
4-1‘.}
| SRS

~u

= (33.3611 — 33.3215)/40 = —0.00099

]
2
Q.
(P
e d
N3]

Then,

0.5 Y s ¥
& = +{(0.0024)° + —0.0522( ) 0.000 2[ )
Pip! Pur [( Yo+ " F3a) © O 50

= +[0.0024* + 0.0008 + 0.00012]"
= +0.0025 or (.25 pereent

‘Therefore, the estimated overall uncertainty in the proplyene density is £0.25 percent.

When on-line density meters are used, the uncertainty should be estimated based on the
calibration technique, density differences hetween the orifice and density meter locations,
and the density meter manufactrer's recommendations.

1.12.5 EXAMPLE UNCERTAINTY CALCULATIONS

Lxample uncertainty calculations for liquid and gas flows are presented in 1.12.5.1 and
1.12.5.2,
1.12.5.1 Example Uncertainty Estimate for Liquid Flow Calculation

An examptle of the effect of uncertainties is provided in Table -6, using the following
flow equation:
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Table 1-6—Exampie Uncertainty Estimate for Liquid Flow Calculation

Uncertainty, Sensltivity
Uns (%) Cocffictent, S (UgSY
C.  Basic discharge coefficient 045 1.0 0.2025
d Orifice dinmeter (Tabte 2-1) 0.05 201 - B89 0.0114
D Prpe diameter (2 5.1.3) 0.25 281 - A% 0.0011
AP Differential pressure 0.50 0.5 0.0625
P Density 045 Q.5 0.0506
Sum of squares 0.3281
Square root of sum of squares 0.5728

Mote: As the 1able shows, the overall liguid flow messurement uncenainty at a 95-percent confidence level is
+0.57 percent,

qn = (:JE;Y{R14)d2 '282FHp53F
The following assumptions and conditions were selected for the calculation:

a. The fluid flowing is proplyene. The liquid density will be calculated using the Chapter
11.3.3.2 method. The viscosity will be estimated using Procedure 11AS5.1 from the API
Technical Dara Bnok—Petroleum Refining. The expansion factor will be assumed to be
1.0.

b. A 4-inch meter with a 3 ratio of 0.5, a static pressure of 800 pounds per square inch ab-
solute, a flowing temperature of 60°F, and a differential pressure of 50 inches of water

(60°F) is selected for the calculation.
¢. For each variable, the uncertainty listed represents random crror only. -

As a result of the first two assumptions, the estimated values of the required physical
properties are as follows:

Pip = 33.3413 lomy/I,
8p.s/p., = 0.25 percent (as shown in liquid density sensitivity section).
H = 0.0956 centipeise = 0.0000643 Ibm/ft-sec.

As a result of the calculations for the flow rate,

CAFT) = 0.603659.
gn = L0.148 Ibm/sec.
Re, = 603,400,
SC(FTY/C,FT) = £0.44 percent (from Figure 1-4).

8C,(FTY/8C(FT) = 1.02 (from Figure 1-5).
This gives
SCHFT)CFT) = 1.02 x 044 = £0.45 percent.
1.12,5.2 Example Uncertainty Estimate for Natural Gas Flow Calculation

For natural gas low. [luid density is defined as follows:

GfMi:zirPf
Poo= — 5 (1-44)
g ZR1
Where:

G, = ideal gas relative density (specific gravity) of the gas (Mr,./Mr,..).
Mr,, = molar mass of air.
Mry,, = molar mass of the gas,

Fr = static pressure of fluid,
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R = universal gas constant.
T; = temperature of the fluid at flowing conditions.
Z, = fluid compressibility at flowing conditions.

The fluid density uncertainty temn, 4(8p,,/p,.) in 1:12.3.1 is replaced by the {ollowing
terms for natural gas application:

(4G + [wapsppf + [-462 2| + [-wesT,m)]

An example of the effect of uncertainties is provided in Table 1-7, using the following

gas flow equation: )
GMr,, F
= 4)d* ,2 s 1-45
q. = CEY(n/4) £, Z,RT, AP (1-45)

The following assumptions and conditions were selected for the calcutation:

a. For each variable, the uncertainty listed represents random error only.

b. A 4-inch meter with a f ratio of 0.5 and static and differential pressures equal 1o 250
pounds per square inch absolute and 50 inches of water, respectively, was selected for the
calculation.

Nate: The precision of the AP device used in this example was £0.25 percent of full scale.

Table 1-7—Example Uncertainty Estimate for Natural Gas Flow Calculation

Unccrtainty, Sensitivity .

Ugy (%) Coeflicient, S (Uss8)

Ca Basic discharge cocfficicnt (Figurc 1-4) 0.44 1 Q.1936
Y Exgpansion factor (Tablz 1-5) 0.03 1 0.0009
d Ortfice diameter (Table 2-1) 0.05 261 - g% 0.0114
D Pipe diameter (2.5.1,3) ) 0.25 =284t — BY 6.0110
AP Differentiat pressure ns0 Q.5 0.0625
P Static pressure 050 0.5 0.0625
z Compressibility factor (A.G.A. 8) 0.1 =05 0.0025
T Flowing temperature 0.25 -0.5 0.0156
G Relative density 0,60 0.s 0.0800
Sum of squares 0.4500
Square root of sum of squares 0.6700

Notc: As the tablc shows, the overnll gas Alow measurement uncertainty at a 95-percent confidence level is
1{.67 percent.
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On page 23, the last line of Table 1-3 should read as follows:
22,7375 227375 1,273,240 12,7324

On page 25, S¢_should be added to the following line:

Therefore,

SE‘. SC,v and SY = 1.0

On puge 26, Equations 1-38 and 1-39 should read as follows:

100 [ C(FT)/ C,(FT)] = 0.5600 — 025508 + 1.93168" (| 33,

100{5 C,(FT)/ C,(FT)] = 0.7000 — 1.05508 (1-39)

On page 33, Table 1-7 should read as follows:
Table 1-7-——Example Uncertainty Estimate for Natural Gas Flow Calculation

Unceraingy, Sensitivity
Uos (%) Coefficient, 5 (UasSY
C, Rasic discharge coefficient (Figure 1-4) 0.44 1 0 1930
Y Expansion factor {Table t-5) 0.03 ! 0.000%
d Orifice diameter (Table 2-1) 0.05 201 - A9 00114
D Pipe diameter (2.5.1.3) 0.25 =281 - B 0.0011
AP Differential pressure 0.50 0.5 0 N625
P Static pressure 0.50 as 00625
z Compressibility factor (A.G.A. B) 0.1 -0.5 00025
T Flowing temperature 025 -035 00156
c Relanve density 0.60 0.5 0.0900
Sum of squares 0.4401
Square root of sum of squares 0.6634

Note: As the table shows, the overall gas flow measurement uncertainty at 2 95-percent confidence level is £0.67
percent.
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APPENDIX 1-A—REFERENCES

Note: This appendix is not a part of this stundurd but is included for infor-
mational purposes only.
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1-A.1.1  API/GPA EXPERIMENTAL PROGRAM

Britton, C. L., Caldwell, S., and Seidl, W., “Measurements of
Coefficients of Discharge for Concentric, Flange-Tapped,
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Hobbs, J. M., *The EEC Orifice Plate Project: Part I1. Criti-
cal Evaluation of Data Obtained During EEC Orifice Plate
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Hobbs, J. M., “The EEC Orifice Plate Project: Tables of
Valid Data for EEC Orifite Analysis" (Report EUEC/1D),
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1987. :

Hobbs, J. M., Sattary, J. A., and Maxwell, A. D., “Experi-
mental Data for the Determination of Basic 250mm Ori-
fice Meter Discharge Coefficients” (Report EUR 10979),
Commission of the European Communities, Brussels,

1987,

1-A.1.3 OSU EXPERIMENTAL PROGRAM

Beitler, S. R., "“The Flow of Water Through Orifices” (Bul-
letin 89), Engineering Experiment Station, Ohio State
University, Columbus, 1935.
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charge Coefficient of Orifice Plates,” Flow Measurement
of Fluids, North-Holland, Amsterdam, 1978.

1-A.2 Expansion Factor Studies -

Bean, . S., “Values of Discharge Coefficients of Square-
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SecTion 3—CoNCENTAIC, StuaRe-Epgen QRIFIGE METERS, PART 1—GENERAL EQUATIONS AKD UNCERTAINTY GUIDELINES

Table 1-B-1—Discharge Cosfficients for Flange-Tapped Qrifice Meters: Nominal 2-Inch (50-Millimater) Meter
[D = 1.939 Inches (49.25 Millimeters)}

Pipe Reynolds Number (Rep)

B 4000 10,000 50,000 100,000 500,000 1x10¢ Sx 106 10 % 10¢ 50 10® 100 x 10%

0.02 0.60014 0.59940 059883 0.59873 0.59862 0.39860 0.59858 059857 0.59857 059857
0.04 0.60102 0.59981 059890 055873 0.59854 0.59851 0.59847 0.59847 0,59846 0.59846
006 0.60178 0.60016 059895 059872 0.59848 0.59844 0.59839 0.5983% 0.59837 0.59837
008 0.60248 0.60050 059901 0.59873 0.59843 0.59838 0.59832 0.59831 0.59830 0.59829
0.10 060315 .60083 0.39908 0.59875 0.59840 0.59834 0.59827 0.59826 0.59824 0.59824

0.12 0.60381 0.60116 0.59916 0.59879 0.59839 0.59832 0.59824 0.59823 0.59821 059821
0.14 0.60448 0.60150 059927 0.59886 0.59841 0.59832 0.59823 059821 0.55820 0.5981%
0.16 0.60515 0.60187 059940 0.59894 0.59844 059835 0.59825 0.59823 0.59820 0.59820
0.18 0.60586 0.60226 0.59935 0.59905 0.59850 0.59840 0.59828 _ 0.5082¢6 0.59824 0.59823
0.2¢ 0.60660 0.60269 059974 0.59919 0.59859 0.59848 0.59835 059832 0.59829 0.59829

0.22 0.60738 0.60315 0.59996 0.39936 0.59871 0.59858 0.59844 0.59841 0.59838 ¢.59437
0.24 0.60823 (.60367 0.60022 0.59957 0.59486 059872 0.59856 059853 0.59849 0.59848
0.26 n.60914 0.60423 0.60052 0.55982 0.59904 0.59889 0.59871 0.59867 0.59863 0.59862
028 0.61014 0.60487 0.60087 0.60011 0.59926 0.59%09 0.59889 059385 0.59880 0.59878
0.30 0.61123 0.60557 0.60127 0.60045 0.59952 059933 0.59911 0.59906 0.59900 0.59898

0.32 0.61243 0.60635 0.60173 0.60084 0.59982 0.59962 0.59936 05993t 0.59923 0.59921
034 061375 0,60722 0.60224 0.60128 0.60017 0.59994 059965 0.59958 0,59950 (.59948
0.36 0.61522 0.60818 0.60282 0.60178 0.60056 0.60030 0.59998 059990 0.59980 0.59978
038 0.61683 0.60926 0.60347 0.60234 0.60100 0.60071 0.60034 0.60026 0.50014 (.60011
040 0.61862 0.61044 0.60419 0.60296 0.60149 0.60117 (.60075 0.60065 0.60051 0.60047

042 0.62059 0.61175 0.60499 0.60365 0.60202 0.60167 0.60119 0.60108 0.60021 0.60087
0.44 0.62276 0.61319 0.60586 0.60440 060261 0.60221 0.60167 0.60154 0.60134 0.60129
0.46 0.62515 0.61476 0.60682 060522 0.60324 0.60279 0.60218 0.60203 0.60180 0.60174
048 0.62777 0.61647 0.60784 0.60610 0.60391 0.6034) 0.60271 0.60254 0.60228 0.60221
.50 0.63063 0.61833 0.60893 0.60703 060462 ~ 0.60406 °  0.60327 0.60307 0.60278 0.,60270

0.52 0.63374 0.62034 0.61012 0.69803 060536 0.60473 0.60284 0.60361 0.60327 0.60318
0.54 0.63712 0.62249 0.61136 0.60906 0.60612 0.60541 0.60441 0.60415 0.60376 0.60366
0.56 0.64077 0.62479 0.61265 0.61014 0.60688 0.60609 0.60497 0.60467 0.60423 0.60411
0.58 0 64470 0.62722 0.61390 0.61123 0.60763 0.60675 0.60549 0.60516 0.60463 0.60451
0.60 0.64890 (.62979 0.61535 0.61232 0.60836 0.60738 0.605%6 0.60558 0.60501 0.60486

0.62 0.65337 0.63246 0.61671 0.61341 0.60903 -0.60794 0.60636 0.60593 0.60529 0.60511
0.64 0.63811 0.63524 0.61806 0.61445 0.60963 0.60842 0.60665 0.60617 0.,60545 0.60525
0.66 0.66309 0.63809 0.61937 0.61542 0.61012 0.60878 0.60681 0.60628 0,60546 0.60523
0.68 066829 0.6409R 0.62061 0.61629 0.61047 0.60899 0.60686 0.60621 0.60529 0.60504
0.70 067369 0.6438% 062174 0.61703 0.61066 0.60902 0.60660 0,60593 0.60491 0.60463

072 0.67925 0.64679 0.62274 0.61762 0.61064 0.60884 0.60615 0.60542 0.60428 0.60396
074 0.68494 0.64964 0.62358 0.61802 0.61040 0.60842 0.60546 0.60464 0.6U338 0.60303

075 0.68781 0.65103 0.62394 0.61815 0.61019 0.60812 0.60501 0.60415 0.60282 0.60245
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Table 1-B-2—Discharge Cosfficients for Flange-Tapped Orifice Meters: Nominal 3-Inch (75-Millimeter) Meter
[D = 2.900 Inches (73.66 Millimeters)]

Pipe Reynolds Number (Rep)

B 4000 10,000 50,000 100,000 500,000 L x 166 5% 10 10 x 10¢ 50 108 100 x 10%

0.02 (1.59763 0.59688 0.59632 059622 0.59611 0.59600 0.39606 0.59606 0.59606 0.59605
0.04 0.55859 0.59737 0.59646 0.59629 0.59611 0.559607 0.59604 0.59603 0.59602 0.59602
0.06 0.59942 0.5978¢ 0.59659 0.59636 0.59612 0.59607 0.59603 0.59602 0.59601 0.59601
0.08 0.60019 0.59821 0.59672 0.59645 0.59615 0.59609 0.55603 0.59602 0.59601 0.59601
0.10 0.60094 0.59861 0.59687 0.59655 059620 0.59613 0 59606 0.59605 0.59603 0.59603

012 0.60167 0.59902 0.59703 0.59666 0.59626 0.59619 0.59611 0.55609 .59608 0.59608
0.14 0.60241 0.59944 0.59721 0.59680 0.59635 0.59627 0.59618 0.59616 0.59614 0.59614
0.16 0.60316 0.59989 0.59742 0.5%697 0.59647 0.59638 059627 0.59625 0.59623 0.59623
0.18 0.60394 0.60036 0.59766 0.5971¢ 0.59661 0.59650 0.5963% 0.59637 0.59634 0.59634
0.20 0.60475 0.60086 0.59792 0.59737 0.59677 0.59666 0.59653 0.39651 0.59648 059647

0.22 0.60561 0.60140 0.59822 0.59763 0.596%7 0.59684 0.59670 0.55667 0.59664 0.39663
0.24 0.60652 0.60199 0.59855 0.59791 0.59720 0.59706 0 59690 (.59687 0.59683 0.59682
0.26 0.60751 0.60263 0.59893 0.59824 0.59746 0.59730 059713 0.59709 0.59704 0.59703
0.28 0.60857 0.60333 0.59935 0.5986C 0.59775 0.59758 0.59738 0.59734 0.59729 0.59728
0.36 0.60973 0.60410 0.59983 0.59901 0.59808 0.59790 0.59767 0.59762 0.59756 0,59755

.32 0.61099 0.60495 0.60035 0.5%947 (.59846 0.59825 0.59800 0.59794 0.59787 0.59785
0.34 0.61238 0.60589 0.60093 0.59998 0.59887 0.59864 0.59835 0.59829 0.59820 0.59818
0.36 0.61351 0.60691 0.60158 0.60054 0.59933 0.59907 059874 0.59867 0.59857 059654
0.38 0.61558 0.60804 0.60229 . 0.60116 0.59982 0.59954 0.59917 0.59908 0.59896 0.59893
0.40 0.61742 0.60929 0.60306 0.60184 0.60037 0.60005 0.59963 0.59953 0.59939 0.59935

042 0.61945 0.61064 0.60391 0.60257 0.60093 0.60059 0.60012 0.60001 0.59984 0.59980
0,44 0.62167 0.61213 0.60483 0.60337 0.60158 0,60118 0.60064 0,60051 0.60032 0.60027
0.46 0.62410 061374 0.60581 0.60422 0 60224 0.60179 060118 0.60103 (.60081 0.60075
0.48 0.62676 0.61548 0.60687 0.60512 0.60294 0.60244 0.60175 0.60157 0.60131 0.60125
0.50 0.629665 061737 0.60799 0.60008 0.60366 0.60310 060232 °  0.60212 0.60182 . 0.60174 -

0.52 0,63280 0.61939 0.60917 0.6u707 0.60440 0.60377 0 60289 0.60266 0.60232 0.60223
0,54 0.63620 0.62155 0.61040 0.60810 0.60515 0.60444 0.60344 0.60318 0.60279 0.60269
0.56 0.63987 0.62383 0.61166 0.60914 0.605R8 0.60509 1.60397 0.60367 0.60323 0.60311
C.58 0.64380 ' 0.62625 0.61295 0.61019 0.60658 0.60570 0 60444 0.60410 060360 0.60346
0,60 0.64800 0.62877 0.61425 0.61121 . 0.60723 0.60625 0.60483 0.60445 0.60388 0.60373

0.62 0.65246 0.63138 0.61552 0.61219 0.60780 0.606T1 0.60512 0.60470 0.601405 0.60387
0.64 0.65716 0.63406 0.61674 0.61310 0.60826 0.60704 0.60527 0.60479 0.60407 0.60386
0.66 0.66209 063679 0.61788 0.61389 0.50856 0.60722 0.60524 0.60471 0.60389 0.60366
0.68 0.66723 0.63953 0.61889 0.61453 0.60868 0.60719 0.60499 0.60439 0.60348 0.60322
Q.70 0.67253 0.64223 0.61974 0.61298 0.60855 0.60691 0.60447 0.60381 0.60279 0.60250

Q.72 0.67797 0.64486 0.62038 0.61519 0.60814 0.60633 060363 0.60289 0.60176 n.60144
0.74 0.68348 064736 0.62075 0.61510 0.60740 0.6034! 0.60243 0.60161 0.60035 0.59959

0.75 0.68624 0 64855 0.62083 0.61494 0.60689 0.60480 0.60167 0.60081 0.50948 0.59911
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Table 1-B-3—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 4-Inch (100-Millimeter) Meter
. [D = 3.826 Inches {97.18 Millimeters)]

Pipe Reynolds Number (Rep)

B 4000 10,000 50,000 100,000 500,000 1x10° Sx10° 10 x 108 Sox10* 100 x 10¢

0.02 0.59764 = 0.59689 0.59633 0.59623 0.59612 59610 0.59607 059607 0.59607 0.59607
004 0.59861 0.59739 0.59648 0.59631 0.59613 059610 0.59606 0.59605 0.59605 0.59605
0.06 0.59945 {.59784 0.59662 059640 0.59616 059611 0.59606 (59605 0.59605 0.59604
0.08 0.60024 0.59826 0.59677 0.5%650 0.59620  0.59615 0.59609 0.59608 0.59606 0.59606
0.10 060160 (.59868 0.59693 0.59661 0.59626 055620 0.59613 0.59612 0359610 059610

0.12 0.60175 0.59910 0.59711 0.55675 0.59635 0.59627 0.59619 0.59618 059616 0.59616
0.14 0.60250 0.59954 059731 0.5969C 0.59645 0.59637 0.59628 0.59626 0.59624 0.59624
0.16 0.60326 0.60000 0.59754 0.59708 0.59658 0.59649 0.59639 0.59637 0.59635 0.59634
0.18 0.60405 0.60048 0.597179 0.59729 0.59674 0.59664 0.59652 0.59650 0.59647 0.59647
020 0.60488 0.6009% 0.59807 0.59752 059692 0.39681 0.59668 0.59666 0.59663 0.59662

022 0.60575 0.60155 0.59838 0.59779 0.59713 0.59701 0.59686 0.59684 0.59680 0.59680
0.24 0.60667 0.60215 0.59873 0.59309 0.59737 0.59723 0.59708 0.59704 0.59701 059700
0.26 0.60767 0.60280 0.59%12 0.59342 0.59765 0.59749 0.59732 0.59728 0.59723 059722
0.28 0.60874 0.60352 0.59955 0.59880 0.59795 0.597719 0.59759 0.59755 0.59749 059748
0.30 0.60991 0.60430 0.60004 0.59922 0.59830 059811 0.597389 0.59784 0.59778 039776

032 0.61118 0.60516 0.60057 0.59%69 0.59868 0.59847 0.59822 0.59816 0.59809 0.59807
0.34 0.61258 0.60610 0.60116 0.60021 0.59910 0.59887 0.59858 0,59852 0.59843 0.59841
0.36 0.61410 0.60713 0.60181 0.60078 0.59956 (.59930 0.59898 0.59891 0.59840 0.59878
0.38 (.61578 0.60827 0.60252 0.60140 0.60006 0.59378 0.59941 0.59932 0.59920 0.59917
0.40 0.61763 0.60951 0.60330 0.60207 0.60060 0.60028 0.59987 0.59977 0.39963 0.59939

.42 0.61965 0.61086 0.60414 0.60280 0.60113 0.60082 0.60035 0.60023 0.60007 0.60003
.44 0.62187 0.61233 0.60504 0.60358 0.60180 4.60140 0.60086 0.60073 0.60034 0.60048
Q.46 0.62429 0.61393 0.60601 0.60442 0.60245 0.60200 0.60139 0.60123 0.60101 0.60095
0.48 0.62694 0.61567 0.60705 D.60530 0.60312 0.60262 0.60192 0.60175 0.60149 0.60142
0.50 0.62983 0.61753 0.60814 0.60623 0.60381 0.60325 0.60245 0.60226 0.60197 0.60189

0.52 D.63296 0.61952 0.60928 0.60719 0.60451 0.60388 0.60300 0.60277 0.60243 0.60234
054 0.63634 0.62164 0.61047 0.60817 0.60521 0.60430 0.60350 0.60324 0.60285 0.60275
0.56 0.63999 0.62389 0.61168 0.60915 0.60588 0.6050% 0.60396 0.60367 0.60323 0.60310
0.58 0.64389 0.62625 0.612%0 0.61013 0.60651 0.60563 0.60436 0.60403 060352 0.60338
0.60 0.64806 0.62871 061411 0.61106 0.60707 0.60609 0.60467 0.60429 0.60372 0.60356

0.62 0.65247 0.63124 0.61528 0.61194 0.60753 0.60643 0.60484 0.60442 0.60377 0.60359
0.64 0.65713 0.63384 0.61638 0.61272 0.60785 0 60664 0.60486 0.60438 0.60365 0.60345
0.66 0.66201 0.63645 0.61737 0.61335 0.60800 0.60665 0.60467 0.60413 0.60332 0.60309
0.68 0.66708 0.63905 0.61820 0.61381 0.60792 0.60643 0.60422 0.60362 0.60271 0.60245
0.70 0.67230 0.64160 0.61884 0.61403 0.60756 0.60591 0.60347 0.60280 0.60178 0.60149

0.72 0.67764 0.64403 0.6192] 0.61396 0.60686 0.60504 0.60234 0.60160 0.60046 0.60014
0.74 0.68303 0.64629 061926 0.61354 0.60577 060177 0.60078 0.59996 0.5986% (.59834

0.75 0.68573 0.64713 0.61915 0.61318 0.60505 0.60295 0.59981 0.59895 0.59762 0.59725
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Table 1-B-4—Discharge Coefficlents for Flange-Tapped Orifice Metars: Nominal 6-Inch (150-Millimeter) Meter
[D =5.761 Inches (146.33 Millimeters)]

Pipe Reynolds Number (Rep)

B 4000 10,600 50,000 100,000 500,000 1% 168 5x 18 10x 108 50% 10¢ 100 x 105

6.02 0.597635 0.39691 0.59635 0.59624 (0.59613 0.59611 0.5960% 0.59608 0.59608 0.59608
0.04 0.59864 0.59742 0.59651 0.39634 0.5961t6 0.59613 0.59609 0.59608 0.59608 0.59607
0.06 0.59950 0.59788 0.59667 059644 0.59620 0.59616 0.59611 0.59610 0.39609 0.59609
0.08 0.60030 0.59832 0.59683 0.59656 0.59626 0.59621 0.59615 0.59614 0.59613 0.59612
0.19 0.60107 0.59876 0.59701 0.59669 0.59635 0.59628 0.59621 0.59620 0.59618 0.59618

0.12 0.60184 0.59920 0.59721 0.55685 0.59645 0.59637 0.59629 0.59628 0.59626 0.59626
0.14 0.60260 0.59963 0.59743 0.59702 0.59657 0.59649 0.59640 0.59638 0.59636 0.59636
Q.16 0.60339 0.60013 0.59767 1.59722 0.59672 0.59663 0.59653 0.59651 0.59649 0.59648
.18 0.60419 0.60063 0.59794 0.59744 0.59690 0.59679 0.59668 0.59666 0.59663 0.59663
0.20 0.60503 0.60116 0.59824 0.59770 0.59710 0.59698 0.59686 0.59683 0.55680 0.59680

0.22 0.60592 0.60173 0.59857 0.59798 0.59733 0.59720 0.55706 0.59703 0.59700 0.53699
0.24 0.60686 0.60235 0.598%94 0.59830 0.59758 0.59745 0.59728 0.59726 0.59722 0.59721
0.26 0.60786 0.60302 0.59934 0.59865 0.59787 0.59772 0.59755 0.59751 0.59746 0.59745
0.28 0.60895 0.60374 0.59979 0.59904 0.59820 0.59803 0.59783 0.59779 0.59773 0.59772
0.30 0.61013 0.60454 0.60029 0.59948 0.59855 0.59837 0.59814 0.59810 0.59803 0.59802

0.32 0.61141 0.60540 0.60083 0.59995 0.59894 0.59874 0.59849 0.59843 0.59836 0.59834
0.34 0.61281 0.60635 0.60143 0.60048 0.59937 0.59914 0.59886 0.59379 059871 0.39868
0.36 0.61434 0.60739 0 60208 0.60105 0.59984 0.59958 0.59926 0.59918 0.59908 0.59905
0.38 0.61602 0.60852 0.60279 0.60167 0.60034 0.60005 0.59968 0.59960 0.59948 0.59945
0.40 0.61786 0.60976 0.60356 0.60234 0.60087 0.60055 0.50014 0.60004 0.59990 0.59986

042 0.61988 0.61t11 0.60439 0.60306 0.60144 0.60108 0.60061 0.60049 0.60033 0.60029
0.44 0.62210 0.61257 0.60528 0.60382 0.60204 0.60164 0.60110 0.60097 0.60078 0.60073
0.46 0.62452 0.61415 0.60623 0.60464 0.60266 0.60221 0.60160 D.60145 0.60123 0.60117
0.48 0.62715 0.61586 0.60723 0.60549 0.60330 0.60280 0.60211 0.60193 0.60167 © 060161
0.50 0.63002 0.61769 0.60829 0.60637 0.60395 0.60339 0.60260 0.60240 0.60211 0.60203

0.52 0.63313 0.61965 0.66938 0.60727 0.60460 0.60396 060308 0.60285 0.60251 0.60242
0.54 0.63649 0.62172 0.61050 0.60819 0.60523 0.60452 0,60352 0.60326 0.60287 0.60276
0.56 0.64011 0.623%1 0.61163 . 0.60910 0.60582 0.60502 0.60350 0.60360 0.60316 0.60303
058 0.64398 062620 061276 0.60997 0.60634 0.60546 0.60419 0.60385 0.60335 0.60321
0.60 0.64810 0.62858 0.61386 0.61079 0.60678 0.60579 0.60437 0.60399 0.60342 0.60326

0.62 0.65247 0.63101 0.6148% D.61153 0.60709 0.60601 0.60440 0.6039R 0.60333 0.60315
0.64 0.65707 0.63349 0.61583 0.61214 0.60724 060602 0.60424 0.60376 0.60303 0.60283
0.66 0.66188 0.63596 061663 ~ 0.61258 0.60718 0.60582 0.6M384 0.60330 0.60248 0.60226
0.68 0.66688 0.63839 0.61723 0.61279 0.60685 0.60535 0.60314 0.60254 0.60162 0.60137
0.70 0.67201 0.64073 061758 0.61272 0.60618 0.60453 0.60207 0.60140 0.60038 D.60010

072 .67724 0.64291 061762 0.61230 0.60512 0.60329 0.60057 0.59983 0.39869 0.59837
0.74 0.68250 0.64487 0.61726 061144 0.60358 0.60156 0.59856 0.59773 0.59647 0.59611

Q.75 0.68512 0.64575 0.61690 0.61083 0.60260 0.60048 0.59733 0.59646 0,59513 .59476
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Table 1-B-5--Discharge Cosfficients for Flange-Tapped Orifice Meters: Nominal 8-Inch (200-Millimster) Meter

{D = 7.625 Inches (193.68 Millimeters)]

Pipe Reynolds Number (Rep)

B 4000 10,000 50,000 100,000 300,000 1 x 108 Sx10° 10x 108 50 % 108 100 x 10¢
0.02 0.59766 059691 0.59635 0.59625 0.59614 0.59612 0.59610 0.59609 0.59609 0.59609
0.04 0.59865 059744 0.59652 0.59636 0.59617 0.59614 0.59610 0.59610 0.59609 0.59609
0.06 0.59952 0.59791 0.59669 0.59647 0.59623 0.59618 0.59613 0.59612 0.59612 0.59611
0.08 0.60033 0.59835 0.59687 0.59659 0.59630 0.59624 0.59618 0.59617 0.59616 0.59616
D.10 0.60111 (.59880 0.59706 0.59674 0.59639 0.59632 0.59625 0.59624 0.59623 0.59622
0.12 0.60189 0.59925 0.59727 0.59690 0.59650 0.59643 0.59635 0.59633 0.59632 0.59631
0.14 0.60266 0.59971 0.59749 0.59708 1.59654 D.59655 0.59646 D.59645 0.59641 0.59642
0.16 0.60345 0.60020 0.59775 0.59729 0.59680 0.59670 0.59660 0.59658 0.59656. 0.59656
0.18 0.60427 0.60071 0.59803 0,59753 0.59698 0.59688 0.59677 0.59674 0.59672 0.59671
0.20 0.60511 0.60125 0.59833 0.59779 0.59719 0.59708 0.59695 0.59693 0.596%0 0.59689
0.22 0.60501 0.60182 0.59867 0.59808 0.59743 0.59731 0.59717 0.59714 0.59710 0.59710
0.24 0.60695 0.60246 0.59905 0.59841 0597711 0.59756 0.59740 0.59737 0.59733 0.59733
026 0.60797 0.60313 0.59947 0.59877 0.59800 0.59785 0.59767 0.59763 0.59759 0.59758
0.28 0.60906 0.60387 0.59992 0.59917 0.59333 0.59816 0.59796 0.59792 0.39787 0.59786
0.30 0.61024 0.60467 0.60042 0.59961 0.59869 0.59851 0.59828 0.59823 0.59817 0.59816
032 0.61153 0.60554 0.60097 0.60010 0.599009 0.59888 0.59863 0.59857 0.598350 0.59848
0.34 0.61293 0.60649 060157 0.560062 0.59952 0.59929 0.59901 0.59894 (.59885 0.59883
0.36 0.61447 0.60793 0.60223 0.60120 0.59999 0.59973 0.59941 0.59933 0.59923 0.59920
.38 061615 0.60866 0.60294 0.60182 0.60049 0.60020 0.59983 0.59975 0.59963 0.59960
0.40 0.61799 0.60990 0.60371 0.60248 0.60102 0.60070 0.60028 0.60018 0.60004 0.60001
0.42 0.62001 0.61124 0.60453 0.60320 0.60158 0.60122 0.60073 0.60063 0.60047 0.60043 E
0.44 0.62222 0.61270 0.6054] 0.60395 0.60217 0.60177 0.60123 0.60110 0.60091 0.600861..
046 0.62464 0.61427 0.60635 0.60475 0.60278 0.60233 060172 060157 0.60134 0.60128"
0.48 0.62727 061597 0.60734 0.60359 0.60340 0.60290 0.60220 0.60203 0.60177 0.60170
0.50 0.63013 0.61778 0.60837 0.60645 0.60403 0.60346 0.60268 0.60248 0.60218 0.60210
0.52 0.63323 0.61972 0.60943 0.60732 0.60464 0.60401 0.60312 0.60289 0.60255 0.60246
0,54 0.63658 0.62177 0.61052 0.60820 0.60523 0.60452 0.60352 0.60326 0.60287 0.602717
0.56 0.64018 0.62393 0.61161 0.60906 0.60578 0.60498 0.60386 0.60356 0.60312 0.60299+
0.58 0.64403 0.62618 0.61269 0.6098¢9 0.60625 (.60536 0.60410 0.60376 0.60325 0.60312 5,
0.60 0.64814 0.62851 0.61372 0.61065 0.60662 0.60563 0.60421 0.60383 0.60326 0.603!0,"
0.62 0.65248 0.63089 0.61468 0.61131 0.60686 0.60576 0.60416 0.60373 0.6030% 0.60291-*_‘
0.64 0.65706 0.63330 0.61554 0.61182 0.60621 0.60569 0.60390 0.60342 0.60270 0.60249
0.68 0.66183 0.63570 0.61623 0.61215 0.60673 0.60538 0.60339 0.60285 0.60203 0.60180
0.68 0.66679 0.63804 0.61671 0.61224 0.60627 0.60476 0.60255 0.60195 0.60103 0.60078
.70 0.67188 0.64027 0.61691 0.61201 0.60544 0.60378 0.60132 0.60065 0.59963 0.59934
0.72 0.677C5 0.64233 0.61676 0.6.140 0.60418 0.60234 0.59962 0.59888 0.59774 0.59742
0.74 0.68225 0.64413 0.61619 0.61032 0.60240 0.60037 0.59736 0.59654 0.59527 0.59492
0.75 0.68484 0.64491 0.61571 0.60957 0.60128 059916 0.59599 (.59513 0.5937% 0.59342
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Table 1-B-6—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 10-Inch (250-Millimeter) Meter
[D = 9.562 Inches (242.87 Millimeters)]

Pipe Reynolds Number (Rep,)

B 4000 10,000 50,000 100,000 500,000 1% 10¢ 5x 108 10 x 108 50 x Q¢ 100 x 108

0.02 0.59767 0.59692 0.59636 0,59625 0.59614 0.39612 059610 0,59610 0.59609 0.596069
0.04 0.359866 0.59745 0.59653 0.59637 0.59618 0.59615 0.5%9611 0.59611 0.59610 0.59610
0.06 0.59953 0.59792 0.59671 0.59649 0.59624 0.59620 0.59615 0.59614 0.59613 0.59613
0.08 0.60035 0.59838 0.59689 0.59662 0.59632 0,59627 0.59621 0.59620 0.59618 0.39618
.10 0.60114 0.59883 0.59709 0.59677 0.59642 0.59635 0.59628 0.59627 0.59626 0.59625

.12 0.60192 0.59928 0.59730 0.59694 0.59654 0.59645 0.59638 0.59637 0.59635 0.59635
0.14 0,80270 0.59976 0.59754 0.59713 0.59668 0.59660 059651 0.59649 0.59647 0.39647
0.16 0.60350 0.60025 0.59780 0.59734 .59685 0.59676 0.59665 0.59663 0.59661 0.59661
0.18 0.60432 0.60076 0.59808 0.59758 0.59704 0.59604 0.59682 0,58680 0.59678 0.59677
0.20 0.60517 0.60131 0.59840 0.59785 0.59726 0.55714 0.59702 0.59699 0.59695 0.59696

0.22 0.60607 0.60190 0.59874 0.59816 0.59750 0.59738 0.59724 0.59721 0.59718 0.59717
0.24 0.60702 0.60253 059913 0.5984% 0.55778 0.59764 0.55748 0.59745 0.59741 0.59740
0.26 0.60804 0.60321 0.59955 0.59826 0.59808 0.59793 0.59775 0.59772 0.59767 0.59766
0.28 0.60914 0.60395 0.60001 0.59926 (.59842 0.59825 0.59805 0.59801 0.59796 0.59795
0.30 0.61032 . 0.60475 0.60052 0.59971 0.59879 0.59860 0.59838 0.59833 0.59827 0.59825

0.32 0.61161 0.60563 0.60107 02.60019 0.59919 0.59808 0.59873 0.59867 0.59860 0.59858
0,34 0.613C2 0.60658 0.60167 0.60072 0.59962 0.59939 0.59911 0.59904 0.59896 0.39893
0,36 0.61456 0.60763 0.60233 0.60130 0.60009 0.59983 0.59951 0.59944 0.59933 0.59931
0.38 0.61624 0.60876 0.60304 .60192 0.60059 0.60030 0.59994 0.59985 0.59973 0.59970
0.40 0.61809 0.61000 0.60381 0.60259 0.60112 0.60080 0.66038 0.60028 0.60014 0.60011

042 0.62010 0.61134 0.60463 0.60330 0.60168 0.60132 (.60085 0.60073 0.60057 0.60053
0.44 0.6223] 0.61279 0.60551 0.60405 0.60226 0.60186 0.60132 0.6011% 0.60100 0.60095
0.46 0.62473 0.61436 0.60613 0.60484 0.60286 0.60241 0.60180 0.60165 0.60143 0.60137
0.48 0.62735 0.61605 0.60741 0.60506 0.60347 0.60297 060228 0.60210 0.60185 0.60178°
.50 0.63021 0.61785 0.60843 3 60651 0.60409 0.60352 0.60274 0.60253 0.60224 0.60216

0.52 0.63331 0.61977 0.60947 0.6U737 0.60468 0.60405 0.60316 0.60293 0.60259 0.60250
0.54 0.63665 0.62181 0.61054 060822 0.60525 0.60454 0.60354 0.,60328 0.60289 0,60278
0.56 0.64024 0.62395 0.61161 0.60906 0.60577 0.60497 0.60384 0.60355 0.60310 0.60298
0.58 0.64408 0.62618 0.61265.  0.60985 C.60621 0.60532 0.60405 0.60371 0.60321 0.60307
0.60 3.64817 0.62848 0.61365 0.61057 0.60654 0.60555 0.60412 0.60374 0.60317 0.60301

0.62 0.65250 0.63083 0.61457 0.61118 0.60672 0.60562 0.60402 0.60360 0.60295 0.60277
0.64 0.65706 0.63320 0.61536 0.61164 0.60672 0.60549 0.60371 0.60323 0.60250 0.60229
0.66 0.66182 0.63555 0.61599 0.61190 0.60647 0.60511 0.60312 0.60258 0.60176 0.60153
0.68 0.66675 0.63784 0.61639 C.51190 0.60592 0,60441 0.60219 0.60159 0.60067 0.60042
0.70 0.67181 0.64000 0.61650 0.61158 0.60499 0.60332 0.60086 0.60019 0.59916 0.59888

0.72 0.67696 0.64198 0.61624 0.61085 0.60361 0.60176 0.59903 0.59829 0.59715 0.59683
0.74 0.68212 0 64369 0.61553 0.60963 0.60157 0.59964 0.59663 0.59580 0.59453 0.59418

0.75 0.68468 0.64441 0.61497 C.60880 0.60047 0.59834 0.59517 0.59430 0.59297 0.59259
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Table 1-B-7—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 12-Inch (300-Millimeter) Meter
[D = 11.374 Inches (288.90 Millimeters))

Pipe Reynolds Number (Rep)

B 4000 10,000 50,000 100,000 500,000 1x16¢ 5x 108 10 x 10% 50 108 100 % t0*
0.02 0.59767 0.59692 0.59636 0.59626 0.59615 0.59613 0.59610 0.59610 0.59609 0.59609
0.04 0.59867 059745 0.59654 0.59637 0.59619 0.59616 0.59612 0.59611 0.59611 0.59611
0.06 0.59954 0.59793 0.59672 0.59650 0.59625 0.59621 0.59616 0.59615 0.59614 0.59614
0.08 0.60037 0.59839 0.59691 . 0.55663 0.59634 059628 0.59622 0.59621 0.59620 0.59620
0.10 .60116 0.59885 0.59711 0.59679 0.59644 0.59637 0.5963C 0.59629 0.59628% 0.59627
0.12 0.60194 0.59931 (0.39733 0.596%96 0.59656 0.59649 0.59641 0.59639 0.59638 0.59637
014 0.60273 059978 0.59757 0.59716 0.59671 0.59663 0.59654 D.59652 0.59650 0.59650
0.16 0.60353 0.60028 0.59783 0.59738 0.59688 0.59679 0.59669 0.59667 0.59665 0.59664
0.18 0.60435 0.60080 D.59812 0.597162 0.59708 0.59698 0.59686 - 0.59634 0.59681 0.59681
0.20 0.60521 (0.64135 0.59844 0 59790 0.59730 0.59719 0.59706 0.59704 0.59701 0.59700
0.22 0.60611 0.60194 0.59879 0.59820 0.59755 0.59743 0.59728 0.59726 0.59722 0.59722
0.24 0.60707 0.60258 0.59918 0.59854 0.59783 0.59769 0.59753 0.59750 0.59746 0.59746
0.26 0.60809 060326 0.59960 0.59891 0.5%814 0.59799 0.59781 059777 0.59773 0.59772
0,28 0.60919 0.60401 0.60007 0.59932 0.59848 0.59831 059811 0.59307 0.59802 0.59800
0.30 0.61038 0.60481 0.60058 0.59977 0.59885 0.59866 0.59844 0.59839 0.59833 0.59832
0.32 0.61167 0.60569 0.60113 0.60026 0.59925 0.59905 0.59880 0.59874 0.59867 0.59865
034 0.61308 0.60665 0.60174 0,60079 0.59969 0.59945 059918 0.39911 0.59902 0.59900
0.36 0.61462 0.60769 0.60240 0.60137 G.60016 0.59990 0.59958 0.59951 0.59940 0.59938
0.38 0.61630 0.60883 060311 0.6019% 0.60066 0.50037 0.60001 0.59992 0.59980 0.59977
0.40 0.61815 0.61006 0.60388 0.60265 0,60119 0.60087 0,60045 0.60035 0.60021 0.60018
0.42 0.62017 0.61140 0.60470 0.60336 0.60175 0.60139 0.60092 0.60080 0.60064 0.60059%
Q.44 0.62237 0.61283 0.60557 0.60411 0.60233 0.60193 0.60139 0.60126 Q.60107 0.601014
0.46 0.62479 061442 060649 0.60490 0.60292 0.60247 0.60186 0.60171 0.60149 0.601437
0.48 0.62741 061610 0.60747 0.60572 0.60353 0.60302 0.60233 0.60216 0.601%0 0.60183
0.50 0.63027 0.61790 0.60847 0.60655 0.60413 0.60357 0.60278 0,50258 0.60229 0.60221
0.52 0.63336 0.61982 0.60951 0.60740 0.60472 0.60408 0.60320 0.60297 0.6026) 0.60254
0.54 0.63670 0.62184 0.61056 0.60823 0.60327 0.60456 0.60356 0.60330 0.60291 0.60280
0.56 0.64028 0.62397 0.61162 0.60907 0.60577 0.60498 0.60385 0.60355 0.60311t 0.60299.
0.58 0.64412 0.62619 0.61264 0.60984 0.60619 0.60530 0.60403 1 0,60370 0.60319 0.60305 °
0.560 0.64821 0.62847 0.61362 0.61053 0.60650 0.60551 0.60408 0.60370 0.60313 0.60297
0.62 0.65253 0.63080 0.61451 06l 0.60665 0.60555 0.60395 0.60352 0.60288 0.60210
0.564 0.65708 0.63315 0.61527 0.61154 0.60661 0.60538 0.60360 0.60312 0.60239 0.60219
0.66 0.66182 0.63548 0.61586 0.61176 0.60632 0.60496 0.60296 0.60243 0.60161 0.60138
0.68 0.66674 0.63773 61621 061171 0.60572 060421 0.60199 0.60139 0.60047 0.60021
0.70 067170 0.63985 0.61627 061133 0.60473 0.60306 0.60059 0.58992 0.59890 0.59861
0,72 0.676%2 0.64178 .h1594 0.61053 0.60327 0.60142 0,59869 0.59795 {.59680 0.59649
0.74 0.68206 0.64343 0.61514 0.60922 0.60124 0.59921 0.59619 0.59536 0.59410 0.59374
0.75  06B46l  DG4412 061453 0D60R34 059999 059785 Q59468  0593RE  0.59247 059210
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Table 1-B-8—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 16-Inch (400-Millimeter) Mster
[D = 14.688 Inches (373.08 Millimeters)]

Pipe R‘cynolds Number (Rep)

B 4000 10,000 50,000 100,000 500,000 1% 108 Sx1ps 10x10¢ 50 % 10¢ 100 x 108

0.02 059767 0.59693 0.59637 0.59626 0.59615 0.59613 0.59611 0.59610 0.59610 0.59610
0,04 0.59868 0.59746 (.59655 0.59638 0.59620 059617 0.59613 0.59612 0.59612 0.59611
0.06 0.59956 0.59794 0.59673 059651 0.59627 0.59622 0.59617 0.59617 0.59616 0.59615
0.08 0.60038 0.59841 0.59692 0.59665 0.59635 0.59630 0.59624 0.59623 0.50622 0.59621
016 0.60118 0.59887 0.59713 0.59631 0.59646 0.59640 0.59633 0.59631 0.59630 0.59630

Q.12 0.60197 0.59934 0.59736 0.59699 0.59659 0.5%652 0.59644 0.5%642 0.59641 0.59640
0.14 0.60276 0.59982 £©.59760 0.59719 0.59675 0.59666 0.59657 0.59655 0.59654 0.59653
0.le 0.60356 0.60032 0.59787 059742 059692 0.59683 0.59673 0.59671 0.59669 0.59668
0.18 0.60439 0.60084 0.59817 0.59767 0.59713 0.59702 0.59691 0.59689 0.59686 0.59686
0.20 0.60526 1.60140 0.59849 0.59795 0.59735 0.59724 0.59711 0.59709 0.59706 0.59705

0.22 0.60616 0.60200 0.59885 {.59826 0.59761 0.59749 0.59734 0.59732 0.59728 0.59728
0.24 0.60712 0.60264 0.59924 0.59%860 0.5978% 0.59776 0.59760 0.59757 0.59753 0.59752
0.26 0.608135 0.60333 0.59967 0.59898 0.59821 0.59806 0.59788 0.59784 0.59780 0.59779
0.28 0.60925 0,60408 0.60014 0.5994( 0.59855 0.5983% 0.59819 0.59815 0.59809 0.59808
030 0.61044 0.60489 0.60066 0.59985 0.59893 0.59874 0.59852 0.59847 0.59841 0.59840

0.32 0.61174 0.60577 0.60122 0.60034 0.59934 0.59913 0.59888 0.59882 0.59875 0.59873
0.34 061315 0.60673 0.60183 060088 0.59978 0.59955 0.59926 0.59920 0.59911 0.5990%
0.36 0.61469 0.60777 0.60249 0.60146 0.60025 0.59999 0 59967 0.59960 0.59949 0.59547
0.38 0.61638 0.60891 0.60320 0.60208 0.60075 0.60047 0.60010 0.60001 0.59989 0.5998¢

G.40 0.61823 0610135 0.60397 0.60275 0.60128 0.50096 060055 0.60045 (.60031 0.60027
Q.42 0.62025 0.61149 0.60479 0.60345 0.60184 0.60148 0.60101 0.50089 0.60073 0.60069
0.44 0.62246 0.61294 0.60566 0.60420 0.60242 0.60201 060148 0.60134 0.60115 0.60110

0.46 0.62487 0.61450 (.60658 0.60498 0.60301 0.60256 0.60195 0.60179 0.60157 0.60151 -
0.48 0.6274% 0.61618 0.60754 0.60579 0.6036! 0.60310 0.60241 0.60223 0.60198 0.60191
0.50 0.63035 061798 0.60854 0.60662 0.60420 0.60363 0.60285 0.60265 0.60235 0.60227

0.52 0.63343 0.61988 0.60957 0.60746 0.60478 0.60414 0.60325 0.60302 0.60269 0.60259
.54 0.63677 0.62190 0.61061 0.60829 0.60532 0.60461 0.60360 0.60334 0.60295 0.60285
.56 0.64015 0.62402 0.61164 0.60909 {.60580 0.60500 0.60387 0.60358 0.60313 0.60301
0.58 0.64418 0.62022 0.61265 0.60984 0.60619 0.60530 0.60403 0.60370 0.60319 0.60305
0.60 0.64826 0.62848 0.61360 0.61051 0.60647 0.60548 0.60405 0.60367 0.60310 0.60294

0.62 0.65258 0.63079 0.61446 0.61106 0.60659 0.60549 0.6038% 0.60346 0.60281 0.60264
0.64 0.65711 0.63312 0.61519 0.61145 0.60651 0.60528 0.60350 0.60302 0.60229 0.60208
0.66 (L66185 0.63541 061573 0.61162 0.60617 0.604B1 0.60281 0.60228 0.60146 0.60123
0.68 0.66675 0.63763 0.61603 0.61152 0.60551 0.60400 0.60178 0.60118 0.60026 0.60000
.70 0.67179 0.63971 0.61602 0.61107 0.60445 0.60278 0.60031 0.59964 0.59862 0.59833

0.72 0.67690 0.64158 0.61562 0.61019 0.60291 0.60106 059833 0.59758 0.59644 0.59612
0.74 0.68202 0.64316 0.61473 0.60878 0.60078 0.59874 0.59572 0.59489 0.59362 0.59327

Q.75 0.68456 0.64382 0.61406 0.60784 0.59947 0.59733 0.59415 0.59328 0.59194 0.59157
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Table 1-B-9—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 20-inch (500-Millimeter) Meter
{D = 19.000 Inches {(482.60 Millimeters}]

Pipe Reynolds Number {Rep)

i 4000 10,000 50000 100000 500,000 1% 104 S 10x10°  S0%10° 10010
002 059768 059693  0.59637  0.59626 0.59645 059613 059611  0.59611 0.59610 0.59610
004 059868 059747 059656  0.5963%  0.59621 059617 059614 059613  0.59612 0.59612
006 059957 059796 059674 059652  0.59628 049623 059619 059618  0.39617 0.59616
008 060040 059842 059694 059667  0.59637 059631 059626 059624  0.59623 0.59623
0.10 060120 059889 059715  (.50683  0.59648 059642 059635  0.59613 0.59632 0.59632
012 060199 059936 059738  (.59701 059662  0.59654 059646  0.59645 0.59643 0.59643
0.14 060279 059984 059763 (59722 059677  0.59669 059560 059658  0.59656 0.59656
0.16 060360 060035 0359790  0.59745 0.59696  0.59686  0.59676  0.59674  0.59672 0.59672
0.18 060443  0.600B8  0S9821 059771 059716 059706 059695  0.59693 0.59690 0.59690
020 060529  0.60144 059854  0.59799 059740 059729 059716  0.59713 0.59710 0.59710
022 060620  0.60204 059890  (.59831 059766  (.59753 059739 0.59737 0.59733 0.59732
0.24  0.60717 060269 059930 059866  0.59795 059781 059765  0.59762 059758 0.59757
0.26 060820  0.60338 059973  0.£9904  0.59827 059812 059794  0.597%0 039786 0.59785
028 060930 0.60413  0.60020 059946 059862  0.59845 059825  0.59821 0.59816 0.59814
0.30 Q.61G650 0.60495 060072 0.57992 0.59900 0.59881 0.59859 0.59854 0.59848 0.59846
032 061180 060583  0.60129  0.60041 0.59941 0.59920 059895  0.59890 059882 0.59880
034 061321 060680 060190  0.60095  0.59985 059962  0.59934  0.59927 0.59919 0.59917
036 061476  0.6078¢  0.60256  0.60153  0.60033  0.60007  0.59975  0.59967 0.59957 0.59955
038 061645 060898 060328 060216 060083  0.60054 060018  0.60000  0.59997 0.59994
0.40 0.61830 0.61022 0.60404 0.60283 0.60136 0.60104 0.60063 0.60053 0 60039 (L.60035¢
042 062032 061156 060486 060353 060192  0.60156  0.60109  0.60097 0.60081 0.50077'; i
044 062253 061301  0.60574 060428  0.60249  D60209 060156  0.60142  0.60123 0.60118’
046 062494 061458  0.60665 060506 060308  0.60263  0.60202  0.60187 0.60165 0.6015¢'
048 062756  0.61625  0.60762  0.60587  0.60368  0.60317  0.60248  0.60231 0.60205 0.60198 .
0.50 0.63042 0.61804 (0.60861 0.60669 0.60427 0.60370 0.60292 0.60272 0.60242 0.60234
052  0.63350 061995  0.60963  0.60752  0.60484  0.60420 . 060331 060309  0.6027S 0.60265
0.54 063684 062196 061066 060834  0.60537 060466 060365  0.60339 0.60300 0.60290
0.56 0.64042 0.62407 0.61169 0.60913 0.60584 0.60504 0.60391 0.60361 0.60317 0.60305
0.58  0.64424 062626 061268  0.60987  0.60622  0.60533  0.60406 060372  0.60321 0.603087
060  (0.64832 062851  0.61361  0.61052  OC.60648 060548  0.60406  0.60368 0.60310 0.60295
0.62  0.65263 063081 061445  0.61105 0.60557  0.60547  0.60387  0.60344  0.60279 0.60263,
0.64 065716 063311 061515 0.61141 0.60547 (60524 060745  (.60297  0.60224 0.60204"
0.66 066189  0.63539 061567  0.61155  0.60609  0.60473 060273 060219  0.60137 060115
0.68 066579 063758 061593 061141 060535 060388  0.60I66  0.60105 0.60014 0.59988
070 067181 063963 061588 061091 . 0.60428  0.60261  0.60014  0.59947 0.59844 0.59816
0.72 067691  0.64146 061542 060997  0.60268  0.60083 039809  0.5973% 0.59620 0.59589
074 068201 0.64300 061446 060850  O.60048  0.59844 059541 059459 0.59332 0.59296
0.75 068455 064363 061376 060752 039912  0.59508 059380  0.59293 0.59159 0.59122
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Table 1-B-10—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 24-Inch (600-Millimeter) Meter
[D = 23.000 Inches (584.20 Miliimeters)]

Pipe Reynolds Numbet (Rep)

B 4000 10,000 50,000 100,000 500,000 1 > 105 5108 10 % 1¢° 50 % 108 100 x 108

0.02 0.59768 0.59693 1.59637 0.59627 0.59615 0.59613 0.59611 0.59611 0.59610 0.59610
0.04 0.59869 0.59747 0.58656 0.55639 0.59621 059618 0.59614 0.59613 0.59613 0.59613
0.06 0.59957 0.59796 0.59675 0.59653 0.59628 0.59624 0.59619 0.59618 0.59617 0.59617
0.08 0.60041 059843 0.59695 0.59668 0.59638 0.59632 0.59626 0.59625 0.59624 0.59624
Q.10 0.60121 0.59890 0.59716 0.59684 0.50649 0.590643 0.59636 0.59615 0.59633 0.59633

0.12 0.60201 0.59937 0.59739 0.59703 0.59663 0.59656 0.59648 0.55646 0.59645 0.59644
0.14 0.60280 0.59986 0.59765 0.59724 0.59679 0.59671 0.59662 0.59660 0.59658 0.59658
Q.16 0.60361 0.60037 0.59793 0.59747 0.59698 0.59689 0.59678 0.59676 0.59674 0.59674
(.18 0.60445 0.60090 0.59823 059773 0.59719 0.59709 0.59697 0.59695 0.59593 0.59692
0.20 0.60532 0.60147 0.59856 6.59802 0.59743 .59731 059719 1.59716 0.597113 0.59713

022 0.60623 0.60207 (159893 0.59834 0.59769 0.59757 0.59742 0.59740 0.59736 0.59736
0.24 0.60720 0.60272 0.59933 0.59869 0.59798 0.59785 0.59769 0.59766 0.59762 0.59761
0.26 0.60823 0.60342 0.59977 0.59908 0.59830 0.55815 0.59798 0.59794 0.59789 0.59788
0.28 0.60934 0.60417 0.60024 059950 0.59866 059845 0.59829 0.59825 0.59820 0.59818
0.30 0.61054 0.60499 0.60076 0.59996 0.59904 0.59885 0.59863 0.59858 0.59852 0.59851

0.32 0.61184 0.60587 0.60133 0.50046 0.59945 0.59925 0.59900 0.59894 0.59887 0.59885
0.34 0.61325 0.60684 0.60195 0.60100 0.59990 0.59967 0.59938 0.59932 0.59923 0.59921
0.36 0.61480 0.60789 0.60261 0.60158 0.60037 0.60012 0.59980 0.59972 0.55962 0.59959
0.38 0.61649 0.60903 0.60333 0.60221 0.60088 0.60059 0.60023 0.60014 0.60002 0,59999
0.40 0.61834 061027 0.60410 0.60288 0.60141 0.60109 0.60063 0.50058 0.60044 0.60040

6.42 0.62036 0.61161 0.60492 0.60358 0.60197 0.60161 0.60114 0.60102 0.60086 0.60082
0.44 0.62257 0.61306 0 60579 0.60433 0.60255 0.60215 0.60161 0.50148 0.60129 0.60123
0.456 0.62498 0.61463 0.60671 0.60511 0.60314 0.60269 0.60208 0.60192 0.60170 0.60164
0.48 0.62761 0.61630 0.60767 0.60592 0.60373 0.60323 0.60253 0.60236 0.60210 0.60203
0.50 0.63046 0.6180% 0.60866 0.60674 0.60432 0.60375 0.60297 0.60276 0.60247 0.60239

0.52 0.63355 0.6199% 0.60968 0.60757 0.604188 0.60425 0.60336 0.60313 0.60279 0.60270
0.54 0.63688 0.62200 0.61070 0.60838 0.60541 0.60470 0.60369 0.60343 0.60304 0.60294
0.56 0.64046 0.62411 0.61172 0.60817 0.60587 0.60507 0.603%94 0.60365 0.60320 0.60308
Q.58 0.64429 0.62629 0.61271 0.60989 0.60624 0,60535 0 60408 0.60375 0.60324 0.60310
0.60 0.64836 0.62854 0.61363 0.61054 0.6064% 0.60550 0.60407 0.60369 0.60312 0.60296

0.62 0.65267 0.63083 0.61446 0.61105 0.60658 0.60547 0.60387 0.60345 0.60280 0.60262
0.64 0.65720 0.63313 Q.6t515 0.61140 0.60646 0.60523 0.60344 0.60296 0.60223 0.60202
0.66 0.66192 0.63539 (La1565 0.61153 0.60607 (.60470 0.60270 0.60216 0.60135 0.60112
0.68 0.66682 0.63757 0.61589 0.61137 0.60534 0.60383 060160 0.60100 0.60008 0.59983
0.70 0.67184 0.63960 0.61581 0.61084 0.60421 0.60253 0.60006 0.59939 0.59837 0.59808

072 0.67693 0.64142 0.61533 0.60987 0.60257 0.60072 0.59798 0.55724 0.59610 0.59578
G.74 0.68203 0.64293 0.61433 0.60836 0.60034 0.59829 0.59526 0.59444 0.59317 0.59281

0.75 0.68430 0.64355 061361 0.60736 0.59895 059681 059363 0.59276 059142 0.59105
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Table 1-B-11—Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 30-Inch (750-Millimeter) Meter
{D = 29.000 Inches (736.60 Millimeters)]

Pipe Reynolds Number (Res)

i} 4000 10,000 50,000 100,000 500,000 1 x 108 5x10° 10x |0# 50 % 10° 100 x 108
0.02 0.59768 0.59693 0.59637 0.59627 0.59616 0.59614 0.59611 0.59611 0.59611 0.59610
0,04 0.59869 0.59748 0.59657 0.59640 0.59622 059618 0.59615 0.59614 (.59613 059613
0.06 0.59958 0.59797 0.59676 0.59653 0.59629 0.59625 0.59620 0.5%619 0.59618 0.59618
0.08 0.60041 0.59844 059696 0.59668 0.59639 0.59633 0.59627 059626 0.59625 0.59625
0.1¢ 0.60122 0.59891 0.59717 0.59685 0.59651 0.59644  0.59637 059636 0.59634 059634
0.12 0.60202 .55939 0.59741 0.59704 0.59665 0.59657 0.59649 0.59648 0.59646 0.59646
0.14 0.60282 .59988 0.59767 0.59726 0.59681 0.59673 0.59664 0.59662 0.59660 0.59660
0.16 0.60363 3.60039 0.59795 0.59749 0.59700 0.59691 0.59681 0.59679 (0.59676- 0.59676
0.18 0.60447 0.60093 0.59825 0.59776 0.59721 059711 0.59700 0.59698 0.59695 0.59655
0.20 0.60534 0.60150 0.56859 0.59805 0.59745 0.59734 0.59721 059719 0.59716 0.5971%
0.22 0.60626 4.60210C 059896 0.59837 0.59772 0.59760 0.59746 0.59743 0.59739 0.59739
0.24 0.60723 €.60275 0.55936 0.59872 0.59802 0.59788 059772 0.59769 0.59765 0.59764
0.26 (1.60826 (.60345 059980 0.59911 0.59834 0.5981Y9 0.59801 0.59798 0.59793 059792
0.28 0.60937 0.60421 0.60028 0.59954 0.59870 (.59853 0.59833 0.59829 0.59824 0.59822
0.30 0.61057 0.60303 0.60081] 0.60000 0.59908 0.59890 0.59867 0.59863 0.59856 0.59855
0.32 0.61188 0.60592 0.60138 0.60050 0.59950 0.59929 0.59904 0.59899 0.59891 0.59889
0.34 0.61329 0.60689 060199 0.60105 0.59995 0.59972 0.59943 0.59937 0.59928 0.59926
0.36 0.61484 0.60794 0.60266 0.60163 0.60043 0.60017 0.59985 0.59977 0.59967 0.59965
0.38 0.61653 0.60908 0.60338 0.60226 0.60093 0 60065 0.60028 0.60020 0.60008 0.60005
040 0.61838 0.61032 0.60415 0.60293 0.60147 0.60115 0.60073 0.60063 0.6004% 0.60046
042 0.62041 0.61166 0.60497 0.60364 ) 0.60203 0.601567 0.60120 0.60108 0.60092 0.60087"
0.44 0.62262 0.61312 0.60584 0.60435 0.60260 0.60220 0.60166 0.60153 0.60134 0.60129
0.46 0.62503 0.61468 0.60676 0.60517 0.60319 0.60274 0.60213 0.60198 0.60176 0.60170"
0.48 0.62766 0.61635 0.60772 0.60597 0.60379 0.60328 0 60259 0.60241 0.60216 0.60209
0.50 0.63051 0.61814 0.60871 0.60679 0.60437 0.60380 0.60302 0.60282 0.60252 0.6024«

10352 0.63360 0.62005 060973 0.60762 0.60493 060430 - 0.60341 0.60318 0.60284 0.60275
0.54 0.63693 0.62205 0.61075 0.60843 0.60545 0.60474 0.60374 0.60348 0.60309 0.60298
0.56 0.64051 0.62415 061177 0.60921 0.60591 060512 0.60399 0.60369 0.60325 0.60312 .
0.58 064434 0.62634 061275 0.60993 0.60628 0.60539 0.60412 0.60378 0.60328 0.60314
0.60 0.64841 0.62858 0.61366 0.61057 0.60652 0.60553 0.60410 0.60372 0.60315 0.60299 -
0.62 D.65272 0.63086 061448 0.61107 N.60660 0.60549 0.60389 0.60346 0.60282 0.60264
0.64 0.65724 0.63315 061516 0.61141 0.60646 0.60523 0.50344 0.60296 060223 0.60203'
0.66 0.66197 0.63540 0.61564 0.61152 0.60606 0.60469 0.60269 0.60215 0.60133 0.60111
0.68 NG66BG 0.63757 061587 0.6113% 0.60531 0.60380 0.60158 0.60097 060006 . 0.59980
Q.70 0.67188 0.6395% 061577 0.61480 0.60416 0.60248 0.60001 0.59934 0.59831 0.59803
0.72 (L6T6Y7 0.64139 061526 OmME0 0.60249 0.60064 059790 0.59716 0.59601 0.39570
0.74 0.68206 0.64289 0.61424 0.60825 0.60022 0.59818 0.59513 0.59432 0.59305 0.59270
0.75 (1.6B45% 0.64349 0.61350 0.60724 0.59882 0.59668 0.59349 0.59262 (.59128 0.59091
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APPENDIX 1-C—ADJUSTMENTS FOR INSTRUMENT
CALIBRATION AND USE

Note: This appendix is nota part of this standard but is included for informational purposcs only.

This appendix discusses the need to consider the determination of flow rate from a holis-
tic viewpoint. To build, operate, and maintain the facility properly, the user must have
defined. the desired uncertainty for the designer.

The accuracy of the metered quantities depends on a combination of the following:

a. The design, installation, and operation of the orifice metering facility.

b. The choice of measurement equipment (charts, transmitlers, smart transmitters, ana-
log/digital converters, data loggers, and so forth).

¢. The means of data transmission (analog, pneumatic, digital, manual).

d. The calculation procedure and means of computation (chart integration, flow computer,
mainframe, minicomputer, personal computer, and 8o forth).

e. The effects on the operating/calibration equipment of ambient temperature, fluid temper-
ature and pressure, response time, local gravitational forces, atmospheric pressure, and the
like,

f. The traceability chain associated with the portable field standards.

The uncertainty depends not just on the hardware but also on the hardware’s perfor-
mance, the software’s performance, the method of calibration, the calibration equipment,
the calibration procedures, and the human facior.
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Chapter 14—Natural Gas Fluids Measurement

Section 3—Concentric, Square-Edged Orifice Meters

PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS

2.1 Construction and Installation Requirements

This document outlines the various design parameters that must be considered when designing metering facilities using orifice
meters. The mechanical tolerances found in this document encompass a wide range of orifice diameter ratios for which experi-
mental results are available. In several sections of this document, tolerances for the mechanical specifications have been changed
relative to previous editions. In particular, this revision includes a change to the installation requirements (meter tube lengths).
This change reduces the uncertainty attributable to installation effects to a magnitude smaller than the uncertainty of the database
supporting the Reader-Harris/Gallagher (RG) equation and, therefore, should not affect the uncertainty previously defined for that
equation.

This document does not require upgrading existing installations. If the meter installations are not upgraded 1o meet this current
standard, however, measurement bias errors may exist due 10 inadequate flow condittoning and upstream straight pipe lengths.
The decision to upgrade an existing installation shall be at the discretion of the parties involved.

Use of the calculation procedures and techniques shown in the Manual of Petroleum Measurement Standards, Chapter 14, Sec-
tion 3, Parts | and 3, with existing equipment is recommended, since these represent significant improvements over thé previous
methods. However, the uncertainty levels for flow measurement using existing equipment may be different from those quoted in
Part 1.

Use of orifice meters at the extremes of their diameter ratio (4. ranges should be avoided whenever possible. Good metering
design and practice tend 1o be somewhat conservative. This means that the use of the tightest tolerances in the mid-diameter ratio
() ranges would have the highest probability of producing the best measurement. An indication of this is found in the section on
uncertainty in Pari 1. ﬁh

This standard 15 based on f, berween 0.10 and .75, Minimum uncertainty of the orifice plate coefficient of discharge (Cy) is
achieved with f3, between 0.2 and 0.6 and orifice bore diameters greater than or equal to 0.45 inch. Diameter ratios and orifice
bore diameters outside of this range may be used; however, the user should consult the uncertainty section in Part 1 for limitations.

Achieving the best level of measurement uncertainty begins with, but is not limited to, proper design. Two other aspects of the
measurement process must accompany the design effort; otherwise it is of little value. These aspects are the application of the
metering system and the maintenance of the meters, neither of which is considered directly in this standard. These aspects cannot
be governed by a single standard as they cover metering applications that can differ widely in flow rate, fluid type, and operatonal
requirements. Therefore, the user must therefore determine the best meter selection for the application and the level of mainte-
nance for the measurement system under consideration.

2.2 Symbols/Nomenclature

This standard reflects orifice meter application to fluid flow measurement with symbols in general technical use.

Symbol Represented Quantity

a Speed of sound

Cy Orifice plate coefficient of discharge

Cy(FD Flange tap onifice plate coeffictent of discharge

ACH(FICy Percent difference berween baseline C; and installation effect Cy

Orifice plate bore diameter calculated at flowing temperature, Ty -

Orifice plate bore diameter measured at temperarture, 7,

Orifice plate bore diameter calculated at reference temperature, 7,

Meter tube internal diameter calculated at flowing temperature, T¢

Published meter ntbe internat pipe diameter

Meter tbe length downstream of orifice plate in multiples of published intemal pipe diameters (see Figure 2-6)
Meter tube internal diameter measured at T,

Nominal pipe diameter

&,SQB..

Ry

3

jvlleRlwliv i
=
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2 MPMS CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

D, Meter wbe internal diameter calculated at reference temperature, T,

e Orifice plate bore thickness

E Orifice plate thickness

f Frequency

F Temperature, in degrees Fahrenheit

i Recommended lengths of gauge line

NPS Nominal Pipe Size

AP Orifice plate differential pressure

APy Average orifice plate differential pressure

APy Root mean square of the flucuaung differential pressure

AP, Instantaneous orifice plate differential pressure

Pr Static pressure of the fluid at the pressure tap

°R Temperature, in degrees Rankine

R, Absolute roughness average

Re Reynolds number

Ty Temperature of fluid at flowing conditions

T Temperature of the orifice plate and/or meter tube at time of diameter measurements

T, Reference temperature {(68°F) of orifice plate bore diameter and/or meter tube internal diameter

UL Meter tube length upstream of ontfice plate in multiples of pubﬁshed internal pipe diameters (Figure 2-6)
ULI UL-UL2

UL2 " Meter tebe length from flow conditioner exit to orifice plate in multiples of published internal pipe diameters
a Linear coefficient of thermal expansion .

o Linear coefficient of thermal expansion of the orifice plate material

2 Linear ceefficient of thermal expansion of the meter tube material

B, Ratio of orifice pldte bore diameter 1o meter tube internal diameter (&/D} calculated at flowing temperature, 7y
Brn Ratio of orifice plate bore diameter to meter tube internal diameter (d,/D,,) calculated at temperature, T,

B, Rato of orifice plate bore diameter to meter tube internal diameter (d,/D,) calculated at reference temperature, 7,
£ Orifice plate bore eccentricity

e Crifice plate bevel angle

2.3 Definitions

The definitions are given 10 emphasize the panicular meaning of the terms as used in this standard.

2.3.1 PRIMARY ELEMENT

The primary element is defined as the orifice plate, the orifice plate holder with its assoctated differential pressure sensing taps,
the meter tube, and flow conditioner, iIf used.

2.3.1.1 Orifice Plate

The orifice plate is defined as a thin square-edged plate with a machined circular bore, concentric with the meter tebe ID, when
installed.

2.3.1.2 Orifice Plate Bore Diameter (d, d», dp

The calculated orifice plate bore diameter (d) is the internal diameter of the orifice plate measuring aperture (bore) computed at
flowing temperature (7). as specified in 1.6.2 in Part 1. The calculated orifice plate bore diameter (d) is used in the flow equation
for the determination of flow rate.

The measured orifice plate bore diameter (d,,) is the measured internal diameter of the orifice plate measuring aperture at the
temperature of the orifice plate (7,,) at the time of bure diameter measurements, determined as specified in 2.4.3.

The reference crifice plate bore diameter (d,) is the internal diameter of the orifice plate measunng aperture at reference tem-
perature ( T}, calculated as specified in 2.4.3. The reference orifice plate bore diameter is the certified or stamped orifice plate bore
diameter.
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SECTION 3, PART 2 —SPECIFICATION AND INSTALLATION REQUIREMENTS 3

2.3.1.3 Orifice Plate Holder

The orifice plate holder is defined as a pressure containing piping element, such as a set of orifice flanges or an orifice fitting,
used to contain and position the orifice plate in the piping system.

2.3.1.4 MeterTube

The meter tube is defined as the straight sections of pipe, including all segments that are integrzl to the orifice plaie holder,
upstreamn and downstream of the orifice plate, as specified in 2.5.1.

2.3.1.5 Meter Tube Internal Diameter (D, D; D,,, D)

The calculated meter tube internal diameter (D) is the inside diameter of the upstream section of the meier be computed at
flowing temperature (Tp, as specified in 1.63 of Pant 1. The calculated meter tube intemal diameter (D) is used in the diameter
ratio and Reynolds number equations. '

The published meter wbe intemal diameter (D;} is the inside diameter as published in standard handbooks for engineers. This
internal diameter is used for determining the required meter run length in Tables 2-7 and 2-8.

The measured meter tube internal diameter (D,,) is the average inside diameter of the upstream section of the meter tube mea-
sured 1 inch upstream of the adjacent face of the orifice plate and at the temperature of the meter tbe (T,,,} ai the time of internal
diameter measurements, as specified in 2.5.1.2,

The reference meter tube internal diameter (D,) is the inside diameter of the upstream section of the meter mbe calculated at the
reference temperature (7)), as specified in 2.5.1.2. The reference meter tube internal diameter is the centified meter mbc internal
diameter.

2.3.1.6 Diameter Ratio (B, B:m B2

The diameter ratio (B) is defined as the calculated orifice plate bore diameter (d) divided by the calculated meter tube mtcmal
diameter (D).

The diameter ratio (B,,) is deﬁncd as the measured orifice plate bore diameter {d,,;) divided by the measured meter tube internal
diameter (D,,). '

The diamerter rauo (B,) is defined as the reference orifice plate bore diameter (d,) divided by the reference meter tubc internal
diameter {(D,).

2.3.1.7 Flow Conditioners

Flow conditioners can be classified into two categories: straighteners or isolating flow conditioners.

Flow straighteners are devices that effectively remove or reduce the swirl component of a flowing stream, but may have limited
ability to produce the flow conditions necessary 1o accurately replicate the orifice plate coefficient of discharge database values.

Isolating flow conditioners are devices that effectively remove the swirl component from the flowing stream while redistribut-
ing the stream to produce the flow conditions that accurately replicate the orifice plate coefficient of discharge databise values.

2.3.2 PRESSURE MEASUREMENT

23.2.1 TapHole

A tap hole is a hole dnlled radially in the wall of the meter mbe or through the orifice fitting and perpendicular to the centerline
of the meter tube or orifice plate holder, the inside edge of which is flush and without any burrs.

2.3.22 Flange Taps
Flange tapé are a pair of tap holes positioned as follows:

a. the upstream tap center is located | inch upsteam of the nearest plate face,
b. the downstream tap center is located 1 inch downstream of the nearest plate face,
c. the upstream and downstream taps must be in the same radial position.
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2323 Ditferential Pressure (AR APgyg APpme AP}

The differential pressure (AP) is the static pressure difference measured between the upstream and the downstream flange taps.

The average differential pressure (AFyy,) is a time mean of the static pressure difference measured between the upstream and
downstream flange taps.

The instantaneous differential pressure (AP,) is a single measurement of AP at any instance in time.

The root mean square differential pressure (AP ,,)is the square root of the sum of squares of the difference between the instan-
taneous differential pressure (AP,)and time mean differential (Af,).

2.3.3 TEMPERATURE MEASUREMENT (757, 7)

The temperature (7j) is the flowing fluid temperature measured at the designated location, as specified in 2.6.5. .

In flow measurement, the temperature sensing device is inserted in the flowing stream to obtain the flowing temperature. How-
ever, if the fluid velocity is higher than 25% of the fluid sound speed at the point of measurement, corrections for the increase in
temperature due to dynamic effects will have to be applied. Care should be taken to ensure that the temperature sensing elements
are coupled to the flowing stream and not to the steel in the meter tube. This practice is recommended for all orifice meter instal-
laticns. The sensed temperature is assumed to be the static temperature of the flowing fluid.

The temperature (T,,) is the measured temperaturz of the orifice plate and/or the meter tube at the ime of the diameter measure-
ments, as specified in 2.4.3 and 2.5.1.2.

The temperature (7} is the reference temperature used to determine the reference orifice plate bore diameter (d,) and/or the ref-
erence internal meter mbe diameter (£,), as specified in 2.4 3 and 2.5.1.2.

2.3.4 ROUGHNESS AVERAGE (A,)

The roughness average (R,) used in this standard is that given in ANSI B46.1, and is “the arithmetic average of the absolute val-
ues of the measured profile height deviation taken within the sampling length and measured from the graphical centerline” of the
surface profile.

2.4 Orifice Plate Specifications

The symbols for the orifice plate dimensions are shown in Figure 2-].

2.4.1 ORIFICE PLATE FACES

The upstream and downstream faces of the orifice plate shall be flat. Deviarions from flatness on the orifice plate of less than or
equal 1o 1% of dam height (that is, 0.010 inch per inch of dam height} under nonflowing conditions are allowed. The dam height
can be calculated from the formula (D,,, - d,,)/2. This criterion for flatness applies to any two points on the orifice plate within the
dimensions of the inside diameter of the pipe. The departure from flatness is illustrated in Figures 2-2a, 2-2b and 2-2c¢.

The surface roughness of the upstream and downstream faces of the orifice plate shali have no abrasions or scratches visible to
the naked eye that exceed 50 microinches R;.

The orifice plate surface roughness may be verified by using an electronic-averaging-type surface roughness instrument with a
cutoff value of not less than 0.03 inch. Other surface roughness devices (for example, a visual comparator) are acceptabie for
determining orifice plate surface roughness if the same repeatability and reproducibility as those of the electronic-averaging-type
surface roughness instrument can be demonstrated.

Due care shall be exercised to keep the plate clean and free from accumulation of dirt, ice, grit, grease, oil, free liguid and other
extraneous materials, to the extent feasible, by instituting a regular inspection schedule (daily, weekly, monthly, quarterly, etc.,
depending on the service conditions). Damage and/or accumulation of extraneous materials on the orifice plate may result in a
greater uncertainty for the orifice plate coefficient of discharge [C; (FT)]. After any inspection of the plate, it shall be thoroughly
cleaned (free from accumulations as stated above) prior to being placed back in service.

2.4.2 ORIFICE PLATE BORE EDGE

The upstream edge of the orifice plate bore shall be square and sharp. The orifice plate bore edge is considered too dull for
accurate flow measurement if the upstream edge eflects a beam of light when viewed without magnification or if the: upstream
edge shows a beam of light when checked with an orifice edge gauge.

——
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Figure 2-1—Symbols for Orifice Plate Dimensions

L QOrifice plate outside diameter

Y

Y

L Pipe inside diameter, 2,

Parallel bar

Departure from
flatness

QOnfice bore, o,

Maximum allowabie departure from flatness = 0.005 (D= d

Figure 2-2a—COrifice Plate Departure from Flatness
(Measured at Edge of Orifice Bore and Within inside Pipe Diameter)

L Qrifice plate outside diameter a
L Length of paraliel bar, Dm N
r 71 Parallel bar
W L2 P77

Perpendicular
parallel bars {3)

Figure 2-2b—Alternative Method for Determination of Orifice Plate Departure from Flatness
{Departure from Flatness = A, - /)
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Maximum departure — [h3+h4 ] - [fh +hy ]
from flatness 2

Figure 2-2c—Maximum Orifice Plate Departure from Flatness

An estimation of suitable sharpness can be made by comparing the orifice plate bore edge with the bore edge of a properly
sharp reference orifice plate of the same nominal diameter. The orifice plate bore edge being evaluated should feel and look the
same as the edge of the reference orifice plate.

The upstream and downstream edges of the orifice plate bore shall be free from defects visible to the naked eye, such as flat
spots, feathered texture, roughness, burrs, bumps, nicks, and notches. ’

If there 1s any doubt about whether the edge has sufficient quality for accurate metering, the onfice plate should be replaced.

2.4.3 ORIFICE PLATE BORE DIAMETER (dj d) and ROUNDNESS

The measured orifice bore diameter (d,,) is defined as the mean (arithimetic average) of four or more evenly spaced diameter
measurements at the inlet edge. None of the four or more diameter measurements may vary from the mean value by more than the
tolerances given in Table 2-1. The orifice plate temperature shall be recorded at the time the bore diameter measurements are
made. These measurements shall be made under thermalfy stable conditions; i.e., during the measurement, the temperature should
be constant within = | °F (= 0.5°C).

The orifice plate bore diameter (d,) is defined as the calculated reference diameter at reference temperature (7;) and can be
determined using the following equation:

d, =d,[1+0,/(T,-T,) (2.1)
where
o) = linear coefficient of thermal expansicn for the orifice plate material (see Table 2-2),
d, = orifice plate bore diameter calculated at reference temperature (7,),
dy, = orfice plﬁte bore diameter measured at 7,,,,
T = temperature of the orifice plate at time of diameter measurements,
T, = reference temperature of the orifice plate bore diameter.

Note: oy, Tp. and T, must be 1n conssstent unns. For the purpose of this standard, T; is assumed to be 68°F.

The onifice plate bore diameter (d;) calculated at T, is the reference diameter-used to calculate the bore diameter (d) at flowing
conditions, as spectfied in Part 1.

2.4.4 ORIFICE PLATE BORE THICKNESS (&

The inside surface of the orifice plate bore shall be in the form of a constant-diameter cylinder having no defects, such as
grooves, ridges, pits, or lumps, visible to the naked eye. The length of the cylinder is the orifice plate bore thickness (e).

The minimum allowable orifice plate bore thickness (¢) is defined by e = 0.014, or e > 0.005 inch, whichever is larger.

The maximum allowable value for the orifice plate bore thickness (¢) is defined by ¢ < 0.02D, or e < (.1254,, whichever is
smaller, but ¢ shall not be greater than the maximum allowable orifice plate thickness (E).

e— - . - - - . ,3 ?_,



SECTION 3, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 7

Table 2-1—Roundness Tolerance for Orifice Plate Bore Diameter, d,

Office Bore Diameter, d,, Tolerance
(inches) (* inches)
=0.2502 N 0.0003
0.251 -0.3752 0.0004
0.376 - 0.500° 6.0005
0.501 - 0.625 0.0005
0.626 -0.750 0.0005
0.751 - 0875 0.0005
0.876 — 1 000 0.0005
>1.000 (.0005 inch per inch of diameter

Note: Use of diameters below 0.45 inch is not prohibited, but may result in
uncertainties greater than those specified in Chapter 14, Section 3, Part 1.

Table 2-2—Linear Ceefficient of Thermal Expansion

Linear Coefficient of Thermal
Expansion, o
Matenal [U.S. Units (infin. °F)] v
Type 304 and 316 stanless sieel? 0.00000925
Monel? . 000000795
Carbon SteelP 0.00000620

Naote: For flowing temperature conditions other than those stated in foownotes a
and b and for-other materials. refer to the American Society for Metals. Metals
Handhook.

IFor fliowing conditons between — 100°F and + 300°F, ref. ASME PTC 19.5.
bEor flowing conditions between — 7°F and + 154°F, ref. AP MPMS Chapter 12.
Secuon 2.

When the orifice plate thickness (£) exceeds the orifice bore thickness (e), a bevel (see 2.4.6) is required on the downstream
side of the onifice bore.

Note: Existing orifice plates. whose edge thickness meets the value defined by e < 0.033D,,. need not be rebeveled unless reconditioning is
required for other reasons.

For ease in machining, the next smaller values of e, in multiples of 0.03125 (Y42 inch), may be used.

Orifice plate bores that demonstrate any convergence from inlet to outlet are unacceptable.

Bi-directional flow through an orifice meter tube requires a specially configured meter tube and the use of an unbeveled orifice
plate. Use of an unbeveled orifice plate with bore thickness (¢) that exceeds the limits specified in this table is outside of the scope
of this standard.

2.4.5 ORIFICE PLATE THICKNESS (£)

The minimum, maximum, and recommendec values of orifice plate thickness (£) for Types 304 and 316 stainless steel orifice
plates are given in Table 2-3.

Maximum allowable differential pressures for the recommended orifice plate thicknesses in Table 2-3 are for operating temper-
atures not exceeding 150°F. For operating conditions, orifice diameter ratios, meter tube sizes, and orifice plate thicknesses not
covered in Table 2-3, see the tables found in Appendix 2-E. If a specific application is not covered by Table 2-3 or Appendix 2-E,
the orifice plate and/or holding device manufacwrer should be contacted for specific information on deflection (see 2.4.1 and
Appendix 2-F—AGA Engineering Technical Note—High Differential Pressure Across Qrifice Fittings) for a given diameter ratio,
temperature, orifice plate material, orifice plate holder, and differental pressure.
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The use of an orifice plate thickness other than the recommended thickness is acceptable in either new or existing crifice plate
holding devices as long as the thickness is within the maximum and minimum range shown in Table 2-3; and the orifice plate
eccentricity, bore thickness, differential pressure tap hole, and expansion-factor pressure-ratio tolerances and limits are satisfied.

For incompressible fluids, the maximum differential pressure across the plate is limited by the structural integnty of the fitting
design. The maximum differential pressure should be limited to those shown in Table 2-3 and Appendix 2-E. If the maximum dif-
ferential pressure is to exceed the Limits specified, the manufacturer should be consulted for allowable maximum pressure for the
fitting design. In addition, the flowing conditions downstream of the orifice plate must remain above the local vapor pressure of
the flowing fluid.

Orifice fitting manufacturers should be consulted to determine the maximum allowable differential pressure during the chang-
ing of orifice plates under flowing conditions. The high forces associated with using high differential pressures may make it diffi-
cult to remove the plate, and may possibly result in damage to the orifice plate or fitting.

The use of high differential pressures (AP/Py> 0.7 inch of water/psia, where the AP is in inches of water at 68°F and Pris in
psia) will result in expansion factor uncertainties in excess of 0.1% (See 1.12.4.2 of Part 1).

Operators should be aware, for a given orifice plate size, that when there is a wide swing from high to fow flows, significant
measurement errors will occour during the low-flow period if the orifice plate remains unchanged. Generally, operation between-~-
10% and 90% of the calibrated differential span is considered good practice. Rangeability can also be increased using today’s dig-
ital {electronic) transmitters. The effects on the accuracy of transducers and/or transmitters used for wide range should be evalu-
ated versus savings on installation cost.

For the full range of orifice plate thicknesses, the maximum allowable orifice plate differential pressure can be oblzuncd from
Appendix 2-E.

Higher differential pressures will result in ugher meter-run gas velocitics and higher permanent pressure losses. It is recom-
mended that the gas velocities be evaluated on a individual installation basis for such things as noise, erosion, and thermowell vibra-
tion. The meter run velocity is dependent on several «lifferent factors, and each individual user will have different practices and limnits
on velocity. Therefore, the allowable maximum differental pressures, shown in Table 2-3. do not consider meter-run gas velocity.

2.45.1 Permanent Pressure Drop

The permanent pressure drop is significant because the energy has been lost to transport the fluid through the pipeline. Several
technical books list the permanent pressure loss versus B ratio for the concentric, square-edged, flange-tapped orifice meter.

The permanent pressure loss = AP(1 - B2)

Below is a table of these approximate values:

B Losses as a % of AP
0.20 95
0.30 90
040 85
0.50 75
0.60 ~ 65
070 . - - 50
075 45

Examples:

a. If the user chooses to use a B of 0.30 at a AP of 400 inches of H,O, then the permanent pressure loss would be approximately
90% of 400 inches of H,O, which is about 360 inches of HO {about 13 psi).

b. If the user chooses to use a B-of 0.50 at a AP of 100 inches of H;Q, then the permanent pressure loss would be approximately
75% of 100 inches of H»O, which is about 75 inches of HO (abouwt 3 psi).

2.4.6 ORIFICE PLATE BEVEL (B)

The plate bevel angle (0) is defined as the angle between the bevel and the downstream face of the plate. The allowable value
for the plate bevel angle (8) is 45 degrees = 15 degrees.

The surface of the plate bevel shall have no defects visible to the naked eye, such as grooves, ridges, pits, or lumps.

If a bevel is required, its minimum dimension, (E-¢), measured along the axis of the bore shall not be less than 0.0625 (Y6) inch.
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Disturbance Tests

" *Good Flow Conditions - test evaluating impact of
flow conditioner on fully developed velocity profile.

*Two 90° Eibows in Perpendicular Planes - testing of
flow conditioner performance in handling combination of
" a modest swirl and a non-symmetrical velocity profile.

*Gate Valve 50% Closed - test evaluating flow conditioner
performance in strongly non-symmetrical velocity profile

*High Swirl - test assessing flow conditioner performance
in. flows with high swirl angle (over 259).



Additional Tests

— Orifice BI' ratio: Check swirl test at p=0.40 and
3=0.67

— Reynolds Number Sensitivity: Test at two
ranges 10* < Re <5 x 10° and Re > 10° with
approximately a 7:1 ratio. | !

— Scaling: Test at two sizes selected from
D<4”and D > &”



THE USE OF FLOW
CONDITIONERS MAY RESULT
IN SHORTER UPSTREAMS

BUT

A SERIES OF TESTS MUST BE
RUN TO PROVE THE DEVICE
MEETS REQUIREMENTS



UPSTREAM LENGTH SELECTION

4 CATEGORIES

 BARE TUBE ( no vane or conditioner)

-SHORT TUBE WITH VANE
-LONG TUBE WITH VANE

*TUBE WITH CONDITIONER



UNIVERSAL “CATCH ALL” METER TUBE

(no vane or conditioner)

[ WAS 44D

NO CHANGE

NOW IS 145D



UNIVERSAL METER TUBE WITH VANE

SHORT VERSION

newlocation NO CHANGE .l

WAS 17.5D0

NOW IS 17-29D

MAX .46 BETA



SHORT UPSTREAN LENGTH WITH TUBE BUNDLE

NEW vs OLD
CATEGORY = WAS
1 ELL 16.5D .75 17-29D .75
2ELLS 1SD .75 17-29D 67
out of plarie
TEE N/A NEW | 17-29D 54
VALVE 50% MIN 17.5D .75 17-29D A7
OPEN ‘
HIGH SWIRL W/ N/A NEW 17-29D 54
90°TEE
ANY 17.5D .75 17-29D .46
CONFIGURATION
(CATCH ALL)
2 ELLS 13.5D .75
close coupled
2 ELLS /10D + 16.5D .75 NO LONGER
space between SHOWN
Concentric 13.5D .75

Reducer




UNIVERSAL METER TUBE WITH VANE

LONG VERSION

FI o
i o RN e R
}i‘-,,c . .
fasd i : i
new tocation A’L NO CHANGE J
H
WAS 17.5D
" o

NOW IS 29D OR MORE
MAX .67 BETA



LONG METER TUBE WITH VANES

NEW vs OLD
CATEGORY .  WAS =~ BETA IS BETA
! L - MAX. S MAX
1 ELL 16.5D 75 20D/ + 75
2 ELLS 15D .75 20D/ + .75
out of plane
TEE N/A NEW | 29D/+ 75
VALVE 50% 17.5D 75 29D /+ .75
OPEN +
High swirl N/A NEW 29D/ + .75
combined with
single 90° Tee |
Any Configuration 17.5D .75 29D /+ .67

(CATCH ALL)

2 ELLS 13.5D 75
close coupled

2ELLS 16.5D .75

NO LONGER
10D + space SHOWN
between
Concentric 13.5D 75
Reducer




THERMOMETER WELLS
PRECEDING THE ORIFICE

 WAS 12” TO 36” BEFORE VANE

* NOW IS 36” BEFORE VANE

WAS 12"-36"
NOW IS 36™

=

—> T {




PLATE THICKNESS CHANGE

8” SIZE

« WAS 1/8” THICK

-NOW IS 1/4” THICK



IMPACT OF 1/4” THICK 8” PLATES

'PLATES WILL NOT INTERCHANGE WITH
EXISTING FIELD UNITS

SEAL RINGS OR PLATE CARRIERS WILL
DIFFER FROM EXISTING FIELD UNITS

POSSIBILITY EXISTS FOR WRONG
PLATE IN RIGHT FITTING



DP TAP CONNECTION LINE LENGTHS

TRANSMITTER

LEAD LINE
LENGTH




DIFFERENTIAL TAP LINE LENGTH

« EQUAL LENGTH LINES
« SHORT AS POSSIBLE or

 CALCULATE PROPER LENGTH

- 5 EQUATIONS BASED ON FREQUENCY (f) AND
SPEED OF SOUND IN FLUID (a)

e lengthL = .25a/(20 )
2.5
5.5
8.5
11.5



INCREASED DIFFERENTIAL PRESSURE

e TABLES SHOWING MAXIMUM DP FOR
RECOMMENDED PLATE THICKNESSES
~ 304SS AND 316SS

- TEMPERATURES TO 150°F (65°C)

— INSTALLED IN BOTH FITTINGS AND FLANGES
* FLANGES ALLOW MUCH HIGHER DIFFERENTIALS



INCREASED DIFFERENTIAL PRESSURE
CONTINUED

e SOME SIZES ALLOW UP TO 1000” DP

— VALUES BASED ON PLATE DEFLECTION CNLY

~ ANY OPERATIONAL EFFECTS ON ORIFICE FITTINGS
NOT CONSIDERED

* ADDITIONAL TABLES FOR OTHER THAN STANDARD
PLATE THICKNESSES IN APPENDIX



POSSIBLE EFFECT OF DIFFERENTIAL
PRESSURES EXCEEDING VALUES SHOWN

|




GRANDFATHER CLAUSE

*UPGRADING OF EXISTING INSTALLED UNITS
*NOT REQUIRED

«EARLIER METER TUBE DESIGNS MAY CREATE
ERRORS

*TUBE BUNDLE DESIGN ANDIOR_ LOCATION MAY
CAUSE BIASED MEASUREMENT

*NEW INSTALLATIONS SHOULD MEET
NEW GUIDELINES

*SHORTER THAN RECOMMENDED BARE TUBES |
MAY HAVE GREATER UNCERTAINTY
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Chapter 14—Natural Gas Fluids Measurement

SECTION 3— CONCENTRIC, SQUARE-EDGED ORIFICE METERS
PART 3—NATURAL GAS APPLICATION

3.1 Introduction
3.1.1 APPLICATION
3.1.1.1 Geneoral

This part of Chapter 14, Section 3, has been developed as an application guide for the
calculation of natural ges flow through a fiange-tapped, concentric orifice meter. using the
inch-pound system of units. For applications involving SI units, a conversion factor may be
applied to the results (Q,., {3,, or @) determined from the equations in 3.3, Intermediate
conversion of units will not necessarily produce consistent results. As an alternative, the
more universal approach specified in Chapter 14, Section 3, Part 1, should be used. The me-
ter must be constructed and insialled in accordance with Chapter 14, Section 3, Part 2.

3.1.1.2 Definltlon of Natural Gas

As used in this part, the term natural gas applies to fluids that for all practical purposcs
are considered to inciude both pipeline- and production-quality gas with single-phase flow
and mole percentage ranges of components as given in American Gas Associaton (A.G.A.)
Transmission Measurement Committee Report No. 8, “Compressibility and Supercom-
pressibility for Natural Gas und Other Hydrocarbon Gases.” For other hydrocarbon mix-
tures, the more universal approach specified in Part 1 may be more applicable. Diluents or
mixtures other than those stipulated in A.G.A. Transmission Measurernent Committee Re-
port No.8 may increase the flow measurement uncertainty.

3.1.2 BASIS FOR EQUATIONS

The computation methods used in this part are cansistent with those developed in Part 1
and inciude the Reader-Harris/Gallagher equation for flange-tapped orifice meter discharge
coefficient. The equation has been modified to reflect the more comrmeon units of the inch-
pound system. Since the new coefficient of discharge equation does not address pipe tap
melers, the pipe tap methodology of the 1985 edition of ANSI/API 2530 has been retained
for reference in Appendix 3-D.

3.1.3 ORGANIZATION OF PART 3

Chapter 14, Section 3, Part 3, is organized as follows: Symbols and units are defined in
3.2, the basic flow cquation is presented in 3.3, the key cquation components are defined in
3.4, and the gas propenies applicable to orifice metering of natural gas are developed in 3.5.
All values are assumed to be absolute, Factors to compensate for meter calibration and to-
cation are included in Appendix 3-A. The factor approach to orifice measurement is in-
cluded in Appendix 3-B. Appendix 3-C covers exampies to assist the user in interpreting
this part. Appendix 3-D covers pipe top meters. Appendix 3-E covers SI conversions, Ap-
pendix 3-F covers heating value calculation, and Appendix 3-G covers derivation of con-
stants. The user is cautioned thai the symbols as defined in 3.2 may be different from those
used in previous orifice metering standards.

3.2 Symbois, Unlts; and Terminology
3.21 GENERAL

The symbols and units used are specific 10 Chapter 14, Section 3, Part 3, and were devel-
oped based on the customary inch-pound system of units. Regular conversion factors can

1
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CHAPTER 1 4—-NATURAL 3AS FLUIDS MEASUREMENT

be used where applicabie; however, if SI units are used, the more generic equations in Part
1 should be used for consistent results.

32.2 SYMBOLS AND UNITS

Symbotl
Cy
CFT}

C(CT)

G(FT)

. :3 ‘p

Description

Orifice plate coefficient of discharge
Coefficient of discharge at a specified pipe
Reynolds number for flange-tapped orifice
meter

Coefficient of discharge at infinite pipe
Reynolds number for corner-tapped orifice
meter

Coefficient of discharge at infinite pipe
Reynoids number for flange-tapped orifice
meter

Specific heat at constant pressure

Specific heat at constan: volume

Orifice plate bore diameler calculated at
flowing temperature, T,

Meter tube mtemal diameter calculated at
flowing lemperature, T

Qrifice plaie bore diameter calculated at
reference temperature, 7,

Meter wbe internal diamerer calculated at
reference temperature, 7,

Napierian constant

Velocity of approach factor

Temperature, in degrees Fahrenheit
Temperamrs, i degrees Rankine
Supercompressibility factor

Gas relative density (specific gravity)
Tdeal gas relative density (specific gravity)
Real gas relative density (specific gravity)
Orifice differential pressure

Isentropic exponent (see 3.4.5)

ldeal pas isentropic expencent

Perfect gas isentropic exponent

Real gas 1sentropic exponent

Mass

Molar muss (molccular weight) of air
Motar mass (molecular weight) of gas
Molar miass (nolecular weight) of component
Number ot moles

Unit conversion factor {discharge cocfficient)
Pressure

Buase pressure

Base pressure of air

Basc pressure of gas

Statig pressure of fluid at the pressure tap
Absolute static pressure at the orifice
upstream differcntial pressure tap
Absolute static pressure at the onifice
downstrcam diffcrential pressure tap

Btu/{lbm-°F)
Buu/(lbm-°F)

in
in :
n .

m
271828

459.67 + °F
inches of water column at &0°F

Ihm

28.9625 lbm/1b-mol
Ibm/Ab-mol
Ibm/lb-mol

1bfrin? (abs)
Ibfin? (abs)
Ibf/in? (abs)
Inffin? (abs)
1bi/in® (abs)

Ibf/in? (abs)

Ibffin? {ahs)
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5
Qs
Gu
Qx
o

R
Rep
T
T,
Lo

Do
T
T,

T,
Uy
v
Y
Vi
X

A1
X2
xfk

Y
Hf

z,

[ 4
a

a,

B

H

14.73 1bffin? (abs)
feifhr

lbm/sec

Ibm/hr

Standard pressure

Volume flow rate at base conditions

Mass flow rate per second

Mass flow rate per hour

Volume flow rate per hour at standard

conditions

Universal gas constant

Pipe Reynolds number

Temperature

Base temperature

Bass temperature of air

Base temperature of gas

Temperature of finid at flowing conditions

Reference temperature of the orifice plate

boie diameter and/for meter tube inside

diameter

Standard temperature

Flowing velocitv at upstream tap

Volume

Volume at base conditions

Flowing volumne at upstream tap

Ratio of differential pressure to absolute

static pressure |

Ratio of diffcrential pressure to absolute

static pressure at tas upstream pressure tap

Ratio of differential pressure to absolute

static pressure at the downstream pressare tap

Acoustic ratio

Expansion factor

Expansion factor based on upstream absolute

static pressure

Expansion factor based on downstream

absolute stalic pressure

Compressibility

Compressibility at base conditions

Compressibility of arr at 14,73 psia and 60°F

Compressibility of the gas at base conditions

(P T

Compressibility at flowing canditions (F, T;)

Compressibility at upstream flowing
.conditions

Compressibility at downstream flowing

conditions

Compressibility at standard conditions

(A1)

Linear coefficient of thermal expansion

Linear coeflicient of thermal expansion of the

onfice plate material

Linear coefficient of thermal cxpansion of the
_meter tube material

ft3/hr

1545.35 (Ibf-ft)/(Ib-moi-°R)
_R

°R

°R

°R

°R

68°F
519.67°R
fi/sec

i

o

ft?

0.9995%0

infin-°F
in/in-°F

infin-°F

" Ratio of orifice plate bore diameter to meter

tube inteinal diameter (/D) calculaled at
flowing temperature, 1;

Absolute viscosity of flowing fluid lbm/ft-sec
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7 Universal constant 3.14159

P, Density of a fluid at base conditions (5, T;) Tom/tt

Dy, Density of air at base conditions (R, T) Ibm/t?

Piy.. Density of a gas at base conditions (P, T;) Ibm/ft’
p, Density of a fiuid at standard conditions

(£.T) lbm/ft?
prp Density of a fiuid at flowing conditions

P Tp) Ibmyft® -
£rp, Density of a fluid at icwing conditions at

upstream tap position (7, T}) Ibm/ft®
P.p, Density of a fiuid at flowing conditions at

downstream tap posiden (7, 7)) lbm/ft®

¢, Mole fraction of component %/100

Note: Factors, ratios and coeffictents are dimensioniess.

3.2.3 TERMINOLOGY
3.2.3.1 Pressure

One pound force (Ibf) per square inch pressure is defined as the force a 1-pound mass
{lbm) exerts when evenly distributed on an area of 1 square inch and when acted on by the
standard acceleration of {ree fall, 32,1740 fect per second per second.

3.2.3.2 Subscripts

The subscript 1 on the expansion factor (1;), the flowing density (g, ). the fluid flowing
static pressure (), and the fluid fiowing compressibility (Z,,} indicates that these variables
are to be measured, caiculated, or otherwise determined relative to the fluid flowing at the

' conditions of the upstream differential tap. Variables related to the downstream differential
pressure tap are identified by the subscrip: 2, including Y, p, ,,, F,,. and Z,, and can be used
in the equattons with equai precision of the caleulated flow rates (except for ¥;, which has
a separate equation).

The subscript 1 is arbitrarily used in the equations in this part 1o emphasize the necessity
of maintaining the relationship of thes= four variables to the chosen static pressure reference

tap.

3.2.3.3 Temperature

The temperature of the flowing ifuid (T;) does not have a numerical subscript. This tem-
perature is usually measured downstream of the orifice plate for minimum Aow disturbance
but may be measured upstream within the locations prescribed tn Part 2. It is assuined that
there 1s no difference hetween fluid temperatures at the twao differential pressure tap loca-
ttons and the measurement point, so the subscript is unnecessary.

3.2.3.4 Standard Conditions

Standard conditions are defined as a designated set of base conditions. In this part, stan-
dard conditions are defined as the ebsolute static pressure, B, of 14.73 pounds force per
square mch absolute; the absolute temperawre, 7,, of 519.67°R (60°F); and the fluid com-
pressibility, Z,, for a stated relative density (specific gravity), .

3.2.3.5 Definitions

General definitions are covered in Parts 1 and 2. Definitions specific to Part 3 are incor-
porated 1n the text
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3.3 Flow Measurement Equations
3.3.1 GENERAL

The following equations express flow in terms of mass and volume per unit time and pro-
duce equivalent results. Since this section deals exclusively with the inch-pound system of
units, the numeric constants defined in Part 1 have been converted to reflect these units.

The numeric constants for the basic flow equations, unit conversion values, density of
water, and density of air are given in 3.5 and Appendix 3-G. The tables in this part that list
solutions to these equations incorporate these constants and values. Other physical proper-
ties are given in 3.5. Key equation components are developed in 3.4,

3.3.2 EQUATIONS FOR MASS FLOW OF NATURAL GAS

The equations for the mass Sow of natural gas, in pounds mass per hour, can be devel-
oped from the density of the flowing fluid (see Appendix 3-G), the ideal gas relative density
(specific gravity), or the resl gas relative density (specific gravity), using the following
equations.

The mass flow developed from the density of the flowing fluid (p,,,} is expressed as fol-
lows:

Q. = 359.072C,(FT)EYd’ [p, . h. (3-1)
Mass flow developed from the ideal gas relative density (specific gravity), G,, is ex-

pressed as follows:
G,Ph
0, = 589.885C,(FT)E.Y,d f i (3-2)
4%

The mass flow equation developed from the real gas relative density (specific gravity),
G,, assumes a pressure of 14.73 pounds force per square inch absolute and a temperature
of 519.67°R (60°F) as the reference base conditions for the determination of real gas rela-
tive density (specific gravity,. This assumption allows the base compressibility of air at
14,73 pounds force per square inch absolute and 519.67°R (60°F) to be incorporated into’
the numeric constant of the flow rate equation. If the assumption about the base reference
conditions is not valid, thz results obtained from this flow rate cquation will have an added
increment of uncertainity. The mass flow equation deveioped from real gas relative density
(specific gravity}, G,, is expressed as follows:

Q. = 590.006C,(FT)E.Y,d* (ﬂ (3-3)
- M d vt -
YV %7

A

= coefficient of discharge for Bange-tapped orifice meter.

d = orificc plate bore diameter, i inches, calculated at flowing temperature (T7).
velecity of approach factor.

ideal pas relative density (specific gravity),

real gas relative dersity (specific gravity).

arifice differential pressure, in inches of water at 60°F.

flowing pressurc at upstream tap, in pounds force per square inch absolute.
mass flow rate. in pounds mess per hour.

flowing temperatare. in degrees Rankine.

expansion [actor (upstream tap).

compressibility at standard conditions (B, T,).

compressibility at upstream flowing conditions (7, T;).

density of the fluid at upstream flowing conditions (£, T, and Z,,), in pounds
mass per cubic foot.

monoawouoa

nmnuwumun
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3.3.3 EQUATIONS FOR VOLUME FLOW OF NATURAL GAS

The volume flow rate of natural gas, in cubic feet per hour at base conditions, can be de-
veloped from the densities of the fluid at flowing and base conditions and the ideal gas rel-
ative density (specific gravity) or real gas relative density (specific gravity) using the
following equations.

The volume flow rate at base conditions, 2,, developed from the density of the fluid at
flowing conditions (p,,,) and base conditions (p,) is expressed as follows:

_ 359.072C(FT) EYd'[p,, (342
A

The volume flow rate at base conditions, developed from ideat gas relative density (specific

gravity), G, is expressed as follows:

T.Z Eh
= 218.573C,(FT)E Y d? =% ’——"—-‘— -
o, (FT)EY, 5\ GLT (3-5a)

To correctly apply the real gas relative density (specific gravity) to the flow calculation, the
reference base conditions for the determination of real gas relative density (specific pravity)
and the base conditions for the fiow calculation must be the same. Therefore, the volume
flow rate at base conditions, developed from real gas relative density (specific gravity), G,,
is expressed as follows:

0, = 218.573C,(FT)E,¥d* ’ﬁﬁ& (3-6a)
RY 64T

If standard conditions are substituted for base conditions in Equations 3-4a, 3-5a, and 3-
6a, then

-]

F,=F
= 14.73 pounds force per square inch absolute
T,=T,
= 519.67°R (60°F)
zbav = Zm
= 0.999590

The volume flow rate at standarc conditions. (.. can then be determined using the follow-
ing equations.
The volume flow rate at standard conditions, developed from the density of the fluid at
flowing conditions {p,,,) and standard condition.fi {f,), 15 expressed as follows:
359.012C(FT)E Y, d* \[p, k.
= ? ‘ e (3-4b)
pl
The volume flow rale iut standard conditions, developed from ideal gas relative density
(specific gravity). G,, 1s expressed as follows:

7
0 = TNLISC(FDEYdZ, |—Lo= (3-5b)
GZ,T,

The volume fow rate equation at standard conditions, @,, developed from the real gas rel-
ative density {specihc gravity), requires standard conditions as the reference base conditions
for G, and incorporates Z,,, at 14,73 pounds force per square inch absolute and 519.67°R
{60°F) in its numeric constant. Therefore, the volume fiow rate at standard conditions, de-
veloped from real gas relative density {specific gravily), G,, is expressed as follows:

BZh,
62,7,

(4

v

(3-6b)

Q. = T109.61C,(FT)E,Y,d®

4__@1:.
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Where:
C,(FT) = coefficient of discherge for flange-tapped orifice meter.
d = orifice plate Sore diameter calculated at Aowing temperature (T;), in inches.
E, = velocity of approach factor.
G; = ideal gas relative density (specific gravity).
G, = real gas relative density (specific gravity). -
h,, = orifice differential pressure, in inches of water at 60°F.
P, = base pressure, in pounds force per square inch absolute,
F, = flowing pressure (upstream tap), in pounds force per square inch absolute.
P, = standard pressure
= 14.73 pounds force per square inch absolute.
@, = volume flow raw per hour at base conditions, in cubic feet per hour.
Q. = volume flow rate per hour at standard conditions, in cubic feet per hour.
T, = base temperature, in degrees Rankine.
T; = flowing temperature, in degrees Rankine.
T, = standard temperature
= 519.67°R (60°F).
Y, = expansion factor (upstream tap).
2, = compressibility at base conditions (7, T,).
Z,,. = compressibility of air at base conditions (F,, T;).
Z;, = compressibility at upstream flowing conditions (%, Tp).
Z, = compressibifity at standard conditions (B, T,).
Z,, = compressibility of ait at standard conditions (&, T}).
P, = density of the flowing fluid at base conditions (F,, 73}, in pounds mass per cu-
bic foot.
g, = density of the flowing fluid at standard conditions (7, T,), in pounds mass per
cubic foat.
P.p, = density of the tuid at upstream flowing conditions (5, T;), in pounds mass per
cubic foot.

3.34 VOLUME CONVERSION FROM STANDARD TO BASE CONDITIONS

For the purposes of Part 3, standard and basc conditions are assumed to be the same.
However, if base conditions are different from standard conditions, the volume flow rate
calculated at standard conditions can be converted to the volume flow rate at base condi-
tions through the following relationship:

IARAEA _
o - o[ #]3]2) >

Where:
P, = base pressure, in pounds force per square inch absolute.
E = siandard pressure, in pounds force per square inch absolute.
0, = base volume flow rate, in cubic feet per hour,
(J, = standard volume flow rate, in cubic feet per hour.
T, = base temperature, in degrees Rankine.
T, = standard temperzture, in degrees Rankine,
Z, = compresstbility at base conditions (£, T,).
Z, = compressibility at standard conditions (B, T,).

3.4 Fiow Equation Components Requiring Additional Computation
3.4.1 GENERAL

Some of the terms 1n Equations 3-1 through 3-6 require additional computation and are
developed in this section. .
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34.2 DIAMETER RATIO (B)

The diameter ratio (), which is used in determining (a) the orifice plate coefficient of dis- ___
charge (C,), (b) the velocity of approach factor (E,), and (c) the expansion factor (Y'), is the
ratic of the orifice bore diameter (d) to the internal diameter of the meter tube (D). For the
most precise results, the actual dimensions should be used, as determined in Parts 1 and 2.

B =4diD (3-8)
Where
d=dfl+oa( -T) (-9
And
D =D+ o T - T)) (3-10)
Where:

d = orifice plate bore diameter calculated at flowing temperature, T,.
d. = reference orifice plate bore diameter calculated at reference temperature, 7,

D = meter tube internal diameter calculated at flowing temperature, 7,.
D, = reference meter tube intcrral diameter calculated at reference temperature, T,.

T; = temnperature of the fluid ar flowing conditions.
T, = reference temperature for tne Jrifice plate bore diumeter and/or the meter wbe in-
ternal diameter.
o, = linear coefficient of thermal expansion of the onzfice plate matenal (see Table 3-1).
linear cocfficient of thermal expansion of the meter tube material (sec Table 3-1).
B = diameter ratio.
Note: @, T, and T, must be in consistent umuts. For the purpose of this stanaard, 7,15 assumed 1o be 68°F.

&
i

The orifice plate bore diameter, d,, and the meter tubs intemnal diameter, D,, calculated at
T, are the diameters determined in accordance with Part 2.

3.4.3 COEFFICIENT OF DISCHARGE FOR FLANGE-TAPPED
ORIFICE METER, C,(FT)

The coefficient of discharge for a fiange-tapped orifice meter (C,) has been determined
fron test data It has been correlated as a tunction of diameter ratic { 3). tube diameter, and
pipe Reynolds number. In this part, the equation for the fange-tapped orifice meter
coefficient of discharge developed in Part 1 has been adapted to the inch-pound system of
units.

The equation for the concentric, square-edged flange-tappcd orifice meter coefficient of
discharge, C,(FT), develaped by Reader-Harns and Gallagher, 15 structured into distinct

-Table 3-1—Linear Coefticient of Therma!l Expansion

Lincar Cosfficient of
Thermal Expansion (&),

Material w/in-"F
Type 304 and 316 statniess steel 000000923
Monc?* 0.00000795
Carbon steel® 000000620

Note Fac fiowing temperature conditions other than tnose stated in Foot-
notes a and b und for other mawenals, refer to the Amencan Society tor Met-
_ als Metais Handbook (Desk Ediuon, 1985).

*For flowing ¢onditions batween —100°F and +300°F, refer 10 tne American
Society of Mechanical Enguneers datain PTC 19.5, Apphcarion, Part Il of
Flrud Mesers Supplement on Instruments and Apparaius

"For flowing condittons besween ~7°T and +154°F, reler 1o Chapter 12, Sec-
tion 2
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linkage terms and is considered to best represent the current regression data base. The equa-
tion is applicable to nominal pipe sizes of 2 inches and larger; diameter ratios (8) of
0.1-0.75, provided the orifice plate bore diameter, d,, is greater than 0.45 inches; and pipe
Reynolds numbers (Rep) greater than or equal to 4000. For orifice diameters, diameter ra-
tios, and pipe Reynolds numbers outside the stated limits, the uncertainty statement in-
creases, For guidance, refer to Part I, 1.12.4.1.

The Reader-Harris/Gallagher equation is defined as follows:

& o7
C,(FT) = C(FT) + 0.000511(-12—’3] + (0.0210 + 0.00494)8°C (3-11)
€p
C (FT) = C,{CT) + Tap Term (3-12)
C(CT) = 0.5961 + 0.029187 - 0.22908" + 0.003(1 - S)M, (3-13)
i 1
i Tap Term = Upstrm - Dnstrm (3-14)
Upsum = [0.0433 + 0.0712¢™5 — 0.1145¢ ** (1 — 0.234)8 (3-15)
Dnstrm = —0,0116[/4, — 0.52MP]18%(1 - 0.144) (3-16)
\ Alse,
ﬂ-l
= 3-17
B =T 5 (3-17)
D
M, = ma}{?_.S - —, 0.0] _ (3-18)
N‘
M, = 2L (3-19)
1- 8
os
A= [——19'000‘3 ) (3-20)
Re,
106 {LRE]
C = [ ) (3-21)
Re,
Where:

C.FT) = cocfficicnt of discoarge at a specified pipe Reynolds number for a flange-
topped orifice meter.

coefficient of discharge at an infinite pipe Reynolds pumber for o comer-
tappzd otifice meter. ‘
coefficient of discharge at an infinite pipe Reynolds number for a flange-
_tapped orifice meter.

orifice plate bore diameter caiculated at T, in inches.

meter be internal diameter calculated at 7}, in inches,

Napienan constan.

2. 71828,

L,

dimensionless correction for tap location

N./D [or flange taps.

1.0 when D is in inches.

pipe Reynolds number.

diameter ratio

dalD.

Note: The equation for the coefficient of discharge for a flange-tapped orifice meter, C,(FT), is different from those
included in prior editions of this siandard

C.(CT)

C(I°T)

d
D
€

L,

Bowomn onodn

N,
Re,;,_

B
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3.4.4 VELOCITY OF APPROACH FACTOR (E,)

The velocity of approach factor (£,) is a mathematical expression that relates the velocity
of the flowing fluid in the orifice meter approach section (upstream meter tube) to the fiuid
velocity in the orifice plate bore.

The velocity of approach factor, E, is calculated as follows:

S . (3-22)

E, =
\II - p
Where:

E, = velocity of approach factor.
[ = diameler ratio
= d/D.

3.4.5 REYNOLDS NUMBER (Re;)

The pipe Reynolds number (Rep) is used as a correlation parumeter to represent the
change in the orifice plate coefficient of discharge with reference to the meter tube diameter,
the fluid flow rate, the fluid density, and the fluid viscosity. The use of the pipe Reynolds
number is an additional change from prior editions of this standard. The Reynolds numbcer
is a dimensionless ratio when consistent units are used and is expressed as follows:

UDp
= AT e _
ep 121 (3-23)
Or .
_ 484,
Re, = 2D (3-24)

Note: The constant, 12, 1n the denamina‘or of Equanion 3-23 1s required by the use of D 1n inches

The fluid velocity can he obtained in terms of the volumetric fiow rate at base conditions
from the followng relationship:

U= 0P [(4)(144)}
Y Dip, L 36007

00509206 222 (3-25)

L)

Substituting Equation 3-25 into Equation 3-23 results in the following relationship:
(0.0509296) Q.0 ¥ Doy
12 ub )\ Dp,,

(0.00424413){ QA&J (3-26)
upD

I

A
hc',,

"T'he Reynotds number tor natural gas can be approximated by substituting the following
relationship for g, (sec 3.5.5.3 for cquation development) it Equation 3-26:

_ 2.69881!’,[

z, ]
) = G, = (3-27)
L2

lzk'

Re, (3-28)

3
DT, Z |

0.0114541[&@
vy, j

yrigne

Dt
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1"

By using an average value of 0.0000069 pounds mass per foot-second for 1 and substituting
the standard conditions of 519.67°R, 14.73 pounds force per square inch, and 0.999590 for
T,, B, and Z, , Eguation 3-23 reduces to the following:

Rey = 4101385 (3-29)
Where:

D = meter tube internal diameter calculated at the flowing termperature (T;), in inches.

G, = real gas relative density (specific gravity).

F, = base pressure.

(3, = volume flow rate at base conditions, in cubic feet per hour.

4. = mass flow rate, in pounds mass per second.

0. = volume flow rate at standard conditions, in cubic feet per hour.

Rep, = pipe Reynolds number.

T, = base lemperature, in degrees Raukine.

U, = velocity of the flowing fluid at the upstream tap location, in feet per second.
Z,, = compressibility of air at 14.73 pounds force per square inch absolute and 60°F.
Z,,,. = compressibility of the gas at base conditions (B, T,).

H = absolute (dynamic) viscosity, in pounds mass per foot-second.
= 3.14159.
£, = density of the flowing fluid at base conditions (F,, T,}. in pounds mass per cubic
foot.
P, = density of the fluid at upstreamn flowing conditions (£, T;), in pounds mass per
cubic foot.

If the fluid being metered has a viscosity, temperature, or real gas relative density
(specific gravity) quite different from those shown above, the assumptions are not applic-
able. For vanations in viscosity from 0.0000059 to 0.0000079 pounds mass per foot-sec-
ond, variations 1n tcmperature from 30°F to 90°F, or variations in reai gas relative density
(specific gravity) from (.55 to 0.75, the variation should not be significant in tcrms of its ef-
fect on the orifice plate coefficient of discharge at higher Reynolds numbers.

When the flow rate is not known, the Reynolds number can be developed through itera-
tion, assuming an initial valae of 0.60 for the cocfficient of discharge for a flange-tapped
orifice meter, Cy(FT), and using the volume computed to estimate the Reynolds number.

3.4.6 EXPANSION FACTOR(Y)
3.4.6.1 General

When a gas flows through an orifice, the change in fluid velocity and static pressure is ac-
companscd by a change in the density, and a factor must be applicd to the coefticient to ad-

" just for this change. The factor is known as the expansion factor {Y') and can be calculated

from the following equations taken from the report 10 the A.G.A. Commitiee by the Na-
tional Bureau of Standards dawed May 26, 1934, and prepared by Howard S. Bean. The ex-
pansion factor (¥} is a function of diameter ratic (8), the ratio of differential pressure to
static pressurc at the desipnated tap, and the i1sentropic exponent (k).

The real compressible fluid isentropic expenent, &, is a function of the fluid and the pres-
sure and temperature. For an ideal gas, the isentropic exponent, £, is equal to the ratio of
the specific heats (c,/c,) of the gas at constant pressure (c,) and constant volume (c,) and is
independent of pressure. A perfect gas is an ideal gas that has constant specific heats. The
perfect gas 1sentropic exponent, &, is equal to &, evaluated at base conditions.

It has been found that fur many applications, the value of £, is nearly identical to the
value of &, which is nearly identical 1o k,. From a practical standpoint, the flow equation is
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not particularly sensitive to small variations in the isentropic exponeat. Therefore, the per-
fect gas isentropic exponent, k,, is often used in the flow equation. Accepted practice for
natural gas applications is touse &, = k = 1.3. This greatly simplifies the calculations and
is used in the tables. This approach was adopted by Buckingham in his correlation for the
cxpansion factor.

The application of the expansion factor is valid as long as the following dimensionless
criterion for pressure ratio is followed: '

h
< —F— < (),20 3-30
27.707F ( )
Or
B
0.8 s & <10 (3-31)
g
Where:

#, = flange tap differcntial pressure across the orifice plate, in inches of water at 60°F

P, = flowing pressure, in pounds force per square inch absolute.

F, = absolute static pressure at the upstream pressure tap, in pounds force per square
inch absolute.

F, = absolute static pressure at the downstream pressure tap, in pounds force per square

inch absolute.

The expansion factor eguation for flangc taps may be used for a range of diameter ratios
from 0.10 to 0.75. For diameter ratios (f} outside the stated limits, increased uncertainty
will occur.

3.4.6.2 Expansion Factor Referenced to Upstream Pressure

If the absolure static pressure is taken at the upstream differential pressure tap, the value
of the éxpansion factor, Y|, can be calculated using the following equation:

Y, = 1 - (0.41 + 0.353‘)&1) (3-32)
When the upstream static pressure 1s measured,
E - E h
I, = ] ho _ w (3_33)
7 27.7075
When the downstream stattc pressure 1s measured,
E - & - h

= - (3-34)
£+ & - B) 2770785 + h,

Where.

fi, = differential pressure, in inches of water at 60°F.
k = isentropic exponent (see 3.4.6.1).

F, = absolute static pressure at the upstream tap, in pounds force per square inch ab-
solute.

£}, = absolute static pressure at the downstream tap, in pounds force per square inch ah-
solute,

X, = ratio of differential pressure to absolute static pressure at the upstream tap,

Y, = expapsion factor based on the absolute stalic pressure measured at the upstream
tap.

B = diameter ratio (d/D).

The guantity x,/k is knuwn as the acoustic ratio.
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3.4.6.3 Expansion Factor Referenced to Downstream Pressure

If the absolute static pressure is taken at the downstream differential tap, the value of the
expansion factor, Y3, can be calculated using the following equation:

Pz
Y, = Y A (3-35)
X
And
1 Z,

Y. = Y —L 3-36
A T (3-36)

A
Y, = {41 + x4 - (0.41 + 0'35‘;‘)@1%?“2_5 (3-37)
2 A

Or

And
E - F h
2, = At T (3-38)
F, 27.707 5
H 1
Where:
h, = differential pressure, in inches of water at 60°F.
k = isentropic exponent (see 3.4.5.1).
P, = absolute static pressure at the upstream tap, in pounds force per square inch ab-
solute.
F,, = absolute static pressure at the downstream tap, in pounds force per square inch ab-
solute,
x; = ratio of differential pressure to absolute static pressure at the upstream tap.
x; = ratio of diffcrential pressure to absolute static pressure at the downstream tap.
Y, = expansion factor based on the absolute static pressure measured at the upstream tap.
¥, = expansion factor based on the absolute static pressure measured at the downstream
tap.
Z; = compressibility at upstream flowing conditions (7, T).
Z;, = comptessibility at downstreamn flowing conditions (B, Tp).

S = diameter ratio (d/D).
Note: x; equals the rotio of the differential pressure ta the siatic pressure at the downstream tap (5,)

3.5 Gas Properties
3.5.1 GENERAL

The measurement of gaseous flow rate in volume units under other than standard or base
conditions requires conversion for pressure, temperature, and the deviation of the measured
volume from the ideal gas laws (compressibility). Energy measurement also requires adjust-
ment for heat content. The standard conditions used in Part 3 are a base pressure of 14.73
pounds force per square inch absolute and a base temperature of 519.67°R (60°F).

As a mixwure of compounds, natural gas complicates the calculation of some of these
conversion tactors. The factors that cannot be determined by simple calculations can be de-
rived from gas composition and/or other measurements, Certain factors can be measured in
the field, using instruments calibrated against standard gas samples. Either approach will
praduce equivalent results when rigorous methods are applied.

3.5.2 PHYSICAL PROPERTIES

Tabie 3-F-1 in Appendix 3-F lists physical properties taken from GPA 2145-91, The data
for ideal density end ideai heaiing valuc per cubic foot from GPA 2145-91 have, where nec-
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essary, been comrected in Table 3-F-1 for.the base pressure of 14.73 pounds force per square
inch absolute through the following refationship:

14.73
—_—X
14.696

Table 3-F-1 provides the best currently available data on physical propertics. These data are
subject to modification yearly as additional research is accomplished. Future revisions to
GPA 2145 may include updated values. The values from the most recent edition of GPA
2145 should be used, and the values for density and British-thermal units per cubic foot
should be corrected through the use of Equation 3-39.

In addition, GPA Publication 2172 and Publication 181 are incorporated in this standard
as the method of calculating heating values of natural gas mixtures from compositional
analysis. An abbreviated form of that methodology is included in Appendix 3-F as a refer-
ence.

In this edition, the compressibility of air at standard conditions (Z,_) has been updated
to the value of 0.999590.

Table 3-F-1value = GPA 2145-91 table value {3-39)

3.5.3 COMPRESSIBILITY
3.5.3.1 |deal and Real Gas

The terms ideal gas and real gas are used 1o define calculation or interpretation methods.
An ideal gas is one that conforms to the thermodynamic laws of Boyle and Charles (ideal
gas laws), such that the following is mue:

144PV = nRT (3-40)

If Subscript 1 represents a gas volume measured at one set of temperature—pressure con-
ditions and Subscript 2 represents the same volume measured at a second set of tempera-
ture--pressure conditions, then
i By (341)
T L
‘The numerical constant in Equatien 3-40 is required to convert P, 1r pounds force per square
inch absolute, to units that are consistent with the value of R given in Part 2.

All gases deviate from the ideal gas laws to some extent. This deviation is known as
comm essibidity and is denoted by the symbol 2. Additional discussion of compressibility
and the method for determining the value of Z for natural gas are developed in detail in
A.G.A. Transmussion Measurement Commuttee Report No. 8. The method used in that re-
port is included as a pan of this standard.

The application of Z changes the 1deal reluttonship in Equation 3-40 1o the [ollowing real
relationslep: .

144PV = nZRT (3-42)

As modified by Z, Equauon 3-41 aliows the volume at the upstream flowing conditions
be converted to the volums at base conditions by use of the following equation:

Vo= ¥ I; Zb 'Ib\ 1-43
» T Y ¥ Z ?’J (3-43)

Where:
n = number of pound-moles of a gas
P = absolutc static pressure of a gas, in pounds force per square inch absolute.
P, = absolute static pressure of a gas at base conditions, in pounds force per square inch

absolute,

2
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P, = absolute static pressure of a gas at the upstream tap, in pounds force per square
inch absolute. —
R = universal gas constant
= 1545.35 (Ibf-ft)/(lbmol-°R).

T = absolue temperature of a gas, in degrees Rankine.

T, = absolute temperature of a gas at base conditions, in degrees Rankine.

T; = shsolute temperature of a flowing gas, in degrees Rankine.

V = volume of a gas, in cubic feet.

V, = volume of a gas at base conditions (P, T,), in cubic feet,

V, = volume of a gas at flowing conditions (£, T), in cubic fest.

Z = compressibility of agasat P and T.

Z, = compressibility of a gas at base conditions (F;, T},).
Z, = compressibility of a gas at flowing conditions (7, 7).

3.5.3.2 Compressibility at Base Conditions

The value of Z at base conditinans (Z,) is required and is calculated from the procedures
in A.G.A. Transmission Mensurement Committee Report No. 8.
3.5.3.3 Supercompressibility

In orifice measurement, Z, and Z,, appear as a ratio to the 0.5 power. This relationship is
termed the supercompressibility facior and may be calculated from the following equation:

£ = ﬁ (3-44)
Z,
Or
Z % (345)
/A
E}
Where:

E.. = supercompressibility factor.
Z, = compressibility of the gas at base cenditions (A, T,).
Z; = compressibility of the gas at flowing conditions (P, T;).

non

3.5.4 RELATIVE DENSITY (SPECIFIC GRAVITY)
3.5.41 General

Relative density (specific gravity), G, 15 a component in several of the fiow equations.
The relative density (specific gravity) is defined as a dimensionless number thatl expresses
the ratio of the densitv of the flowing fluid to the density of a reference gas at the same ref-
erence conditions of wmperature and pressure. The gas industry has historically referred to
the relative density (specific gravity) as either ideal or real and has designated the reference
gas as air and the standard reference conditions as a pressure of 14.73 pounds force per
square inch absolute and a temperature of 519.67°R (60°F). The value for relative density
{specific gravily) may be determined by measurement or by calcutation from the gas com-
position.

3.5.4.2 |deal Gas Relative Density (Specific Gravity)

The ideal gas relative density {(specific gravity), G.. is defined as the ratio of the ideal den-
sity of the gas o the 1deal density of dry air at the same reference conditions of pressure and
temperanue. Since the ideal densities are defined at the same reference conditions of pres-
sure and tcmperature, the ratio reduces to a ratio of motar masses (molecular weights).
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Therefore, the ideal gas relative density (specific gravity) is set forth in the following equa-
frion:

Mr, Mz,
G = £ = £2 (3-46)
Mr,, 28.9625
Where:
G, = ideal gas reiative density (specific gravity).
Mr,, = molar mass (molecular weight) of air
= 28.9625 pounds mess per pound-mole.
Mr,,. = molar muss (molectlar weight) of a flowing gas, in pounds mass per pound-

mole.

3.5.4.3 Real Gas Relative Denslity (Real Speclfic Gravity)

Real gas relative density (specific gravity), G,, is defined as the ratio of the real density
of the gas to the real density of dry air at the same reference conditions of pressure and tem-
perature. To correctly apply the real gas relative density (specific gravity) to the flow cal-
culation, the reference cornditions for the determination of the real gas relative density
(specific gravity) must be the same as the base conditions for the flow calculation. At ref-
erence (base) conditions (£, T;), real gas rclative density (specific gravity) is expressed as
follows:

.

Tpa

M
144 w1
RT;
M

N
&

G = — a4
r
144 Lt

F"U

Z, RT_
Since the pressures and temperatures are defined to be at the same designated base con-
ditions,

IE”J = }ahv
Tu,,, = T
And the real pas 1elative density (spectfic gravity) 1s expressed as follows:
M Z
G = (__"" J(——‘* J (3-47)
A!Grr k Zb”,

The use of real gas ielative density (specific gravity) in the flow calculations has a his-
toric basis but may add an increment of uncertainty to the calculation as a result of the lim-
itations of field gravitometer devices. When real gas relative densities (specific gravities)
are directly determined by relative density measurement equipment, the observed values
must be adjusted so that both air and gas measurements reflect the same pressure and tem-
perature. The fact that the temperature and/or pressure are not always at base conditions re-
sults in small vaniations 1n determinations of relative density (specific gravity). Another
sourcc of variation 15 the use of atmospheric air. The composition of atmospheric air—and
its molecular weight and density—varies with time and geographical location.

When recording gravitometers are used and calibration is performed with reference
gases, either ideal or real gas rciative density (specific gravity) can be obtained as &
recorded relative density (specific gravity) by proper certification of the reference gas. The
retationship between ideal gas relative density (specific gravity) and real gas relative den-
sity (specific gravity) is expressed as follows;

Z

e (3-48)

G = G —
z,.

r

P £3
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Where:
G, = ideal gas relative density (specific gravity).
G, = real gas relative density (specific gravity).
Mr,, = molar mass (molecnlar weight) of air

28.9625 pounds mass per pound-mole.
Mr,., = molar mass (molecular weight) of the fiowing gas, in pounds mass per pound-
mole.

P, = absolute static pressure of a gas at base condilions, in pounds force per square
inch absolute.

P, = base pressure of air, in pounds force per square inch absolute.
Py, = base pressure of a gas, in pounds force per square inch absolute.

R = universal gas constant

= 1545.35 (Ibf-ft)/(lbmol-"R).

T; = absolute temperature of a gas at base conditions, in degrees Rankine.
T, = base temperature of air, in degrees Rankine.
T,., = base temperature of a gas, in degrees Rankine.
Z,,, = compressibility of air at base conditions (F,, T,).
Z,,.. = compressibility of a gas at base conditions (£, T).

3.5.5 DENSITY OF FLUID AT FLOWING CONDITIONS
3.5,5.1 General

The flowing density (p,,) is a key component of certain flow equations. It is defined as
the mass per unit volume at flowing pressure and temperature and is measurcd at the se-
lected static pressure tap location. The value for flowing density can be calculated from
equations of state or from the relative density (specific gravity) at the selected static pres-
sure tap. The fluid density at flowing conditions can also be measured using conunercial
densitometers. Most densitometers, because of their physical installation requirements and
design, cannot accurately nieasure the density at the selected pressure tap location. There-
fore, the fluid density diffzrence between the density measured and that existing at the
defined pressure tap location must be checked to determine whether changes in pressure or
temperature have an impact on the flow measurement uncertainty.

An approximation for field calculation is the direct application of tables from the equa-
tion of state. Such density tables have considerable bulk if they cover a wide range of con-
ditions in small increments. Tables have a further deficiency in that they do not readily lend
themselves to interpoiation or extrapolation with fiuctuating temperature and/or pressure.

At the time of publicaticn, 1t was anticipated that a computer program for IBM and com-
patible personal computers that generates density and/or compressibility tables for user-
defined pas and pressure—temperature ranges would be available through A.G.A. This
program uses the equations in A.G.A. Transmission Measurement Committee Report No.8.

3.5.5.2 Density Based on Gas Composttion

‘When the composition of a gas mixture is known, the gas densities p,, and p, may be cal-
culated from the gas law equations. The molecular weight of the gas may be determined
from composition data, using mole fractions of the components and their respective mole-
cular wcights.

Mr

rer

oM + ¢, Mr, + ... 4 ¢_Mr

oM, : (3-49)

=1
In the following, the gas law equation, Equation 342, js rcarranged to obtain density val-
ues:
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144PV = nZIRT
no= (3-50)
Mr.,
Therefore:
144PV = ( ” JZRT @3-51)
Mr,
And
. 144 P M
p. = 2 = 2 M (3-52)
"W ZRY
Or
144 B M
p, = m_ N e (3-53)
% ZRI,
Where:
G, = ideal gas relative density (specific gravity).
m = mass of a fluid, i pounds mass.
Mr,,, = molar mass (moleculai weight) of air

28.9625 pounds mass per pound-mole.
Mr,,, = molar mass (molecular weight) of the flowing gas, in pounds mass per pound-

mole.
Mr, = molar mass (molecular weight) of a component, in pounds mass per pound-
mole.
n = number of moles.
P = absolute static pressure of a gas, in pounds force per square inch absolute.
P, = absolute static pressure of a gas at base conditions, in pounds force per square
inch absolute.
£, = absolute static pressure of a gas at the upstream Lap, in pounds force per square
inch absolute.
R = universal gas constant
= 1545.35 (Ibf-ft)/(Ibmal-°R).
T = absolute temperature of a gas, in degrees Rankine.
T, = absolute temperature of a gas at base conditions, in degrees Rankine.
T; = absolute temperature of a flowing gas, in degrees Rankine.
V = volume of a gas, in cubic feet,
Z = compressibility of agasat P T
Z, = compressibility of a gas at base conditions (P, T).
Z; = compressibility of a gas at flowing conditions (F,, T;).

P, = density of 2 gas at base conditions (£, T,), in pounds mass per cubic foot.
P, = density of a gas at upstream flowing conditions (¥}, 7;), in pounds mass per cu-
bic foot.
¢ = mole fraction of a component.

3.5.5.3 Density Based on tdeal Gas Relative Density (Specific Gravity)

The gas densilies p,, and p, may be calculated from the ideal gas relative density
(specific gravity), as defined in 3.5.5.2. The following equations are applicable when a gas
analysis is avaiiable:

G = M o Mo (3-46)
Mr, | 28.9625
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‘Note: The molecular weight of dry air, from GPA 2145-91, is given as 28 9525 ponngs mass per pound-mole {ex-

actly).
Mr, = GMr, = ((28.9625) (3-54)
Substituting for Mr,,, in Equations 3-52 and 3-53, p,,,, and p, are determined as follows:
. = FG,(28.9625)(144)
o 4RY
EG,
= 2.69881—— (3-55)
Z 5
And
BG(28.9625)(144)
’ Z,RT,
= 2.69881250 (3-56)
bt
Where.
G, = ideal pas relative density (specific gravity).
Mr,;. = molar mass (molecalar weight) of air
= 28.9625 pounds mass per pound-mole.
Mi,,, = molar mass (molecular weight) of & flowing gas, in pounds mass per pound-
mole.
P, = absolute static pressure of the gas at base conditions, in pounds force per square
inch absolute.
F;, = absolutc static pressure of a gas at the upstream tap, in pounds force per square
inch absolute.
R = universal gas constant
= 1545.35 (Ibf-ft)/(Ibmol-°R).
T, = absolutc temperature of a gas at base conditions, in degrees Rankine.
T; = absolutc temperature of a flowing gas, in degrees Rankine.
Z, = compressibility of a gas at base conditions (F,, T,).
Z;, = compressibility of a gas at flowing conditions (F;, T;).
p, = density of a gas at base conditlions (R, T, and Z,), in pounds mass per cubic

foot.
P.p, = density of a gas at upstream flowing conditions (£, Ty, and Z,), in pounds mass
per cubic foot.

3.5.5.4 Denslity Based on Real Gas Relative Denslty (Specific Gravity)

The relationship of real gas relative density (specific gravity) to ideal gas relative density
{specific gravity) 1s gtven by the foltowing equation:

E;b
G = G— (3-48)
Zﬁl-
Or
G = G—=
" Z,

Note: The real gas relative density (specific gravity) of dry air at base conditions is defined as exactly 1.00000,

Substituting for G, in Equations 3-55 and 3-56 results in the following:
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2.69881 .G, Z,_

Py = : (3-57)
’ zfl 7! Zm I
2.69881EG
= — 3-
P, Tz, (3-58)

To correctly apply the density cquations, Equations 3-57 and 3-58, which were devel-
oped from the real gas relative density (spe:ciﬁc gravity), to the flow calculation, the refer-
ence base conditions for the determination of real gas relative density (specific gravity) and
the base conditions for the flow calculation must be the same. When standard conditions are
substituted for base conditions,

h=F
= 14.73 pounds force per square inch absolute
T, =1,
= 519.67°R (60°F}
Zb.m = Zlm‘r
= {.999590

The gas density based on real gas relasive density (specific gravity) is given by the follow-
ing equattons:

2.698818G, 2, _

Pee. = 0999590 2,7,

PZ G
2.69992- L 3= (3-59)
T

il

And
_ (2.698B1)(14.73)G,
! (0.999390)(519.67)
0.0765289C, (3-60)

G, = 1deal pas relatve densiry.

G, = real pas relative density.

P, = absolute static pressure of & gas at base condilions, in pounds force per sguare
inch absclute

F,, = absolutc static pressurc of a gas at the upstream tap, in pounds force per square
inch absolute.

T. = absolute temperature of a gas at base conditions, in degrees Rankine.

T, = absolute temperaiure of a flowing gas, in degrees Rankine,

74y, = ‘compressibtiny of air at hasc conditions (£, 7,).

= compresstbiity of a gas at base conditions (£, T,).

Z,;, = compressibility of a gas at flowing conditions (£, T;).

= compressibility of air at standard conditions (£, T,).

Z, .. = compressibiltty of a gas at standard conditions (£, T,).

,g,, = density of a gas at basc conditions (F,, T,, and Z,), in pounds mass per cubic foot.
P, = density of a gas at standard conditions (£, T;, and Z,), in pounds mass per cubic foot.

Pip, = density of a pas at upstream flowing conditions (F,, 7, and Z,), in pounds mass
per cubic {ool
The density equations for stundard conditions based on the real gas relative density (spucific
gravity) developed above require standard conditions as the designated refereace base con-
ditions for (G, and incorporatc Z,,, at 14.73 pounds force per square inch absolutc and
519.67°R in their numeric constants.
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APPENDIX 3—-A—ADJUSTMENTS FOR INSTRUMENT CALIBRATION

3-A.1 Scope

This appendix provides equations and procedures for adjusting and correcting ficld mea-
surement calibrations of secondary instruments.

3-A.2 General

Field practices for secondary instrument calibrations and calibration standard applica-
tions contribute to the overall uncertainty of flow measurement.

Calibration standards for differential pressure and static pressure insttuments are often
used in the field without local gravitational force adjustment or correction of the values in-
dicated by the calibrating standards. For example, it is common to use water column
manometers to calibrate d'fferential pressure instruments without making field corrections
to the manometer readings for changes in water density. The manometer rcadings are af-
fected by local pravitational effects, water temperatures, and the use of other than distilled
water,

Pressure devices that employ weights are also used to calibrate differential pressure in-

¢ struments without correction for the local gravitational force. Similarly, deadweight testers
are used to calibrate static pressire measuring equipment without correction for the local
gravitational force. It is usually more convenient and accurate to incorporate these adjust-
merts in the flow computation than for the person calibratng the instrument to apply these
small corrections during the calibration process. Therefore, additional factors are added to
the flow equation for the purpoze of including the appropriate calibration standard correc-
tions in the flow computation either by the flow calculation procedure in the office or by the
meter technician in the field.

Six factors are provided that may be used individually or in combination, depending on
the calibration device and the calibration procedure used:

F,.. Correction for air over the water in the water manometer during the differcntial in-
strument calibration.
F,; Local gravitational correction for the water column calibration standard.
F., Walcr density comrection {temperature or composition) for the water column calibra-
tion standard.
Fu  Locel gravitational correction for the deadweight tester static pressure standard.
Fier.  Manometer factor “correction for the gas celumn in mercury manometers).
Fi.e  Mercury manometer temperature tactor (span correction for instrument temnperature
change after calibration).

These factors expand the base volume flow equation to the following:

: Q! = QEFFifulinF, (3-A-1)

wid i put he
All of the flow factors that arc pertinent to gas flow and are defined in this standard are
included in Equation 3-A-1. Some of the factors are not applicable to all mcasurcment sys-
tems and may therefore be considered equal © 1 or ignored, as preferred by the user. For
other applications, particularly those involving mass fllow calculation, specific factors may
be included in the selected ecuation as appropriate for the system, the calibration of Lhe in-
strumnentation. and particular operating proccdures.

3-A.3 Symbols, Units, and Terminology
3-A.3.1 GENERAL

The symbols and units used are specific to this appendix and were developed based on
the customary inch-pound system of units. Regular conversion factors can be used where

21
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applicable; however, if SI units are used, the more genenc equations in Part 1 should be
used for consistent results,

3-A.3.2 SYMBOLS AND UNITS

Symbol  Description Units/Value
°F Temperature, in degrees Fahrenheit —_
°R  Temperature, in degrees Rankine —
E,. Correction for air over the water in the water
manometer —_
Fogm  Manometer factor —
Fir Mercury manometer temperature factor —
E. Local gravitational conection for deadweight
tester —_
F,; Local gravitational comrection for water column  —
F,. Waler density correction —
£; Local acceleration dae to gravity fi/sec?
£, Acccleration of gravity used to calibrate
weights or deadweight calibrator ft/sect
G, ldeal gas relative density (specific gravily) —
G, Real gas relative density (specific gravity) —
h,, Differential pressine above atmospheric inches of water column at 60°F
H  Elevation above sea l=vel ft
L Latitude on earth’s surface deprees
My Molar mass of gas 1bin/lb-mol
Mr,, Motar mass of air 28.9625 Ibm/lb-mol
P Absolute gas pressure 1bf/in? (abs)
B,. Local atmospheric pressurs 1bf/in?® (abs)
P, Base pressure ibf/in® (abs)
F, Absolute pressure of flowing gas Lbffin* {abs)
0. Volume flow rate at standard conditions
modified for instrument calibration
adjustments fo/hr
R Universal gas consiwnt 1545.35 (Ibf-fi)/(1b-mol-°R)
T Absolute gas temperature °R
1, DBase temperature °R
T; Absolute temperature of a flowing gas R
T.wa Mercury ambient temperature °R
T, Gas ambient temperaiure R
Z Compressibility of a gas at T and P —_ )
2, Compressibility of a y'as at standard
. conditions (G,, A, and T,) —_
Z, Compressibility of airat £,, + i, and
519.67°R —
Z,... Compressibility of air at f;,, and 519.67°R —
7., Compressibility of air at 14 73 psia ang
519.67°R 0.9995%90
Z, Compressibility of gas at flowing condilions
(G, F, and T}} —
2. Density of air at pressure above atmospheric lbm/fe?
Oam  Density of atmospheric air ibm/i?
p. Density of gas or vapor in the differential
pressure insirument lbm/fr°
P, Density of meicury in the differential pressure ’
instrument lomy/fe’
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P Density of mercury in the differential pressure
instruznent at the time of its calibration Ibm/AY’

Pao  Deasity of mercury in ihe differential pressure
instrument at the mercury gauge operating

conditions b/
p. Density of water in the manometer at other
than 60°F Ibm/ft’

3-A.4 Water Manometer Gas Leg Correction Factor (£}

The factor £, corrects for the gas leg over water when a water manometer is used to cal-
ibrate a differential pressure instrument:

E = [&="F (-A-2)
pl'

When atmospheric air is used as the medium to pressure both the differential pressure in-

strument and the water U-tube raanometer during calibration, the density of air at atmos-

pheric pressure and 60°F must be calculated using the following equation:

MrGP
RZT

Substituting local atmospheric pressure (£, ) for absolute pressure (P), 519.67°R (60°F) for
the absolute temperature (T), 28,9625 for Mr,;,, 1.0 for the ideal relative density (specific
gravity) of air (G;), and 1545.35 for the universal gas constant (R) provides the following
relationship: .
e . = (28.9625)(L.0)E,,
am — ]1545.35
Z (51%.6
144 - (519.67)
P

= —= (3-A4)
192.556Z,_

(3-A-3)

The local aimospheric pressure may be calculared using an equation published in the Smith-
sonian Metearological Talrles:

otm (3-A-5)

P = 145 4[55096 — (Elevation, ft — 351)]

55096 + (Elevation, ft — 3161)

The density of air at any given differential pressure (h,,) above atmospheric pressure can
then be represented by the following:

.
fom * 27.707
—t i LT A6
192,477 Z, (3-A-0)

The density of watcr can be obtained from Table 3-A-1 or calculated from the fuliowing
Wegenbreth density equation: ’

p. = 0.0624280[999.8395639 + 0.067982999897. — 0.0091060255647
+ 0.00010052729997 - 0.000001126713526T

p. =

+ 0.000000006591795606T] (3-A-7)
Where: -
G, = ideal gas relative density (specific gravity).
fi,, = differential pressure above atmospheric, in inches of water at 60°F,
Mr = molar mass of a gas, in pounds mass per pound-mole.
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Table 3-A-1—Water Density Based on

Wegsnbreth Equation

Temperature Density Temperature Density
(°F) (tbm/ft*) &) (bmyht)
45 62.42(2 - 6 62.3450
46 62.4193 64 623477 -
47 624172 65 623363
48 62.4148 66 623297
49 624121 61 623228
50 62.4092 68 623157
51 62.4060 69 62.3085
52 62.4026 70 62.3010
53 62,3980 71 62.2934
54 62.3949 72 622855
55 62,3908 73 622775
6 62,3863 74 62.2692
57 62.3817 75 62.2608
58 62.3768 76 62.2522
59 623717 T 62.2434
60 623663 78 62.2344
61 62.3608 79 622252
62 62,3550 80 62.2159

P = absolutc gas pressure, in pounds force per square inch abseclute.
B.. = local atmospheric pressure, in pounds force per square inch absolute,
R = umniversal gas constant
= 1545.35 (1bf-ft)/(Ibmel-°R).
T = absolute gas temperaturc, in degrees Rankine.’
T, = temperature of water, in degrees Celsius,
Z = compressibility of a gasat Pand T
Z, = compressibility of air at £, + A, and 519.67°R.
Z,., = compressibility of air at £, and 519.67°R.
p = density of a gas, in pounds mass per cubic foot.
p, = density of air at pressure above atmospheric, in pounds mass per cubic foot.
Pam = density of atmospheric air, in pounds mass per cubic foot.

p. = density of water in 2 manometer at a lemperature other than 60°F, in pounds
mass per cubic foot.

3—-A.5 Water Manometer Temperature Correction Factor (F,,)

The factor F,, corrects for variations in the density of water used in the manometer when
the water 15 at a temperature other than 60°F. The F,, correction factor should be included
in the flow measurement compuiation when a differential instrument is calibrated with a
waler manometer.

Fo= =P (3-A-8)
62.3663

Where.

p. = density of water in a manometer at a temperature other than 60°F, in pounds mass
per cubic fool.

3-A.6 Local Gravitational Correction Factor for
Water Manometers (F,;)

The factor F,, corrects the weight of the manemeter fluid for the local gravitational force.
The effect on the guantiry is the square root of the ratio of the local gravitational force (o

rr1ght by the AMERICAN PETROLEUM INSTITUTE (API)
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the standard gravitational force used in the equation derivations. This relationship is 2x-
pressed as follows:

&
= 3-A-9
E 32.1740 ( )

Where:
g = local acceleration due to gravity, in feet per second per second.

The local value of gravity at any location may be obtained from a U.S. Coast and Geo-
detic Survey reference to aeronautical data or from the Smithsonian Meteorological Tables.
Using Eguation E{1 from the 1985 edition of ANSI/API 2530 and the 45°-latitude-at-sea-
level reference value, approximate values of g; may be obtained from the following curve-
fit equation covering latitudes from 0° to 90°:

g = 0.0328095[978.01B55 — 0.0028247L + 0.002029912

— 0.000015058L* - 0.000094 4] (3-A-10)
Where!
L = latitude, in degrees.
H = elevation, in feet above seu level,

3-A.7 Local Gravitational Correction Factor for Deadweight
Calibrators Used to Calibrate Differential and Static
Pressure Instruments (F,,,)

The factor F,,,, is used to correct for the effect of local gravity on the weights of a dead-
weight calibrator. The calibrator weights are usually sized for use at a standard gravilational
force or at some specified gravitational force. A correction factor must then be applied to
correct the calibrations to the local gravitational force: ~

E, =& (3-A-11)
8
Where:
g = acceleration due to local gravitational force, in feet per second per second.
§. = acceleration of gravity used 10 calibrate the weights of a deadweight calibrator, in

feet per second per second.

When a deadwerght calib:ator is used for the differential pressure and the static pressure,
both must be corrected for local gravity. This involves using £, twice.

3-A.8 Correction for Gas Column in Mercury
Manometer Instruments (F,,.) ;

The factor £, corrects for the gas or vapor leg of fluid at static pressure and the \emper-
ature of the manometer or other instrument. Mercury U-tube manometers and mercury-
manometer-type differential pressure instruments are sometrmes used to measurc #,.. The
manometer factor F,,, s addud to the (low equation to correct for the effect of the gas col-

umn above the mercury during flow measurements: ’
E = (P B (3-A-12)
} Pra
Where:

Pae = density of mercury in the diffcrential pressure instrument, in pounds mass per cu-
bic foot. The effect. of atmospheric air (usually defined as the weight in vacuo of

|
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ERRATA

On page 25, Equatinn 3-A-1(} should read as follows:
g = 0.0328096(978.01855 — 0.0028247L + 0.00202991°
- 0.000015085L' — 0.000094H] (3-A-10}

On page 33, Equation 3-B-9 should read as foliows:

07
£ - U.OOOSII(M}
eD

o8 s
+ [0.0210 + 0.0049;rﬁ°°'..i3] },@4(‘-_0%@] (3-B-9)
\

€y Re,

On page 56, the second equatior under 3—C.3.1.7 should read as follows:

Re, = (001 ,4541}( Q.(14.73)(0.570) ]
(0.0000069)(8.07085)(519.67)0.999590)

= 3324460

On page 57, Equanan 3-6b should read as follows:
7709.61C,(FTIE k| 2
' o Lt v (;,2%7;
: (3-6b)
T708.6100.60)(1 03160)(0.998383)(3,99989)
P (370 000 997971050.0)
Y OL5TON0.951308)(524.6T)

614,033 cubic feet per hour at standard conditions

Q

it

M

O page 37, tipe second vauation in 3-0b should reud as foilows.
Re, 3324460
3.32346(615.033;

2.041.328 (umbal estimate of Reynolas number)
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the mercury sample at the base pressure and temperature defined for the flow mea-
surement) is excinded.

0, = density of the gas or vapor in the differential pressure instrument, in pounds mass—
per cubic foot. The effect of atmospheric air (usually defined as weight in vacuo
of the fluid sample at the flowing pressure existing at the orifice meter during the
flow measurement and at the temperature existing at the differential pressurc in-
strument during the flow measurement) is excluded.

The density of mercury at ambient temperature T,,,, in degrees Rankine, may be calcu-
lated from the following equation: —

Pre = 846.324[1.0 - 0.000101(T,,, — 519.67)] (3-A-13)
! The density of a gas at ambient tcmperature may be calculated using the following equa-
' tion:
i ML 2,GE
) b= -0 (3-A-14)
! Z RZ T,
: For standard conditions of
' E=F
= 14.73 1bf/in® (abs)
L, =T
= 519.67°R (60°F)
Z, = Z,_,
= (.999590
Then
BZG
p, = 2.69992-L—2— (3-A-15)
f xas,
Where:

G, = real gas relative density {specific gravity).

My, = molar mass of air
= 28.9625 pounds mass per pound-mole.
F; = absolute pressure of a flowing gas, in pounds force per square inch absolute
R = unmiveral gas constant

o

1545.35 (Ibf-ft)/(1bmol-°R).
T, = absolutc temperature of a flowing gas, in degrees Rankine.
Tpae, = Has ambient temperature, in degrees Rankine.
T,,. =.mercury amhient temperature, in degrees Rankine.
Z, = compressibility of a gas at G,, T, and F..
Z,,, = commessibility of air at 519.67°R and 14.73 pounds force per square inch ab-

solute
= 0.999590.
Z, = compressibility of a gas at fiowing conditions (G, T, and F).
Z, = compressibihity of u gas at 519.67°R and 14.73 pounds force per sguare inch ab-
solute.

Tabular data for F,,,. are given tn Table 3-A-2.

Correction for a liquid leg over the mercury canaiso be made if the liquid density 1s sub-
stituted for p, in Equation 3-A-12, If the mercury differential pressure instrument is cali-
brated using a water column or a weight calibrator, the £, and F,, factors are also needed.
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Tabie 3-A-2—Mercury Manometer Factors (Fym)

Real Gas Ambient Static Pressure (pounkds force per square inch gauge)

Relative Temperature

Density CF 0 500 1000 L1500 2000 2500 3000
0.550 0 1.0030 1.0019 1.0006 0.9990 0.9973 0.9960 0.9951 ?
0.600 0 1.0030 1.0018 £.0002 0.9982 0.9962 09949 0.9540
0.650 Q 1L.0030 1.0017 0.9997 0.9971 09950 0.9938 0.9930
0.700 0 1.0030 1.0015 09991 0.9957 0.9937 09926 0.9920
0.750 0 1.0030 1.0014 09984 0.9940 0.9923 09913 0.9910
0550 20 10020 1.0010 0.9997 0.9983 0.9969 0.9956 0.9947
0.600 20 1.6020 1.000% 0.9994 09977 0.9959 0.9946 0.9937
0.630 20 1.0020 1.0008 09990 0.9968 0.9949 0.9936 0.9927
0.700 20 1.002C 1.0007 0.9985 0.9957 0.9936 0.9924 D.9917
0.750 20 1.0020 1.0005 0.9980 0.9944 0.9924 0.9912 0.9907
0.550 40 L.0C10 1.0000 0.9989 0.9977 0.9964 0.9952 0.9942
0.600 40 1.0010 0.9999 09986 0.9972 0.9956 0.9943 0.9933
(.650 40 1.0010 0.9998 09983 09965 0.9947 0.9933 09923
0.700 40 1.0010 0.9997 0.9980 0.9957 0.9936 0.9922 09913
0.750 40 10010 0.9996 0.9975 0.9547 0.9925 0.9912 0.9903
0.550 &0 1.0000 0.9991 0.9980 0.9959 0.9957 0.9044 0.9935
0.600 60 1.0000 (.9990 0.5978 0.9965 0.9951 0.9938 0.9928
0.650 60 1 0600 0.9989 05975 0.9959 0.9943 0.9929 0.9919
0.700 60 1.0000 0.9988 0.9972 0.9953 0.9933 0.9919 0.9909
0.750 60 1.0000 0.9987 0.9968 0.9944 0.9923 0.9909 0.9900
0.550 80 0.9990 0.9981 0.9971 0.9961 0.9950 0.9940 0.9931
0.600 80 0.9990 0.9980 09959 0.9957 0.9945 09933 09923
0.650 80 0.9990 0.9979 0.9967 0.9953 0.9938 0.9925 0.9915
0.700 BO 0.9990 0.9978 0.9964 0.9948 0.9930 0.9916 0.9905
0.750 80 0.9990 0.9917 0.9961 0.9941 0.9921 0.9906 0.9896
0.550 100 0.9980 0.9972 0.9962 0.9953 0.9943 0.9933 0.9925
0.600 100 0.9950 09971 0.9960 0.9949 0.9938 0.9926 0.9917
0.650 100 (1.9980 0.9970 0.9958 0.9945 0.9932 0.991¢% 0.9909
0.700 100 0.0950 0.9969 0.9956 09941 0.9925 0.9912 (.9901
0.750 100 0.9980 0.9968 0.,9953 09935 09917 0.9903 0.9892
0.550 120 [NRASFI4 09962 05953 09944 0.9935 0.9926 0.99018
0.6 120 09970 0.9961 0.9951 0.9941 0.9930 0.9920 0.991!
0.650 120 0.9970 0.9960 0.9949 0.9937 0.9925 0.9914 093504
0.700 120 0.9970 0.9959 0.9947 9933 0.9920 0.9907 0.9896
0.750 120 0.9970 0.9958 0.9945 0.9929 0.9913 0.989% 0.9888

Note: This Labte s for use with mercury-1ype recording gauges that have gas 10 contact with the mercury surface.

A.8 Mercury Manometer instrument Temperatui'e Factor (F,;,)

The factor I}, corrects for the change in mercury density in the mercury differential pres-
sure instrument duc to temperat ire change from the time of instnnment calibration. The
mercury manometer temperature facior is introduced to correct for the error in differential
pressure reading caused by 1 change in mercury temperature and the associated change in
the density of mercury after calibration of the insrument. The factor is defined by the fol-

lowing cquation:
E, = (P (3-A-16)

hgr
g ‘V ph(:
Where-

Prgo = density of the mercury in the differcntial pressure instrument, in pounds mass per
cubic foot, at the mercury gauge operaling conditions. The effect of atmospheric
air (usually defined s the weight 11 vacuo of the mercury sampie at the pressure
for the fiow measurement and the temperature of the mercury gauge) is excluded.

Paxe = density of the mercury in the differential pressure instrument, in pounds mass per

cubic foot. ai the time of its calibration. The cfiect of atmospheric air (usually

| B I
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defined as the weight in vacko of the mercury sample at a pressure of 1 atmos-
phere and the temperature of the mercury gauge) is excluded.

The mercury manometer temyperature factor applics only to mercury-manometer-type
gauges - without internal temperature compensation when such gauges arc used at operating
temperatures different from the temperature of calibration.
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APPENDIX 3-B—FACTORS APPROACH

Introduction

The factors approach can provide answers identical to those developed in this part of
Chapter 14, Section 3. The user is cautioned that when the tables in this appendix aré used,
the values are only precise for the variables stated. For different dimensions or other input
parameters, the true value can only be developed from computaticn.

3-B.2 Symbols, Units, and Terminology
3-B.2.1 GENERAL

Some of the symbols and units listed below are specific to this appendix and were devel-
oped based on the custornary inch-pound system of units. Regular conversion factors can
be used where applicable; however, if SI units are used, the more generic equations in Part
1 should be used for consis.ent results.

3-B.2.2 SYMBOLS AND UNITS

Symbol
Cl
C.(FT)
d

D

Description

Composite orifice flow factor
QOrifice plate coefficient of discharge
Orifice plate bore diameter calculated-at
flowing temperature, T,
Meter tube internal Jiameter caleulated at
flowing temperahwe, 7;
Napierian constant
Velocity of approach factor -
Temperature, in degrees Fahrenheit
Absolute temperatre, in degrees Rankine
Orifice calculation factor
Orifice calculation factor for D < 2.8
Real gas relative density factor
Numeric conversion factor (see Table 3-B-2)
Base pressure factor
Supercompressibility factor
Qrilice slope factor
Base temperature factor
Flowing temperature factor
Real gas relative density (specific gravity)
Orifice differential pressure
Absolute base pressure
Absclute Nlowing pressure (upstream 1ap)
Standard pressure
Pipe Reynolds number
Volume fiow rate per hour at basc conditions
Volume flow rate per hour at standard
conditions of Z,, T, and B,
Abschite base temperatore
Absolute lowing temperature

~ Standard wemperature
Expansion factor
Expansion factor (upstream tap)

29

Units/Value

in

in
271828
°F
°R

inches of water column atL 60°F
Ibf/in? (abs)

1bf/in? (abs)

14.73 1bf/in® (abs)

fti/hr

ft/hr

°R

°R
519.67°R
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Y, Expansion factor (downstream tap} —
Z, Compressibility at base conditions (5}, T;) —
Compressibility at upstream flowing

conditions (Fy, ) —
zZ, Comprcssibility at standard conditions

( r* J‘ -_— —

B Diameter ratio (d/D) —

3~B.3 Equations for Volume Flow Rate of Natural Gas

In the measurement of natural gas, the general practice is to state the flow in cubic feet
per hour at some specified standard or base conditions of pressure and temperature using
the real gas relative density. For the purpose of this appendix, the following standard or base
conditions are assumed:

G,.. = 1.00000 (exactly)
R =5
= 14.73 pounds force per square inch absolute
=1
= 519.67°R
T, = 519.67°R
Z, = Z,

The volumetric flow rate equation, Equation 3-6a, can be expressed in the historically
more familiar format through the inclusion of calculation factors. These factors (ratios) are -
formed to allow the various terms in Equation 3-Ga to be calculated individually.

The factors are derived from combining Equation'3-6a with four numeric ratios, each
having a value of 1.00000 (exactly). These ratios ere 14.73/14.73, 519.67/519.67,
(519.67/519.67)"°, and 1/1. One half of each ratio is combined with £, 1,, T, and G, re-
spectively, (o form the F,, Fy, Fy, and F, factors. The other half of each ratio is combined
with the numeric constant in Equation 3-6a to form the numeric conversion factor, F,,.
Therefore, starting with Equation 3-6a,

EZZ h,
0O, = 218.573C,(FT)E Y,d* L L Sttty (3-6a)
" F, \‘ GZT

Reformatting to incorporatc the factor approach and standard conditions results in the fol-

lowing:
- 218, 573[ 19. 67]1}519 — C,(FT ’(-5—]—35)40.999590
73

i( 519.67 [L (i (B (3-B-1)
) G, \‘:f. ‘

( £ /1\'

Note Vanations in the base compressibthity of dry au, 2, from the value given at 14.73 pounds farce per squarg
wch absolute and 519 67°R (60”F) for bese pressures between 14 4 and 15.025 pounds force per square inch ab-
solute at 519.67°R (60°F), arc within the basic uncertainity statement of the compressibiity data determination.
Therefore, the value 0.999590 can be used 1n the development of the numenc constant for the flow equation

Thws, Equation 3-B-1 can be simnlified to the following form:

Q, = E(E + E)YEEFEFFE,. [Rh, (3-B-2)
Or h
. Q. = CER, (3-B-3)
Where
C' = E(E + LEYYEF,EEE, (3-B-4)
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k)

Where:
C' = composite orifice flow factor, R
CAFT) = cocfficient of discharge for a flange-tapped orifice plate. -

d = orifice plate bore diameter calculated at flowing temperature (7T;), in inches.
E, = velocity of approach factor. ;

E = orifice calculation factor.

F! = orifice calculation factor for D < 2.8,
F,, = real gas rclative density factor,

E, = numeric conversion factor (see Table 3-B-2).
F,, = base pressure factor.
F,. = supercompressihility factor.

F, = arifice slope factor.
F, = base temperature factor.

F; = flowing temperature factor.
G, = real gas relative density (specific gravity).
h, = orifice differential pressure, in inches of water at 60°F.

P, = base pressure, in pounds force per square inch absolute.

f}, = absolute fiowing pressure (upstream tap), in pounds force per square inch

absolute.
Q. = volume flow ratz at standard conditions of Z,, 7,. and P,. in cubic fcct per
hour.

T, = base temperature, in degrees Rankine.

T; = absloute flowing temperature, in degrees Rankine.

Y, = expansion factor (upstream tap),

Z, = compressibility at base conditions (B,, T,).
Z;, = compressibility at upstream flowing conditions (F;,, 7).

The content of the composite orifice flow factor C' is different from what has been used
in the past. The £(F, + F,) product is a replacement for the F, and £, factors previously used
in C’ Because of the form of the new discharge coefficient equation, the numeric constant
(F,) has been separated, and £, and F; are treated us combined additive terms. The composite
orifice flow factor assumes that the measured values are absclute. Adjustment factors to
compensate for the type of instremeniation used, the calibration methods, and the elements
of meter location are treated separately in Appendix 3-A, When the instruments are not cal-
ibrated or read to absolute values, adjustment factors may be applied as a multiplicr to C:

3-B.4 Numeric Conversion Factor (F)

The numeric conversion factor F, (see Table 3-B-2) combines the numeric element of
Equalion 3-B-1 with the orifice diameter (d) and the velocity of approach factor (£,) 1o pro-
vide the following equation:

E (218.573)(1.54761)15\d"}fzh_

138.265E,d°\[Z,_

= 338.265E, DB /7, (3-B-5)
When standard conditions are substituted for base conditions,
P, =F

= 14.73 pounds force per square inch absolute
: =T,

= 519.67°R (60°F)

zb-v = Z‘.r
= 0.599590
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The numeric conversion factor, F,, reduces to the following:

E = 338.196E,d’ (3-B-5a) ...
Or
F = 338.196ED’'f* (3-B-5b)
Where:
d = orifice plate bore diameter calculated at fiowing temperature, T, in inches.
D = meter tube intemnal diameter calculated at flowing temperature, Ty, in inches.
E, = velocity of approach factor
= l/(l - ﬂ‘)ﬂj‘
F, = numeric conversion factor.
f = diameter ratio (d/D).

For the purpose of the tables in this appendix, the numeric conversion factor, £, is
specified at standard cendittons. The velocity of approach factor is more fully described in
3.4.4.

3-B.5 Orifice Calculation Factor (£)

A modification of the basic form of the equation for the orifice plate coefficient of dis-
charge in 3.4.3 resulted in the equation being divided into two parts. The first part is the
oriftce calculation factor (F). The second part is the slope factor (F,). The orifice plate
coefficient of discharge, C,(FT), is the sum of F; (sec Table 3-B-3) and F; (see Table 3-B-4):

GFT} = £ + £ (3-B-6)

The sum of E and F, is applicable to nominal pipe sizes of 2 inches and larger; diameter
ratios (3) of 0.1-0.75, provided the orifice plate bore diameter, d, is greater than 0.45 inch;
and pipe Reynolds numbers (Kep) greater than or equal to 4000. For diameter ratios and
pipe Reynolds numbers outside the limits stated, refer to Part 1, 1.12.4.1, and Part 4.

The orifice catculation factor {F.) for meter tubes whose intemmat diameter is greater than
or equal to 2.8 inches is computed by the following equation:

£ = 0.5961 + 0.029i8° — 0.22908°

r

19.0008 J“] B
Re, JI - B

2 2 Y 19,0008 Y '
- S _— L el bl -B-
0.0!16[0(1_‘0) o.sz[D“_mJ }ﬁ {1 0.14( e J (3-B-7)

1
For meter tubes whose intermal diameter is less than than 2.8 inches, £ is modified by an ad-
ditional term such that

+(0.0433 + 0.07126"% — 0.1145¢"% ){1 - 0.23{

F'= F + 0,003 ~ )28 - D) (3-B-8)
Where:
d = orifice plate bore diameter calculated at flowing temperature, T, in inches.
D = meter tubce inicrnal diameter calcutated at flowing temperature, T, in inches
¢ = Napicrian constant
= 2.71828
£ = orifice calculation factor.
F.! = orifice calcuiation factor for D < 2.4,
Rep = pipe Reynolds number.
f = diameter ratio

d/D.

~1ght b the AMERICAN PETRQLEUM INSTITUTE (AP}}
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Equation 3-B-8 is only valid for tubes whose internal diameter is less than 2.8 inches.

The inclusion of Reynolds numbcr in the calculation term () makes this function three-
dimensional, inciuding 5, D, and Rep. The expression can be simplified by assuming
Reynolds number vaiues for various meter tubes from Table 3-B-1. These assumed values
can introduce an error greater than 0.01 percent for meter tubes with nominal diameters of
less than 3 inches and f ratios greater than 0.6, The most precise values are obtained by
computing the orifice calculation factor (F.) using the actual Reynolds number.

Table 3-B-3 was developed using the approximate values for Rep, from Table 3-B-1.

The assumed values for Reynolds number may not be used to compute the orifice slope
factor (F). The value of F, can only be obtained through iteration.

3-B.6 Slope Factor {F)

The slope factor, F, (see Table 3-B-4), is the slope term from the coefficient of discharge
equation developed in 3.4.3. It is expressed as follows:

07
F = 0.000511(—-—1'000'0005J
Re,
19,0008 " | . L.000,0008 "
+ |0.0210 + 0.0049] ———= | |4 —— (3-B-9)
Re, Re,

Where:

d = orifice plate bore diamneter calculated at flowing temperature, 7, in inches,

D = meter tubc internal diameter calculated at Aowing temperature, T,, in inches,

E, = slope factor for flange-tapped coefficient of discharge equation (sec Table

3-B-4).
Re, = pipe Reynolds number.
B = diameter ratio
= d/D.

Since Rey, is a function of the flow rate (0.}, F, can only be obtained through iteration,
The values of Rep given ir. Table 3-B-1 will not provide precise results but can be used as
the first approxumation in an iterative solution. Typically, three iterations of (0, and Re, are
required to provide an accurate selution for F,.

As covered in 3.4.5, for most natural gases Equation 3-29 can be used to estimate Rep
from @, and D:

Re, = 47.0723 2.6, (3-29}
D
Where:
Q. = volumc flow ratc at standard conditions (Z,, 7,, and £), in cubic feet per hour.
D = meter tube intemal diameter calculated at flowing temperature, T, in inches.
G, = real gas relative density (specific praviry).

Table 3-B-3 was developed using Equation 3-29. Table 3-B-4 provides values for F;
bascd on a normalized pipe Reynolds number (Rep/1,00),000) and diameter ratio (8).1j

3-B.7 Expansion Factor (Y)

The expansion factor, ¥, ‘s a function of 3 ratio, the ratio of differential pressure to static
pressure, and the ratio of specific heats (also called the isentropic exponent, or the ratio of
specific heat capacity). Equations for the determinations of ¥, and ¥; are found in 3.4.6. Tab-
ular values for Y, are found in Tabie 3-B-6.

1y the AMERICAN PETROLEUM INSTITUTE (ARI)
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3-B.8 Pressure Base Factor (F,,)

The pressure base factor, F,, is applied to change the base pressure from 14.73 pounds
force per square inch absolute and is calculated by dividing 14.73 by the required (contract)
absolute base pressure (sce Tabie 3-B-7), Using this factor is equivalent to substituting the
contract absolute base pressure for P, in Equation 3-6a:

14,73
. = 7 . (3-B-10)
Where:
P, = contract absolute base pressure (see Table 3-B-7), in pounds force per square inch

absolute.

3-B.89 Temperature Base Factor (F,)

The temperature base factor, F,, is applied where the base temperature is other than 60°F
and is calculated by dividing the required (contract) base temperature in degrees Rankine
by 519.67°R (see Table 3-B-8). The usc of this factor is equivalent to substiwting the con-
tract absolute basc temperature for 7, in Equation 3-6a:

A

3-B-11
519.67 ¢ )

£, =

Where:
T, = contract absolute base temperarure, in degrees Rankine,

3-B.10 Flowing Temperature Factor (£,

The flowing temperature factor, F, is required to change from the assumed fiowing tcm-
perature of 60°F 10 the actual dowing temperature, T,. F; is calculated by dividing 519.67°R
by the flowing temperature in degrees Rankine and taking the square root of the resuit (see
Table 3-B-9). The use of this factor 1s equivalent to substituting the actual absolute flowing
temperature for Ty in Equation 3-6n:

519.67
T

(3-B-12)

4T
H

Where:

1; = fiowng temperature, in degrees Rankine,

3-B.11 Real Gas Relative Density (Specific Gravity)
Factor (F,,)

‘The real gas relatve density (specific gravity) facior, F,,, is applied to change from a real
gas relative density of 1.0 to the real gas relative density of the flowing gas and is obtained
as shown in Equation 3-B-13 {see Tablc 3-B-10). The use of this factor is equivalent to sub-
stituting the real pas relauve density for &. in Equation 3-6a:

K o= [I (3-B-13)

Where:

G, = rcal gas relative density (cpecific gravity).

Real gas relative density (specific gravity) is defined in 3.5.4.3.

3wr1gnt by the AMERICAN PETROLEUM INSTITUTE (API)
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3-B.12 Supercompressibility Factor (F,,
The supercompressibility factor, F,,, may be calculated from the following equation:

F = |% o  (3-B-14)

Where:

Z, = pas compressibility at base conditions (P, T,,).

Z, = pas compressibility at upstream flowing conditions (B, 7).

The development of compressibility and supercompressibility is covered in 3.5.3.2 and
31.5.3.3.

Historically, the natural gas industry has used a tabular approach to compressibility for
field applications where there is no ready access to a computer. Table 3-B-11 has been in-
cluded es a typical supercompressibility factor (F,,) table, It is only applicable to a hydro-
carbon gas with a specific gravity of 0.6 and no nitrogen or carbon dioxide. The table is
provided as an exampie only and may not be interpolated; nejther may values from the table
be adjusted for diluent content. Itis typical of the tables that can be developed for the user’s
specific application (gas quality, temperature range, and pressure range). The alternative is
the direct calculation of K, for the specific measurement conditions using A.G.A. Transmis-
sion Measurement Committee Report No. 8.

3-B.13 Tables

The values of all the factors of C” as defined in Equation 3-B-4 are obtained from Equa-
tions 3-B-5 through 3-B-14. Tabular data are included in this appendix as alternative means
of determining all factor values except for F,. values. The tables can also be used 1o check
calculated values. The tables are oniy precise for the vatues listed.

Table 3-B-1— Assumed Reynolds Numbers for
Various Meter Tube Sizes

Nominal Tube Assumed

Diameler Reynolds
{*nches) Number, Rep

2 500.000

3 750,000

4 1,000,000

6 1,500,000

8 2,000,000

w 2,500,000

12 3,000,000

16 4,000,000

20 5,000,000

2 & 000.000

an B.ON0,000

y the AMERICAN PETROLEUM INSTITUTE (API)
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Table 3-B-2—Numeric Conversion Factor (F,)
F - 338.1960°8°
7 5
Nominal Pipe Diameter
2 Inches 3 Inches 4 Inches
B

Ratio 1.687 1939 2.067 2.300 2624 2900 3063 3.152 3438 3.826 4026
0.200 38.531 50.902 57.844 71.620 93.219 113.86 127.43 134,51 160.03 198.18 219.44
0.220 46.639 61.614 70.017 86.692 112.84 177,82 154.25 16282 193,70 239.89 265.63
0240 55.532 73.362 83.367 103.22 134.35 164.10 183,66 193.85 230,63 285.63 316.27
0260 65.214 86,152 97.902 121.22 157.77 192.71 215.66 27.66 270.85 335.43 371.41
0.280 75.693 99995  113.63 14070 183.13 3,68 250.34 264.24 314.37 380,33 431,09
0.300 86978 11490 130.57 161 67 21043 25102 287.67 303.63 361.23 447,37 495.36
0.320 99.080  130.89 148.74 184.17 239.71 297 327.69 345.88 411.50 509.62 564.29
0.340 112.02 147.98 168.16 208.21 271.00 331.01 370.47 391.04 465.22 576.15 637.96
0360  125.80 166.19 188.86 23383 304,35 37175 416,07 433.16 522.47 647.06 716.47
0.380 14046 185.55 210.86 261.08 339.81 415.06 464.54 490,32 583,34 T22.44 799.94
0400  156.01 206.10 234.21 289.99 377.44 461.02 515.98 544,62 647.94 80244 888,52
0420 17249 227.87 258.95 320.62 41731 509.72 570.48 602.15 716.38 887.20 982,38
0440  189.93 250,91 285,13 353.04 45951 561.26 62817 663.04 788.83 97652  1,081.7
0460 20838 275.29 312.83 38734 504 15 61578 689.20 72145 86545 10718 1,186.8
0.480 22789 301.06 342,12 423.60 55134 673.43 75371 795.55 94647 11722 1,297.9
0.500 24852 328.31 373.08 461.93 601.24 734,38 821.93 86755 10321 1,.278.2 14154
0520 27033 357.12 405.83 502.48 654.02 798.84 894.07 94370 11227 1,390.4 1.539.6
0540 29342 387.62 440 .49 545.39 70987 867.06 970 43 1,0243 1.218.6 1,509.2 1,671.1
0560  317.87 419.93 477.21 590.85 769.05 93933 1,051.3 1,109.7 13202 1,635.0 1,810.4
0.580  343.82 454.21 516.16 639.09 831.82 10160 1,137.1 12003 1.428.0 1,768.5 1,958.2
0.600  371.40 490,64 557.56 690,35 898.54 1.097.5 12284 1,296.5 1,542.5 1,910.3 2.115.2
0.620  400.78 529.45 601.66 744 95 9692.62 1,1843 1,325.5 1,399.1 1.664.5 2.061.4 2.282.5
0.640 43215 570.90 648.77 803.27 1,0455 1,277.0 1,429.3 1,508.6 17948 2,222.8 2,461.2
0.660  465.78 615.32 699.24 86577 1,1269 1.376.4 1,540.5 1,626.0 1,934.5 2,395.7 2,652.7
0.680 50194 663.10 753.54 932 99 12144 14833 1,660.1 1,7522 20847 2,581.7 2,858.7
0700 541.02 714.73 812.21 1.005.6 13089 15988 1:789.4 t.888.7 2.247.0 27828 3,081.7
0720 58348 770.82° 87595 1.084.6 14116 1,722 1929.8 20369 24233 3,001.1 3.323.1
0740 62950 832.14 945.67 11708 15239 18614 2,083.3 2,1989 2.616.1 3.239.6 3.587.5

Note: This table was deveioped for informational purpeses only and is specific to the following conditons: Ty = 68°F; G, = 0.6; 1 = 0.000069: k = 1. 3: P,
= 1473 8and T, = 519.67°R.
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ar
Table 3-B-2—(Continued)
F o B8l -
Jl - p
Nominal Pipe Dismeter
6 Inches 8 Inches 10 Inches 12 Inches

Rﬁio 4.897 5.187 35.761 6.065 7625 7981 8.071 9.562 10.020 10.036 11.374 11.938 12090
0.200 324.67 364.26 449.34 498.01 787.15 86236 B8192 2379 13593 13636 17515 19295 19789
0220 39299  440.92 54390 60282 95280 11,0438 1,067.5 14984 16454 16506 212001 23355 23954
0.240 467.92 52498 647.60 71775 1,145 1,242.9 12711 1,784.1  1959.1 19653 25243 27808 2.852.1
0.260 549.50 616.51 160.51 B42.89 13313 1,459.6 14927 20951 23006 2308.0 29644 32657 33494
0.280 637.80 715.58 882.71 978.33 1,546.3 1,6594.1 1,7325 24318 26703 2,678.8 34407 13,7904 38876
0300 T32.89 $22.26 10143 1,124.2 1,776.9 1,946.7 1,950.8 27943 30684 3,078.2 39537 43555 44611
D320 834.R7 936.68 11,1555 1,280.6 2,024.1 2,217.5 22678 318337 34954 315065 4,503.8 49616 50887
0.340 94186 1,050.0 13063 14478 2,288.4 25070 2.561.9 35987 139517 19643 35.091.E 56093 57511
0360 1,060.0 1,185.3 1,467.1 1,626.0 2,570.0 2,815.6 23794 40416 44380 44522 57184 62996 64611
0.380 11,1835 1,327.8 1,6380 11,8154 2,869.4 3,143.6 32149 45124 49550 49709 63847 70336 72138
0400 13146 14749 1,8193 21,0164 31801 3,491.7 35709 50121 55037 55213 70916 78124 80126
0420 14534 1,630.7 20115 22294 3523.8 3,360.5 3.948.1 55415 60851 61045 78408 86376 B8,850.0
0440 11,6004 1,795.6 2,2150 24549 3.880.2 4,250.9 43473 6,1019 67005 69219 86337 95111 97549
0450 1.755.9 19700 24301 26934 42:7.1 4,663.9 4.769.6 66947 73513 73748 94724 104350 10,7025
0480 19202 21544 2.657.6 29455 4,655.6 5.100.5 52162 73214 80395 80652 10359.1 114119 11,7044
0500 20040 23494 2,898 3.212.1 5,076.9 55621 5,6882 79840 B7672 8,795.2 11,2966 1244438 12.763.7
0520 22178 25556  3,1525 34940 55226 6,050.3 6.187.5 8,6848 95367 9.567.2 12,2882 13.537.1 13,8840
0540 24724 27739 34218 37924 59942 6,567.0 67160 94265 103511 10384.2 13,337.6 14,6932 150697
0.560 26785  3,005.1 3,707.0  4,1085 64939 71144 72758 102123 112140 11,2498 14,4494 159180 163259 |
0.580 2.897.1 3.2504 40096 44439 T.024.0 7.6952 7.869.7 11,459 12,1294 121681 156289 17,2173 17,6586
0.600 3,1295 351101 43312 48004 75874 83124 85009 11,9319 13,1023 13,1442 16,8825 18,5984 190750
0.620 3,377.0 3,788.8 4,673.8 51800 8,1875 8,969.9 29,1733 128757 14,1386 14,1838 182179 200694 205817
0.640 3.6414 4.085.4 50397 55856 8.828.5 96721 98915 13,B83.7 152455 152943 19,6442 216407 22,1952
0650 39247 44033 54318 60202 95154 10,4246 106561.1 14,9639 164317 164842 21,1725 233243 239221
0680 42294 47452 53535 64874 102542 11,2343 11,4889 16,1258 17,7076 17,7642 22,8165 25,1354 25,7796
0700 45588 51147 63093 69927 11,0526 12,10BB 123834 17,3814 190863 19,1473 24,5931 27,0925 27,7868
0720 49165 5516.1 6.804.4 7.541.5 119200 13.059.1 133552 18.7454 20.584.1 20,6499 26,523.0 292186 299674
0740 53076 59549 73458 B,l415 12,8683 140979 144177 20,2366 12.221.7 22,2927 28,6330 315431 323514

Note: This table was developed for informational purposes only and is specific to the following conditions: T, = 68°F; G, = 0.6; 2 = 0.00006% k = 13, P,

= 14,73, and T, = 519.67°R.

[l
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Table 3-B-2—(Continued)

- 338.196D°8° —-
1-p
Nominal Pipe Diameter

16 Inches 20 Inches 24 Inches 30 Inches

8
Ratio 14.688 15.000 15.250 18812 19.000 19.250 22,624 23.600 23250 28.750 29.000 29.250

0.200 29208 3,462 3.1486 47912 48875 50169 6,920.7 7.162.0 73185 11,1906 11,3860  11,583.2
0.220 3,535.5 36873 3811.2 57995 59160 60727 §,388.1 8,669.2 8,858.7 13,5456 13,7822 14,0209
0.240 4,209.6 43903  4,537.% 62052  7.044.0 7,230.6 99874 103221 ° 105477 16,1283 164100 16,694.2
0.260 4,943.5  5,1558  5,329.0 B,1052  B8272! 8,491.2 11,7287 121218 123867 18940.2 192711  19.604.8
0.280 57378 59842 61853 94122 96013 98556 13,6133 140695 143770 219836 223676 22,7549
0.300 6.593.3 68764 77,1075 108155 FLU32ZE 11,3250 15,6429 16,187.1 165205 232611 25,1024 26,1474
0320 75107 78332 80965 123205 125680 129009 17,8195 184168 188193 2877162 29,2788 19,7858
0.340 84913 88559 9,153.5 13,9289 142087 14585.1 20,1459 20821.1 212762 325330 3L101.2 33,6744
0.360 9.536.2  9,9457 10,2800 15,6431 159573 16380.0  22,625.1 23,3834 238945 365365 37,1747 37,8184
0380  10.647.2 11,1044 114776 174655 178163 182883 252610 26,1076 266783 40,7931 41,5057 42,2244
0400 11,8262 12,3340 12,7485 19,3995 19789.2 20,3133 28,058.1 289985 29,6323 453102 46,1016 46,8999
0420 13,0755 13,6369 14,0952 214487 218796 224591 31,0220 32,0618 32,7625 50,096.5 50,9715  51,854.1
0.440 14,3978 15,0159 155206 236178 24,0922 24,7304 34,1592 - 35304.1 36,0757 55,1626  56,126.2 57,0980
0.460 15,7963 164746 17,0263 259120 264325 27,1327 374775 387335  39,580.1 60,521.1 61,5783 62,6445
0430  17,275.1 18,0168 18,6224 283378 289070 296727 40,9859 423595 432854 60,1868 67,3428  68,508.9
0500 18,838.6 19,6474 20,3078 309025 31,5232 323582 446953 46,1933 47,2029 72177.0 734377 74.709.3
0520 204922 21,3720 22,0803 33,6150 24,2902 351985 48,6185 50,248.0 51,3462 785124  79.BB3.8 81,2670
0540 22,2421 23,1972 23,9769 354857 372186 382045 33,7706 545392  55,731.2 B5217.5 86,7059  13.207.3
0.560 24,0963 25,1308 259755 395271 403210 41.389.1 57.169.3 590854  60,376.8 923209 939335 955600
0.580 26,0632 27,1823 280959 42,7536 436124 447677 61,8361 639085 653054 99,857.1 101,601.3 103,360.6
0.600 28,1538 29,3626 30,349.5 46,1829 471i06 483585 66,7960 690347 70,5436 1078667 1097508 (11,6512
0.620 30,3807 316850 32,750.0 498358 508369 521835 T20793 744951 761233 1163985 118,431.6 1204824
0.640 32,7591 34,1657 353140 53,7375 548169 562689 71,724 803273  82,083.0 1255113 127,703.6 12991249
€560 353079 368238 380615 579183 590817 60,6468 83.760.3 865768 88,4692 1352763 137,639.2 140,0225
06RO 38,0405 306831 41,0169 624156 636624 653559. 00,2739 932995 95,338.7 1457804 1483268 150,895.1
G700 41,0121 42,7729 442106 672754 686268 T04446 973027 1005639 1027619 I15T13!1.0 1598756 162,644.0
0,720 442305 46,1296 476800 725549 740124 759729 149387 1084558 1108263 1694621 1724221 1754077
0740 477492 4075993 514732 783269 799003 820168 113.287.0 117,083.8 119.642.9 1829434 186,138.9 1893620

Note: This table was developed for infermational purposes only and is specific 10 the following conditions: 7, = 68°F; G, = Q.6 it = 0.000069: %k = 1.3; P,
= 1473 and 7, = S519.67°R.
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Table 3-B-3— Oritice Calculation Factor: ;2 From Equations in 3-B.5

Nominal Pipe Diameter
2 Inches (Rep = 500.000) 3inches (Rep, = 750,000 4 Inches (Rep = 1.000,000)
A
Ratio 1.687 1.939 2.067 2.300 2.624 2.900 3.068 3.152 3438 3.826 4.026

0.200 0.5987% 059828 0.59801 059752 0.59683 0.59646 0.59649 0.59651 0.59655 059661 059663
0220 059884 0.59836 0.59810 0.59763 0.59657 0.59662 0.59665 0.59667 0.59672 0.59678 0.59681
0.240 0.59892 0.59846 0.59822 0597717 0.59713 059680 0.59684 059686 0.59691 059698 059701
0.250 059903 0.59860 0.59837 059794 0.59733 0.59701 0.59705 059707 059713 059720 035783
0.280 0.59918 0.59876 0.59855 0.59814 0.59755 059725 0.59730 0.59732 0.59718 0.59745 059749
0 300 0.59935 0.598%6 0.59875 0.59536 0.59780 0.59752 0.59757 059759 0.59766 039773 0397717
0.320 0.59956 0.59919 0.59899 059:162 0.59309 0.59782 059787 0.59789 0.59796 059804 0.59808
0340 0.59980 059945 0.59927 059392 0.59841 059815 0.59820 05981 059830 0.59839 0.59842
0356 0.60009 0.59976 0.59959 0.59325 059877 059852 059857 Q59360 0.59867 059876 0.59880
0.380 0.60041 0.60011 059994 059962 0.59916 0.59893 0.59898 0.59900 0.59908 059917 0.59920
0400 0.60079 0.60050 0.60034 0.60004 1.59959 0.59937 059943 0.59945 0.59952 0.5996] 0.59965
0.42¢ 0.60121 0.60093 0.60078 0.50050 0.60007 0.59986 0.59991 0.59993 0.60001 0.60009 0.60012
0440 0.60168 0.60142 0.60128 0.60100 0.60059 0.60039 0.60044 0.60046 0.60053 0.60061 0.60064
0.460 060221 0.60196 0.60182 0.60156 0.60116 0.60097 0.60101 0.60103 0.60110 0.60117 0.60120
0 410 0 60281 0.60256 060243 060217 0.60179 0.60159 060163 0.60165 0.60171 060177 0.60180
0.500 0.60347 0.60323 0.60309 0.50284 0.60246 0.60227 0.60231 0.60232 0.60237 0.60242 0.60244
0.520 0.60420 0.60396 0.60383 0.60358 0.60320 0.60301 0.60303 0.60305 0.60308 0.60312 0.66313
0.540 060502 0.60477 0.60463 0.00438 0.60400 0.60380 0.60382 0.60383 0.60385 0.60386 0.60387
0.560 0.60592 0.60566 0.60552 0.60526 0.60488 0.60466 0.60467 0.60467 0.60467 0.60467 0.60466
0.58C 0.60693 0.60664 0.60650 0.60023 0.60583 0.60560 0.6055% 0.60559 0.60556 0.60553 0.60551
0.600 0 60805 0.60773 0.60757 0.60729 0.60686 0.60661 (y 60658 0.60657 0.60652 0.50645 0.60641
0.620 0.60929 0.60894 0.60876 0.60845 0.60800 0.60772 0.60767 0.60764 0.60756 0.60744 0.60739
0.640 0.61069 0.61028 0.61008 0.60974 0.50924 0.60892 0.60884 0608381 (1L.6NRGR 0.60852 0.60844
0.660 0.6(226 061178 0.61155 061116 0.61060 061024 0.61013 0.61008 0.60990 0.60968 0.60957
0.680 0.61404 0.61347 0.64320 061275 0.61212 0.61169 0.61154 0.61147 0.61123 061093 0.61079
0.700 0.61608 0.61538 0.61506 U.61454 0.61380 0.61330 0.61310 0.61302 0.61270 0.6123) 0.61213 ¥
1 0.720 061842 061758 0.6171% 0.61657 0.61571 0.61511 0.61485 0.61474 0.61433 0.61384 0.61360
0.740 062117 0.62012 0.61965 0.61890 0.61788 0.61716 061683 0.61668 0.61617 0.61554 0.61524

Nore' Assumed values of Re are used 10 this table Tlise may induce an error greater than 0 01 percent for Iine sizes less than 4 inches with £ ratios greater
than 0 60. This table was developed for informanional purposes only end 19 specific 1o the following condinons: T, = 68°F: G, = 0.6;: 4 = 0.000069: k = 1.3;
Py = 1473 and T, = 519.67°R

by the AMERICAN PETROLEUM INSTITUTE (API)
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Table 3-B-3— Continued

Nominal Pipe Dizmeter

6 Inches (Rep = 1,300,000 8 Inches (Rep = 2,000,000 10 Inches (Rep = 2,500.000) 12 Inches (Rep = 3,000,000)

B
Ratio  4.857 5.187 5.761 6.065 7.625 7.981 8.071 9562 10020 10.036 1.374 11.938 12.090

0200 0.59672 0.59674 059679 059680 0.59688 059689 059690 0359695 05969 0359696 0359699 0.59700 0359700
0220 059090 0.59653 059698 0.59700 0.59708 059710 059710 059715 059717 059717 059720 059721 05972
0.240 059711 059714 059719 059721 .059731 059732 059733 059738 059740 0.59740 (.5974¢ 059745 0.59745
0.260 059735 059738 0.59743 059746 059756 059757 (59758 059764 0.59766 059766 0.59770 059771 0.59771
0.280 0.59761 059764 039770 059772 059743 059785 059785 059792 Q59794 0.5979%4  (.59798  0.59790 0.59800
Q.300 059790 059793 0.5979% 0.59802 0.59813 (59815 059815 059822 059824 0.59824 0.598279 0.59830 0.59831
0,320 0.59821 0.59825 0.59831 059834 0359845 059347 059348 039835 0359857 (0.59857 (0.59862 0359864 0.59864
0.340 0.59856 (0.56859 059866 059869 0.59880 059883 0.59883 059891 059393 0.59893 0.59897 0.59899 0.59900
0360 0.59893 0.59897 059903 05990¢ 0.59916 059921 05992F 059920 059931 059931 0.59936 0.59977 0.59938
0380 0.59934 059938 059944 059947 0.59959 059961 059962 059960 059971 0.5997! 059976 0.59978 0.59979
0400 059978 0.59982 0.59988 059991 0.60002 0.60005 0.60005 060013 060015 060015 0.60020 0.6002]1 0.60022
0420 0.60025 0.60029 060035 0.60037 0.60049 0.6005] 060051 060058 0.50060 0.60060 0.60065 0.60067 0.60068
0.440 0.60076 0.60079 0.60085 0.60087 0.60098 0.60100 0.60100 060107 060109 0.60109 060114 060115 0.60116
0460 0.60131 060133 060138 0.60141 0.60150 060152 0.60152 060158 0.60160 0.60160 0.60164 0.60166 0.60167
0480 0.6018¢ 0.60191 060195 060197 060205 060207 060207 060212 060214 0.60214 0.60218 0.60219 0.60220
4.500 0.60251 0.60253 0.60256 060257 060263 060264 0.60265 0.60269 0.60270 0.60270 0.60274 0.60275 0.60275
0.520 0.60317 0.60318 060320 060321 0.60324 060325 0.60125 060328 060329 0.60329 0.60332 0.60333 0.60333
0.540 0.60388 0.60388 0.60388 0.60388 0.60789 0.60389 0.650389 0.60390 060391 0.6039F 0.60392 060393 0.60393
0.560 0.60463 0.60462 060460 0.60459 0.60456 0.60456 0.60456 0.60455 0.60455 0.60455 0.60455 0.60456 0.60456
0.580 0.60543 0.60540 0.60336 0.6053¢ 0.60527 0.60525 0.60525 060522 050321 0.60521 0.60520 0.60520 0.60520
0.600 0.60627 060623 060516 060613 0.60500 060598 0.60598 0.60591 0.50590 0.60590 060587 0.60587 0.60386
0620 06071R 060712 060701 060696  0.60677 0.60674 0.60673 060661 0.60661 0.60661 060656 0.60655 0.60654
0.640 0.60814 0.60805 ©0.60791 0.60784 060757 0.60753 0.60752 0.60737 0.60734 0.60734 0.60727 0.60724 0.60724
0.660 060017 060005 060885 060876 (060841 060835 0.60833 060814 0.60809 0.60809 0.60799 0.60795 (.60794
0.680 0.61027 0.61012 0.60986 0.6097¢ 0.60928 0.50920 0.60918 0.60892 0.60886 0.60886 0.60872 0.60867 0.60866
0700 0.61146 061127 061094 061078 061019 061009 0.61006 060973 0.60965 0.60965 0.60947 0.60940 0.60939
0720 0461275 061251 061209 061190 061115 061102 061098 061056 0.61046 0.61046 0.61022 061014 0.61012
0740  0.61417 061387 061334 061310 061216 061199 0.6119% 0.61143  0.61130 (61129  0.61099 0.61089 0.61086

Note: Assumed vatues of Rep, are used n this table. These may induce an error greater than 0.0 perceat for hine gizes iess than 4 inches with 8 ratios greater
than (.60, Thus 1able wos developed for informationat purposes oaly and s specific o the following conditions: T, = 68°F, G, = 0.6, 4 = 0.00006% &k = 1.3;
Py = 1473;and T, = 519.67°R.

vright by the AMERICAN PETACQLEUM INSTITUTE (API)
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Table 3-B-3—Continued

Nominal Pipe Diameter

16 Inches (Re, = 4.000,000) 20 inchns (Re, = 5,000,000) 24 Inches (Rep, = 6,000,000) 30 Inches (Re, = 8.000,000)
8 -
Ratio 14.688 15.000 15250 13812 19.000 19.250 22.624 23.000 23,250 “28.1'50 29.000 29250

0200 059704 059705 059705 059708 059709 059709 Q.59711 059711 059711 055714 059714 059714
0220 059726 059726 059727 059731 059731 059731 059734 059734 059734 0.59737  0.59737 0.59737
0240 059750  0.59751 059751 059755 059756 059756 0.59759 059759 059759 059762 059762 (0.59762
0260 059777 059777 055778 059782 0.59782 059783 059786 (059786 059786 059790  0.397%0  0.59790
0280 0.59805 0.59806 059806  (.59812 0359812 059812  0.59815 059816 059816 059820 059820  0.59820
0300 0.59837 059837 059838 059843 059343 059844 059847 059848 059848  0.59852 059852 0.59852
0320 059870 059871  0.59871 0.59877 0.59877 059878 059881  0.59882 059882 059886 059886  0.59887
0340 059906 059907 0.5%307 059913 059914 059914 059918 059918 059919 059923 059923 05992
0360 059945 059945 059946 059952 059952 039953 0.59957 059957 059958 059962 0359962 059963
0380 059986  0.59986 (0.59987 059993 0.59993 059994  (.59998 059998  0.59999  0.60004 0.60004  0.60004
0400 060029 0.60029 060030 0.60036 0.60037 0.60037 0.60041 0.60042 0.60042 0.60047 0.60047  0.60048
0420 060074 0.60075 0.60076 060082 060082 060083 0.60087 060038 0.60088 060093 0.60093  0.60093
0440 060122 060123 060124 0601320 060130 0.60131 0.60135 060136 060136 060141 0.60141  0.60141
0460 060173 060174 0.60174  0.60180 0.60181 0.6018] 0.60185 060186 0.60i86 0.60191 0.60191 0.60192
0480 060226 060226 0.60227 0.60233 0.60233 060233 060237 060238 060238  0.60243  0.60243  0.60244
0500 0.6028! 0.60281 0.60282 0.60287 O0.60287 060288  0.60292 060292 050292 0.60297 0.60297 0.60298
0520 0.6033%8 0.60338  0.60338 0.60343 0.60344 060344 0.60348 0.60348 050348 060353 0.60353  0.60353
0.540  0.60397 0.60397 060397 0.60402 0.60402 060402  0.60405 0.60406  0.60406 0.60410 060410  0.60411
0560 0.60458 0.60458 O0.60458 060461 060461 0.60M62  0.60465 0.60465  0.60465 0.60469 0.60469  0.60469
0.580 0.60520 0.60521  0.60521 0.60523  0.60523 0.60523 0.60525 0.60525 060525 0.60529 0.60529  0.60529
0600 060585 0.60585 0.60585 .0.60585 0.60585 0.60585 0.60586 0.60587  0.60587 0.60589  0.60589  0.60590
0.620 0.60650  0.50650  0.60650  0.60648  0.60648  0.60648  0.60648 060649 0.60649  0.60650  0.60650  0.60650
0640 0.60717 0.60716 060716 0.60712 0.60712 060712 €.60711 060711  0.60711 0.60711 0.607i1  0.60711
0660 0.60784 0.60783 0.60782 060776 060776 060775 0.60773 060773 0.60773 060772 0.60772 0.60772
0680 0.60851 0.60850 0.60849  0.60839 0.60839 0.60838  0.60834 060834  (0.60834 060831 060831  0.60831
0700 0.60919 0.60917 060916 060902 0.60901 0.60901 060894  0.60894  0.50892 060889 0.60BR®  0.60888

0720 0.60986  0.60984  0.60982  (.60963 0.60963 0.60%62  0.60952 0.60952 0.60951 060944 0.60944  0.60043 - .

0740 061053  0.61049 061047 061023 Q.6102  0.61021 0.61008  0.61007 0.61006 0.60996  0.60996  0.60995 . |

Note: Assumed values of Rep are used in thus 1able. These may induce an emmor gn:mr than 0.01 percent foc line sizes less than 4 inches with Sratios greater
than 0.60. This table was developed for informational purposes only and is specific 1o the following conditions: T, = 68°F; G, = 0.6; 1 = 0.00006%; &k = 1.3;
fy = 1473 and T, = 519.67°R.

y the AMERICAN PETROLEUM INSTITUTE (AP])
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Table 3-B-4— Orifice Slope Factor: £, From Equations in 3-B.6

Rep/ 106

3 Ratic

0.20

, 022

024 0.26 0.28 0.30 032 034 0.36 038 0.40

0.42

0.44

0.46

0.020
0.030
0.040
0.050

0.060
0.070
0.080
0090
0.100

0.150
0.200
0.250
0.300
0.250

0.400
0.450
0.500
0.600
0.700

0.800
0.500
1.000
1.500
2.000

2.500
3.000
3.500
4.000
4.500

5.000
5.500
6,000
6.500
7.000

7.500
§.000
8.500
0.000
0.500

10.000
12.000
15.000
18 000
21.000

24.000
27.000
30.000

0.00270
0.00205
0.00168
0.00143

0.00128
0.00115
0.00105
0.00097
0.00091

0.00069
0.00057
0.00049
0.00044
0.0003%

0.00036
0.00033
0.00031
0.00028
0.00025

0.00623
0.00021
0.00020
0.00013
0.00013

0.0001)
0.00010
0.0000¢
0.00008
0.00008

0.00007
0.00007
0.00007
0.00006
0.00006

0.00006
0.00003
0.00005
0.00005
0.00005

0.00005
0.00004
0.00004
0.00003
0 00003

0.00003
0.00003
(1.00003

0.00254
0.00224
0.00184
0.00159

0.00140
0.00127
0.00116
0.00107
0.00100

0.00076
0.00063
0.00055
0.0004%
0.00034

0.00040
0.00038
0.00033
0.00031
0.00028

0.00026
0.00024
0.00023
0.00018
0.00015

0.00013
0.00012
0.00011
0.00010
0.00009

0.00009
1.00008
0.00u08
0.00007
0.00007

0.00007
0.00067
0.00006
0 00N06
0.00006

0.00006
0.00005
0.00003
0.00004
0.00004

0.00004
0.00003
0.0i003

0.00320 0.00348 000379 0.00413 0.0045) 0.00492 000539 000591 0.00650
0.00244 0.00266 000291 000318 0.00348 0.00382 0.00420 0.00453 0.00511
0.00201 000220 (.00241 0.00264 0.00291 0.00320 0.00353 0.00390 0.00432
0.00174 0.001%0 000209 000230 000253 000279 000309 0.00342 0.00380

0.00154 0.00169 000186 000205 0.00226 0.00250 0.00277 0.00308 0.00343
0.00139 000153 000169 C.C0186 000206 0.00228 '0.00254 0.00282 000315
0.00128 000140 0.00155 €.0017t 0.00(90 0.00211 0.00235 000262 {.00292
0.00118 000130 000144 0.00159 000177 0.00197 000219 Q00245 0.00274
0.00110 000122 000135 000149 0.00166 0.00185 000206 0.00231 0.00259

0.00085 0.00094 000105 0.00117 000130 000146 0.00164 0.00185 0.00208
0.00070 0.00078 0.00088 000098 0.0C110 0.00124 000140 000158 0.00179
0.00061 0.00668 0.00077 0.00086 000097 0.00110 000124 000141 0.0016D
0.00054 0.00061 0.00069 0.00077 (.00087 0.00099 000112 0.00128 0.00145
0.00049 0.00055 0.00063 000071 0.00080 000091 0.00104 0.00118 0.00135

0,00045 0.00051 0.00058 0.00065 000074 0.00085 0.00097 000110 0.00126
0.00042 0.00048 0.00054 0.0006]1 0.0007C 0.0007% 0.00091 0.00104 0©.00119
0.00039 0.00045 000051 0.00058 0.00066 0.00075 000086 0.00098 0.00113
0.00035 0.00040 0.00045 0.00052 0.00039 0.00068 0.00078 0.000%0 0.00103
0.00032 0.00036 000042 0.00048 000055 0.00063 0.00072 0.00083 0.00095

0.00030 0.00034 0.00039 000044 0.0005! 0.00059 000068 0.00078 000090

0.00028 0.00031 0.00036 0.00041 000048 0.00055 0.00064 000074 0.00085.

0.00026 0.00030 0.00034 0.00039 0.00045 0.00052 0.00060 §.0007¢ 0.00081
0.00020 0.00023 0.00027 0.0003] 0.00036 0.00043 0.00050 0.00058 0.00067
0.00017 000020 000023 0.00027 0.00031 0.00037 0.00043 0.00050 0.00059

0.00015 0.00017 0.00020 00024 000028 0.00033 0.00039 0.00046 0.00053
0.00013 0.00016 0.00019 0,00022 000026 0.00030 0.00036 0.00042 0.00049
0.00012 0.006i4 000017 0.00020 0.00024 0.00028 0.00032 0.00039 0.00046
0.00011 000013 000016 0.00019 000022 0.00026 0.00031 0.00037 0.00043
0.00011 0.00013 000015 Q00018 000021 0.00025 0.00030 0.00035 000041

0.600i16 0.00012 000014 000017 000020 0.00024 0.00028 0.00033 0.00039
0.00010 0.00011 000013 0.00016 000019 0.00023 0.00027 000032 000038
000000 0.00011 0.00013 0.000:5 000018 000022 0.00026 0.00031 0.00036
0.00009 0.00010 0.00012 ©.00015 .U.00018 0.00021 0.00025 0.00030 0.00035
000008 Q.00010 0.00012 0.00014 000017 000020 0.00024 000029 0.00034

0.00008 0.000L0 0.0001T Q.00014 0.00017 0.060020 0.00024 0.00028 0.00033
000008 0.00009 0.000I1 0.00013 00Q00I6 000019 0.00023 0.00027 0.00032
0.00008 0.00009 0.00011 0.00013 000016 000019 C.00022 0.00027 (.00031
000007 0.60009 0.00010 0.00013 000015 000018 0.00022 0.00026 0.00031
0.00007 0.00008 0.00010 0.00012 0000M3F 000018 000021 0.00025 0.00030

0.00007 000008 0.00010 0.00012 000014 000017 0.00021 000025 0.00029
000006 000008 C.00009 0.00011 000013 000016 0.00019 0.00023 0.00027
0.00006 0.00007 0.00008 0.0001C¢ 0.00012 000014 000017 0.00021 0.00025
0.00005 0.00006 0.00007 0.00009 0.000!11 000013 000016 0.00019 0.00023
0.00005 0.00006 0.00007 0.00008 0.00010 000013 0.000I5 0.000i8 0.00022

0.00004 000005 0.00007 0.00008 .U0010 000012 0.00014 0.00017 0.00021
0.0000< 000005 0.00006 0.00008 0.00009 000011 0©.000i4 000016 0.00020
0.00004 000005 0.00006 000007 0.00009 000011 O©.00013 0.00016 0.00019

0.00716
0.00565
0.00480
0.00423

(.00383
0.00352
0.00327
0.00307
0.00290

0.00235
0.00203
0.00181
0.00166
0.00153

0.00144
0.00136
0.00129
0.00119
0.00110

0.00104
0.00098
0.00094
0.00078
0.00065

0.000562
0.00057
0.00054
0.00051
0.00048

0.00046
0.00044
0.00043
0.00041
0.00040

0.0003%
0.00038
G.00037
000036
0.00035

0.00035
0032
000030
000027
0 ouu26

0.00025
0.06023
0.00022

0.00790
0.00626
0.00533
0.00471

0.00427
0.00393
0.00366
0.00344
0.00326

0.00265
0.00230
0.00206
0.00188
0.00175

0.00164
0.00155
0.00143
0.00136
0.00127

0.00119
0.00113
0.00108
0.0009¢
0.00080

0.00072
0.00067
0.00063
0.00059
0.00057

0.00054
0.00052
0.00050
0.00049
0.00047

0.00046
0.00045
0.00044
0.00043
0.00042

0.00041
0.00038
0.00035
0.00032
0.00031

0.0002%
0.00028
0.00027

0.00873
0.00654
0.00593
0.00525

0.00477
0.00440
0.00410
0.00386
0.00366

0.00299
0.00260
0.00233
000214

- 0.00199

0.00187
000177
0.00169
0.00156
0.00145

000137
0.00130
0.00124
0.00104
0.00092

0.00084
0.00078
0.00073
0.00069
0.00066

0.00063
0.00061
0.00059
0.00057
0.00055

0.00054
0.00052
0.00051
0.0005¢
0.00049

0.00048
0.00045
0.00041
0.060033
0.00036

0.00034
0.00033
0.60031

Note: This toble was developed for informanonal purposes only and 1s specific to the following conditions: Ty = 68°F, G, = 06; ir = 0.00006%9; k = 1L.3; P,

= 1473 and 7, = 519.67°R.
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Table 3-B-4—{Continued)

H Ratio

Rep/2P (.48 0.50 052 0.54 0.56 0.58 0.60 062 0.64 0.66 0.68 0.70 0.72 0.74

0020 000966 0.01069 001184 001312 001453 001609 0.01782 0.01972 002181 002405 0.02659 0.02932 003229 003552
0030 000770 000856 0.0095! 001056 001173 001302 001445 001601 001774 001962 002168 0.02393 0.02638 0.02904
0040 000659 000734 0.00815 C.009I10 00I0I13 001126 001252 001389 001541 001706 0.01887 0.02085 0.02300 002533
0050 DOOS86 0.00654 0.00729 0.00813 000908 001000 0.01123 001248 001385 001536 001700 0.01879 0.02074 0.02286

0.060 0.00533 000596 0.00665 0.00743 000829 000925 001030 001145 001272 001412 001564 001729 0.01910 002106
0070 000492 0.0055F 0.00616 ©.00689 0.00770 000859 0.00558 0.01066_ 0.01186 001316 0.01459 001614 001783 0.01967
0080 000460 0.00515 000577 000646 000723 000807 000501 001003 001116 001239 001374 00152 0.01682 C.0I1B3S
0.090 000434 000485 0.00545 000611 000584 000764 0.00853 0.00951 001059 001176 0.01305 0.01445 0.01598 0.0176]
0100 000411 000462 000518 C.00581 0.00651 000728 000813 0.00907 001010 001123 001246 001381 0.0i527 001686

0.150 0.00337 0.00380 0.00428 000482 0.0054] 000607 000679 0.00759 0.00847 0.00543 001048 001163 0.01287 0.01422
0200 0.00294 000332 0.00375 0.00423 000476 000535 000600 0.00671 0.00750 0.00836 0.00930 0.01032 001144 0.01265
0250 0.00265 000300 0.0033% 0.00383 000432 000486 0.00345 0.00611 000683 000762 0.00848 000942 0.01045 (.01156
0300 000243 000276 000313 000354 000399 000449 0.00505 0.00566 0.00633 000707 0.00788 0.00876 000971 0.01073
0350 000227 000258 0.00292 0.00331 0.00373 000421 0.00475 0.00531 000595 000664 000741 0.00824 0.00914 0.01012

0400 000213 000243 000276 0.00312 000353 000398 0.00448 0.00503 0.00363 000630 000702 0.00781 0.00867 0.00960
0450 000202 000230 (00262 ©0.00297 000336 000379 000427 0.00480 000537 000601 000670 000746 0.00828 0.00917
0,500 000193 0.00220 0.00250 0.00284 000321 000363 0.00409 0.00460 0.00515 000576 0.00643 0.00716 0.00795 0.00881
0600 000178 0.00203 0.00231 000263 000258 000337 000380 0.00427 0.00479 000536 0.00599 0.00667 0.00741 0.00821
0700 000166 0.00190 000217 0.00247 000280 000316 0.00357 000402 000451 000505 0.00564 0.00628 0.00698 0.00774

0.800 0.00157 0.00180 0.00205 0.00233 000255 0.00300 €.00338 O0.00381 000428 000479 0.00535 0.00597 0.00663 0.00736
0900 0.0014% Q00171 0.00195 0.00222 000252 000285 Q0.00323 0.00364 000409 000458 000512 000570 0.00634 0.00703
1000 0.00143 00163 0.00187 0.00213 000242 000274 0.00310 0.00349 000392 000439 0.0049]1 0.00348 0.00609 0.00676
1500 0.00120 0.00138 0.00158 0.0018! 0.03206 000233 0.00264 0.00298 000335 000376 0.0042) 0.00470 0.00523 0.0058]
2000 0.00107 000123 .0.00i41 0.00161 0.00184 000209 0.00236 000267 00030% 000337 000378 000422 000470 0.00522

2500 0.00007 000112 000129 000147 000168 Q00191 000217 000245 000276 000310 0.00347 0.003838 0.00432 0.00480
3000 0.00090 000104 0.00120 0.00137 000157 000178 0.00202 0.00229 000258 00029 000325 000363 000404 0.00449
3506 0.00085 000098 0.00113 000129 0.00148 000168 000191 000216 000243 000274 0.00307 0.00343 0.00382 000425
4000 0.00080 000093 0.00107 000123 000140 000160 0.0018F 0.00205 000232 000250 0.00292 ©0.00326 0.00364 0.00404
4500 000077 0.00089 0.00102 000117 000134 0.00153 0.00174 0.00196 000222 000249 000279 0.00312 0.00348 0.003%7

5.000  0.00073 000085 000098 000112 000129 000147 0.00167 0.0018% 0.00213 0.00240 0.00269 0.00301 0.00335 000373
5500 0.0007! 0.00082 0.00094 000109 000124 0.00142 000161 0.00182 000206 000231 6.00260 0.00290 0.00324 00030
6000 OO00068 000079 0.00091 000105 000120 000137 007156 000176 0.00199 000224 0.00251 0.0028F 0.00314 0.00349
6500 000066 000077 000089 000102 000117 000133 000151 000171 000193 0.00218 0.00244 0.00273 0.00305 000339
7000 000064 000075 00008 0LO00N99 000113 000129 000147 000167 000188 0.00212 000238 000266 000296 0.00330

7500 000062 000073 0.00084 000094 000110 000126 000143 000162 0QNMO183 000205 000232 000259 000289 000322
R000 000061 000071 0.00082 0.00094 000108 0.00123 0.00140 000159 000179 0.00202 0.00226 000253 0.00282 000314
8500 000060 000060 000080 000092 000105 000120 0003137 000155 0.00175 0.00197 0.00221 0.00248 0.00276 - 0.00307
9.000 0.00058 0.00068 0.00078 0.00090 0.00103 0.00118 0.00134 0.00152 000172 000193 0.00217 0.00243 0.00271 000301
9500 0.00057 0.00066 0.00077 000088 0.00101 0.001!5 0.00131 0.00149 000168 0.0018% 0.00213 000238 000265 000295

10000 000056 C.00065 0.00075 000086 0C00099 000113 0.00129 000146 000165 0.00186 0.00209 0.00233 0.00260 0.00290
12000 0.00052 0.00061 000070 00008! 000093 0.00106 0.00120 000137 0.00154 0.00174 0.00195 0.0021% 0.00244 000271
1000 000048 0.00036 0.00063 0.00074 000085 000097 0.00111 000126 0.00142 0.00160 000180 0.00202 000225 0.0025)
12000 000045 000052 0.00060 000069 000080 00009! 000104 000118 0.00133 0.00150 0.00169 0.00189 000211 000233
21000 000042 G.00049 000057 000065 CO00075 000086 0.00098 0.00{11 000126 0.00042 0.0015% 0.00179 000199 0.00222

24000 000040 000047 Q00084 00006 Q00072 000082 000093 000106 000120 OO00135 (G00152 000170 00019 000212
27600  0.00033 0.00045 0.00052 000060 0.00069 000078 (00089 000102 000115 000130 000146 0.00163 000182 0.00203
30000 0.00037 0.00043 0.00050 0.00057 0.00066 0.00076 0.00086 000058 0.00111 000125 000140 0.00157 000i75 0.00195

Note: This table was developed for informauona purposes ouly and 5 specific 10 the following conditons: 7, = 68°F. G, = 0.6. 4 = 0.000069; &k = 1.3; P,
= 14.73;and 7, = 519 67°R. .

by the AMERTCAN PETROLEUM INSTITUTE (AFI)
14:17:18 1990



TAPI MPMS*14.3.3 S2 BN 0732290 0503895 2aL WM

44 CHAPTER 14-—NATURAL GAS FLUIDS MEASUREMENT

Table 3-B-5—Conversion of Re,/10°% to Q,/1000 (Q, in Thousands of Cubic Fest per Hour):
Q,/1000 = Re,/10000/28.2435

Nominal Prpe Diameter

2 Inches 3 Inches 4 Inches
Rep/10° 1.687 1.930 2.067 2.300 2624 2900 3.068 3.152 3438 3,825 4.026
0.020 1.2 1.4 1.5 i.6 19 21 22 2 24 2.7 29
0,030 1.8 2.1 22 24 28 il i3 33 g 4.1 43
0.040 2.4 2.7 29 33 3.7 4.1 4.3 4.5 4.9 5.4 5.7
0.050 io 34 3.7 41 4.6 5.1 54 5.6 6.1 6.8 Tl
0.060 3.6 4.1 44 4.9 5.6 6.2 6.5 6.7 7.3 8.1 8.6
0.670 4.2 48 5.1 5.7 6.5 72 76 7.8 _B35 9.5 10.0
(.08C 4.8 5.5 59 6.5 7.4 8.2 8.7 B9 97 10.8 114
0.090 5.4 6.2 6.6 7.3 8.4 22 9.8 100 1.0 12.2 128
0.100 6.0 6.9 7.3 .l 93 103 10.9 11.2 12.2 13.5 143
0.150 9.0 10.3 1.0 12.2 139 154 16.3 16.7 18.3 0.3 24
C.200 11.9 13.7 14.6 16.3 18.6 205 21.7 223 243 7.1 23.5
0.25C 14.9 17.2 18.3 204 232 257 272 279 30.4 339 356
0.300 17.9 20.6 20 24.4 279 30.8 326 335 36.5 40.6 428
0.350 20.8 240 25.6 285 323 59 380 3%l 426 47.4 499
0.400 239 27.5 293 32.6 312 41.1 43.5 a4.6 48.7 54,2 57.0
0.450 269 09 325 16.6 418 46.2 489 50.2 54.8 61.0 64.1
0.5C0 29% 323 3660 407 46 8 513 543 55.8 60.9 &7 7 71.3
0.600 5.k 4].2 439 489 557 6l.6 65.2 67.0 73.0 R13 a5.5
0.700 4] 8 48,1 51.2 57.0 65.0 7.9 76.0 78.1 2 94 8 99.8
0.800 478 549 58.5 65. 743 g2.1 869 89.3 97.4 108 114
0.900 538 61.8 659 733 83.6 92.4 97.8 100 110 122 128
1.00G 597 68.7 73.2 814 929 103 109 t2 1z 135 143
1.500 80 6 103 [o 12z 139 154 163 167 183 203 2i4
2,000 119 137 146 162 186 205 217 223 243 271 285
2.500 149 172 183 20 232 237 272 279 304 339 156
3.0C0 179 206 220 245 279 08 326 33s 365 406 428
3,500 209 240 255 28 25 359 380 in 426 474 499
4.0 23y 278 293 32¢ 372 41 435 446 487 342 570
4.500 269 309 329 366 418 462 489 502 548 610 641
5,000 299 343 365 407 465 513 543 558 609 677 713
5.500 329 78 403 Lo 51t 565 507 614 &70 745 784
6,000 358 41z 430 484 557 6le 652 670 730 813 Bs5
6 500 382 4a¢ 476 520 604 667 708 725 791 88! 927
7000 413 4R 12 0 650 714 760 781 B52 948 998
7 500 443 518 549 611 697 770 g1s 837 913 1016 1,069
8 000 478 549 585 a%1 743 823 269 893 974 1,084 £,140
g 500 50% 584 a2 662 70 873 22 949 1.035 1,151 1,212
2000 532 &I 65 T4 830 24 978 1.004 1.096 1.21% 1,283
9 500 567 652 695 T4 883 975 £032 1,060 1.156 1,287 1,354
10,002 597 687 732 Bl 929 1.027 1.0¥¢6 1116 1.217 1355 1,425

Noute Tius table was developed for informanional purposes only and 1s spesihs 1o the following condinons: 7, = 68°F; G, = 0.6, ¢ = 0.000069: % = 1.3 P,
- 17 and T, = S19 7R

spvright b. Ine AMER[CAN PETEQLEUsM INSTITUTE (ARD,

se Oc OE 14.17 15 196¢
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Table 3-B-5—Continued

Nomunal Pipe Diamcter
6 Inches 8 Inches 10 Inches
Rep/ 108 4.897 5.187 5.761 6.065 7.625 7981 8.071 9.562 10.020 10036
0.020 3.5 37 4.1 43 54 57 57 6.8 7.1 7.1
0.030 5.2 5.5 6.1 6.4 8.1 85 8.6 10.2 10.6 10.7
0.040 6.9 1.3 8.2 8.6 10.8 113 114 13.5 14,2 142
0050 8.7 9.2 10.2 10.7 135 14.1 143 16.9 17.7 17.8
0.060 10.4 1.0 12.2 12.9 162 17.0 17.¢ 203 21.3 213
0.070 12.1 12.9 14.3 15.0 189 19.8 20.0 23.7 24.8 249
0.080 13.¢ 14.7 16.3 17.2 21.6 22.6 229 271 284 284
0.090 15.6 16.5 18.4 19.3 243 254 257 30.5 319 320
0.100 £7.3 18.4 20.4 215 210 283 286 339 355 355
0.15C 26.0 215 306 322 405 424 429 508 532 533
0.200 34.7 36.7 40.8 429 540 56.5 572 67.7 71.0 711
0.250 43.3 459 510 53.7 675 70.6 714 846 88.7 88.8
0.300 52.0 551 6i.2 64.4 BLO 84.8 85.7 102 106 107
0.350 60.7 643 714 75.2 us 989 100 118 124 124
0.400 69.4 735 81.6 85.9 108 113 114 135 142 142
0450 780 B2.6 91.8 96.6 121 127 129 152 160 160
0500 86.7 918 102 107 135 141 143 169 177 178
0.600 104 110 122 129 162 170 171 203 213 213
0,700 121 129 143 130 18% 198 200 237 248 249
0.800 139 147 163 172 216 226 2 N 2R4 284
0.900 156 165 184 193 243 254 257 305 31% 320
1.000 173 184 204 2Ls 270 283 286 339 355 355
1.500 260 275 306 iz 405 424 429 508 532 533
2.000 347 367 408 429 540 565 372 677 710 711
2.500 433 459 510 537 675 706 714 846 887 888
3.000 520 551 612 644 810 B48 857 1,016 1,064 1,066
3.500 607 643 714 752 945 989 1,000 1,185 1,242 1244
4,000 694 735 8L6 859 1.080 1.130 1.143 1,354 1.419 1421
4.500 780 826 o1g 966 1,215 1.272 1,286 1,524 1.596 1.599
5.000 867 91y 1020 1.074 1.350 1413 1,429 1.693 1,774 1.777
5500 954 1,010 1,122 1,181 1485 1.554 1572 1.862 1.951 1954
6000 1,040 1,102 1,224 1,288 1.620 1,695 1,715 2,031 2,129 2,132
6.500 1,127 1,194 1.326 1396 1,755 1,837 1,857 2.201 2,306 2,310
T.000 1,214 1,286 1,428 1,703 1,890 1978 2,000 2,370 2,483 2,487
7500 1,300 1377 1,530 16L1 2,025 2119 2,143 2,339 2,661 2,665
B 000 1.387 1.469 1,632 1.718 2,160 2.261 2,286 2,708 2,838 2,843
8500 1474 1.551 1,734 1.825 2,295 2,402 2429 2,878 3.016 3,020
9000 1,560 1,653 1830 1,932 2,430 2,543 2,572 3.047 3,193 3,198
9.500 1,617 1,745 1.938 2,040 2,565 2,685 2715 3,216 3370 3,376
10.000 1,734 1,837 2.0 2,447 2700 2,426 2,858 3,386 3,548 3553

Nute* This 1able was ceveloped for infomational purpases only and s specific o the following conditions: 7; = 68°F: G, = 0.6; 4 = 0.000069; k = 1.3, F,
= 1473 and 7, = SILGT°R

Rl B, the AMER DAY PETEZ_EuM INSTITUTE (42!

zs Q2 4.7, 18 1Q9y
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Table 3-B-5— Continued

Nomunal Pipe Diameter

12 Inches 16 Inches 20 Inches 24 Inches 30 Inches

Rep/108 11374 11938 12090 14688 15000 15250 (8812 19.000 19.250 22624 23000 23250 28.750 29.000 29250

0.150 60.4 63.4 64.2 78.0 79.7 81.0 9.9 104 162 120 122 123 133 154 155

0.200 30.5 845 B5.6 104 106 108 133 135 136 160 163 165 204 205 207
0.250 101 106 107 130 I3 135 167 168 170 200 W4 206 254 257 5%
0.300 12¢ 127 128 156 159 162 200 202 204 240 244 247 30s 308 3
0.350 141 148 130 182 186 189 233 235 239 280 285 288 336 kRl 362.
0.400 161 169 1M 208 212 216 266 269 273 320 326 329 407 411 414
0.450 181 190 193 234 239 243 300 303 307 360 366 Kyt 438 462 466
0.500 201 211 214 260 266 270 333 336 Ml 401 407 412 509 513 518
0.600 242 254 257 3i2 a9 324 400 404 409 481 489 454 611 616 621
0700 282 206 300 364 ar2 378 466 471 477 561 51 576 713 719 725
0.800 322 33g 342 416 425 432 533 518 545 641 651 659 814 821 829
0.900 362 380 38s 468 478 486 399 605 613 72! 733 741 9216 924 932
1.000 403 423 428 320 531 540 666 673 682 BOI 814 8§23 LO0iB 1,027 1,03
1.500 604 634 , 642 780 797 31C 999 1,009 1,022 1,202 1,222 1,235 1,527 1,540 1,553
2,000 805 845 856 1,040 1.062 1,080 1,332 1345 1,363 1,602 1,629 L1646 2,036 2,054 2,070

2500 1,007 1,057 1,070 1,300 1,328 1,350 1.665 1682 1704 2,003 2036 2038 2545 2,567 2,589
3000 {208 t,268 1,284 1,560 1.593 1,620 1,998 2,018 2045 2,403 2443 2470 3,054 3,080 3,107
3s5a0 1409 1.479 1,498 1,320 1859 1,890 2331 2355 2386 2804 2850 288i 3563 3594 3625
4.000 161! 1,691 1,712 2,080 214 2,160 2,664 2,691 2,726 3,204 2257 3291 4072 4107 4,143
4500 1812 1.902 1,926 1,340 2.390 2430 2997 3027 3,067 3605 3665 3704 4581 4621 4,660

5.000 2,014 2,113 2,140 1,600 2,655 200 3.330 3364 3408 4005 4072 4116 5090 5134 5178
5.500  2.215 2,325 2,354 2.860 2921 2970 3.663 3700 3,749 4406 4479 4528 5599 5647  5.696
6.000 2416 2536 2,568 3,120 3187 3240 1996 4036 4089 4806 4886 45i9 6,108 6,161 6214
6500 2618 2,747 2,782 3380 3452 3510 4329 4373 4430 5207 5293 5351 6617 6674 6,732
7.000 2,819 2,959 2,996 3,640 1718 3,78¢ 4,662 4709 4771 5607 5700 5762 7126 7,188 7,249

7500 3.028 3,170 3.210 3.900 3983 4,050 4996 5045 5112 6008 6,108 6,174 7635 7,701 7,767
8.000 3,222 3,381 3.425 4,160 4,249 4,320 5,32¢ 5382 5453 6408 6515 6,586 8143 8214 8,285
8.500 3.423 3.592 3,639 4420 4514 4,590 5,662 5718 5793 6809 6922 6997 8652 8728 B,803
9.000 3,624 3.804 3.853 4,680 4,730 4,860 5.995 6055 6.134 7209 1329 7409 Q.61 9241 9321
$.500 3.826 4,015 4,067 4,940 5.045 5.130 6328 6391 6475 7610 7736 7820 9670 5754 9810

10.000 4,027 4,227 4281 5.201 531 5356 6,651 6727 6816 8010 B8.143 R232 10.179 10.268 10.356

12.000 4,233 5.072 5.137 6,241 6373 6,479 7,993 8073 §17% 9612 9772 ©E7% 12215 12321 12428
15.000 6,041 6,340 6421 7.80! 7.966 8,099 9.99! 10,091 10.224 12016 12215 12348 15269 15402 15535
18.000 7,249 7.608 1.705 9.361 9.560 9.719 11989 12,109 12,268 14419 14,658 14818 18323 tB482 18.642
20000 R457 R.276 R989  10,92) 11,153 11,139 13,987 14,127 14312 16,822 171001 17287 201377 21,563 21,748
4000 9,665 10,144 10,273 12,481 12,746 12959 15,986 16,145 16,356 19,225 19544 19,757 24.430 24,643 24,855
27000 10873 1412 11.558 14,041 14340 145879 17,934 18,164 15403 21628 21987 22225 27484 27723 27962

30.000 12,08t (1.680 12,842 15600 13833 16,198 19932 20,182 20.447 24031 24430 24,695 30538 30,804 31,069

tNote This tabie was doveloped for informational purposes onls anc s specific to the folicwing concinons: Ty = 68°F; G, = 0.6, 4 = 0000069; %k = 1.3, P,
= (47} and T, = S1967°R

the AMERICAN PETEQUEUM INETITUTE [ARD)
& 199
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Table 3-B-6-—Expansion Factors for Flange Taps (Y;): Static Pressure Taken From Upstream Taps

g=dp

hiP, C.1 02 03 04 045 050 OS2 05¢ 056 058 0.60 0.61 062
00 10000 10000 10000 10000 10000 1.0000 LOODC  1000C 10000 10000 1.0000 10000  1.000
0.1 09989 09989 09989 09988 09983 05988 00988 09988 00988 05988 09987 09987 09987
02 09977 08977 09977 09977 09976 05976 09976 09976 09975 09975 09915 OHTS 04974
03 09966 09966 09966 DI9ES 09965 09964 0994 09963 0993 09963 09962 09962 09962

04 09954 09954 09954 09953 09953  0.9952 09952 09951 09951 09950 09949 08949 05949
05 09943 05943 09943 09942 09541 09940 0.9%40 09939 09938 09938 09957 09936 09936
06 09932 05932 09931 09930 09929 09928 0.9927 09927 09926 09925 099 09924 09923
07 09920 08920 09520 D0S919 09918 09916 09915 09915 09914 09913 09912 09911 09910
08 09909 05509 09908 05907 09906 09904 0993 09902 09901 03900 0989 09898 09897
0 09898  0SB97 09897 09895 09894 09R92 09891 09890 09889 09888 09886 09885  0.9883
EC 0988 09886 09885 09884 09882 09880 (09879 09878 09877 O0O87S 098I 09873 09872
L1 09875 09875 09874 D987z 09870 09863 09867 09866 09864 09863 09861 09860  0.9859
12 D986 09863 0.9852 09860 07855 09856 09855 09853 09852 0850 00848 09347  0.9846
13 09852 09852 09851 09849 C9847 09844 09843 09841 09840 09838 09836 09835 09813
b4 09841 09840 09840 05837 09835 09832 09831 09829 09827 09825 09823 09822  0.9821
15 09829 05829 09828 09826 09823 05820 09819 09817 09815 ' 09813 09810 09309 09808
16 09818 09818 09R17 09814 G981l 09808 09806 09805 09803 09800 09798 09796  0.9795
17 09806 09806 09805 09802 0SBOO 09796 05794 09792 05790 09788  0.9785 09784  0.9782
L8 09795 0995 09794 09791 09788 09784 09782 09780 OSTI8 097I5 QY7IZ 097 09769
19 09784 09783 09782 09779 09776 09772 0STI0 09768 09766 09763 05760 05758  0.9756
20 09772 08772 09771 09767 09764 05760 09758 09756 09753 0970 09747 09745 09744 -
21 09761 09761 09759 09756 09753 09748 09746 09744 09741 05738 09734 0973 09731
22 . 09750 09745 09748 09744 09741 09736 09734 09731 0972 09725 09722 09720 09718
237 09738 0.9738 0.9736 0.9732 0.9729 0.9724 0.9722 09719 0.9716 09713 0.9709 0.9707 0.9705
24 0.9727 05726 0.9725 09721 09517 0.59712 0.9710 0.9707 0.9704 0.9700 09697 094694 0.9692
25 09715 0S7T15  G97i3 05709 09705 09700 0.9698 09695 09692 09688 09684 09682  0.9680
26 09704 08704 09702 0UEYS 09694 0968E 09686 09681 09679 09675 0567t 09669  0.9667
27 09693 09692 0.969) 09685 09682 09676 09673 09670 05667 09663 09659 09656  0.9654
28 09681  096E] 09679 09674 09670 09664 09661 09658 09654 09650 09646 09644  0.9641
25 09670 09669 09668 09663 09658 09652 09649 09646 09642 09635 0Y63I3 D963l 0.9628
36 09655  DUESE 09656 09651 09647 09G40 09637 09634 09630 09626 09521 09618  0ISIS
3.1 09647 09647 09645 09630 09635 09628 09625 09622 09617 09617 09608 09605  0.9603
32 09636 09635 09633 09623 09623 09616 09G13 09609 09605 09601 09595 09593  0.9590
33 09624 09624 0962 09616 09611 09604 09601 09597 09593 09588  095R3 Q9580 09577
34 09613 09612 0.9610 0.9604 09599 0.9592 0.9589 0.9585 0.9580 0.9576 0.9570 0.9567 09564
3.5 L9602 0.96C1| 0.9599 09593 09388 0.9580 0.9577 0.9573 0.9568 0.9563 0.9558 0.9554 0.9551
36 09390 09590 09587 09581 09576 09568 09565 09560 09556 09551 09545 09542 09538
37 09579 09578 09576 0.9570 09564 0.9556 0.9553 0.9548 0.9543 0.9538 0.9532 0.9529 0.9526
IF 09567  0YS6T 09561 09553 09552 09544 09540 09536 09531 09526 09520 09516 09513
39 09556 09535 09553 09545 09540 09532 09528 09524 09519 09513 09507 09503 09500
4.0 0.5545 oS4 09542 09515 0.9529 0.9520 0.9516 09512 0.9306 0.9501 0.9494 0.9491t 09487

Cepvrignt b~ the AMER[CAYN PETROLEUM INSTITUTE (AFID:
14:17.18 199g
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Table 3-B-6— Continued

B =dm
i 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72 0.73 0.74 0.75

00 10000 10000 1.0000 1.0D00  1.0000 10000 10000 10000 10000 10000 1.0000 1.0000  1.0000
0l 09987 09987 09987 09987 (9987 09957 09986 09986 09986 09986 0.9986 09986  0.9986
02 0.9974 09974 09974 09574 09973 058973 09973 09973 09972 09972 09972 09971 09971
0.3 09961 09961 09961 09950 09960 09960 09959 09959 09958 09958 09958  0.9957  0.9957
G4 09948 09948 09948  0.9947 09947 09946 09946 09945 09945 09944 09943 09943  0.9942

5 09935 09935 09934 09934 09933 09933 09932 09931 09931 09930 09929 09920  (.9928
06 0.9921 00922 09921 09921 09920 09919 09918 09918 09517 09916 05915 09914 09913
07 09910 09909 05908 09907 09907 09506 09905 09904 09903 09902 0.9901 09900 (9899
0.8 09897 05896 09895 09894 09893 09892 09891 D890 09889 09888 09887 09886  0.9884
0y 09885 09883 0OB82 D98S1 0DY8R0 ODYEIS O9R7R  0OYET7T O0GRIS O0ORI4 O9B71  0S87L  0GRI0
1.0 09871 09870 09869 09868 09367 09865 05864 09863 0986 09860 09859 09857 09855
1.1 09858 09857 09856 09854 D9BS3  0ORS2 09851 00849 (09848 09846 09844 09843 0984l
12 D.9845 09844 09843 09841 09840 09838 09837 09835 09834 0OB32 09830 09528  0.9826
1.2 09832 09831 09829 00528 09827 09825 09823 09322 09820 098(8 09816 09El4 00812
14 D981y 0.9818 0.9816 09815 0.9313 09812 09810 0.9808 0.9806 0.9804 0.9R02 0.9800 0).9798
15 09806 0S805 0GB03 09802 0S80 09798 09796 09794 08792 09790 09788 0578 09783

£ 09793 09792 0979 09788 09787 09785 09783 09781 0978 09776 05774 0977 09769

7 09780 09779 09777 0973 0973 097N 09769 09767 09764 09762 09760 09757 09754

£ 09768 05766 09764 D962 09760 0F7SE 09755 05753 00751 09748 09745 05743 09740

9 09755 09753 09751 09749 09747 05744 09742 05739 05737 0973¢ 09731 09728 09725

0.9742 09740 09738 09735 09733 09731 09728 09726 09723 09720 09717 09714 09711

0.9729 0.9727 0.9725 09722 09720 05717 0.9715 09712 09708 0.9706 0.9703 09700 0.96%6
0.9716 09714 0.8711 09709 09706 05704 0.9701 09698 0.9695 0.9692 09689 0.9685 09682

1} 9500 n.0505 09502 n9ean 0.9493 03488 09484 0.947¢ 0.9474 0.9468 09463 0.9457 0.9451
0 Sdun 0 04g2 0.9488 (LT 0 8480 0.9475 0.9470 0.94€5 0.9460 0.9454 0.9448 0.9442 0.9436
U X (9179 0.9475 0647 0.9468 0.9452 0.9457 09451 0.9446 0.9440 0.9434 09428 0.9422

VD T el

i

1

1

|

2

2.4

22

2.3 0.9703 08701 0.9698 0.969¢  0.9693 09690  0.9638 09685 0.9681 0.9678 0.9675 0.967! 0.9667
24 0.9690 0.968% 0.9685 D 9683 0.9680 09677 0.9674 0.9671 0.9668 0.9654 0.9661 09657 0.9653
25 (19677 09675 09672 0.9669 0.9666 09663 0 9660 0.9657 0.9654 0.9650 0.9646 09643 0.9639
2.6 09664 0.9662 0.9559 0.9656 0.9653 0.9650 0.9647 D 9643 3.9640 0.9636 0.9632 0.9528 0.9624
27 09651 0 9646 0.9645 09643 0.9640 09637 0.9633 0.9630 09626 0.9622 0.9618 09614 09610
28 09638 0.9636 0.9633 09630  0.9626 09623 09620  0.9616 09612 0.9608 0.9604 0.9600 0.9595
bR 09625 09622 0.9620 09616  0.9613 09610 0.9606 0.9602 0.9598 0.9594 0.9590 0.9585 0.9581
30 0ve.3 UY61G 0.9605 0.9603 09600 09596 0.9592 0.9588 0.9584 0.9580 0.9576 0.9571 0.9566
5.1 09600 0.9597 0.9593 09590 0.9586 0.9583 0.9579 0.9573 09571 0.9566 0.9562 0.9557 0.9552
32 U usET VU584 0.9580 G 9577 0.9572 0.9569 0.9567 0.9561 0.9557 0.9552 0.9547 0.9542 09577
3.3 09574 09571 0.9567 ——0 9564 0956¢  0.9556 09552 09547 0.9543 0.9538 0.9533 09528 0.9525
54 0.956° 09558 0.9551 —-0.9550  0.9546 09542 0.9538 0.9534 0.9529 0.9524 0.9519 0.9514 0.9508
3.5 0 0S3E 0.0545 09531 09537 0.9533 09529 0.9524 0.9520 0.9515 0.9510 0.9505 0.9500 0.9494
5 09535 09532 0.952% 09524 0.952C 0.8515 0.951! 0.9506 0.9501 0.9496 0.949| 0.9485 0.9480
z 0oLl 02518 G515 09511 0.9506 0.9502 0.9497 0.9492 0.59487 0.9482 0.9477 0.9471 0.5485
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 3—NATURAL GAS APPUCATIONS

Table 3-B-7—F,, Factors Used to Change From a
Pressure Base of 14.73 Pounds Force per Square
Inch Absolute to Other Pressure Bases

Table 3-B-8—F,, Factors Used to Change From a

Temperature Base of 60°F to Other

Temperature Basas

194,

F o= 14.73 E = Basc °F + 459.67
#  Contract pressure base, psia . 60 + 459.67
Pressure Base Temperature Temperature
{pounds force per square inch absolutc} Fr ) Fa *F) Fa

14.4 1.0229 49 — 09615 65 1.0096
14.525 1.0141 41 0.9634 66 1.0115
14.65 1.0055 42 0.9654 67 1.0135
14.696 1.0023 43 0.9673 68 1.0154
14,70 1.0020 44 0.9692 69 1.0173
14,725 1.0003 45 0.9711 0 1.0192
14.73 1.0000 46 49731 Tl 1.6212
14.735 0.9997 47 0.9750 72 1.0231
14.775 0.9970 48 0.9769 EE] 1.0250
14,90 0.9886 49 0.9788 74 1.0269
15.025 0.980- 50 0.9808 75 1.0289
15.15 0.97.3 51 0.9827 16 1.0308
15.225 0.9675 52 0.9846 77 1.0327
15.275 0.9643 53 0.9865 18 1.0346
15,325 0.5612 34 0.5885 19 1.0366
15.40 0.9565 55 0.9904 20 1.0385
15.525 0.948F 56 09923 81 10404
15.65 09412 57 0.9942 82 10423
15.775 0.9338 58 0.9962 83 1.0443
15.90 0.9264 59 0.9981 84 1.0462
16.025 0.9192 60 1.0000 85 1.0481
16.15 gorn 6l 1.0019 B6 1.0500
16.275 @ 9051 62 1.0038 87 1.0520
16.40 (0.8982 63 1.0058 88 1.0539
16.70 U.8820 L] 1.0077 BS 1.0558

20 1.0577

e ——
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50 CHAPTER 14—NartuRAL GAS FLUIDS MEASUREMENT

Table 3-B-9—F, Factors Used to Change From a Flowing
Temperature of 60°F to Actual Flowing Temperature

s _ 160 + 459.67
’ T, + 459.67

Temperaluee Temperature Temperature

°F) Fy °T) Fy °F) Fy
=20 10872 37 10229 94 0.9688
-19 1.0859 kY 1.021% 95 0.9679
~18 1.0847 39 1.0208 96 0.9671
-17 1.0835 40 1.0198 97 0.9662
-16 1.0823 : 4] 1.0188 98 0.9653
~15 1.0810 42 1.0178 99 0.9645
—14 1.0798 43 1.0168 100 T 09636
~13 1.0786 44 1.0158 101 0.9627
-12 1.0774 45 1.0148 102 0.9619
-1t 10762 46 10137 103 09610
T 10750 47 10127 104 0.9602
-8 1.0738 48 Lo117 105 0.9593
-8 1.0726 49 1.0108 106 0.9585
-7 L6715 50 1.0098 107 0.9576
-6 10703 51 1.0088 108 0.9568
-5 10691 52 1.0078 109 0.9559
-4 1.6679 , 53 1.0068 110 0.9551
.3 1.0668 54 1.0058 1) 0.9542
-2 1.0656 55 1.0048 112 0.9534
-1 1.0644 56 1.0039 13 0.9525
0 1.0633 57 1.0029 114 0.9518
1 1 0621 | 58 1.0019 115 09509
2 1.0610 | 59 1.0010 116 09501
3 1.0598 60 3.0000 117 09493
4 1.0587 61 0.9990 118 0.9485
s 1.0575 82 0.9931 19 0 Y477
6 1 0564 ‘ 63 0.9971 120 0.9468
- 7 1.0553 64 09962 121 0 9460
8 10541 ; 65 0.9952 122 09452
S 1 0530 ! 66 0.9943 123 09444
H 1usy ! 67, 09933 124 436
1 1.0508 ] 68 05924 125 09428
12 1.0497 . 60 0.9915 126 09420
13 10485 | 70 09905 127 05412
14 1 0474 ! o 09896 128 0 9404
15 1 (463 ' iz 09887 129 0.9396
16 1.0452 : 73 09877 130 9388
17 1 0441 : 74 09858 131 0 9380
18 1} (430 75 09859 132 09372
e 10410 76 0 985U 133 09364
20 1409 7" 0 9840 134 09356
21 | 6393 "% 09831 135 06348
22 1 (387 79 09822 - 136 0 9340
23 10374 U 09813 137 10332
24 10365 &1 09804 138 09325
25 1 G355 82 05795 139 09317
26 10342 3 0 9786 140 09309
7 R B4 09777 141 09301
28 10323 85 0 9768 142 09294
29 10317 36 0Y75Y 143 U286
30 163N 3" 09750 ) 144 0.9278
3l 128l 84 0974t 145 09271
32 {0281 89 09732 146 09263
33 EC270 n 09724 147 09255
34 1 0260 N 09714 148 09248
as 1 G250 g2 49706 149 09240
16 RS 1 jex D 3 09657 150 0.9232

¢
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Table 3-B-10—F,, Factors Used to Adjust for Real Gas Relative Density (G)):
Base Conditions of 60°F and 14.73 Pounds Force per Square Inch Absolute

E = ra
Fl'

G, 0.000 0.001 0.002 0.003 0.004 0005 0006 0.007 0.008 0.009
0.550 1.3484 1.3472 0.3460 1.3447 1.3435 1.3423 1.3411 1.3399 1.3387 13375
0.560 1.3363 1.3351 13339 13327 13316 1.3304 1.2292 1.3280 1.3269 1.3257
Q.370 1.3245 13234 13222 1.3211 1.3199 1.3188 1.3176 1.3165 1.3153 13142
0.580 13131 13119 1.3108 1.3097 1.308 1.3074 1.3063 1.3052 1.3041 1.3030
059} 1.3019 1.3008 1.2897 1.2986 1.2975 1.2964 1.2953 1.2942 1.2932 1.2921
0.600 1.2910 1.2899 1.2888 1.2878 1.2867 1.2856 1.2846 1.2835 1.2825 1.2814
0610 1.2804 12793 1.2783 12112 1.2762 1.2752 12741 1.2731 1.2720 12110
0620 1.2700 1.2690 1.2680 1.2609 1.2659 1.2649 1.2639 1.2629 1.2619 . 1.2609
0.630 12599 1.2589 1.2579 12569 1.2559 1.2549 1.2539 1.2529 1.2520 12510
0.640 1.2500 1.2490 1.2480 12471 1.2461 12451 1.2442 1.2432 1.2423 12413
0.630 1.2403 1.2394 1.2384 12375 1.2365 1.2356 1.2347 12337 1.2328 12318
0.660 1.2300 1.2360 1.2200 1.2281 1.22712 1.2264 12254 12244\ 1.2235 1.2226
0670 1.2217 1.2208 1.2199 12190 1.218] 12172 12163 12154 1.2145 1.2136
0.630 1.2127 1.2118 1.2109 1.2100 1.2091 1.2082 1.2074 1.2065 1.2050 1.2047
0.690 1.2039 1.2030 1.2021 1.2012 £.2004 1.1995 1.1986 1.1978 1.1965 1.1961
0.700 11952 1.1944 L1.1535 1.1927 1.1918 1.1910 11901 11893 1.1884 1.1876
0710 1 1868 1.1859 1.1851 1.1843 1.1834 1.1826 1.1818 1.1810 1.1802 1.1793
0.720 11785 11737 1.1769 1.1761 1.1752 1.1744 1.1736 1.1728 1.1720 1.1712
0.730 1.1704 11696 1.1G8R 1.1680 1.16T2 1.1664 1.1636 1.1648 1.1640 1.1633
0.740 1.1625 1.1617 11609 1.1601 1.1593 1.1586 1.1578 1.1570 1.1562 1.1555
0.750 1.1547 1.1539 1.1532 1.1524 1.1516 1.1509 1.1501 1.1493 1.1486 1.1478
0760 11471 1.1463 1.1456 1.1448 1.1441 1.1433 1.1426 1.1418 1.1411 1.1403
0.770 1.1396 1.138% 1,138} 1.1374 1.1366 1.1359 1.1352 1.1345 1.1237 1.1330
0.780 1.1323 1.1316 1.1308 1.1301 1.1294 1.1287 1.127% 1.1272 1.1265 1.1258
0790 11251 1.1244 1.1237 1.1230 1.1222 1.1215 1.1208 1.1201 1.1194 1.1187
0800 11180 11173 1.1166 1.1159 1.1t52 1.1146 1.1139 1.1132 1.1125 1.1118
N.A10 A8 11104 11497 1.1090 1.1084 1.1077 1,1070 1.1063 1.1057 1.1050
0.820 } 1043 11036 1.1030 1.1623 1.1016 1.1010 1.1003 1.0956 1.0990 1.0983
0830 1.0976 [ 0970 1.09€3 1.0957 1.0950 0944 1.0937 1.0930 1.0924 1.0917
0.840 1.0911 1.OOO4 1.0E98 1.0891 1.0885 [.0R78 1.0872 1.0866 1.0859 1.0B53
0.850 1.0846 1 0840 1.0834 1.0327 1.0821 1.0815 £.0808 1.0802 1.0796 1.079%0
0.850 1.0733 10717 1.0771 1.0764 1.0758 1.0752 1.0746 1.0740 1.0733 1.0727
0.870 10728 10715 1.0709 1.0703 1.0696 1.0690 1.0684 1.0678 1.0672 1.0666
0.8%0 1.0660 1.0654 1 0648 1.0642 1.0636 1.0630 1.0624 1.0618 1.0612 1.0606
0.8%0 1.0¢GIN 10594 1.0588 1.0582 1.05% 1.0570 1.0564 1.0558 1.0553 1.0547
0.500 1.054! 1.0535 [.0%29 11523 1.0518 1.0512 1.0506 1.0500 1.0494 1.0489
0.910 1 (535 10477 PO 1.0466 1.0460 | 0454 1.0448 1.0443 1.0437 .1.0431
0.920 10426 1420 10414 1.0406 10403 1.0398 1.0392 1.0386 1.0381 1.0375
0.930 t 0370 1.0364 1.035% 1.0353 1.0347 1.0342 1.0336 1.0331 1.0325 1.0320
0.930 10314 - 1.0309 1.0303 1.u2ys 1.0292 1.0287 1.0281 1.0276 1.0270 1.0265
0930 10260 10283 1.0249 §.0244 1.0238 1.0211 1.0228 1,0222 1.0217 1.0212
0 Oh 10206 10201 1.0196 £.0190 1.0185 1.0180 1.0174 1.0169 1.0164 1.0159
0670 10133 10148 10143 1.0.38 1.0132 1.0127 1.0122 1.0117 1.0112- 1.0107
0980 10102 10094 10091 1.008¢ 1.0031 1.0076 1.0071 1.0066 £.0060 1.0055
0.990 1.0050 10045 10040 1.x3% 1.0030 1.0025 1.0020 L0015 1.00t0 1.0005

LN 1 0000
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Tabie 3-B-11—Supercompressibility Factors (F,,) for
G, = 0.6 Without Nitrogen or Carbon Dioxide

Temperature (°F)
Pressure
{psin) 20 40 60 80 100 120
100 1,.00947 1.00807 1.00687 1.00504 1.00496 100419
200 1.02058 [.01762 1.01512 1.01294 101116 1.00933
300 , 103218 oo N.p2748 1.02355 1.02022 1.01740 1.01457
400 104427 1.03764 1.032i6 1.02756 1.02367 1.02035
500 1.05688 1.04810 1.04093 1.03497 1.02996 102572
600 1.06999 1.05684 1.04983 1.04243 1.0362% 103104
700 108350 1.06983 1.05885 1.04950 1.04251 1.03631
800 1.09766 1.08103 1.06793 1.05737 1.04871 1.04149
900 1.11209 1.09237 1.07703 1.06479 1.05482 1.04656
1000 112679 1 10375 1.08608 1.07211 1.06081 1.05150
1100 1.14156 111503 1.09501 1.07927 1.06663 1.05628
1200 1.15516 112621 1.10372 1.08622 1.07225 1.06087
£300 1.17029 1.13696 111211 1.09289 1.07763 1.06524
1400 1.18358 114715 112007 1.09922 1.08271 1.06935
1500 1.19565 1.15657 112749 1.10512 1.08745 1.07318
1600 I 20615 1 16504 £.13425 1.11054 1.09180 1 07669
1700 1.2148] 1.17237 1.14025 [.11540 1.09573 1 07986
1800 1 22546 1.17845 1.1454] 1.11965 1.09919 1.082¢7
1900 1.22606 1.18318 1.14965 1.12324 1.10216 1.08509
2000 1.22868 1.18035 1.15294 1.12615 1.10462 1.08710

Note Tne data in this table were generated using the A.G.A. Gas Measurement Program. Copyright © 1988
American Gas Assecration. All rights reserved. Ges nput data are s foliows: % CO, = 0; % N; =) speaific
gravity = 0.6. Thus table was aeveloped ter informational purposes only and s specific to the gas quality Listed.
The dato in this table ars not subject 19 adustment for rutrogen or carbon dioxide content and, becausc of thewr
broad range, should not be inemctated. With the A.G.A Program, the user esiablishes the gas composituon
parameters and specifies tne tabie range that is consistent with flekd or measurement condittons

D¥-1ght . the AMERICAN PETRO,_ EUM INSTITUTE (AFI.
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APPENDIX 3—C—FLOW CALCULATION EXAMPLES

3-C.1 General

This appendix presents two methods for calculating the volume flow rate of natural gas
through an orifice meter equipped with flange taps. The first method uses the equations pre-
sented in 3.3 through 3.5. The second method is based on the more waditional calculation
format, which invelves the computation of various factors. The equations used for the factor
approach are presented in Appeadix 3-B.

To assist the user in interpreting the calculation methodology, the data set given below,
which is for a single orifice meter, is used consistently throughout the flow calculation cx-
amples. The volume fiow rate is computed under the assumption that the measurements are
absolute and without error. It should be noted that depending on the type of instrumentation
used and the catibration methods employed, calibration and correction factors may need to
be applicd. For simplicity in using hand calculahons and for ease of interpretaiion in the
following examples, intermediate values are rounded to six significant digits. Part 4 should
be used for any implememation of the equations.

3-C.2 Given Data

The orifice meter consisis ot a carbon steei meter tube equipped with flange taps and &
Type 304 stainless steel orifice plate. Static pressure measurements are taken from the up-
stream tap.

d, = mcan orificc bore diameter at 7, of 68°F, in inches
= 4.,000.
D, = mean meter tebe internal diameter at T, of 68°F. in inches
= B.OTL.
@, = real gas relauve density (specific gravity)
= 0.570.
i, = average differential pressure. in inches of water at 60°F
= 50.0.
P, = contract basc pressure, in pounds force per square inch absolute
= 14.65
F, = averuge upstream absolutc static pressure, in pounds foree per sguare inch absolute
= 370.0.
T, = contract buse temperature of 50°F, in degrees Rankine (S0°F + 459.67)
= 509.67
T, = filowing temperature of 65°F, 1n degrees Rankene (65°F + 459.67)
= 524.67
a¢ = carbon dioxide content, in mole percent
= 0.00
X0 = nitrugen conlent, 1n mole percent
= 1.10
& = iscntropic exponent (c,/¢,)
= 13
a, = linear cocfhcient ol thermal expansion for a stainless steel orifice plate, in inches
pcrinch-°
= 0.00000925
a; = hnear cocfficient of thermal expansion for a carbon steel meter tube, in inches per
mch-°F
= 0.0000062¢.
H = dynsmic viscosity, in pounds mass per foat-second
= 0.0000069.

53
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CHAPTER 14— NarLAAL GAS FLUIDS MEASUREMENT

3-C.3 Calculation Examples

3-C.3.1 METHOD t: VOLUME FLOW RATE CALCULATION BASED ON
3.3 THROUGH 3.5

3-C.3.1.1 General

Using the given data set, the volume fiow rale of natural gas, in cubic feet per hour at
standard conditions, can be calculated using Equation 3-6b:
57

2T

Q, = 7709.61C,(FI')E_Y,d’\[ (3-6b)

Note® Since the ghven data contain vaiues for the contract base pressure (14.65 pounds force per square such ab-
solie) end temperature (S307F) that diflfer irom the values established in Part 3 as standard conditions (14 73
pounds force per egnaie iuch absolute ard 607F), the initinl caloulatext floav mie at standand conditions will repiire
conversion Lo the flow rate at basc conditions of 14.65 pounds farce per square inch absolute and 50°F

The systematic approach to soiving the volume flow rate equation above involves the cal-
cultrion of the inlermediate values described 3-C.3.1.2 through 3-C.3.1.7.

3-C.3.1.2 Flange-Tapped Orifice Meter Coefficlent of Discharge [C,(FT)]

The following equations are vsed to calculate the coefficient of discharge, C,(FT):

N
C,(FT) = C,(FT') + 0.0005”[1’?—&) + (0.0210 + 0.0049A)03°C (3-11)
n

C(FTY = CACT) + Tap Term (3-12)
CICT) = 0.5961 + 0.0291° — 0.22904" + 0.003(1 — pM, (-1
Iap Term = Upstrmm + Dastrm (3-14)
Upstrm = [0.0433 & 3.0712¢7*% - 0.1145¢° %% )i — 0.23A)R (315}
Dustem = —0.0116[M, — 0.52M°1"(1 - 0.144) (3-16)
Alzso,
—— 4
B = (3-17
-p
Moo= m:u{lﬂ - ;3 , 00} (318
2L
M, = -1 319
2 i ( )
o annA Yo
A = ("-_ﬂ'_[’_} .- {3-20)
s ~ Rey,
oY
C = [ ] A-21)
Re,

Wire

1 17Ty = coclficicot of discharge at a specificd pipe Reynolds number for a Aange-
tapped onfice meter

(ACT) ~ coefficient of discharge at an infinite pipe Reynolds number for corner-
tayrped otilice meter

CUTT) = cocfiictent of discharge at an indinite pipe Reynolds number {or a Aange-
tapped orifice meter.
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d = orifice plate bore diameter calculated at T, in inches.
D = meter tube intemal diameter calculated at T, in inches.
e = Napierian constant o
= 2.71828.
Ly =1L,
= dimensionless correction for tap location
= N,/D for fiange taps.
N, = 1.0 when D is in inches.
Re;, = pipe Reynolds number.
B = diameter ratio =
= d/D.

Note: For this example, A, 15 equal to 0.7, since the given meter tube diameter (D) is greater than or equal 10 2.8
inches. For meter tube dumeters (D) bess than 2.8 inches, M, = 28 — D, The solution of the intermediate equa-
tions presented above for the flow coefficient calculation follows.

3—-C.3.1.3 Meter Tube Diametar, Oritice Piate Bore Diameter, and
Diameter Ratlo (L, d, and §)

Calculate the values of d, D, and f§ at a flowing temperature of 65°F from the given di-
ameters d, and [, -

d =d[l+ (T - T) (3-9)
= 4,000[1 + 0.00000925(524.67 - 527.67)}
= 3.99989
And

o)
L]

DIl - &, - T)) (3-10)
8.071{1 + 0.00000620(524.67 - 527.67)]
8.07085

Substitute the given values of 4 and D at 65°F into Equation 3-8:

A

d/D (3-8)
3.99989 /8. 07085
0.495597

"

3-C.3.1.4 Veloclty of Approach Factor (E)
The following equation 1s used to calculate the velocity of approach factor:
1

£, = (3-22)
Ni- B

1
\;l — 0.495597*

= 103160

3-C.3.1.5 Expansion Factor (Y)

The following equanion is used to calculate the expansion factor:
Y, = | - (0.41 + 0.35,8‘)(—?) (3-32)

The intermediate value, a,, is calculated as follows.
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E-E
5= Ak A @39
: [ 21.707F,
Substitute the given values of &, and 7} into Equation 3-32:
o o 300
! (27.707)(370.0)
= 0.00487729
Substitute the values for 4, x|, and §into Equation 3-32:
Y, = 1 - (C41+ 0.355‘)(%} (3-32)
= 1-{0.41+4 0.35(0.495597)'1(%)

0.998383

3-C3.1.6 Compressibillty (Z,, Z,, and Z,)

The derivation of the equation for compressibility 1s presented in A.G.A. Transmission
Measurement Committee Report No. 8. It is not within the scope of this example to present
the calculation procedures necessary for determining the compressibility at base conditions
(Z,), standard conditions (Z,), or flowing conditions (Z,). The foliowing values for gas com-
pressibility at the conditions given in the datn set were obtained from the A.G.A. computer
program that uses the calculzuon given in A.G.A. Transmission Measurement Committee
Report No. 8. At G, = 0.57,

Z, = 0.Y97836 at 14.65 pounds force per square inch absolute and 509.67°R (50°[%)
Z, = 0.997971 at 14.73 pounds lorce per square inch absolute and 519.67°R (60°F)
Z; = 0.951308 at 370 pounds force per square inch absolutc and 524.67°R (65°F)

3-~C.3.1.7 Reynolds Number (Re,)

The following equation 1s used to calculate the pipe Reynolds number:

Re, = 0.0.14541 258G (3-28)
Tz,

Substiteting the calculated va}uc fo. D, standard conditions for P, and T,, a valuc of
0.999590 for Z,_ . und the data set values for G. and 4 in Equation 3-28 produce the follow-
g

(0.01 14541)( 0,(14.73%(0.570)
' | (0.0000069)(8.07085)(519.67)(0.999590)

Re,,

= 3.324490Q,

When the flow rate is not known, the Pevnolds number can be developed by assuming an
intiei value for the flange-tapped orifice meter coefficient of discharge, C,{FT), and ilerat-
ing for the correct values, as stated in 2.4.5. The following flow rate calculation provides
the nutial steration of the Reynolds number. This initial iteration is based on an assumed
value for CAFT) of 0.60. Based o1, expenence, from three to five iterations should provide
rcsults constsient with the requirements of Part 4,

3-C.3.1.8 Volume Fiow Rate (Q,and Q,)

The volume flow ratc can be calculated by subsutunng the given parameters, the inter-
mediate calculated values, and an assumed value of 0.60 for C{FT) in Equation 3-6b and
iterating for the final solution:

right by the AMERICAN PETRCLEUM INSTITUTE (APID

Oce OF 1a:i7:18 199y
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PZh
T109.61C(FT)E Y, d? (St
G4 T

o
"

(370.0)(0.997571)(50.0)
(0.951308)(0.570)(524.67)

i

7709.61(0.60)(1.03160)(0.998383)(3.99989)*

614,033 cubic feet per hour at standard conditions
[This is an estimate of the in.tial fiow ratc based on an assumed CAFT) of 0.60.]

(3-6b)

Substitute the estimate of iritial flow rate into the Reynolds number equation and calcu-

late the estimated initial Reynolds number:
Reg 3.324490,
3.32449(614,033)

Substitute the calculated value of 5 into Equation 3-17:
4
B = £ <
1-8
0.495597"

= 1< 0495597
0.0642005

Substitute the calculated values of § and D into Equaton 3-19:
2L,
1-p

AL, =

2
8.07085(1 — 0.495597})
0.491284

Substitute the calculated values of Rep and finto Equation 3-20:

0s
A= 19,0008
Rep
_ 119,000(0.495597) 1"
2,041,347
0.0135261
Substitute the calculated vatue of Rep wnto Equation 3-21:
1of 20
[ Re,

105 (1R L)
[2.041.347]

C.778985

fl

C =

2,041,347 (initial estimate pf Reynolds number)

3-17)

G3-19)

(3-20)

(3-21)

Substitute the appropnate cziculated values into Equation 3-13 to determine the C(CT)

term of the cocfhicient of discharge, CAFT):
"C.(CT)

fl

+ 0.003(1 ~ 0.495597)(0.0)
0.602414

0.5961 + 0.02918° - 0.22908" + 0.00%1 — B)M,
0.5961 + 0.0291(0.495597)° ~ 0.2290(0.495597)

(3-13)

Al
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Substitute the applicable calculated vaives into Equation 3-15 to compute the Upstrm
term of the cocfficient of discharge, C(FT):
Upstrm = [0.0433 + 0.0712¢™%% — 0.1145¢7%°“X1 - 0.234)B  (3-15)
' [0.0433 + 0.0712¢ % _ (,1145¢ Homm)
* [1 = 0.23(0.0135269))(0.0642005)
0.000851774

Substitute the applicable calculated values into Equation 3-16 to compute the Dnstrm
term of the coefficient of discharge. C(FT):
Dnstrm = —0.0116[M, — 0.52M°]1B%(1 - 0.144) (3-16)
—0.0116[0.491284 — 0.52(0.491284))(0.495597)"
x [1 — D.14(N.0134223)]
—0.00149777
Substitute the applicable calculated values into Equation 3-14 to computs the Tap Term
of the coefficient of discharge, CFT):
Tap Term = Upstirm + Dnstrra (3-14)
0.000851774 + (-0.00149777)
—-0.000645999

Substitute the applicable calculated values into Equation 3-13 to compute the C,(FT)
term of the coeflicient of discharge, CAFT):

C,(FT}y = C/(CT) + Tap Term (3-12)
= 0.602414 — 0.000645999
= 0.601768

Substitute the value for CA(FT) and the intermediate values into Equation 3-11 to caleu-
late the discharge coefficient, CAFT):
10",6 a7
C (FT) + D.u0051 I(TJ + (0.0210 + 0.0049A)8*C (3-11)

L7

C, (FT)

10%(0.495597) |
2,041,347

+ [0.0210 4+ 9.0049(0.0135261)}(0.495597) (0.778985)
0.602947 (second estimate of the coefficient of discharge)

0.601768 + 0.00051[[

1l

By substituting the valuc of C,(FT) into the applicable equations, the volume flow rate
can be recalculated following the same process gutlined in this example. The resulting voi-
ume flow rate value is as follows:

Q. = 617,049 cubic feet per hour at standard conditions
|based on C,(FT) = 0.602947)
And
Re, = 3324490 :: 3.32449(617,049)
= 2,051,373 (sccond estimate of Rcy;nolds number)
Resulting in

C,(FT) = 0.602944 (ihird est:mate of coefficient of discharge)

vr1gnt by the AMERICAN FETROLEUM IMNSTITUTE (AP
Ozt QF 14-17.1E 199,
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On page 57, Equation 3-20 should read as follows:

4 - [19.000,6)
Rep,

_ [19.000(0.495597) T"*
- 2,041,328

(.0135262

On page 57, Equatior: 3-21 should read as foliows:

10 033
3]
Re,

1 013
2,041.328

0.778988

On page 38. Equation. 3-15 should read as jfollows:

{3-20)

(3-21)

Upsirm = [0.0433 + 0.0712¢** — 0.1145¢*°" (1 ~ 0.23A4)B

fl

(00433 + 0.0712€"%™ ~ Q.1145¢ " #+=)

(3-15)

x [ = 0.23(0.0135262)])(0.0642005)

0.000876388

Or page 58, Equauon 3-16 showd read as follows:

Dnstrm = —00116[M, — 0.52M°18''0 - 0.144)

x |1 - 0.14(0.0135262)]
—-000152379

Cin page 58, Equarton: 3-14 should read as follows:

Tap Term = Upstrm + Dnsirm

-0 000647402

Oy page 58, Equarior 3-12 should read oy follows;
CiFTy» = C(CTy + Tap Term

fl

0.601767

Or page 58 Equation 3-1] should read as {ollows

C,(FTu
\ ".U

0601767 ~ 0.000511[
| 2041328

-0.0116[0.491284 - 0.52(0.491284)' '](0.495597)""

10°(0.495597)

(3-16)

0.000876388 + (~0.00152379) (3-14)

0.602414 - 0.000647402 (3-124

(1078 Y
C(FT) + 0.000511i '—Q-EJ +(0.0210 + 0.00494)8°C

:I (3-11

~ [0.0210 + 0.0049(00135262)](0.495597)*(0.778988)

0.602947 (second estimate of the coefficient of discharge)
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Following the same calculation procedure for iteration of flow mte, the resulting volu-
metric flow rate is as follows:

Q, = 617,046 cubic feet per hour at standard conditions
[based on C, (FT) = 0.602%44]

3.324490 = 3.32449(617,046)
2,051,363 (third estimate of Reynolds number)

=
al\
1l

n

Resuldng in
C,(FT) = 0.602944 (fourth estimate of coefficient of discharge)

The volume flow rate calculation based on the fourth estimate of CA{FT) follows. As
stated above, three estimates of C,{FT) should normally provide volume flow rate calcula-
tion results that are consistent with the requirements of Part 4.

), = 617,046 cubic feet per hour at standard conditions
[based on C, (FT) = 0.602944]}

Since the given data contain values for the base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as
standard conditions (14.73 puunds force per square inch absolute and 60°F), the initial cal-
culated flow rate is the standard volume flow rate. To calculate the flow rate at the given

base condinons (P, = 14.65 pounds force per square inch absolute and T, = 509.67°R},
the standand volume flow rate and the appropriate values for £, T, and Z are substituted into

Equation 3-7 as follows:
rYzLYz
o(3[3)2)

500.67 Y 14,73\ 0.997839
= 7.
61 046(519.67}[14.65)(0.997971)

608,396 cubic feet per hour at base conditions

Q,

]

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON
THE FACTOR APPROCACH PRESENTED IN APPENDIX 3-B

3-C.3.2.1 General

Using the given data, the volume flow rate of natural gas, in cubic feet per hour at stan-
dard conditions, can be calculated using Equation 3-B-2. as stated in Appendix 3-B:

Q. = E(E + EVEEREGAER, (3-B-2)

Since the given dala contain values for tne base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F) that differ from the values cstabiished in Part 3 as
standard conditions (14.73 pounds force per square inch absolute and 60°F), the inidal cal-
culated fiow rate requues conversion to the fflow rate at buse conditions of 14.65 pounds
force per square inch absolute and 60°T-.

The systematic approach to solving Equation 3-B-2 involves calculation of the individual
factors as shown in 3-C.3.2.2 through 3-C.3.2.10.

3~C.3.2.2. Numeric Conversion Factor (F)

Equauon 3-B-53b 15 used to caiculate the numeric conversion factor:

FE = 338.196E,Df? (3-B-5b)
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Where
1

E, = m (3-22)-

Calculate the value of 4, D, and S at a flowing temperature of 65°F from the given diam-
eters d, and D,

d=dN+ al - ) (3-9)
4.000[1 + 0.00000925(524.67 —~ 527.67)]

3.9998%

It

il

And

O
If

DIl + ay(T, - T) (3-10)
8.071[1 + 0.00000620(524.67 — 527.67)]
8.07085

B

a/D (3-8)
3.99989/8.07085

0.495597

Substitute the \falucs for fiand I} into Equation 3-B-5:

I3R196E D (3-B-5)

D:ﬁz

]

n

n

338.196;‘
vi- 8

338.196 l (8.07085)°(0.495597)*
V1 - (0.495597)"

5581.82

n

3-C.3.2.3 Flange-Tapped Orifice Meter Coefficient of Discharge [C,{FT)]

The following equation 15 used to calculate the coefficient of discharge:

C(FT) = F = F, (3-B-6)
Where:
£ = 0.5961+ 002918° - 0.220058°
r (13] .
+{0.0433 - 0 0712¢"% — 0.1 1456'%){1- 0.23( ’9'000[3] B :
Re, 1-f
- r - . - 13 19.000 ~03
- 0.0116] —— 0.52[ —“—nJ ,6'“{1 - 0.14('—’6] (3-B-7)
nv-m I - ) | Rey )
£07
l;', - U.UUUSH{ I 000, 0003
i, £, P
|" \ ’ o1
- 0.0210 - O. 0049| 19.0000 }p* 1.000.0008 (3-B-9)
Re, ,; 3 Re,
Re, = 00114541* Q’HG (3-28)
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On page 58, the third to the last equation should read as fullows:
(. = 617.048 cubic feer per hour at standard conditions
[based on C,/FT) = 0.602947]

On page 58, the second 10 the last equation should read as follows:
Re, = 3.32446Q = 3.32446(617,048)
= 2.05L351 (second estimate of Revnolds numbcr)
On page 59, the second eqz:a'ion should read as follows.,
Re, = 352460 = 3.32446(617.046)
= 2.051345 (thurd estimarte of Revnolds number) -

On page 59. Equation 3 7 should read as follows:

‘ \RATAZ)
3 19N ' 3-7
_ 6!7,046(]4‘7' \{509.6710.9978_9 (3-71
L1465 A 519.67 A 0.997971 ,

608,396 cubic feet per hour at base conditions

On page 60. Equanon 3-B-9 should read as follows:

Fo= 0000511

(Jﬂoooooﬁl

- (3-B-9)
19.0008 V"
Re, )' .ﬁ‘[

D38
1.000.000]

+ 00210 ~ 00049
Re,

On page 62. the frst equation should read as jollows-

I

03901 - 0U291F - 0.22908°

[ \""1 )
= 00433 ~ 0 0712¢" - 1 1145¢™ }:1 1;’ '9'000’8) j p

i ~ .

7
—‘)l)!lh.—-—— 0y —— I E¥ (114
-ﬁ) =‘D( H l Rf’

03Ut th3_“)11('4‘)55‘)7): 229000 4935979
- QAN . 007127 0 1T ™ - 0.23(0.0137493)](0.0642005)

CHTALD U1 2RY — 0 22000 491283 (0 395597 ' = 0 130 (1137493,
N 6e017aT
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- B 17
R @17
2 :
= 2l 19
M= T 3-19)
08
4w [19.00013] (3-20)
Re,,
}05 035
= 3-21
¢ - (%) @2

Note: In this example, since the glven meter tbe dlameter (D) is greater than 2.8 inches, Equation 3-B-7 Is used
to calcuiate the F ierm. For meter Zibe dizmeters (D} kess than 2.8 inches, Equarion 3-B-8 must be used 10 calcu-
late the & term. The solution of the mtermediste cquations presented sbove for the fiow coefficient calculatian fol-
lows.

Substituting the calculated values of 8 and D gives the following;:

g (0.495597y
1-f* 7 1 - (0.495597)*
= 0.0642005
2 2
D(1 - B)  8.07085(1 — 0.495597)
= 0.491284

As discussed in 3 4.5, the Reynolds number (Rep) for natural gas can be approximated
usmg Equation 3-28. Note that the parameters of this example are within the recommended
tolerances for viscosity, teraperature, and specific gravity. Furthermore, 3.4.5 statcs that
when the flow rate is not known, a more precise value for the Reynolds number can be de-
termined through iteration of Equation 3-28 and that three to five iterations will provide re-
sults that are consistent with the requirernents of Part 4. The imitial assumption needed foi
the first iteration can come from assuming a value for C,(FT) as in the previous cxample or
from assuming an initial R synolds nurober for the pipe Reynolds number. Table 3-B-1, Ap-
pendix 3-B, provides values for pipe Reynolds numbers versus nominal\pipe diameters for
the purpose of initiating the iteration process. This example uses Table 3-B-1 for thie initial
estimate of pipe Reynolds number.

Ren = 2,000,000 (iniual assumption from Table 3-B-1)

Substituting the values o Rey and f3 gives the following:

RN 04
[19,000_{3- _ [19.000(0.495597)]

Re, | 2,000,000
= 0.0H37493

1 R U L
= | —

Re, 2,000,000
= 0.784584

Substiane the appropriate calculated values into Equauon 3-B-7 10 determine the orifice
calculation factor, £,
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£ = 0.5961+0.02918° - 0.225083° '

a8 4
+(0.0433 + 0.07126" - 0.11456'% )1 - 0.23) 120008 || _B"
Re, 1-8

2 2 YW [® 19,0008 \*
_o.ons[m_m 70‘52.(0(1-13)) ]ﬁ. 1-0.14[720—-]

= 0.5961 + 0.0291(0.495597)* - 0.2290(0.495597)"
+(0.0433 + 0.0712¢om — 0.1145¢"m)[1 - 0.23(0.0137493)](0.0642005)

—0.0116[0.451284 — 0.52(0.491284)1'*(0.495597)"'(1 — 0.14(0.0137493)]
= 0.601767

Substitute the applicable calculaied values into Equation 3-B-9 to compute the orifice
slope factor, F,!

a7
£ - o.oousn[w)
LA
r ox 035
+ 00210 + 0,005 2B |gs(LOOKOBTT 3.5
L . Re, _ Re,
a7
= 0.00051 1[ 1,000,000(0.4955972)
2,000,000
+ 70.0210 + 0.0049¢0.0137493)](0.495597*(0.784584)

0.00118960

Substitute the values for £, and £ 1n Equation 3-B-6 to calculate the discharge
coefficient, C(FT):

C,{(FT)

E + F,

¢

0.601767 + 0.00118960
0.602957

n

3-C.3.2.4 Expansion Factor {Y,)

The following cquation ts used w calculate the expansion tactor:
Y= |- (G4l + 0.35;3‘)(-?) (3-32)

The intermediate value. x,, 1s calculated as follows:

N A (3-33)
' P 27,707, "

Substitute the given values of /i, and £, ‘into Equation 3-332:
‘= 50.0
: 27 TONHIT0.0)
0.00487729

Substitute the valucs for £, x,. and finto kquation 3-32:
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3-C.3.2.8 Fiowlng Temperature Factor (F;,)

The flowing temperature factor is calculated using Equation 3-B-12 as follows: .

519.67
E = / = (3-B-12)
!

Substitute the given flowing temperature, T;, into Equation 3-B-12:
_ [519.67
VT -

519.67
524.67
0.995224

3-C.3.2.9 Real Gas Relative Density Factor (F,)

Equation 3-B-13 is used to calculate the real gas relative density {actor.

- - ' (3-B-13)

Substiute the given specific gravity, G,, nto Equation 3-B-13:

T . .-
* "G

1

= ]
Y 0.570
1.32453

3-C.3.2.10 Supercompressibility Factor (F,)

As stared in the calculanons in3-C.3.1, the derivation of the equation for cornpressibility.
1s presented in A.G.A. Transmission Mezsurement Commuttec Report No. 8. It s not within,,
the scope of this example to present the procedures necessary for crlculating the compress-

ibiltty at standard conditions (Z,) or at ﬁO\lvmg conditions (Z,).

Z, = 0997971
Z, = 0951208
Equation 3-B-14 15 used to calculate itz supercompressibility factor:
Fr'- = ,:"é'
\ _Z!
5(3.997071
\ 0.951308
= 1.02423

3-C.3.2.11  Volume Flow Rate (Q,)

The volume flow rate 1s caleulated by substituung the given parameters and the mterme-
diate calculated factors into Equation 3-B-2.

C.o= E S LY b I B TR, (-B-2)
= 617,057 .
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The calculated fiow rate above is based on an initial assumed value for the Reynolds
number {Rep) of 2,000,000, For the second estimate, the value of Re,, is calculated as fol-
lows:

O PG
0.0114588) ——=
( pDT, J

L]

Re,

]

3.524490,
3.32449(617,057)
2,051,400 (second iteration)

i1

It

By substituting the second estimate of Re;, into the applicable equations, the volume fiow
rate can be recalculated by following the process outlined in 3-C.3.1. The resulting volume
flow rate is as follows: o

0, = 617,015 (based on the second estimate of Rep)
The same calculation procedures are used to obtain the third estimate of Rep.
3324490,

3.32449(617,013)
2,051,254 (third iteration)

The volume flow rate calculation based on the third estimate of Re, follows. As stated
above, three 1o five estimates of Re, will provide calculation results that are consistent with
the requirements of Par 4.

L - Ex)nf}oﬁo@ﬁr}:m I;-h-
(5581.82)0.601767 + 0.00117736)(0.998383)(1.00000)(1.OMKNX))

x (0.995224)(£.32453)(1.02423)J(370.0)(50.0)
617,044 cubic feet per hour

Re,

i}

v

)

n

MNote: The calculated volume flow rate 15 based on the thurd esumare of Rep. The small discrepancy be.ween the
calcutated volume flow rate, (2., in Methods ) and 2 resulis from the rounding techniques used in the scries of
cquations in the examples

Since the gtven data included valizs ror the base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F) that difrered from the values established in Part 3 for
standard conditions (14.73 pouncs force per square inch absolute and 60°F), the initial cal-
culated flow rate 15 the staadard volume flow rate. To calculate the Aow rate at base condi-
tions (P, = 14 65 pounds force per square inch absolute and T, = 509.67°R), the standard
volume flow rate and the appropriate values for £ T, and Z are substituted into Equation 3-

7 as follows:
PYT Yz
<L |+ ]l=> 3-7
o[#33) @

61_},'044( 509.67 J( 14.73 )( 0.997339\l
. 519.67 A\ 14,65 A 0.997971 )

608.394 cubic feet per how at base conditions

Q.-




API MPNMS*}4.3.3 ‘¢ WA D732290 D503917 777 W

APPENDIX 3-D—PIPE TAP ORIFICE METERING

&7




API MPMS*14.3.3 92 @ 0732290 O 0503"!15 L3 "

CONTENTS
APPENDIX 3-D-PIPE TAP ORIFICE METERING
3-D.1 Symbols, Units, and Temminology ....ceemcrmesissiimasmessenn
3-D.1.1 General . ST reireretsseebionssbasssn stanes R ban s s bbb r it
3-D.1.2 Symbals and Umts
JF-D.2  SCOPE wrrurvierreermimmisarsasmsnssssnsssssssssnossns
3-D2.0 Introduction ....ccceceeervmcemmsmesen
3-D.22 General ..eoeiiieenn

3-D.2.3 Type of Meter
3-D.2.4 Definition of Pipe Tap Pressure Measurement .........eecorvrcvnrncvinrennens
3-D.3 Construction and Installation Specifications
3-D.3.1 Beta Ratio Limitztions of Orifice Plates
3-D.3.2 Meter Tube Specifications ...
3-D.3.2.1 Definition ...ccovveesmervreresnareres
3-D.3.2.2 Inside Surface ......ooneee.
3.D.3.2.3 Meter Tube Diameter ..ovovees
3-D.3.24 Tolerances and Restrictions .....
3-D.3.2.5 Useof Table 3-D=1 it mv s s sssrsnes e see e
3.D.3.3 Length of Pipe Preceding and Following the Orifice ..uiicceecinenane
3-D.3.4 Pressure Tap HOLS  coiviiceeinsemssnssnmress nasnstssesssiassasssness sossmsssanses
F-DL34. 1 LOCALON ... corceeiieiiciicrececeiesreravtmnsar st s s seanssmasas sasa smasassas seassonsasess
3-D.3.4.2  FabHCHON oiimeniisimmr st st it tag s i ans st sessassss shesas prsass
3-D.4 Compuing the Flow o Natural Gas and Other Related Hydrocarbon

Fluids Through Orif.ce Meters Equ1pped With Pxpc Taps
1-D4.1 General .
3-D4.2 Equauon ................................................................................................
3-D.4.3 Onfice Flow Constant (C7  ..cccivversierenersmsemmemmesresssresssesssssaniess sassssnses

3-D.4.4 Coefficienis of Discharge (K7)
3-D.4.5 Basic Orifice Factor (£,) cvvvemiecsnrenenns
3-D.4.6 Reynolds Number Factor (F)
3-D.4.7 FExpansion Factor (¥) . reereraranins
3-D.4.7.1 Expansion Fztor Based on Upstream Suuc Pressu.re (Y1 ...........
3-D.4.7.2 Expansion Factor Based on Downsiream Static Pressure (¥;) ...
3-T34.8 Other C TACIOTS iiiviieiieincesnas s omrarinens s s s e st nasssasssss ssssasassessn
3-D49 EXAMDIES i et e srsrnsrassse s s roesmsnes s sressanant
3-DAOT Example 1 et st s e e an e
3-D.49.2 Lxample2 ... ...
3-D.4.10 Adjustments for ]nstrumemanon Cahbrnuon nnd Use

Figures
3-D-1  Maximum Percentage Allowable Meter Tube Tolerance Versus
Beta Ratio .. - eeree e et ae e se s
3.D-2  Allowable Vdnauuns in Prcssure Tap Ho]e Locauon

Tables

3-D-1 Basic Orifice Factors (F) for PIpe Taps .iccccceovinvisissmssesseeenressinsraseness

3-D-2  Mcter Tubhe Pressure Tap Holes .............

3-D-3 b Values tor Dete,mining Reynolds Number Fauur (F) for Plpe Taps .-

3-D-4  Values of K to Be Used in Determining R, for Calculaton of F, Factor .

3-D-5 _Fxpansion Factors for Fipe ‘laps (Y,): Stauc Pressure Taken From
Upsuream Taps .. .coeesee

3-D-6 Expansion Factors for Plpc Taps (Y,) Slauc Pn:ssurc Takcn Prom
Downstream laps

...................................................................................

73
78

74
78
80
84




API. MPMSx14.3.3 92 EA 0732290 0503919.54T W

3-D.1 Symbols, Units, and Terminology
3-D.1.1 GENERAL

Some of the symbols listed in 3-D.1.2 are specific to this appendix. Unless otherwise
noted, all of these symbols are dimensionless. Symbols that are used in this appendix but
not listed in 3-D.1.2 are defined in 3.2.2.

3-D.1.2 SYMBOLS AND UNITS
Symbo! Descripuon Umis/Value

c’ Orifice flow constant —
F, Basic orifice factor —
K, Coefficient of discharge when Reynolds number = (1,000,0004)/15 —
K,  Coefficient of discharge for infinite Reynolds number —
p  Specific weight of a gas at 14.7 pounds force per square inch
absaolute and 32°F lomyft’

3-D.2 Scope
3-D.2.1 INTRODUCTION

Recent research work on orif.ce measurement has been restricted to flange, comer, and
radius tap meters. It is recognized that a number of “pipe tap” meters continue in operation
in natura)] gas measurement in the United States. The provisions of the second (1985} edi-
tion of Chapter 14, Section 3, that are applicable to pipe tap configurations are included in
this appendix. The dimensiona! information; tolerances, and’ computation methods in this
appendjx are onl) applicable to pipe tap meters, .
' This’ appcnd;x provides recommendations and specxﬂcauons n:laung to the measurcment
of natural gas and other related hydrocarbon fluids by means of orifice meters equipped
with pipe taps. It includes definitions, construction and installation specifications, and in-
sucuons for compuung flow rate and volume. Also included are equations and tables that:’
provide factors necessary to apply adjustments 1o the basic pipe tap orifice flow.

This appendix covers the measurement of natural gas by pipe tap orifice meters, includ-
ing the primary ¢lement and the rethods of calculation. It does not cover the equipment
used to determine the pressure, temperature, specific gravity, and other variances that must
be known for the accurate measuremnent of natural gas.

-

3-D.2.2 GENERAL

Uniess specifically noted in this appendix, all information and data presented in the body
of this standard—1ncluding recommendations, specifications. and symbols—are applicable
1o pipe tap onfice metening.

3-D.2.3 TYPE OF METER

This appendix is limncd w orifice meters that have circular onifices located concentncally
in the meter rube, having upstream and downstream pressure taps as specified for pipc taps.
3-D.2.4 DEFINITION OF PIPE TAP PRESSURE MEASUREMENT

The definition of pipe tap pressure measurement is based on the position of the pair of
tap holes. The upsurean tap center is located 2.5 times the inside pipe diameter upstream
trom the nearest plate tace, and the downstream tap ceniter is located 8 times the inside pipe
diameter downsiream from the nearest plate face (see 3-D.3.4.1).

7
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CHAPTER 14— NATURAL (as FLUmS MEASUREMENT

3-D.3 Construction and Installation Specifications
3-D.3.1 BETA RATIO LIMITATIONS OF ORIFICE PLATES

The orifice-10-meter-tube (pipe) diameter ratio (§ = d/D) should fall within the range
from 0.20 to 0.67 inclusive, These limits, with an uncertainty as high as +0.75 percent, may
be exceeded when additional flew uncertainty is acceptable. Beta ratios that exceed the
range from (.20 to 0.67, with an uncerwinty as high as 1.5 percent, may be used; however,
the flow constants for these extreme values of 5 are subject to higher tolerances, and the use
of these extremes should be avoided.

3-D.3.2 METER TUBE SPECIFICATIONS
3-D.3.2.1 Definltion

The term meter tube refers to the straight upstream pipe of length A or A" on the instal-
lation sketches in Part 2 (including the straightening vanes, if used), the orifice flanges or
fittings, and the downsiream pipe (length B on the installation gketches in Part 2) beyond
the orifice. The lenglh of upstream and downstream pipe is specified in Part 2. The toler-
ances for the diameter and the restrictions on the inside surface of the meter tube are
specified in 3-D.3.2.4. There shall be no pipe connections within these distances other than
streightening vanes, the thermometer wells specified in Part 2, and the pressure taps
specified in 3-D.2.4 and Part 2.

3-D.3.2.2 Inside Surface

The sections of pipe to which the orifice flanges or fittings are attached and the adjacent
pipe sections that constitute the meter tube, as defined in 3-D.3.2.1, shall comply with the
following:

a. The roughness of the inside pipe walls shall not exceed 300 microinches. Carefully se-
lected smooth commercial pipe may be used. Seamless pipe or cold drawn seamless pres-
sure ubing may be used, provided its inside wall is smooth. Drawn-over-mandrel (DOM),
electric-resistance-weided (ERW), straight-seam tubing manufactured to the requirements
of ASTM A 513, T-5, may also be nsed. To improve smoothness inside the meter tube, the
inside pipe walls may be machined, ground, or coated.

b. Grooves, scoring, pits, and ridges resulung from seams; distortion caused by welding;
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the
points identihed in Figure 3-D-( by more than the tolerances shown are not permitted.
When these toicrances are exceeded, the irregularities must be corrected.

¢. The interior of the meter tuoe shall be kept clean and frec from accumnulations of cont-
aminants, such as dirt and liquids, at all times.

3-D.3.2.3 Meter Tube Diameter
‘The mean inside diameter of the meter tube shail be determined-as Eollows:

Measurements shall be made on at Ieast four diameters equally spaced in a plane 1 inch

upstream from the upstream face of the orifice plate. The mean (arithmetic average) of these
measurements is defined as the mean meter wbe diameter 10 be used in calculating the flow
coefficient when minimum uncertainty of this variable is desired.
L Check measwements of the upstreamn inside diameter of the meter tube shall be made at
two or more additonal cross-sections. The actual locations of the check measurements of
nz diameter, circumferentially and axially along the tube, are not specified. These checks
should be taken at points that will indicate the maximum and minimum diameters that exist
and should cover at least two pipe diameters from the face of the orifice plate or exiend past
e flange or fitung weld, whichever distance is gieater. Check measurements are used to
venify the uniformity of the upstream meter tube but do not hecome a part of the mean me-
ler lube diameter.

A
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SECTION 3——CONCENTRIC, SQUARE- EDGED ORFICE METERS, PART 3—NATURAL (GAS APPLICATIONS
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Figure 3-D-1—Maximum Percentage Allowabls Meter Tube Tolarance
Versus Beta Ratio

¢. The inside diameter of the downstream section of the meter tube shall be measured ina.
plane 1 inch downstream from the downstream face of the orifice plate. Check measure-: .
ments of the diameter of the downstream section of the meter tube, sxmllar to those de-
scribed in Item b above, shall be made at two additional cross-sections; '

3-D.3.24 Tolerances and Restrictions

The tolerances for the diameter and the restrictions on the inside surface of the meter.tubc
are as follows:

a. The difference between the maximum measured diameter and the minimum measured
diameter on the inlet section shatl not exceed the tolerance shown in Figure 3-D-1 as a pei-
centage of the mean diameter defined in 3-D.3.2.3. The relationship below may be used to
calculate the variance of the diameter of the upstreamn section of the meter tube-

Maximum diuneter — Maiumum diameter
D

b. Abrupt changes in diameter (shoulders, offsets, nidges, and so forth) shall not exist in the
meter be (see 3-D 3.2.3, ltem b).

c. When Table 3-D-1 15 used for Anw measurcment esumanon, the meter tube diameter, as
defined in 3-D 3 2 3. snali agree with the inside diameters hsted in the tables witlin the wl-
erance shown in Figure 3-D-1.

d. Any diametcr measurement in the downsrreamn section shall not vary from the mean di-
ameter of the meter tube, as defined in 3-D.3.2.3, by more than the tolerance shown in Fig-
ure 3-D- 1. The foliowing relationship may he used to calculate the variance of the diameter
of the downstream secuon of the meter tube.

*x 100 < TPercent tolcrance in Figure 3-1-1

Any diameter — [} -
E - 'n;-' il ix 100 £ Percent tolerance in Figure 3-D-1

Application of this equation doubies the tolerance for the downstream secuon of the meter
tube,
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e, The temperature al which the meter tube measurements are mude should be recorded for
correction to the operating conditions.
For new installations, in which the betn ratio is likely to be changed, the tolerance per-
mitted for variations in pipe size, as shown in Figure 3-D-1, should be the same as that
given for 1 maximum orifice plate diameter ratio (£) of 0.75.
3-D.3.25 Use of Table 3-D-1
If Table 3-D-1 is used for flow estimation, the mean inside diameter of the upstream sec-
tion of the meter tube should be as nearly the same as the published inside diameter given
in Table 3-D-1 as is possible. The inside diameters given in the table were used to calculate
the constants in the table. If tb« mean meter tube diameter differs from the tabie inside di- :
ameter by an amount greater than the tolerance set forth in Figure 3-D-1 or if minimum un-
certainty is desired, the mean mixter tube diameter should be used to compute the orifice-
to-meter-ube diameter ratic, B, Ls ell as the flow coefficient. Other factors should be cal-
culated for this exac:t value of 8,
3-D.3.3 LENGTH OF PIPE PRECEDING AND FOLLOWING THE ORIFICE
The instaliation sketches anu accompanying graphs arce not duplicated in this appendix
but are availabie in Part 2, Figures 2-5 through 2-9. The graphs show the minimum lengths
of straight pipe required (expressed in nominal pipe diameters) versus beta ratio. It must be
noted that when pipe taps are used, lengths A, A’ and C shall be increased by two nominal
pipe diameters and length B shall be increased by eight nominal pipe diameters. The lengths
cf straight pipe should be those required for the maximum beta ratio that may be used.
3-D.3.4 PRESSURE TAP HOLES
3-D.3.4.1 Location
Meter tubes that use pipe taps shall have the center of the upstream tap hole located 2.5
umes the published or acwal inside diameter from the upstream fuce of the orifice plate.
Table 3-D-t1—Basic Onfice Factors (F,) for Pipe Taps {All Dimensions in Inches)
Published {nside Diameters at Published | aide Diurneiers st Published Inside Diameters at
Nomunai Pipe Size of 2 Inches Nominal Pipe Size of 3 Inches Nomunal Pipe Siz¢ of 4 Inches
Cnnhce
Dhamele: 1.687 1 939 2.067 2300 2.624 2.500 3.068 3152 3438 3.826 4.026
G250 12,850 12813 12,800 12782 I2.765 12,754 12748 12.745 12,737 12.727 12723
0.375 20367 20098 29006 2R 883 26772 28.711 28 682 28.670 28.635 26.599 28.585
G 500 33513 52817 $24E2 52020 51,594 51.354 51244 51.197 51.065 50.937 50.887
0.62% 87 23~ 81,920 b4 08S 82924 £1.802 81143 80.837 - B0.704 80,334 79.976 79.837
0750 11220 126 87 124 9y 12245 120.0% 11867 iR 00 1770 116.87 116.05 115.73
0B7S 19287 181.02 177 07 17193 167.26 164.58 163.31 162.76 16117 159.58 158.94
1,000 275 75 2511, 24328 23330 224.6! 219.77 211.53 216.55 21379 211.03 209.92
112s 19250 34290 33790 30940 29187 285 49 281 67 280.03 27543 270.9; 269.10
1.250 466,00  A3E 00 453 377, 363 41 357.13 354.45 347.04 339.88 337.06
1.37% SE1.95 52405 47889 45583 4457y 44149 429.84 A1H.HO 414.51
1,500 679 17 002.80 565 B0 549.95 543.32 525.41 508.77 502.3%
1.622 755.89 697.45 672.96 662.83 635.77 611.12 GOL.B!
1.75% 517,87 856.39 21907 £03.79 763.53 727.55 714.17
1.875 1.050 4 994 01 971.22 912,00 260.19 84121
200 1.290.7 1,205.6 1,171.9 1,085.5 1,011.7 985.07
2.12% 1,465 1 1.415.0 1,289.7 1.185.4 1.148.4
2.250 . 1.5320 1.385.4 1,334.5
2.375 1.822.9 t.617.2 1547.4
2 §(F} I.BR7.7 1,792.3
2625 2,206.1 2,076.0
2750 2407.0
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Tabile 3-D-1—Continued
Published Inside Diameters af Published Inside Dhameters st Published Inside Diameters at Published Inside Diameters at
Nominal Prpe Size of 6 Inches Norunai Prpe Size of 8 Inches Nonunal Pipe Seze of 10 Inches  Nominal Prpe Size of 12 inches
Orifice
Diameter 4 897 5.187 5.761 6 065 7.625 7.981 8.071 9562 I0.0'ZQ 10.136 11.374 11.938 12.090
0.500 50.740 50.707 50.653 50 629
0.625 79.438 79.351 79.219 79.164
0.750 114,81 114.62 114,32 114.20
0.875 157.11 156.72 156.13 155 89 155.11 15499 15497
1006} 206.63 205.92 204,85 204 41 20301 20280 20276 02.16
1.125 263.71 262.52 260.72 259 99 25762 25728 7.0 25623 256.01 255.96
1.250 328.73 326.87 32403 32287 319.10 31857 118.44 316.90 316.57 316.49 315.82 315.57 31551
1.375 402 .07 399.32 395.09 39334 38763 38681 385.63 384.30 383.80 383.68 AR2 67 38231 gy
1.500 48420 480.26 47421 471.70 46340 46220 46153 458.53 457.80 457.64 456.17 455.65 455.53
1.625 575.75 57C.19 561.74 558.25 4662 54493 544.54 539.73 538.70 533.47 53640 535.67 535.49
1.750 677.39 669.69 658.09 653.34 63752 63520 634.67 624.05 626.63 626.30 623.46 622 46 622.22
1875 790.00 779 49 163.79 757 41 73636 73325 13253 723.63 T21.72 T21.28 T17.45 7i6.12 715.7%
2 000 914.59 900.39 879 40 870 95 84336 83931 83837 B826.66 82414 82356 EB18.51 816.75 816.32
2125 10523 1.033.4 1.005.6 993,54 958.80 953.61 952.40 $37.31 934.04 933.29 926.74 924 .46 92390
2250 12047 1.1796 1.143.2 1,1289 10830 10764 10749 1,055.8 1.051.6 10507 1.042.3 1,039.4 1,038.7
2,375 13734 1.340.5 1,293.2 12774 ¢ 1.2163 12080 12061 1,182 3 LT 1,175.8 1.165.3 L.16t.7 1.160.8
2500 1.560.5 1.517.5 1.456.5 14328 1.3592 13489 13465 13169 13105 13090 12960 12914 1.290.3
2625 1.768.3 1,712.6 1,634 4 1.604 3 15121 1,499.3 14964 1,460 1 1.4522 14504 1,434 4 14288 14274
275G 11,9999 1,981 t.828.3 1.790: 4 16754 16507 1,6%.1 1.611.8 1.602.3 1.600.1 1.580.7 1.5739 15722
2.875 22586 2.166.5 2.040.0 19923 1.849.5 18307 18353 1,771.6 1.761.1 1,758.4 1.735.2 1.727.0 1.725.0
3000 25486 24310 22712 221146 20361 220127 220074 1.942.6 19288 19256 18979 18382 1,B85.8
3.125  2.8753 2,725.3 2.524.3 2.450.2 22347 212064 22000 2,122.2 2.105.8 2,102.0 2.069.1 20576 2.054.7
3280 324409 3.054 0 2.801.9 27100 24466 241235 24048 2318 22923 22878 2.2490 22354 2.
3375 3.665.7 14224 31064 29934 26706 26317 26224 25117 2.488.7 24834 24378 24219 24180
2500 38376 3.443.1 33031 29137 28B4 E 28517 227225 26954 26892 26358 26172 26127
365 4.308.1 38145 36424 31713 31128 3.0996 2.944.5 29128 29055 2.843.2 286 2,8164
1750 4224 403y 361 33767 3361 31784 31413 3.1328 30603 30354 3.029.3
J &35 4,685.0 44252 37399 386577 36393 342746 33814 33718 32875 12588 12518
4 000 5.157.9 4,878 5 40543 36571 39353 316819 3.633.6 3.6222 3,525.2 34921 34840
4250 47516 46167 45867 42442 41769 4.161.7 4,033.1 319896 19791
4,500 55548 53691 57328.1 4.865.6 47763 47562 4.5874 45309 45173
2.750 64855 62311 61754 55556 54330 54116 5.191.9 5.119.1 51016
5.000 TS5TI6 72245 714R R 6,327 1 6.169 4 6.135.0 58511 571519 37356
5.250 RESQDS B3766 8.274.2 70788 69791 69346 6.570.1 6.451.7 6,423.4
5.500 59,7240 95854 B.135.5 78774 7.8202 73549 72053 1.169.7
5250 92088 8.876.6 8,803.3 R2124 8024 4 7.979.8
& 000 10.418 99915 9.898.0 9.150.7 89156 8.860.0
€250 11.786 11.240 11.121 10179 98864 9.817.5
6.500 13.344 12.644 12493 11.30% 10,946 10,860
€750 14,231 14 038 12.552 12,103 11998
7000 16,035 15,790 [3.925 13371 13,242
720 15.446 14,763 14,605
400 17.135 16295 16,102
ER) 19.021 17.986 17,750
£.000 19.861 19.572
LI 21,948 21,504

The center of the downstream tap hole shall be Jocaled e1ght umes the published or actual
inside diamcter from the downstream tace of the orifice plate. Figure 3-D-2 shows the al-
lowable toierances. A maximum beta ratio of 0.75 should be used in the design of new in-
stallations

3—D.8.4.2- Fabrication

Meter tubes that use pipe taps shali have a hole of the proper size drilled dwrough the pipe
wall. Proper hole sizes are listed in Tabie 3-D-2. The hole shafl not be threaded. A fitting
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Table 3-D-1— Continued
Published Inside Diameters ar Published Inside Diameters 2t Published Inside Dhameters &t Published Inside Diameters at
Nominal Pipe Size of 16 Inches Nomina! Fipe Size of 20 Inches Nominal Pipe Size of 24 Inches  Norunal Pipe Si1ze of 30 Inches
Crifice
Dismeter 14.588 15,400 15.250 18812 19.000 19.250 22,624 23.000 23.250 28.750 29.000 29.250
1.500 45393 453.79
1.625 53328 523.0% 532.94
1,750 61920 618.94 618.74
1.875 711,75 711.41 711.14
2.000 811.01 810.55 B10.2! 806.73 B06.59 B06.42
2,125 917.03 916.45 916.01 911.54 91137 911.1%
2,250 1.029.9 1,029.2 1,028.6 1,0022.9 1,022.7 1,022.5
2,373 1,149.7 1,148.8 1,148.1 1,141.0 1,140.7 1,140.4 1,L1368 1,1365 L1363
2.500 1,276.6 1,275.4 1,274.5 1,265.7 1,265.4 1,265.0 1.260.6 1.260.2 1.260.0
2.625 14105 1,400.1 1,408.0 1,397.2 1,396.8 1.396.3 £.390.9 1.390.5 1.390.2
2.750 1,551.7 1,550.0 1,548.6 1,535.5 1,5350 1,534 .4 1,527.9 1.5274 15270
2.875 1,700.2 1,698.1 1,696.5 1,680.7 1,680 1 1.679.4 1,671.6 1,670.9 1.5670.5 1,663.7
3.000 1.856.1 1,853.6 1,851.7 1.832.8 1.832.1 1.8312 18219 1821} 1,820.6 1,821.6  1.8123 1.812.1
3.125 2019.6 2,016.6 2.014.4 19919 [.991.1 1,990.0 19790 1.978.1 1,977.5 1.968.0 19677 1.967.4
3.250 2,190.7 2,187.2 2,184.6 2.158.1 1571 2.155.8 2,1429 2,141.8 2,141.1 2,130.0 2,129.7 2,129.3
3.375 2,369.7 2,365.6 2,362.5 2,331.4 23303 23288 23136 23123 23115 2.298.6 2,298.2 2,297.8
3300 2.556.5 2,551.7 2,548.1 25120 25106 2.508.9 24912 24898 24888 24719 24734 24729
3.625 27515 2.745.9 2,741.7 2.699.8 2,698.3 2.696.3 26758 26741 26730 26558 2,655.2 26547
3.750 2954 6 29482 29434 2.895.1 28913 28910 28674 2BASS 28642 28444 28437 2,841
3.875 3.166 0 3,158.7 3,153.2 3,097.8 30057 3.093.1 3.066.1 3.063.8 30624 30397 30390 30383
4,000 3,385.8 33715 3,371.3 3,308 ] 3,305.7 3,302.7 32719 372693 3,267.7 32418 3.241.0 32402 |
4.25G 38517 3.841.0 38329 3,751.8 3,748.8 37449 37051 377018 3.699.7 36605 366524 3.664.4'5
4,500) 4.353.5 4,339.9 43297 4,2269 4,223.1 4218.2 4,167.7 4,163.5 4,160.8 1,118,7 4,117.4 4,116.1 ¢
4.750 4,8%3.0 4,875.9 4,863 0 4.734.3 4,729.5 4,723.4 4,660.2 46549 4,651.5 4.598.9 4,597.2 4.595.5'&-
5.000 54721 5,450.6 54345 52747 5,268.8 5.261.3 5,1B3.1 5176.6  5,1724 5,107.% 5.105.2 5,103, 1
5,250 6.092.7 6,066.0 6.046 U 5,449 58420 58328 5.737.2 5.729.2 5,724.1 5.644.3 56418 5,6393
5.500 6.757.2 6,724.3 6,609 6 6,458 § 65,450.1 6,438.8 6,323.1 6,313.4 6,307.2 6.2104 56,2073 06,2043
5.750 7.468.2 7.427.8 7.397.6 7.104.7 7,0942 7,080.6 69415 69298 69224 68060 6,802.3 67987
6.000 8,228 7 81704 glazs 7.778.2 7.7755 7.759.3 75931 7579.2 15703 74315 74270 74228
6.250 9.041.9 8.981.9 89372 8.3510.8 £.495.6 8.476.2 8.276.0 82622 82517 B0875 B.0822 BOTLIV
6.50() 9.911.4 9.K38.9 9,744 4 2274 9.255.8 92327 8.999.1 3.979.7 8.967.3 87743 B.768.1 B.762.14
6 750 10,842 10,754 10,689 10,079 10,04 10.031 9.755.4 9.732.6 97181 44926 9,485.4 9,478.4%
7.000 11,837 11,732 11.654 10,929 10,903 10.871 10,548 10,522 10,505 10,243 10,234 10,226
7.250 12,502 12,777 12,684 11,824 11,795 11,757 11,380 11,345 11,329 11,026 1,016 11,007
7.50C 14,044 13,894 13,784 12,768 12,733 12,685 12,250 12,214 12,191 11,841 11,830 11,819
~7.750 15,269 15.091 14959 13.763 1372 13.671 13.161 13,119 13,003 12.691 12,678 12.666
B OO0 16,587 16.372 16, 2E6 14,811 14,764 14,704 14,113 14,0685 14,036 13,575 13,560 13.546

shuuld be fastened to the pipe at this point, and great care must be exercised to ensure that
the inside of the pipe 1s not distorted in any way.

The dizmeter of tnz tap hole shall not be reduced within a length equal to 2.5 times the
tap hole diameter a» measured from the inside surface of the meter wwbe. If the fitting is
welded to the pipe used to fabricate the meter tube, the tap hole shall not be drilled until af-

ter the welding 1 done

In Table 3-D-2. the finushed tap hole shall bz % inch from the selected nominal 1ap hote
drameter along the dnlied length o° the holc.

3~-D.4

3-D.4.1

Computing the Flow of Natural Gas and Other
Related Hydrocarbon Fluids Through OrHice
Meters Equipped With Pipe Taps

GENERAL

The recommendations i 3-D. 4.2 through 3-D.4.8 concerning calculations and compu-
tattons are confined stricty to pipe tap orifice meters installed and operated according to the
providions of this appendix, The equations usc inch-pound units and absclute valucs




API MPMSx34.3.3 92 W 0732290 0503925 843 .M

SecTION 3—CONCENTRIC, SQUARE-EDGED ORFICE METERS, PART 3—NATURAL GAS APPLICATIONS 77
Table 3-D-1—Continued -
Published Inside Diameters a1 Published Inside Diameters at Publizhed Inside Diameters at Published Inside Dismetars ac
Nominal Pipe Size of 16 Inches Nominal Pips Size of 20 Inches Normunal Pipe Size of 24 Inches Nominal Pipe Size of 30 loches

Orifice
Diameter 14.688 15.000 15250 18.812 19.000 19250 22624 23,000 23250 28.750 29.000 29.250
8.250 17,956 17,746 17562 15,915 15,861 15,791 15,109 15,055 15,020 14,494 14477 14,461
8.500 19,517 19221 19,004 17,079 17.016 16,935 16,150 16,088 16,048 15448 . 15429 15411
8.750 21,157 20,807 20551 18,306 18,233 18,140 17,238 12,166 17,121 16,439 16,418 16,398
2.000 22927 22,515 22214 19.600 19.515 19,408 18,374 18,293 18.24] 17.468 17.444 17.421
9,250 24,842 24,357 24,004 20,964 20,867 20,744 19.561 19,468 19410 18,535 18,508 13,482
9.500 26917 26,347 25932 22,404 22,293 22,15 20,801 20,695 20,629 19.642 19,612 19,582
9750 29,173 28,502 28,015 23,925 12,797 23,635 22,096 21,976 21,901 20,789 20,755 20,722
10,000 31,630 30,840 30,269 25331 25,384 25,199 23,448 23,313 23,228 21977 21,939 21,902
10.250 34,316 33,384 32714 27229 27.062 26,850 24,861 24,708 24,612 23,208 23,165 23,124
10.500 36,161 35373 29,026 28,834 28,593 26,337 26,165 26,057 24,482 24,435 24 389
10.750 30928 30,710 30,435 27.879 27,686 27,564 25802 25,749 25.698
11.000 32944 32,695 32382 29492 20,274 29137 27.168 27,109 27053
11.250 35,082 34,799 34 444 31177 30933 30,780 28,582 28,517 28,454
11.500 37.353 37.031 36,627 32,541 32,667 32,495 30,045 29973 26,904
11.750 39,766 39,401 38,942 34,786 34,479 34,286 31,559 31,480 31403
12.000 42,336 41921 41,400 36717 36174 36,158 33126 33,038 32,953
12.500 47,998 47,462 46,791 40,859 40,430 40,162 36.426 36,319 36,216
13.000 54,472 53,779 52915 45410 44,878 44,545 39,960 39,830 39,705
13.500) 50,425 49,765 49,351 43,746 43 590 431438
14.000 55.965 55,148 54,640 47 805 47,617 47,433
14,500 62,106 61,096 60,469 52,159 51,933 51,715
15,000 68.938 67,585 66.917 56,833 56,563 56,303
15.500 76,572 75,027 74,075 61,857 61,535 61,225
16.000 83,233 82,057 67,263 66,879 66,511
16.500 73,087 72,632 72,195
17,000 oL 793720 78.833 78,315
17.500 86.165 . 85227 B4 915
18.000 - 93,522 92,767 92.044
18.500 101,506 100,614 99,761
19.000 110,192 [09.137 108,130
19.500 119,667 118,420 117231
20.000 130036 128,559 127,153

throughout. Constants and variaoles that have a subscript of 1 indicate upsiream measure-
ments; those that have a suoscript of 2 indicate downsiream measurements.

3-D.4.2 EQUATION

In the measurement of most gases, especially natural gas, the general practice is to ex-
press the flow rate 1n cubic feet per hour at some specified reference or base conditions of
pressure and temperature {(that s, in standard cubic [eet per hour). To calculate the quantty
of gas. the foliowing equation shall be used:

Q = CJrE (3-D-1)
Witere:
C* = oniice flow constant. -
L. = differental pressure at 607F, in inches of water
F; = stauc pressure, in pounds force per square inch absolute.
2. = volume flow rate at base conditions, in siandard cubic feet per hour.

3-D.4.3° ORIFICE FLOW CONSTANT (C')

The onifice flow constant, C; is defined as the rate of airflow as & real gas, in standard cu-
bic feet per hour, when the extenston, (A.F)", equals unity. The orifice low constant
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Figure 3-D-2—Allowable Variations in Pressure Tap Hole Location

should not be confused with the flow coefficient or coefficient of discharge (X). The follow-
1ng cquation is used to calcujate tne orifice flow constant:

: C' = REYEEEEE, (3-D-2)
“Where. )
F, = hasic orifice factor
!, real specific gravity (relative density) factor.

e

It

F;, = base pressure factor.

[, = supercompresstbility facror {from A.G.A. Transmission Measurement Commitiee
Repo:t No. 8.

f~ = Reynolds number factor.

[, = base temperature factor.

F.: = Nlowing temperature factor.

¥ = expansion factor

Teble 3-D-2—Meter Tube Pressure Tap Holes
(Dimensions in Inches)

Me:er Tun?
Nominal Nominal Tap Hole Diamerer
Inside
Diameter Recommended Moximum Mimmum
2 “ W %
- 2orl % % %
’ 23 Y % K

Kow: The funsned tap hole shall be *44 inch from the selected nominal ap
hole diameter along the dnlied length of the hole.
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The sequence of multiplication in Equation 2 is not binding; however, to duplicate the re-
sults obtained using Equation 2, the sequence of multiplication and the manner of rounding
or truncation should be agreed upon and precticed. Trim factors to compensate for the rype of
instrumentation used, the calibration methods, and the eiements of meter location are treated
scparately (see Appendix 3-A). These trim factors may be applied as a multiplier to C:

The values of all the C’ factors are detailed in subsequent sections of this appendix. Both
equations and tabular data based on the equations are provided. The tables are to be used
as an alternative 1o calculations by equations or to check computed results.

3-D.4.4 COEFFICIENTS OF DISCHARGE (K) —
To calculate the coefficients of discharge, X, the following empirical equations are used:

K = — i (3-D-3)
14 ————
1,000,0004
Where
K, = 0.5925 - 20182 [0_44 _ 0-06)ﬂ: . (0_935 . o.zzs)ﬂ,
D D D
L4 1.43 3%
~ 1.358" + —=(0.25 — B) (3-D-4)
Vi)
E = d(830 - 50008 + 90008° - 42008’ + B) (3-D-5)
B = §.—E + 75 3-D-6)

, .
Note: In Equation 3-D -4, the signs of some of the terms with fractional exponents become neganve for seme val-
ues of §. In such cases, these terms are 10 be neglected or thewr vajue treated as zero, and where these terms are o
factor to another termm, the whole product 15 to be trealed as zero.

Where:
measured orifice diameter, in inches.

D) = measured inside reter tube diameter, in inches
K, = cocfficient of discharge when Reynolds number is cqual o (1,000,000d)/1 5.

K, = coefficient of discharge when Reynolds number equals tmfinity, which will be the
minimum value for any particular orifice and merer tube size.
B = beta ratio
= dfb.

These values will be used in subsequent intermediate calculations of the orifice flow con-
stant factors

3-DA.5 BASIC ORIFICE FACTOR (F,)

To calculate the basic orifice fuztor, £, use the following equation and note the standard
conditons:

L, = 33K.1784°K, (3-D-7)

When
F, (base pressure) = 14.73 pounds force per square inch absolute
Speaific gravity = 1.000
~ T, (basc tcmperature) = 60°F (519.67°R)

1

Table 3-D-1 was developed using Equation 3-D-7 and various combinations of £ and D;
1o use it, however, the measured inside diameter (D) of the meter rube must be within the
limits specified in 3-D.3.2 and Figure 3-D-1. Table 3-D-2 may not be interpolaied.
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3-D.4.6 REYNOLDS NUMBER FACTOR (F)
To calculate the Reynolds number factor, F;, use the following equations:

E
FE =1+ — 3-D-8)
' Re, ¢

Re, = 220,8584F,/ph,
X (0.613408 ~ 0.1527568 + 0.8038334% - 1.7011118° + 1.5693368*) (3-D-9)

£ Y 49167
= | —— G 3-D-10
P (14.7][ T ] (-D-10)
Where: R
& = specific gravity.
Re, = orifice brre Reynolds number.
T; = absolute flowing temperature, in degrees Rankine,
p = specific weight of a gas at 14.7 pounds force per square inch absolute and 32°F.

Table 3-D-3, which may not be interpolated, may be used to determine the value of &,
this value may then be apphed to Equanan 3-D-11:

4

Table 3-D-3-—b Values for Determining Reynolds Number Factor £, for Pipe Taps (All Dimensions in Inches) "

F =1+ b
hE
Published Inside Diameiers at Publizhed lnside Diameters at Publhshed Inside Diameters at
Nominal Pipe Size of 2 Inches Naminal Pipe 5122 of 3 Inches Nomunal Pipe Size of 4 Inches
Crifice '

Diame:er 1.687 1.939 2.067 2.3060 2624 2.900 3.068 3.152 3438 3.826 4.026.
0.25C 01106 0 109! 01087 01081 0.1078 0.1078 0.1079 0.1079 0.1081 01084 0.1085
0.375 00890 00878 0.0877 00879 0.0888 0.0898 0.0905 0.0508 00918 0.0932 0.0939
0.500 00758 D734 Q072% 0.0728 0.0737 0.0750 00758 0.0763 00778 0.0800 0.0810
0.62° 00692 0 DALY n6as (.0624 0062 0.0634 00642 0.0646 00662 0.0685 0.0697
0750 0.0676 00603 D.0584 0.0559 0,546 0.0548 0.0552 0.0555 0.0568 0.0590 0.0602
0.875 0.0684 0.0602 L.U570 0.0528 0.0497 0.0488 0.04388 0.0489 0.0496 0.0513 0.0524
1.0G0 Q00702 001614 ¢.0576 0.0522 0.0473 0.0452 0.0445 0.0443 0.0443 0.0453 0.0461
112 007 L0635 0.0595 [VECAR 00469 0435 0.0422 0.0417 0.0407 0.0408 0.0412
1.250 0 0650 00617 0.0552 00478 0.0434 001E4 0.0406 (.0387 0.0376 0.0377
1.37% 00629 00575 00496 00243 O0dl8 0.0408 0.0379 0.0358 0.0353
1 500 1.0590 00518 G 0461 00431 0.0418 0.0382 00350 0.0M1
I625 00539 0.0482 0.0450 _ 0.0435 0.0392 N.0351 0.0336
1750 0.0554 0.0504 0.0471 0.0456 0.0408 00359 0.0340
187 0.052! 00492 0.0477 0.0427 0.0372 0.0349
Z.00¢ 0.0532 0 0308 0.(495 0.0148 0.0338 0.03563
. Uusi9 0.0504 00467 0 0ay7 10.0380
2.25C 0.0483 0.0427 0.0358
23ns 0.0494 00445 0.0417
25 0 0461 0.0435
61 00472 0.0450
o5 0.0462

Mote 'Lhe b values are cn'culated from the following equation:
£
rE —
. 12,B354K
Witerc

mean onhee dmeter, in inches
value from Equation 3-D-5.
value approximated from Table 3-D-4.

tn
(LTI ]
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b
F=1+ {3-D-11)
hE
- —E (3-D-12)
12,835dX
Table 3-D-3— Continued
E =1+ b
LB
Published Inside Published Inside Published Inside Published inside
Dhameiers at Diameters at IDhameters at Diameters at
Nomuoal Pipe Size of Nominal Pipe Size of Nomigal Pipe Size of Nominal Pipe Size of
6 Inches 8 Inches 10 Inches 12 Inches
COrifice
Diameter 4897 5.187 £.761 6065 7.625 7.981 8.071 9.562 10.020 10.136 11.374 11.938 12.090
0.500 0.04850 0.0852 00883 0.0893
0.625 00747 00762 00789 0.0802
0.750 0.0655 0.0672 0.0703 Q.0719
0.875 0.0575 0.0552 00625 0.0642 0.0716 0.0730 0.0734
1,600 00506 0.0523 0.0556 0.0577 0.0652 0.0668 0.0672 0.0728
1.125 0.0443 0.0464 0.0495 0.0512 0.0593 0.0609 0.0613 0.0674 0.0691 0.0695
1.250 0 040! 0.0414 0.0442 0.0458 0.0538 0.0555 0.0560 0.0624 0.0641 0.0646 0.0687 0.0704 0.0708
1.375 0.0363 0.0373 00397 00412 0.0489 0.0506 00511 00576 0.05%4 00599 0.0643 0.0661 0.0666
1.500 * 0.0334 0.0341 0.0360 0.0372 0.0445 0.0462 0.0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625
1.625 00313 00315 00329 0.0339 1.0405 0.0421 0.0425 00490  0.0500 00514 0.0561 0.0580° 0.0585
1.75¢ 0.0304 0.0298 00304 0.0311 0.0369  0.0334  (0.0388 0.0452 0.0471 0.0476 0.0523 0.0543 0.0548
. L.B75 | 0.0293 0.0287 Q.0285 0.02%0 | 0.0338 0.0352 0.0355. -00417 0.0436 0.0440 0.0488 0.0508 .- 00513
2.000° 0.0292 0.028i. 0.0273 0.0273 0.031t 0.0323 0.0327 0.0385 0.0403 . 0.0407 0.0454 00475 0.0480
2125 0.0297 0.0281 0.0265 0.0262 0.0288 0.0299 0.0301 0.0355 0.0373 00377 0.0423 0.0443 0.0449
2.250 0.0305 0.0285 0.0261 0.0256 0.0268 0.0277 0.0280 0.0329 0.0345 0.0349 0.03%4 0.0414 0.0419
2375 0.03146 0.0293 0.0262 00253 0.0252 0.0259 0.0261 00305 0.0320 0.0324 0.0367 0.0387 0.0392
2,500 0.0330 0.0304 0.0267 0 0254 0.0239 0.0244  0.0246 (00283 0.0298 0.0301 0.0342 0.0361 0.0366
2.625 0.0345 0.0317 0.0274 0.0258 0.0230 0.0232 0.0233 0.0265 00277 0.0281 0.0319 0.0337° 0.0342
2.750 0.0362 (1.0322 0.0284 0.0265 Q.0224 00224 0.0224 0.0248 0.0260 0.0263 0.0298 0.0316 0.0320
2.875 0.0379 0.0348 0.0295 0.0274 0.0120 Q0118 0.0218 00234 0.0244 0.0246 0.0279 0.0295 0.0300
3.000 0.0395 0.0364 0.0308 0.028> 0.021% 0.0214 0.0213 0.0222 0.0230 0.0233 0.0262 0.0277 0.0281
3135 0.0410 0.0380 n.03212 0.0257 0.0220 00213 0.0211 00212 00218 0.0220 00246 0.0260 00264
3.250 Q.0422 0.0302 0.0338 0.0311 0.0223 00214 0.0212 0.0205 0.0209 00210 0.0232 0.0245 0.024¢9
3.375 0433 0.0408 0.0353 0.032% Q.0228 00217 0.0214 00199 0.0201 0.0202 0.0220 0.0232 00235
A.500 o819 00367 04339 0.0235 0.0221 0.0218 0.0195 0.0195 0.0196 0.0210 0.0220 0.0223
3.625 00428 0.0331 00354 00243 00227 0.0224 0.0193 .01 00191 0.0200 0.0209 0.0212
3750 Q.0191 00357 0.0'52 0.0234 00230 00192 0.01B8 0.0188 0.0193 0.0200 €.0202
3875 .04 0 Q03BG 0.0262 0.0243 0.0238 0.0193 Q.0187 0.0186 0.0187 0.0192 - 0.0194
4 D00 013 10393 0.0273 00252  0.0248 0 019s 0.0187 0.0186 0.0182 o.oLas 0.0187
T 5.250 0.0297 00273 0.0268 0.0203 0.0192 0.0139 0.0176 0.0176 0.0177
4.500 0.0s21 n0296 00290 no21s 0.0200 0.0197 0175 00172 0.0171
4750 0.0334 00320 0.0314 0.0210 0.0212 0.0208 00178 0.0171 0.0170
5.000 00364 0.0342 0.0336 0.0248 0.0228 0.0223 0.C185 0.0175 0.0172
5.250 0.0381 0.0361 0.0356 0.0267 0.0245 0.023% 00195 0.018]1 0.0178
5.500 0.0377 0.0373 0.0287 0.0261 0.0257 0.0207 0.019%0 0.0186
5750 0.0307 00282 0.0276 00221 0.0202 0.0197
6.000 0.0326 0.0302 0.0295 00236 0.0215 0.0210
6.250 {1.0343 0.0320 00314 00253 0.0230 00224
6.500 0.0353 00316 0.0331 00270 0.0246 00240
6750 0.0351 0.0345 0.0288 0.0262 0.0256
7000 0.0363 0.0359 0.0304 0.0279 D232
7.250 - 0.0320 0.0295 0.0288
1.500 00334 0.0310 0.0304
1750 0.0347 0.0325 0.0318
8.000 0.0338 0.0332
5.250 0.0349 0.0344
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Tahle 3-D-3— Continuad

F=l+
k&
Published Inside Published Inside Publishcd Inside Published Inside
Diameters a2 Diametors at Diameters at Diameters at
Nominal Pipe Size of Noumunal Pipe Size of Nominal Pipe Sizs of Nominal! Pipe Suze of
16 Inches 20 inches 24 Inches 30 Inches
Orifice
Diameter 14.688 15.000 15.250 18812 19.000 19250 22,624 23.000 23.250 28.750 29.000 29250

[.500 0.0697 0.0705

1.625 0.0662 0.0670 0.0676

1.750 0.0628 0.0636 0.0642

[.875 0.0595 0.0603 00610

2.000 0.0563 0.0571 0.0578 0.0663 (LDGET 0.0672

" 2,125 0.0532 0.0541 0.0548 0.0635 0.(639 0.0645

2.250 0.0503 0.0512 0.0519 00609 Q.0613 00618 _

2.375 0.0475 0.0485 0.0492 00583 0.05838 0,0593 0.0658 0.0665 0.0669

2.500 0.0449 (.0458 0.0466 0.0558 0.05562 0.0568 00635 0.0642 0.0646

2,625 0.0424 0.0433 0.044] 00534 0.0538 0,0544 00613 0.0620 0.0624

2.750 00400 0.040% 0.0417 00510 0.0515 0.0520 0.0591 0.0598 0.0603

2.875 0.0378 0.0387 0.03%4 00488 0.0492 0.0498 0.0570 0.0577 0.0582 0.0669

3.000 0.0356 0.0365 0.0372 0.0466 00470 0.476 0.0549 0.0556 0.0561 0.0650 0.0654 0.0657
3125 00336 0.0345 0.0352 00445 00449 0.0455 0.0529 0.0536 0.0541 0.0632 0.0636 0.0639
3.250 0.0317 0.0326 0.0333 0.0425 0.0429 0.0435 0.0509 0.0517 0.0521 00615 0.0618 0.0622
3375 0.03200 0.0308 G.0314 00405 0.0410 0.0416 00490 0.0497 0.0502 0.0597 0.0601 0.0604 ,
3500 00283 0.0291 G.0297 0.0387 0.0361 0.0397 00471 0.0479 0.0484 003580 0.0584 {.US87 .-
3.625 0.0268 0.0275 0.0281 0.0369 0.2373 0.0379 0.0453 0.0461 0.0466 N0561 0.0567 0.0571 -+
31350 0.0254 0.026! 0.0267 0.0352 0.0356 0.0362 00436 0.0444 0.0449 0.0547 0.055! 0.0554 ¢t
1878 0.0240 0.0247 0.0253 0.0336 00340 0.0346 0.0419 0.0427 0.0432 0.0530 0.0534 0.0538
4.000 0.0228 0.0235 0.0240 0.0320 0.0524 0.0330 0.0403 00411 0.0416 0Os51S 00519 0.0523
4.250 Q0207 00213 0.0217 0.0291 0.0295 0.0301 0.0372 0.0380 0.0385 0.048~ 0.0488 0.0492
4.500 0.0190 0.0194 0.0198 0.0265 0.0269 0.0274 0.0343 00351 0.0356 0.0455 0.0459 0.0463
4.75G 0.0176 0.0180 0.G183 0.0242 0.0246 00250 0.0316 00324 0.0325 0.0427 0.043! 0.0435
5000 00166 00168 o7 00221 00725 00229 0.0292 00299 0.0303 0.0401 0.04058 0.0409 3.+
5250 00160  0016! 0.0162 0.0203 00206 00210 0.0260 00276 0.0280 00376 00380  0.0384 ;;_’,
5500 0.0156 00156 nmsa D OIRE 00190 00194 0.0248 0.0255 0.0259 0.0352 0.0356 0.0360
5750 0.0155 0.0t54 0.0153 0.0175 0.0177 0.0:80 0.0230 0.0236 0.0240 0.0330 00334 0.0338 -
6.0CC 00157 0.015¢ 0.0153 0.0164 00165 V4168 0.0213 0.0218 0.0222 0.0306 00313 0.0317
6.250 0.016! oGSy 0.0754 0.0155 00136 00158 0.0197 0.0203 0.0206 D028y 0.0293 0.0297
6.50C 0.0167 00162 00159 Uuray 0.0149 0.0151 0.0184 00189 0.0192 0.0271 00274 0.0278
6.750 Q0175 00169 0164 LWIEEY 0.0144 00145 0.0172 0.0176 0.0179 0.0253 0.0257 0.0261
7.000 00184 00177 00172 0.0141 0.0141 Q014; 0.0162 0.0166 0.0168 0.0237 0.0241 0.0244
7250 0.019s QOIET7 0O0IR! [SRHIE14] 0.0140 00139 0.0153 0.0156 0.0159 0.0223 0.0226 0.0229
5.500 0.0206 0C19E 0.019 CO140 0Mm4e D Q139 0.0146 00149 0.0150 0.0200 0.0212 0.0215
7150 0.0219 0.C209 0.0202 00143 OLid] U 4n 0.0140 0.0142 00144 0.019n 00199 0.0202
£.000 0.0232 o2z 00zi4 AT 00144 0042 0.013%6 00138 00139 0.0185 00187 0.0180

Tablz 3-D-4 must bz used 0 determine the value of K 1n Equanon 3-D-12. First-order
lincar interpolation of Table 2-D-4 1s permussible. in caiculating the extension for detenni-
nauons of £, avetage or estirnated values may be used.

3-D.4.7 EXPANSION FACTOR (Y}
3~-D.4.7.1 Expansion Factor Based on Upstream Static Pressure (Y;)

If the static pressure 1s measured at the upsiream pressure tap, the calculations for the ex-
pansion factor, ¥,. use the following equations,

¥o= |- [0.333 + L145(F° + 0.78° ~ 123”)]% (3-D-13)
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Tabie 3-D-3— Continued
F=1+ b
2 3_*. 7
Published Inside Published Inside Published Inside Published Inside
Diameters at Diameters at Diameters at Diameters at
Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of - Nominat Pipe Size of
16 Inches 20 Inches 24 Inches 30 Inches

Onfice
Diameter 14.688 15.000 15250 18.812 19.000 19.250 22.624 23000 23.250 28.750 29.000 29.250
8.250 0.0246 0.0235 00227 0.0151 0.0149 0.0146 0.0133 0.0134 0.0135 Q0174 0.0177 0.0179
B.500 0.0260 0.0249 0 Q240 0.0157 0.0154 0.0151 0.0132 0.0132 Q0132 00165 0.0167 0.0i70
8.750 0.0273 0.0262 0.0253 0.0163 00160 00157 0.0131 0.0130 0.0130 0.0156 0.0158 0.0161
9000 0.0286 0.0276 0.0267 0.0171 0.0168 0.0163 0.0131 0.0130 0.0130 0.0149 D.0O151 00153
9.250 0.0299 0.0288 0.0280 0.0180 Q.0176 0.0171 0.0133 D.0131 0.0130 0.0142 0.0144 0,0146
9.500 0.0311 0.0301 0.0292 3.0189 00185 0.0180 0.0136 0.0133 0.0132 0.0137 0.0138 0.0140
9.750 0.0322 0.0312 0.0304 0.0198 0.0194 coLge - 0013 0.0136 0.0i34 00132 0.0133 0.0135
10.000 0.0332 0.0323 0.0315 0.0239 0.0204 0.0198 0.0143 0.0140 0.0138 0.0129 0.0129 0.0130
10.250 0.0341 0.0333 0.0326 0.0219 00214 0.0208 0.0t49 0.0144 0.0142 00126 0.0126 0.0127
£0.500 0.0341 00335 0.0230 0.0225 0.0219 0.0154 0.0150 0.0147 00123 0.0124 0.012d
10,750 0.0241 0.0236 0.0229 0.0161 0.0155 0.0152 00122 0.0122 00122
11.000 0.0252 0.0247 Q.0240 0.0168 0.0162 0.0158 0.0121 0.0121 0.0121
11.250 0.0263 +  0.0258 0.0251 0.0175 0.0169 0.0165 Q0121 06.0121 0.0121
11.500 0.027; 0.0268 0.0261 0.0183 0.0176 0.0172 0.0122 0.0122 0.0121
11.750 0.0284 0.0278 0.0272 0.0191 0.0184 0.0180 0.0124 0.0123 00122
12.000 0.0293 0.0288 0.0282 0.0200 0.0192 0.0188 0.0126 00124 . 0123
12 500 0.0312 0.0307 0.0301 0.0218 0.0210 0.0205 00131 .0130 0.0128
13-000 0.0327 0.0323 0.0318 0.0236 0.0x8 0.0222 . 0.0139 0.0137 0.0135
13 500 0.0255 0.0245 0.0240 0.01438 0.0146° 0.0143
14 000 0.0272 . 00264 0.0258 0.0159 0.0158 0.0153
14.500, 0.0289 0.C280 0.0275 0.0172 0.0168 0.0165
15.000 ) 0.0304 0.0296 0.0291 0.0185 0.0181." 00177
15.500 00318 0.0311 0.0306 00199 00194 0.019]
16.000 0.0323 0.0319 00213 0.0209 0.0205
16,500 0.0228 0.0223 0.0219
17.000 0.0242 0.0238 0.0233
17500 0.0257 0.0252 0.0248
18.000 0.0270 0.0266 0.0261
18.500 00283 0.0279 0.0275
19.000 0.0296 0.0292 0.0288
19.500 00307 0.0303 0.0299
20,000 0.0317 0.0313 0.0310

P - P h
1, h
A= — = = (3-D-14
: B 27.707E, )
Where:

k = ratio of specific heats, ¢,/c, (that s, the ratio of the specific heat of a gas at con-
stant pressure to the specitic heat of the gas at constant volume at standard con-
ditions).

x./k = acousuc ratio,

Table 3-D-5 was developed using Equations 3-D-13 and 3-D-14 with a value of & = 1.3.
tirst- or second-order hinear interpolation of Table 3-D-5 is permissible.

The valucs of ¥, arc subject to an uncertainty varying from 0 when x, = 0 to £0.5 per-
cent when x, = 0.2. For larger values of x,, a somewhat larger uncenainity can be expected.
Equation 3-D-13 may be used overarangeof 0.1 < 8 £ 0.7,
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Tabls 3-D-4—Values of K to Be Used in Determining
A, for Calculation of ~ Factor

A X (pipe)
0.100 0.607
0.125 0.608
0.150 0.611
0.175 ) 0.614
0.200 0618
0.225 0.623
0.250 0.628
0275 0.634
0.300 0.641
0.325 0.650
0.350 0.658
0375 0.668
0.400 0.680
0.425 0.692
0450 0 707
0.475 0.724
0.500 0742
0.525 0763

" 0.550 0.785

0.575 0.810

0.600 0.837

0.625 0.869

0.650 0.904

0.675 0.943

T 0.700 0988

3-D.4.7.2 Expansion Factor Based on Downstream Static Pressure (Y;)

If the stauc pressure is measured at the downstream pressure tap, the calculations for the
expansion factor, Y3, use the following equanons:

—_— . x
YL = 1+ x, -~ [0.333 + 1.145¢(8° -~ ().'.Fﬁs + 12,3”)]7’_ (3-D-15)
- e kafl + x,

E - P h
x, = L —4 = = (3-D-16)
: ¥ A 27.707 R,
Table 3-D-6 was develeped using Equations 3-D-15 and 3-D-16 with a valuc of £ = 1.3,
Fiist- or second-order linew meerpolation of Table 3-D-6 is permissible.

3-D.4.8 OTHER C'FACTORS

The remaining onfice flow constant C* factors (namely, £, F,. Fy, £,.. and £} are calcu-
luted exactly as described 1n the body of this standard. Computattons using equations or ta-
blos are pernussible with thess factors when calculating the flow of nateral gas through
orifce meters cqulbpcd with pipc taps.

3-D.4.9 EXAMPLES
3-D.4.9.1 Example 1

(riven the tollowing physical parameters and flowing conditions, calculate the flow rate
for a pipe tap onfice meter tnrough onc meter tube:

Tube diameter 2.067 in
Orifice diameter 1in
Static pressure 500 psig {measured upstream)
Difterental pressure 50 inches of water at 60°F




API I'IPI“IS.tlll-B-B 92 E 0732290 [1503_‘_133 91T .

SecTIoN 3—CONCENTRIC, SQuAFe-EOGED ORIFICE METERS, PART 3—NATURAL GAS APPLICATIONS 85
Base pressure  14.73 psia
Atmospheric pressure  14.7 psia (barometric)
Flowing temperature  100°F bt
Base temperaure  60°F
Relative density (specific gravity) 0.600
Carbon dioxide 0.5 mole percent
Nitrogen 0.5 mole percent
Differential pressure device Bellows (recorder, dry)
The solution is calculated as follows: L
Diameter ratio (§) = 0.483793
Extension = 100.421
Basic orifice factor () = 243.279
{(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and
3-D-7; or Table 3-D-2)
Table 3-D-5—Expansion Factors for Pipe Taps (Y;): Static Pressure Taken From Upstream Taps
g = diD
hiP, 0.1 02 0.3 04 045 0.50 0.52 0.54 036 0.58 0.60
0.0 1.000 1.000 1000 1.006 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.5990 09989 0.9988 0.9985 0.9984 0.9982 0.5981 0.9980 09979 0.9978 0.9977
032 0.9981 0.9579 09976 ©  0.9971 0.5968 09964 0.9962 09961 09954 09957 0.9954
0.3 0.9971 (.9568 0.9964 0.9956. 0.9952 - 0.9946 0.9944 0.994: 0.9938 0.9935 0.9931
04 0.9962 0.9938 0.9951 0.9942 0.9936 09928 09925 0.9921 0.9917° 0.9913 0.9908
05 0.9952 0.5947 0.9939 0.9927 0.9919 0.9510 0.9906 0.9902 0.9897 09891 - . 098285
06 0.9943 0.9937 0.9927 0.9913 0 9903 0.9892 0.9887 0.9382 0.9876 0.9370 0.9862
*0.7 +0.9933 09926 0.9915 0.9898 0.9887 0.9874 0.9869 - 0.9862 '0.9856 0.9848 0.9340
08 0.9923 0.9916 0.990% 0.9883 0.9871 0.9557 0.9850 0.9843 09835 - 09R26 0.9817
0o 0.9914 0.9905 0.9891 0.9869 0.9855 0.9835 09831 0.9823 0981 0.9805 0.9794
L0 0.9904 0.9895  ° 0.9878 0.9854 0.9839 09821 . 09812 09803 0979« 0.9783 0.9771
Ll 0.959s 0.9884 0.9855 0.9840 0.9823 0.9803 0.9794 0.9784 Q977 0.9761 09748
iz 0.9885 0.9874 0.9854 09825 @ 9807 0.9783 05775 0.9764 09752 0.9739 0.9725
12 0.9876 09863 0.9H42 09811 19791 0.9767 09756 0.9744 09732 09718 0.9702
Ls 0.9866 0.9833 £.9330 0.9796 09775 0.9749 09737 0.9725 0971} 0.9696 0.9679
] 0.9857 0.9842 0.9818 09782 0.9758 0.9731 0971 0.9705 0.969¢ 06.9674 0.9656
.6 0.9847 09832 0.9805 0.9767 0.9742 09712 09700 0.9685 0 9670 09652 0.9633
17 0.9837 09821 0.9793 0.9752 0.9726 0.9693 0.9681 0.9666 0.9649 0.9631 "0.9610
1% 0.9828 09811 0.9781 09738 0.9710 0.9677 0.9662 0.9645 0.0628 0.9609 0.9587
19 0.981E 0 9800 09769 0.9723 0.9694 0.9656 0.9643 0.9626 09608 0.9587 0.9565
2.0 0.9809 09790 05757 09709 0.9678 0.9641 0.9625 0.9607 09587 0.9566 0.9542
21 09795 09779 0.9745 0.9694 0.96632 09623 0 9606 0.95R7 0 9566 0.9544 09519
22 0.9790 09768 0.9732 0.9680 0.964¢6 0.9605 09587 0.9567 0.9546 0.9522 0.9495
2.3 0.9780 09158 09720 0 9665 0.9630 0.95%7 0.9568 0.9548 0.9525 0.9500 0.9473
24 1977 09747 0570k 0 9650 L5617 09570 0.9550 0.952K 0 Y505 0.9479 0.9450
2.5 0.9761 09737 D96% 09635 0.9567 09552 09531 0.9508 09484 0.9457 0.9427
26 0.9751 09726 0 96K 1 0962: nYsk1 (19534 19512 0.9489 N 9461 09435 0.9404
27 0.9742 09716 09672 0 9607 0.5565 09516 09493 0.9469 09443 09414 0.9381
28 0.5732 09705 0.9659 09592 0.954¢5 0.9498 09475 0.9449 09422 09352 0.9358
24 0972 09695 U 967 D957y 0.9232 0.9480 119456 0.9430 09401 09370 0.9135
30 0.9713 0.9684 09635 09563 09517 09462 09437 0.9410 09381 0.9348 09312
11 05704 0.9674 0962° 0.9549 09501 0.9442 09418 0.9380 09360 0.9327 0.9290
12 0.9694 09663 0.9G11 09534 09485 0.9426 09400 09371 69339 09305 0.9267
33 0.9681 0.9653 0.9555 0.9519 09469 0.9408 0.9381 0.9351 0.9319 0.9283 0.9244
34 0.9675 0.9642 0.9587 0.9505 0.9452 0.9390 09362 0.933) 0.9294 0.9261 09221
35 0.9665 0.9632 09574 0.9490 09436 09372 0.9343 09312 09277 0.9240 0.9198
36 0.965¢ o962l . 09562 09476 09420 0.9354 (9324 0.9292 0.9257 0.5218 09175
37 0.964¢ 05611° 09550 09461 09¢0a 0.9336 09306 09272 0.9236 0.9196 0.9152
as 0.9637 0.9600 0.9538 0.9437 0.9388 0.9318 09287 0.9253 09216 09173 0.9129
a9 0.9627 0.9590 0.952¢ 0.9332 0.9372 0.9301 0.9263 0.9213 09195 0.9153 09106
40 0Y613 0.9579 09514 09417 0.9356 09283 0.9240 0.9213 0.9174 09131 0.9083
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Table 3-D-5— Continued
B =diD
h1P, 0.61 0.62 0.63 0 ne 0.55 0.66 0.57 0.68 0.69 0.70

0.0 1.600 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.9976 0.9976 0.9975 0.9974 0.9973 0.9972 0.9971 0.9970 0.9969 0.9968
0.2 0.9953 0.9951 0.9950 0.9948 0.9947 0.9945 0.5943 0.9941 0.9938 0.9935
0.3 0.9929 0.9927 05925 0.9923 0.9920 09917 0.9914 0.9911t 0.9907 0.9903
0.4 0.9906 0.9903 0.9900 0.9897 0.9893 0.9890 0.9586 0.9881 0.9876 0.9871
0.5 0.9882 0.9879 0.9875 0.9871 0.9867 0.9862 0.9857 0.9851 0.9845 0.9389
0.6 09859 0.9854 0.9850 0.5845 0.9840 0.9834 0.9828 0.9822 09814 0.9806
0.7 0.9835 0.9830 0.9825 Y.981¢ 0.9813 09807 0.9800 09792 0.9784 0.9774
038 09811 0 9806 0.9800 0.9794 0.9787 0.9779 0.9771 0.9762 0.9753 0.9742
09 09788 09782 0.9775 09765 0.9760 05752 0.9742 09733 09722 0.9710
1.0 09764 0.9757 0.9750 09742 09733 0.9724 0.9714 0.9703 0.5691 0.9577
1.1 0.9741 0.9733 09725 0.9713 0.9707 0.9696 0.9685 0.9673 0.9660 0.9645
1.2 0.5717 0.9709 79700 0.9690 0.9680 0.5669 0.9657 09643 0.9629 0.9613
1.3 0.5694 0.9685 09675 0.9664 0.9653 0.9641 0.9528 0.9614 0.9598 0.9581
1.4 09670 0.9650 09650 0.9639 0.9627 0.9614 0.9599 0.9584 0.9567 0.9548
1.5 0.9646 0.9636 0.9625 0.0613 0.9600 09586 09571 0.9554 0.9536 0.9516
1.6 0.9623 0.5612 D 9600 0.9587 0.9573 0.955% 0.9542 0.9525 2.9505 0.9484
1.7 05539 0.9587 09575 0.9561 0.9547 09531 0.9514 0.60495 0.9474 0.9452
1.8 0.5576 0.9553 019550 0.9535 0 9520 09503 0.9485 0.9465 0.9443 09419
1.0 09552 0.9539 09525 0.5510 0.9493 0.9476 0.9456 0.9435 09412 0.9387
2.0 0.9529 0.9515 09500 0.9484 0.9467 0.9448 0.9428 0.9406 0.9381 0.9355,
2.1 09505 0.9480 09475+ 0.9458 0.9440 0.5420 0.9399 0.9376 0.9351 0.9323,
2.2 0.948] 0.9466 0.9450 0.9432 0.5413 0.9393 0.9371 09346 09720 £.9290
2.3 0.545% 00.5442 09225 0.9406 09387 09355 4.9342 0.9217 0.9289 0.9258"
24 9434 0.9418 0 9400 0.9.81 09360 09338 09313 0.9287 0.9258 0.9226
2.5 09411 0.,9393 06378 0.9355 09333 09310 0.9285 0.9257 0.9227 0.9194
2.6 0.9387 0.9369 0.9350 0.9329 09307 0.9282 0.9256 0.9227 02196 0.916.
2.7 09364 0.6345 0.9325 0.9313 09280 0.9255 0.9227 0.9198 0.9165 0.9129
2.8 0.9340 0.932t 09300 0.9277 0.9253 0.9227 0919y 09168 09134 0.9097
2.0 09116 0929 09775 0.9252 0.9227 0.9200 09170 09138 0.9103 0.9064:
3.0 0.9293 0.9272 0.5250 0.9225 0.9200 09172 0.9142 0.9108 00072 0.9032;
3. 0 9269 09248 (hg22¢ 09200 09173 09144 09113 0.9079 0.9041 0.9000

pd 0.9246 0.6221 0.920¢ 0.0174 09187 0.9117 0.9084 0.9049 49010 0.8968:
13 09222 0.9199 091728 0.9148 09120 05089 0.9056 09019 {0.8979 {) 8935
14 - LG9 09175 0.9150 Q9122 9093 0.9062 0,9027 (.89%0 0.8948 0.8903
15 09175 09151 0.912= 0.9067 (r 6067 0.9034 0.8999 0.8960 0.8918 0.8817
36 09151 0%iza 09100 09071 09046 0.9006 08970 0 8930 0.3887 0.8819
2 0.9128 04102 09075 D 9045 09013 0.8979 0.894] 0.8900 0.8856 2.8306
KR 09104 09078 0.9050 Q9019 0.8957 0.8951 0.8913 0.8871 (.4E2% 0R7T74
kY Q9081 Q49054 Q.25 089597 N.B36N 0.R924 0 8884 08841 0.8794 0.8742
a1 03057 09029 Q QOO0 08968 [IR:1*kX] 0 8896 0 8856 0.881] 0.8763 0.8710

Kevnolds number tactor (F))

Buse pressure factor (F,)

Base temperoture factor (F,)
Flowwg temperature factor (F)
Relative-density factor (£}
Supsmompréssibilny factor (F) :
Onfice flow constant {C*}

1.0004

(from Equations 3-D-5, 3-D-§, 3-D-9, and 3-D-10;
ar Table 3-D-1 and Equanion 3-D-11; or Table 3-13-3
and Eqguations 3-D-5. 3-D-11, and 3-D-12)

Expansion factor (¥,) = 0.9982

(from Equanons 3-D-13 and 3-D-14 or Table 3-D-4)
[ 0000

1.0C00

0.9636

1.2910

1.0299

311.284

(from Equauon 3-1D-2)
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Fiow rate ((,) = 49.9367 MSCFH
= 1.19848 MMSCFD
(from Equation 3-D-1)

3-D.4.9.2 Example 2

Given the following physical parameters and flowing conditions, calculate the flow rate
from a pipe tap orifice meter through one meter tube:

Tube diameter 10.020 in
Orifice diameter 4.5 in
Static pressure 350 psig (measured upstream)
Differential pressure 40 inches of water at 60°F
Base pressure  14.73 psia
Ammospheric pressure 14,7 psia (barometric)

Table 3-D-6—Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstream Taps

B =dD

hIF, 0.1 02 [UK] 0.4 0.45 0.50 0.52 054 0.56 0.58 0.60
¢.0 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 1.0008 1.0008 1.0006 1.0003 1.0002 1.0000 0.9999 0.9998 09997 0.9996 0.9995 -
0.2 1.0047 1.001s 10012 1.0007 1.0004 1.0000 0.9999 0.9997 0.9995 0.9993 0.9990
03 1.0025 1.0023 £.0018 10010 1.0006 1.0000 0.9998 0.9995 0.9992 0.9989 -~ 0.9985-
04 1.0034 1.0030 1.0024 1.0014 1.0008 1.0001, 0.9997 0.9994 0.9950 0.9986¢ 0.9931
0s 1.0042 i.0038 1 0030 1.0018 1.00t0 1.0001 0.5997 0.9992 0.9988 .0.9982 0.9976°
0.6° 1.0051 1.0045 1 0036 1.0021 1.0012 1.0001 0.9996 0.9991 0.9985 0.997% 0.9972
07 1.0059 i.0053 1.0041 1.0025 1.0014 1.0002 0.59996 0.9990 ° 0.9982 0.9975 0.9967
0.8 1.0068 1.0060 1.0047 1.0028 1.0016 1.0002 0.9995 0.9988 09980 0.9972 0.9962
oy 1.0076 10068 1.0052 1.0032 1.0018 1.0002 0.9995 0.9987 0.9978 0.9949 0.9958
Lo 1.0085 1.0075 1.0059 1.0036 10021 1.0003 0.9994 0.9986 0.9976 0.9945 0.9954
It 1.0093 10083 1 QUB3 1.L039 1.0023 1.0003 0.9994 0.9984 0.9974 0.9962° 0.9949
1.2 1.0102 1.009] L0071 1.0043 £.0Q25 1.0004 0.9994 0.9983 09972 0.9959- 0.9545
1.3 1.0110 1.0098 1.0077 1.0047 1.0027 1.0004 0.9994 0.9932 0.9970 0.9956 0.9941
14 1.0119 1.0106 1.0083 1 0051 1.0030 1.0004 0.9993 0.9981 0.9968 0.9953 0.9936
1.5 1.0127 1.0113 1.0089 1.0054 1.0032 1.0005 0.9993 0.9980 0.9966 0.9950 0.9932
16 1.0136 1.012] 1.0095 1.0038 1,003 1.0006 0.9993 0.9979 0.9964 0.9947 0.9928
1.7 1.0142 1.0128 T Lotaz 1.0062 1 D036 1.0006 0.9992 09578 0.9962 0.9944 0.9924
1.8 1.0153 1.0136 1008 1.0066 1.0019 £.0007 09992 0.9977 09960 0.9941 0.9920
1.9 1.016} 1.014¢ Lot 1.0070 1.0041 1.0008 0.9992 0.9976 0.9958 0.9938 0.9916
20 1.017G 1.0151 1.0120 10073 1.0044 1.0008 0.9992 09973 QY956 0.9915 0.9912
2.1 1.0178 1.0159 10125 1.0077 1.0046 1.0009 0.9992 0.9974 0.9954 0.9932 0.9908
22 10187 1.0167 10132 1 0981 1.0048 1.0010 0.9992 09973 0.9952 0.9929 0.9904
23 1.01195 1.0174 1 033 1.0085 1005 1.0010 0.9992 0.9972 0.9950 0.9927 0.9900
24 1.0204 . 1.R2 10144 1.00R9 1.0053 1.0011 0.9992 0.9971 0.9949 0.9924 0.9896
25 1.02i2 1.D189 10150 1.0093 1.0056 1.0012 019992 0.9971 09947 0.9921 0.9893
2.6 1.022! 1.0197 1 0356 1.O6K7 i1.N0SR 1.0013 0.9992 0.9970 09945 0.9919 0.9889
17 1.0229 1.0205 10162 1.01G: 1.0061 1.0014 0.9992 0.9969 09944 0.9916 09385
2R 1.0238 1.0212 1016y 10104 1.0063 1.0014 0.9992 0.9958 09942 0.9914 09832
LR 1.0246 - 1.0220 10173 1.0108 1.0066 1.0015 0.9992 0.9%68 0.9941 0.9911 0.9878
10 10255 10228 1 0181 1.0}12 1 0068 10016 0.9993 0.9957 0.v93v 0.9908 0.9874
kN 10264 1.0235 1.0187 [RRL] 1.0071 1.0017 09993 0.9966 0.9938 0.9906 0.9871
32 1.0272 1.0245 10192 1.0120 1.0074 1.0018 0.9993 0.9966 0.9936 0.9904 0.9867
33 1.0280 10250 10199 10124 1.0076 1.0019 0.9993 0.9965 0.9935 0.9901 0.9864
3.4 1.0289 1.0258 t 200 1.O12R 1.0079 1.0020 0.9994 0.9965 09933 0.9899 0.9860
135 1.029% 1.0266 _ 1.0212 1.0133 1.0082 1.0021 0.9994 0.9964 09532 0.9896 0.9857
16 1.0306 1.0273 1.0218 1.0137 1.0084 1.0022 0.9994 0.9964 0.9931 0.9894 0.9854
37 10514 1.0281 1.0224 1.0141 1.0087 1.0024 0.9994 0.9953 0.9929 0.9892 0.98350
3R 1.0323 1.0289 1.0230 1.0145 10090 1.0025 0.9995 0.9563 0.9928 0.9890 0.9847
39 1.0332 1.0296 1.0237 1.0149 1.0093 1.0026 0.9995 09963 0.9927 0.9888 0.9844
4.0 1.0340 1.030< 1.0243 1.0153 1.0095 1.0027 0.9996 0.9962 0.9926 (.9885 0.9840
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Carbon dioxide

Nitrogen

Differential pressure device

The solution is catculaicd as follows:

Enameter ratio (8)
Extension
Nasic aritice factor (1)
Reynolds number factor (F,)

Expansion factor (7;)
Base pressure factor (F,)

2 mole percent
3 mole percent

Bellows (recorder, dry)

0.449102
120.781
4776.30
1.0002
0.9982
1.0000

1}

n

88
Table 3-D-6— Continued
B edD
htF, 0.61 0.62 0.63 0.64 0.65 0.65 0.57 0.68 0.69 0.70
0.0 1.000 1.000 1.000 1.000 1.000 1000 1.000 1.000 1.600 1.000
0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 09989 0.9988 0.9987 0.9986
0.2 0.9989 0.9988 0.9986 09985 0.9983 0.9981 0.9979 09977 0.9974 0.9972
0.3 09984 0.9932 0.9979 0.9977 0.9574 0.9972 0.9969 09965 0.9962 0.9958
0.4 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 0.9954 0.9949 0.9944
Q0.5 0.9973 0.9970 0.9966 0.9962 0.9958 0.9953 0.9948 0.9942 0.9936 0.9930 ,
0.6 0.9968 0.9964 0.9959 05954 0.9949 0.9544 0.9938 0.9931 0.9924 0.9916
0.7 0.9962 0.9958 09953 11.9947 0.9941 0.9935 0.9928 0.9920 0.9912 0.9902
0.8 0.9957 0.9952 0.9%46 0.9940 0.9933 0.9926 0.9918 0.9909 0.9899 0.9889
0.9 0.9952 0.9546 0.9940 07932 0.9925 0.9917 0.9908 0.9898 0.9887 0.9875
1.0 0.9947 0.9940 0.9933 09925 0.9917 0.9908 0.9398 0.9887 0.9875 0.9862
1.1 0.9942 0.993% 0.9927 0.9918 0.9809 0.9899 0.9888 0.9876° 0.9863 0.9848
1.2 0.9937 0.9929 0.9520 09911 09901 0.9890 09878 09865 09851 0.9835
[.3 0.9932 0.9924 09914 0.9904 01.9893 0.9881 0.9868 0.9854 0.9839 09822
1.4 0.9928 0.9918 0.9%08 - 0.9897 0.9885 0.9872 0.9859 0.9844 0.9827 0.9809
1.5 0.9923 0.9912 0.9902 0.98%0 0.9877 0.9864 0.9349 09833 0.9815 0.9796
1.6 0.9918 0.9%07 0.98%6 0.9883 0.9870 0.9855 0.9840 0.9822 0.9804 0.9783
1.7 09913 0.9902 09889 0.9876 0.9862 0.9847 0.9830 0.9812 0.9792 09770
1.8 0.9908 0.989¢ 0.9883 0.9870 0.9854 0.9838 0.982] 0.980! 0.9780 0.9757
1.9 0.9504 0.9891 0.9877 0.9863 0.9847 0.9830 0.9811 0.9751 0.$769 0.9744
20 0.9899 0.9886 05872, G 9856 0.9840 09822 0.9802 09781 09757 0.9732
2.1 0.9895 0.9881 0.9866 0.984% 0.9832 0.9813 0.9793 09770 . 0.9746 0.97i%
22 09890 09876 . (09860 0.9843 0.9825 0.9805 0.9784 0.9760 0.9734 0.9706
23 0.9886 09870 - (0.9354 0.9836 0.9817 0.9797 09774 0.9750 09723 0.96%4
24 0.9881 0.9865 =~ 0.9948 J.9830 0.9810 09789 0.9765 0.9740 09712 0.9681
25 Q.9877 0.9860 0.0842 0.9823 09803 0.9780 0.9756 0.9730 0.9701 0.9669
2.6 0.9873 09855 0.9337 L3817 0.9796 09772 0.974% 0.9720 0.9690 0.9657
2.7 0.9868 0.985C 089831 0.9811 0.9788 0.9764 09738 09710 0.9679 0.9644
28 0.9864 0.9846 0.9826 0.9804 09781 0.9757 0.9730 0.9700 0.9668 0.9632.
24 O 9860 0.9841 09820 09793 09774 0.9749 0.9721 0.9690 09657 0.9620
io 0.9356 0 9836 . 09415 09792 01.9767 09741 09712 N.96Ri 09646 0.9608
3 0 9852 0.983] 0.9809 09786 09760 0.9733 0.9703 0.9671 09635 0.959%6
32 09848 0.9826 0980 09780 09754 0.9725 0.9695 0.966! 0.9625 0.9584
33 09843 0.9822 0.9798 2.4 0.9747 0.9718 0.9686 0.9652 09614 0.9572
34 0.9839 09817 0.979: 0.9768 09740 09710 0.9678 0.9642 0.9603 0.9561
35 09835 0.9812 0.9788 0.9762 0%733 0.9702 0.9669 0.9633 09392 0.9549
1.6 0.9832 0.980% 09783 159750 9727 0.9695 0.9661 0.9623 0.9582 0.9537
17 0.9g28 0.9803 09778 0.9750 09720 0.9688 0.9652 09614 09572 0.9526
38 09824 09790 LEASEIN 0.9744 no7t3 09680 0 9644 0.9605 09562 0.9514
3y 09820 0.9754 0976% 09718 0 8707 094673 0.9636 0.9596 9551 0.9503
4.0 0.981G 0.979¢ 09762 09I 09700 G.9665 0.9628 0.9586 0.954! 0.9491
Fiowing temperanuie  60°F
Hase 1emperature  6(F°F
Rclalive density (specific gruvity)  0.620
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Base temperature factor () = 1.0000
Fiowing temperature factor (F) = 1.0000
Relalive density factor (F,) = 1.2700
Supercompressibility factor (F,,) = 1.0273
Orifice flow constant (C?) = 6§221.53
Flow rate (0,) = 751.441 MSCFH
= 18.0346 MMSCFD

3-D.4.10 ADJUSTMENTS FOR INSTRUMENTATION
CALIBRATION AND USE

Other multiplying factors may be applied to the orifice flow constant, C, as a function of
the type of instrumentation applied, the method of calibration, the meter environment, or
any combination of these. These factors are discussed in the body of the standard and in
other appendixes to the standard. These factors are calculated and applied independently of
tap type. With these factors, the orifice flow rate is caleulated using the following equation:

Q = CF EE EEE,E._E, JkE (3-D-17)

am “wi w w'f

Where:

F,, = mercury manometzr factor (formeriy £,).

orifice thermal expansion factor.

F,, = comection for air over water in a warer manometer during differential instrument
calibration. -

Pl
1

F.; = local gravitational correction for water column calibration.
F,, = warer density correction (temperature or composition) for water column calibra-
tion.
F.., = local gravitational correction for deadweight tester stalic pressure calibration.
Fim = correction for gas column in a mercury manometer.
F,;, = mercury manometer span correction for instrument temperature change after cal-

ibration.
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APPENDIX 3—E— S CONVERSIONS

This appendix contains tables of SI conversions that are pertinent to the information in
this part of Chapter 14, Sectiou 3. For additional information on SI units, refer to Chapter
15.

9
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Table 3-E-1—Volume Reterence Conditions for Custody Transfer Operations:
Natural Gas Volume

Common Reference
Coaditions (ft%) To Convert From
Pressure Temperawre 1t to m?, m’ to £,
(psia) CF) Muhiply by Multiply by
14.4 60 0.02769321 36.10994
14.65 60 0.02817399 35.49373
14.696 60 002826245 — 35.38263
14.7 60 0,02827015 25.37300
14 73 60 0.02832784 35.30096
14 7347 60 0.02833688 35.28970
14.735 60 0.02833746 35.28898
14.9 60 0.02865478 34.89819
15.025 60 0.02889517 34.60786

Note: The following standard conditions were used for inch pound unirs-—a temperanre of 60°F and a pressure
of 14.73 pounds per square inch absclute. The following standard conditions were used for SI units—a
temperature of 15°C and an absolute pressure of 101.325 kPa. The following values were assomned: 1 ft = 0.3048
m, | psi = 6.894757 kPa The foliowing methodology was used to obtain the conversion factors:

-h—’- | & = factor
m' A Ty Frg

Table 3-E-2— Energy Reference Conditions

Tao Convert Buto J,

Unit Used in Defininon Muliply by
Bruy International 1 Bru/tbm = 2326 Mg 1055.056
steam 1ables

Table 3-E-3—Heating Value Reference Conditions

Reterence Conditions (fi*)

Pressure Temperaure To Convent From Bru/ft’ 10
1psin) (°F) MU/t Muliiply by
. R i34 60 0.0380980!
’ ) 1465 o 0.03744787
11.696 60 0.053733066
a7 60 0.03732050
<72 60 0.03724449
14 7347 o0 0.03723261
14.735 60 0.03723185
[EQ ov U.03681955
15025 60 003651323

Note: The following standard conditions were used for inch-pound units—a temperature of 60°F and a pressure
of 14,73 pounds per square tnch absoluie The following siandard couditions were used for S1 unus—a
temperature of 15°C and an absolute pressure of 101.225 kPa The following values were assarmed: 1 §1 = 0.304R
m; 1 ps: =-6.894757 kPc. 1 Btug = 1055 (56 ] The following methodology was used 10 obtain the conversion

factors:
Iy M ’\
( 1{ ﬂ —5'— = facror
Bw Al x 10* I)
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APPENDIX F—HEATING VALUE CALCULATION

3—~F.1 General

Heating value is a gas propery evaluated on a per-unit mass basis (H,,). This propenty is
echnically tenned an “ideal propenty™ (£,*). From a practival standpoint, in mass measure-
ment there is no ditterence between tite *ideal” and the “real.” The value is converted to a
heating value per cubic foot (HV) using the following relationships. The more common
convention has been applied in this appendix.

e
v = 1, ==~ = Hp, (3-F-1)
Z,

passing through the flow m=ter AV is wlso used for product specifications,
It is also corvenient to detine the following:

&l
av = A (3-F-2)
h
3-F.2 Heating Value Symbols
Symbol  Doscripuon Unity
£, Heating value per pound mass Btu/tbm
H,'" Tdeal heating value per pound mass Buu/bm
H!' Ldeal heating value per cubic foor © Buw#t
HY  Gioss heaung value Buwy/ft!
Mr o Maelar mass of component . ibm/1b-mol
. Basc pressure 1btfin® tabs)
P, Flowing pressure (upstream tap) 1btfin® (abs)
P Vapou presswe of water Ibf/in® (abs)
“R Absolute temperature —_
1, Base tempersture “R
Z. Guas compressibiluy at base conditions (P,. T —
2. Density at base eonditions (P, T) Ibm/ft’
Pt ldeal density at base conditions Tom/tt?
¢ Mole traction G /1K)
0, Mole frciion water Se/100
3-F.3 Heating Value
The zross heating value is an ddeal gus property based on the ideal reaction:
Fuel' + 0 — CO¥ + H.0, - SO (3-F-3)

Where.

Supersenpt el = adeal gas,
Subsenptl = hquid.

(Euch tucl requires different stoichiometnic coetticients.) This gross ideal heating valye in-
cludes the energy obtamed fiom the condensation of the water vapor (formed by the ideal
reitcion eaprossed m the cquattion! to the hquid phase.

[t should he noted that the gross heatmy vilue 15 exprossed per unit {pound mass or cubie
tont) of dry gas. Althougzh water 15 a product of combustion. it 1s not indicated on the left-
lnd sidde of Equaton 3-F-3 w cither the tuel or the oxygen: water is a resuli. not o part. of
the teuction

Heating value may be deternnned directly by a calorimeter, either on line or from a4 sini-
ple eybimder. Heatmg value may abso be caleulited from gas analysis.

95
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3-F.4 Physical Proparties

Table 3-F-1 lists physical pronerties of many of the compounds present in natural gas in
various hydrocarbon mixtures. The data in Table 3-F-1 have been adjusted to base or stan-
dard conditions, as defined in 3.2.3.4.

Table 3-F-1 provides the best currently available data on physical properties and is taken
from GPA 2145-91. These data are subject to modification yearly as additional research is
eccomplished. Future revisions to GPA 2145 may include updated values. The values of the
most recent edition of GPA 2145 should be used. The user of the GPA tables is cautioned
that the information presented in them is calculated from different base conditions and that
conversion is required when the information is used with Pant 3 (see 3.5.2).

3-F.5 Heating Value Determined on a Volume Basis

A calculation of a mixture's gross ideal heating value, using H, values from Tabie 3-F-
1 and using mole fractions of the gas composition. involves determining the heating value
per unit volume of real gas. HV can be determined by using Equation 3-F-2 and the follow-

ing relationship:

Table 3-F-1—Physical Properties of Gasos at Exactly 14.73 Pounds Force per Square inch Absolute and 60°F

{See Note 1)

Thermel Encrgy

Ideal
P, T. Density Viscosity H.* HH
Mr (i) (°R) G, {(Ibm/fth) (P (Buy/lbm)* (Bu/ft®)
Compound Formula {Notc 2) {Noxe ) {Note 3) {Notz 4) {Note 5) {Note G} (Naie 7) {Note 7)
Hydrogen H, 20159 147.5 59.36 0.06960 0.00532 0.00871 61,025 3249
H:zlen He 400135 329 9.34 0.13820 0.01057. 0.01927 o] o
Water H.,0 18.0152 3,200.1 1,164.85 0.62202 0.04758 1,059.8 50.4
Carbon monox.de cO 28.010 5075 239.26 0.9671! 0.07398 0.01725 43424 3213
Nutrogen N, 28.0134 493.1 27.16 0.96723 007399 0.01735 0 4]
Oxygen 0, 31.0988 7314 278.24 1.10484 0.08452 0.02006° 0 0
Hydiogen sulfide H,S 34.08 1306 672.12 1.17669 0.09001 0.01240 7.0942 638.6
Argan Ar 30,948 7104 271.55 1.37930 0.10551 0.02201 0 0
Crtbon dioxide CQ, 44 010 10710 547 42 151955 0.11624 0.01439 0 ]
A (Nawe 8) 28 9625 546.9 238.36 1.00000 0.07650 0.01790 0 0
Methane CH, 16047 65670 343.00 055392 0.04237 0.0LO7B 2389 1,012.3
Ethane C,H, 30.070 707.8 345 76 1.03824 0.07942 0.00901 22,333 1,773.7
Propane Gy, 44.N97 6150 665,064 1.52256 0.11647 0.00788 21,653 25219
so-Butanc Callye 58,123 5279 734,13 2.00684 0.15351 0.00732 21,232 31,2594
si-Hutang Cihe 5k.123 5488 765.25 2.00684 0.15351 0.00724 21,300 32698
wa-Henane C.K,, 72150 «90.4 5280 249115 0.19057 21,043 4.010.2
n-Pentane CH,, 7518y 488 | 845.44 249115 0.19057 21,085 40182
asHexane CH,. RC177 4305 911.47 297547 0.22762 20,943 4,766 9
A-Henrine CH. 113,202 3974 970 57 345978 0.26466 20,839 53152
n-Qctonz "Gy, 114.251 RN L M7 67 394410 030172 20,759 6,263 4
n-Nonang Cotlzg 12825 3307 1.OH)LS7 4.42842 0.33876 24,701 70127
n-Decarte CHy, 142285 304.6 E.LLL RY 491273 0.37581 20.651 7.760.8
Notes

The senmsrce for the dara in this amle 1w Gas Processors Associst on 2145.91 “The accuracy of the experimental numbers 1s estimated to be 1 1n 1000; the

sdiliional figures are for calculation consisiency
2. The following moiccular weights were used* € = 12011 H = 1.00794, O = 15.9994: N = 140067 and § = 32.06(197%)

ol B [T

[he data in these columns corne trom the | rermodvnamics Research Center, Texas A&M University, IUPAC and National Burcau of Standards selections.
‘The ideal retative density 15 the ralo of the melecular weight of the gas 1o that of asr (Mr/Mr,)
Ideal censuy = 00026413041 a1 60°F and 14.73 pounds force per square inch absolute
The data in this column wre from N, R, Viagaliik, Tebles o Thermodynanuc Propernes of Liquids and Gases (2nd ed.), New York, Wiley, 1975,

. Sev Louaten 3-M-3 Depending an Cie fuel, the reaction has vanous stoicruometne cocfficients The M4 column comes from data, whereas the H,% comes

trom muluplying #, * by the ideal gas deasity The ideal encrgy released as heat s /. multiphed by the real gas flow rate (in cubic feet per hour) divided by

Z Water has pross vatues tor /1, % and &, (the 1deal enthatpy of condensation)
§. The datz 10 tus row are from F. E. Jones, Nanienal Hweau of Stanaards Jaurnal of Research, 1978, Volume 83, p. 491.
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HY = o (HY), + 0,(HM), + ..+ o (HY), (3-F-4)
Or
HY = Y o), ' (3-F-5)
ra] .
When
Hur -
v = — iF-2
Z ( }
Where:

¢ = molc fraction (percent/100).

3~-F.6 Heating Value Determined on a Mass Basls

The guestion of compressibility factor disappears when the ideal heating value per pound
1mass is used with the mass flow rate. The following equation is applicabie for using /1., and
Mr values from Tahle 3-F-1 to calculate the heating value:

QML (H"Y, + o Mi(HY), + ...+ o MriHY),
1 \ 1 -

o = (3-F-6)
oM+ O, M+ ..+ O M
Or '
D oMr(HD,
i, HY = S (3-F-7)

S o,

1l
Fe result from Liguanion 3-F-7 con be converted to the gross heating valuc per cubic foot
of real gas af base conditions by using Equation 3-F-1:

w O ul
HY = "B = gy
Nz P,

3-F.7 Heating Vatue of a Natural Gas Mixture
Containlng Water

To detine keating value on a dry basis for gas containing water, the relationships in Equa-
tions 3-F-1 aned 3-F-2 ure valid if the mole fractions of the companents are corrected tor wa-
ter content by usinye Eguaticn 3-F-8 and the compressibility (Z) reflects the water content:

o .= 00l -9 (3-F-8)
Where the zas s water saturated under flowing conditions. Raoult's Yaw may be used to
estnte the mole frcnon of water:

, .
0, = — (3.F-9)
f

Where
P = ahsalute vapor paessure of water at fiowing condiuons or Ty
Thercfore,

P
o = el (3-F-10)

—— e —
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APPENDIX G—DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS
3-G.1 General

Tie pructicad orifice flow equation used in Part 3 is given in Part 1 of this stundard as
Equation 1-2:
. = NCGEYd p, AP T 12
Where:
CFT) = eocfficient of discharge at a specitic pipe Reynolds number for a flinge-
tupped orifice meter.

¢« = vriice plae bore dizanerer caleulated at flowing temperature.
AP = oritice differential pressure,

L = velocity of approach factor.
¢, = mass flow rate.
o, = density of fluid at flowing conditions (8. 7).
And
N, = factor that incorporates the “constants™ from Equation 1-1 and the required
nmeric conveions, including the followng:
114159 . .
— = constant in Equation 1-1.

A/2(32.1740) = constant in Equation 1-1,

162.3663 - . . . .
\6—17(& = converts differential pressure {AP) from pounds force per sqguare foot o

inches of water at 60°F.

# = converts the diameter of the onfice hore () from feet to tnches
Therefume,
314159y ——=———— (6236637 |
N = (—-_—'——)\-2(32.1740; ﬁ-i(—J
4 Von b2

. 0.0997424
CFhas is showat as the tactor tor ULS. umits in Part 1. Table 1-2))

otz Some nunte i connsiuits (o sot ave absolue viboes tror easmples nd ¢ Toeapre s s signiticant degits
lannately, i valtios v ere computed wsing donble precison b apmneant dagrits). The resubs were then romded
tor tlee vabies shovar Bantios appandix, tor gase of imderstindimg. the eomputazois aee <howst o only as sagailicant
T

Muss ftow can he maodihied te provide volume units by dividing the mass by the density
ut hase condiions

0 =L
p.
Wiere
o = mass o pate, m pounds nsess per second.
¢ = volune low mie at bise condiions, i cubic teet per second.
£ = density G base conditions, in pounds muass per cubic foot.

3-G.2 . Symbols and Units
3-G.2.1 GENERAL

Some ot the symbaols and units Jisted below are specitic to Appendix 3-B and were de-
veloped Bised on the customiary mich-pound system of units. Regular conversion factors can

ag
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be used where applicable; however, if S units are used, the more generic equations in Part
| should be used for consistent resuits.

3-G.2.2 SYMBOLS AND UNITS

Symbol
CAFT)

“uenr

T

-
rid

P
Pea.

Jo
p'!’l

Descriptien

Coefficient of discharge at a specified pipe
Reynolds number for flanged-tapped orifice

meter

Orifice plate bore diameter caiculated at
flowing temperature, T; )

Meter tube intemnal diameter calculated at
flowing temperamre, T,

Velocity of approach factor

Temperature, 1n degrees Fahrenheit
Temperature, in degrees Rankine

Numeric conversion factor (see Appendix
3-B)

Gravitational constant

Ideal gas relative density (specific gravity)
Real gas relative density (specific gravity)
Orifice differential pressure

Numeric conversion factor (see Part 1)
Pressure

Basg pressurc

Flowmng pressure (upstream tap)

Standard pressure

Mass fiow rate per hour

Volume flow rate per hour at standard
{base) conditons '
‘Universal gas constant

Temperature

Base temperature

Flowing temperature

Swandard temperature

Expansion factor (upstream tap)
Compreessibilily at Base conditions
Compressibiity of au at 14,73 psia and 60°F
Compressibuty at upstream flowing
conditions

Compressibility at standard conditions (£, T,)
Rauo of orifice plate boie diameter to meter
tune intemal dhameter (d/f2) calculated at
flowing temperature. 7;

Universal consiant

Gas density 4t base conditions (7, T, and Z,)
Density of air at base conditions (F,, T,

and Z,)

Density at flowing condiuons (£, T, and Z))
Density at fiowing condidons (F,. T, and Z,)

Units/Value

459.67 + °F

32.1740 (Ibm-ft}/(Ibf-sec?)

inches of water column at 60°F

1bf/in? (abs)
Ibffin® (abs)
Ibffin? (abs)}

14.73 1bffin? (abs)
lbm/hr

ft'/hr

1545.35 (Ibf-ft)/(lb-mol-°R)
°R

°R

°R

519.67°R

0.999590

3.14159
lbm/ft?

Ihm/fr?
Ibm/fr?
Ibm/ft?

3-G.3 éeneral Numeric Constant for Mass Flow

Equation 3-1 expresses fiow in pounds mass per hour (Q,,) rather than pounds mass per
- second (g,.) and requires an additional factor, 3604, to convert from seconds to hours.
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Therefore, in Equation 3-1,

N, = 0.0997424(3600) —
= 359.072
And
0. = 359.072C(FTEY,d* \fp, I (3-1)

Equation 3-4a is Equation 3-1 divided by p,, as described above. The numetic constant
is the same. —
359.072C,(FI‘)E‘}’1d1\/ B,k

e, = (3-4a)
£y .

3—-G.4 Numeric Constant for Mass Flow Developed From
Ideal Gas Relative Denslty

Equation 3-2 substitutes Equation 3-535 for p,,, in Equation 3-1.

E G, (28.9625)(144
0, = 359.072C,(FT)EYd* , AL Y44k,
\ ZRT,
Where:
28.9625 = molecular weight of dry air.
1545.35 = universal gas constant (R).
144 = factor to convert pressure from pounds foree per squarc foot to pounds

force per square inch.
In Equation 3-2, therefore, .

f 144
N, = 359.072 f28.9625(—)
\ 1545.35
= 589.885
And
(G Ih,
Q. = S589.885C,(FT)E Y d’ - -2 (3-2)
vV oz

3-G.5 Numeric Constant for Mass Flow Developed From
Peal Gas Relative Density

Equation 3-3 subsntutes G, for G, i Equanon 3-2 through the use of Equation 3-48:
0. = 589 Sssc,(Fr)E,xdz\}%%
And for standard conditions, ]
Z, = Z_ = 0.999590 at 14.73 psia and 519.67°R (60°F)
in Equation 3-3. therefore,

589.885
J0.999590
590.006

Z.G,Eh
Q.. = 590.006C(FT)E Yd* f—# (3-3)
s S

N, =
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3-G.6 Numerlc Constant for Base Volume Developed From
Ideal Gas Relative Denslty

The constant 359.072 in Equation 3-4a2 was developed in 3-G.3. Equation 3-5a substi-
tutes Equation 3-33 for p,,, and Equation 3-56 for p, in Equation 3-4a,

359.072C(FT)E Y,d" \jp, . b,

, = (3-4a)
b,
£ G (28.9625)(144
0, = 35%.072CFT)EYd* |- A X14)h, ZRY,
ZRT; £ G(28.9625)(144)
Where:
154535 = universal gas constant (R).

28.9625 = molecular ‘¥eigat of dry air.
144 = facior to convert flowing pressure () from pounds force per square foot

to pounds force per square inch,
144 = facior 1o convert base pressure (F,) from pounds force per square foot to
pounds force per square inch.

In Equation 3-5a, theretore,

!
359.072\1 1545.35( 144 )

P
N = 28.9625
144
= 218.573
And
Tz | Eh,
0, = 2I18.5T3C(FTYE Y, d* L+t ’-—-—f—— (3-5a)
R\ Gz
Iror the following standard conditions:
P =P
= 14.73 Ibffin® (abs)
T.=T
= 319.67°R (GO°F)
ZL‘ = Zl‘
= cumpress:bility of the gasat P and T,
Iir Equation 3-3b,
0.67
N, = 218.573(5l 6 ]
14.73
= 771119
Therefore,
0 = TTLIC,(FTE Y dZ, —i (3-5h)
= 1. ' -
T T ez,

3-G.7 Numeric Constant fcr Base Volume Developed From
Real Gas Relative Density

Equation 3-ba substitutes 5, for (G, Eiquation 3-5a through the use of Equation 3-48.
The inclusion of p, moves this co.Tection 10 the numerator:
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T zbzﬁupfh'
= . FD)EYdi—t |2 lah v
< 218.573C,(FT)E Y, R G.Z,T

In Equation 3-6a, therefore,
N, = 218,573
For the following standard conditions:

F=F

14.73 1bf/in* (abs)
T,

519.67°R (60°F)
Z

e
0.999590

519.67 ) o
= .573 0.999590
218.5 ( 273 999,

7709.61

7,

Z,

’4

In Equation 3-6b,

=z
|

fl

BZh,

= 7709.61C,(FT)EY,d*
Qv 9 d( ) L] \ G,ZJET:,

(3-6b)

3-G.8 Numeric Constant for Standard Volume Developed
From Real Gas Relative Density

In Appendix 3-B, £,. as cxpressed in Equation 3-B-5, includes additional numeric ratios,
as stated in Equation 3-B-1, including the following:
519.67 = basc lemperature at 60°F, expressed in degrees Rankine.
1
14,73
1
519.67

V0.999590 = compressibility of air at the base pressure of 14.73 pounds force per
square inch absolute and the base temperature of 519.57°R.

basc pressurc of 14.73 pounds force per square inch absolute.

fiowing temperature at 60°F, expressed in degrees Rankine.

In Equation 3-B-S5. thereiore,

—
N, = 218.573(M)[ !
14.73 JV 519.67

. = 335.196
And

F = 338.196E.d° (3-B-5a)
Or

£ = 338.196F DB} (3-B-5b)
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Chapter 14—Natural Gas Fluids Measurement

SECTION 8—LIQUEFIED PETROLEUM GAS MEASUREMENT

14.8.0 Scope and Purpose

This publication describes dynemi¢ and static metering systems used to mcasurc
liquefied petroleum gas 1n the density range of 0.30 to 0.70 grams per cubic centunetre.
The physical properties of the components to be measured and the mixture composition of
liquefied petroleurn gas should be reviewed to determine the mcasurement system to be
used Vanous systems and methods can be used in metering the product, and mutual
agreement on the system and method between the contracting parties is required.

This publication docs not endorse or advocate the preferential use of any specific type of
meter or metening system. Further, this publication is not intended to restrict the future
development of meters or measuring devices nor to in any way affect metering equipment \
already installed and in operctior.

This publication serves as a guide in the selection, installation, operation, and mainte-
nance of measuring systems applicable to liquefied petroleum gases and inciudes func-
tionat descriptions for individual systems.

14.8.1 Application

This publication docs not set tolerances or accuracy limits. The application of the
information here should be adequate to achieve acceptable measurement performance
using pood measurement practices, while in addition considcring user requirements and
applicable codes and regulatiuns.

Systems for measuning liquefied petroleum gases use erther volumetric or mass deter-
mination methods, and both methods apply to either static or dynamic conditions.

Volumctric methods of measurement are generally used where physical property
changes in temperature and pressure are known and correction factors can be apphied to
correct the measurement to standard conditions.' Volumetnc measurement is applicable to
mast pure components and many comunercial product grades.

Mass determination methods of measurement are most commonly used where condi-
tions 1n addition to temperatere and pressure will affect the measurement. Such conditions
include compositional changes, iatermolecular adhesion. and volumetric changes caused
by solution mixmmg. Mass measurement is applicable to hiquefied petroleum gas mixtures
where accurate physical correcnon factors have not been determined and in some man-
uiactuning processes jor a mass balance.

Many of thc measurement procedurcs pertaining to the measurement of other products
arz applicable to the measurement of hiquetied petroleunm gascs. However, certain charac-
tentstics of liguefied petroleum gas require extra precautions o improve measurement
accuracy. ‘

Liquetied petreleum gas will remain in the hquid state only if a pressure sufficientiy
preater than the equilibnum vapor pressure is maintained {see Chapters 5.3 and 6.6). In
liquid meter systems, adequate pressure must be mainained to prevent vapunzation
caused by pressure drops atiributed to piping, valves, and meter tubes. When liqucfied

" Stanuard efotranure s 60°F in the English (cr customary) system and 15°C in the Internotiongl System of
Unus (S1) Standard pressurc 1s tne vapor pressurc af 60°F (15°C) or 14 696 pounds per square inch ahsalute
(101.325 Wlopascals), whichever 15 haghier Tus is not the same pressure base standard as that used for gas.

1
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petroleum gas is stored in tanks or containsrs, a portion of the liquid will vaporize and fill
the space above the liquid. The amount vaporized will be related to the temperature and
the cquilibrium constant for the mixture of components. -

Liquefied petroleum gas is more compressible and has a greater coefficient of (hermal
expansion than the heavier hydrocarbons. The application of appropriate compressibifity
and temperature correction factors is required to correct measurements to standard
conditions, except when measurement for mass determination is from density and volume
at metering temperatures and pressurcs.

Meters should be proven on each product at or near the normal operating temperature
and pressure. Should the product or operating conditions change so that a significant
change in the meter factor occurs, the meter should be proven again according to Chapters
4 and 5.

14.8.2 Reterenced Publications

To the extent specified in the text, the latest edition or revision of the following
standards and publications form a part of this publication

API
Manual of Petroleum Measurement Standards

Chapter 2, *“Tank Calibration™ (in preparation)

Chapter 4, *'Proving Systems”

Chapter 5.2, “*Measurement of Liguid Hydrocarbons by Positive Displacement
Meter™

Chapter 5.3, “Turbine Meters”

Chapter 5.4, “Instrumentation or Accessory Equipment for Liquid Hydrocarbon
Metering Svstems™

Chapter 6.6, “Pipeline Mctering Systemr®

Chapter 9.1. “Hydrometer Test Method for Density, Relative Density, or API
Gravity of Crude Petroleum and Liquid Petroleum Products™

Chapter 1.1, “Volume Corrsction Factors”

Chapter 12.2, “*Calculation of Liquid Petroleum Quantities Measured by ‘Turbine
or Displaccment Meters™

Chapter 14.1, “Measunng, Sampling, Testing, and Bi se Conditions for Natural
Gas Fluids™

Chapter 14.2, “Orifice Metenng of Natural Gas"

Chapter 14.4, (in preparation)

Chapter 14.6, “Installing ond Proving Density Micters”

Chapter 14 7, (1n preparation}

ASTM’
DS 4A Phvsical Constanis of Hvdrocarbons C, 10 Cy,
GPA?

2140 Liguefred Petroleum Gas Specifications and Test Methods (ASTM D 1265,
ANSIT Z11 91}

2145 Physical Consiants for the Paraffin Hydrocerbons and Other Components of
Natural Gas

2165 Method for Anaivsis of Naweral Gas Liquid Mixtures by Gas Chromatography

2174 Method for Obtaining Hvdrocarbon Fluid Samples Using a Floating Piston
Lylinder

¥ Amencan Society for Tesnng and Materials, 1916 Race Street, Philadeiptua, Pennsyivania 19103
' Gas Processuns Assocualion, 1812 First Place, Tulse, Oklahoma 74103
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2177 Tentative Method for the Analysis of Demethanized Hydrocarbon Liguid
Mixtures Containing Nirrogen and Carbon Dioxide by Gas Chromatography

2261 Method of Analysis for Natural Gas and Similar Gaseous Mixtures by Gas
Chromatography

8173 A Standard for Converting Natural Gas Liquids and Vapors to Equivalent
Liquid Volumes

GPSA*
Engineering Data Book

14.8.3 Requirements for All Measurement Methods )

The following general requirements apply to dynamic measurement systems using
either volumetric or mass determination methods of measuring liquefied petroleum gases.

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIQUID
PHASE

Provisions shall be made to ensure that liquefied petroleum gas measurement conditions
of temperature and pressure will be adequate to keep the fluid totally in the liquid phasc,
Measurement 1n the liquid phase must occur al a pressure at least 1.25 times the &
equilibrium vapor pressure at measurement temperature, plus twice the pressure drop
acress the meter at maximum operating flow rate, or at a pressure [25 pounds per square
inch hygher than the vapor pressure at 4 maximum operating temperature, whichever is
fower (see Chapters 5.3 and 6.6)

14.8.3.2 ELIMINATION OF SWIRL

To prevent swirl through the measuning device when using turbine or orificc meters,
straightenung vanes or adequate unrestricted straight fengths of piping should be used 1n
the upstream and downstream metering tube.

14.8.3.3 TEMPERATURE MEASUREMENT

Tzmpcrature measurements, whzre required, should be made at a point that indicates
condutions 1n the measunng device, The accuracy of instruments and the type of measure-
ment used arc specified in Chapters 5.2, 5.3./5.4, and 14.6.

14.8.3.4 PRESSURE MEASUREMENT

Picssure measuiements, whete requured, should be made at a point that wiil be
responsive 1o varving pressure cond:tions in the measuring device. The accuracy of
instruments and the type of measurement used should be as described in Chapters 5.2 and
14 6.

14.8.3.5 DENSITY OR RELATIVE DENSITY MEASUREMENT
BaceBT AEL- -3 SrpgL LR oA Tie. SR ARR T AR ki AR A B GOk AL R9) HE A GAN e 196 " <Cov Loxax

should be sensitive to varying conditions in the measuring device. Densities to be used for
mass measurement deterrmination must be obtained at the same flowing conditions that

3 cxist at the meter. The accuracy of instruments and the type of measurcment used should
be as described in Chapters 9 and 14.6,

' Gas Processors Suppliers Associauon; Order from Gas Processors Association, 1812 Famst Place, Tulsa,
Okiahoms 74103
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14.8.3.6 LOCATION OF MEASURING AND SAMPLING EQUIPMENT

Measuring and sampling eguipment must be located to minimize or eliminate the
influence of pulsation or mechanical vibration caused by pump or control valve generated
noise. Special precautions should be taken to minimize or eliminate the effects of
electrical interference that may be induced in the flow meter pick-up coil circuit.

14.8.4 Volumetric Determination in Dynamic Systems

Measurement of liquefied petroleum gas (liquid phase) in a dynamic condition can be
performed using several measurement devices. The use of a specific type of measuring
device is dependent upon mutual agreement between the contracting parties.

14.8.4.1 MEASUREMENT BY ORIFICE METER

Measurement of liqueficd petroleum gases by oriftce meter shall conform to Chapter
14.3, using orifice and line intemal diameter ratios and appropriate coefficients for flow as
agreed upon between the parties. Location factors, F,, and orifice thermal expansion
factor, F,, should be used where applicable according to the procedure in Chapter 14.3,
Appendix B.14 and B.15 resceclively. Manometer factors, £,, must be calculated accord-
ing to the procedure in this scction for recorders utilizing mercury manometers. (F, =
1 000 for bellows type differential pressure instruments.)

Measurement of liquefied petroleum gas having a high vapor pressure is simplified
where deliveries are obtained in mass units, by multiplying the volume at flowing-
conditions times the density or relative density (measured within prescribed limits at the
same flowing tcmperature and ptessure that exists at the meter).times an appropriate .
constant. Caiculation of the vo'ume at standard conditions can then be made using 14.8.6
or GPA Standard 8173.

The following equattons can be used to determine flow rate:

1. Flow rate tn cubic feet per hour at flowing conditions

O, = 1134452 F,F.Y F,F.F, JJ__
\ KD
0, = 1.06I8 F,F.Y F.,F,Fl‘) k.
. P

[ 2]

Flow rate in pounds mass per hour
Q. = 8.3853 FLFY F.FEFL Ak G,

Q. = 1.0618 FFY F.FE.Fia Ao p

3. Flow rate in cubie feut per hour at base conditions.

¢. = 0352 pry ke aJi G,
G,

g, = _LOSE rry r.rF (fhp
pb

Where-
F, = basic orifice factor from Chapter 14.3 (F, = 335.17 4'K,).
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F_, = manometer factor for mercury manometers only.
Y = expansion factor, calculated using a specific heat ratio for flowing conditions as
determined from data or an equation of state.
F, = Reynolds number factor.

“The Reynolds number factor may be calculated using b values from Table 5 or Table 9 of
Chapter 14.3. Caution: Do not use the equations for F, in Tables 5 or 9, but use the b
values only in the following equations to obtain the Reynolds number factor.

Fl= 1 + 58423 = | 4 _b 1067,

o= 1 4 b27L,000u, - 7 4 _b34316p,
V hw Pr V h- GF
Fo= 1 4+ P56k, - | L 607167,
\I h. p, h G,
b = __E
12.835dK
The Reynolds number factor also may be calculated from the following: -
F =1+ EIR, «
Where. -
R, = _Vedp
12#,1'-
d = diameter of orifice, in inches.
p = density, in pounds ner cubic foat,
V. = velocity of jet in oruce, 1n teet per second.
M., = absolute viscosity, in pounds per foot per second.
R, = _2267.8dKNap _ _17.909dk Vi G
B Fe
R, = _00:736 ak Vhyp, - 037405 aK V', G,
M M.
R, = _Lsmsak Vhp - 12034 ak Vh G,
. [T, Heots
R, can also by determungd by tnz] and error as follows: Set £, = 1.000 n the flow

tguanon to gelt an approximate Q. or 3., and usc this result to calculate F, With this
calculated value of /+,, obtain a new value of F, and of Q,, or (J.. Repeat this process until
the vaiue of @, or Q, is within the fimits desired.

R, — Ru/B
R, =_630Q - _2943000C
Dpg, Dy,
}qn = L0009 Q. - _ 0.004244 O,

D, D,
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P,

Where,
p'pfl

mmO

K.

Where -
K,
K.

F = | + 0.1588EDp, = | 4+ _0.0025398 EDy,
Q- QIGI

F.oo= | +_T81.SBEDu. = | 4+_ 2356IBEDp,
o. Q.

absolute viscosity, in pounds per foot per second. = gp,

absolute viscosity, in pounds per square foot per second.

absolutc viscosity, in centipoises.

0.03108y,. = 0.00002089,,.

density of liquid, in pounds per cubic foot at base conditions.

density of liquid, in pounds per cubic foot at flowing temperature and pres-
sure.

diameter (inside) of meter wbe, in inches.

diameter of orifice bore, in inches.

dfD {(commonly calied the beta ratio).

relative density at flowing conditions. Ratio of the density of the liquid at
flowing conditions to the density of water at 6G0°F. (The U.S. National Bureau
of Standards has ertablished 0.999012 gram per cubic centitnetre as the
density of air-free pure water in & vacuum at a temperature of 60°F and a
pressure of 14,696 pounds per square inch and standard gravitational accclera-
tion of 930.665 centimetres per second per second.)

relative density of liquid at base conditions.

cozfficient of discharge for a sharp edge orifice,

= K. {1 + E/IR)

= K.

/| I (A

[

1l

1l

- ISE
1,000,0004

= coefficicnt of discharge for infinite Reynolds number.
= coefficient of discharge when the Reynolds number is equal to

£,000,000d
15

= 4830 — S000R + 9000P* — 42008 + _220 ) for flange taps.
VD

= d905 - 30008 + YOUOP: — 42008° + __873 )  for pipe taps.
D

For flange taps

3
K, = 05993 + [0.365 = 0076 |pe 0 16 _ I 0.07 0.5, 1
( NT D 07 = -8

a3 s
— {0009 + 00313 tos gl + |65 +3]|g-07] + 0007
I2) D b

. a bk v~
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For pipe taps
K, = 05925 + 00182 [0.440 - 006 g7 + ]o.935 + 0.225 | ps
D D D

+ 1358 + L4 (25— p)»
- D

NoTe: When any of the 1erms in X, is negative, that term is set equal to zero.

F location factor.

The location factor is used to correct for the change in specific weight of (a)
the mercury in mercury manometer type differential gages, (b) the calibrating
liquid {n the test manometer, and (c) the weights for a deadweight gage used in
calibrating the instruments. See Chapter 14.3, Appendix B, B. 34 for equa-
tions.

F_ = manometer fact.r

The manometer factor is required only in mercury manometer type pages to
correct for the error in differential pressure indication caused by the we:ght of
the liguid column above the mercury and the change in the density of the
mercury at temperatures other than the base temperature of 60°F. .

F. = 0.034374 \p. — p,

Where: iy
p. = density of mercury at ambient temperature, in pounds per cubic
foot.
p. = 846.324 {1 - 0.000101(T, — 60)]
7, = ambient temperature, in degrees Fahrenheit.
p, = density of liguid on mercury at ambiznt temperature, in pounds per
cubic foot. See Chapter 11.1, Tables 6, for density correction.

F, = arificc thermal expansion factor.

This factor is uwed to correct for the error resulting from the expansion or
contraction of the orifice bore at operating temperatures different from the
temperature of the plate when baored, usvally assumed to be 68°F.

F, = 1 ~ 0.0000185 (°F — 68) for Typc 304 and 316 stanless steels.
F I+ 00000159 (°F - 68) for Monel.

14.6.4.2 MEASUREMENT BY POSITIVE DISPLACEMENT METER

The manufacturer's recommendations should be carefully considered in sizing turbine
and positive displacement meters (see Chapters 5.2 and 5.3).

Air ¢liminators should be used with caution, particularly where the line io which they
arc instalicd could be shut-in occasionally, and where complete vaporization could cccur

Vapor furmalivn, resulting from the effects of ambient temperature or heat tracing on
the line ahead of the meter, could cause 1naccuracies and damage, which are most likely 1o
be encountered during startup Caution must be exercised.
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14.8.4.2.1 Volume at Standard or Base Conditions

Liquid measurement by positive displacement meters should conform to the procedures—

in Chapter 5.2, Appropriate correction factors should be used to adjust the measured
volume to standard conditions by correcting for temperature, pressure, and meter factor.
Factors to be applied will be found i Chapters 1} and 12,

The positive displacement measurement equation is:

V,=V, X ME X C, X C,

Where: —
V, = volume at base or standard conditions.
V, = volume at flowing conditions, indicated by a measuring device.

M.F. = meter factor, obtained by proving the meter according to Chapters 4 and 12.2.
C, = correction factor for temperature to commect the volume at flowing temperature
to standard temperature. See Chapter 11.1, Tables 24, or other agreed-upon

tables,
C, = correction factor for pressure to correct the volume at flowing pressure to
standard conditions. See Chapter 11.1, Tables 24, or other agreed-upon

tabies.

14.8.4.2.2 Voiume at Flowlng Conditions for Mass Determination

The volume measured at flowing conditions (V,) times the meter factor equals the
volume at flowing conditions. Displacement meters used for volumetric measurement in
deriving total mass shall conform to the standards described 1r Chapter 5.2 for the service
intended. Temperature or pressure compensation devices are not to be used on these
meters and the accessories used shall conform to Chapter 5.4.

14.8.4.3 MEASUREMENT BY TURBINE METER

See 14.8.4.2 for cautions about air chminators and vapor formation in ltnes. Also
carefully consider the manufacturer's recommerdations about sizing of meters.

Liguid measurcment by turbine meter should conform 10 the procedurcs described 1n
Chapter 5.3, Appropriate correction factors should be used that will adjust the measuied
volume to standard conditions by correcting for temperature, pressure, and meter factor,
Factors to be applied will be found in Chapters 4, 11, and 12

The foliowing equation 1s used when measuring by urbine meter.

V. = ¥, x M.F. x C, x C,

Where:
V, = volumc at base or standard conditions
V. = volume at Aowing condinons, indicated by a measuring device,
M.F = meter fector. obtatncd by proving the meier according to Chapters 4 and 12.2.
C, = corrcction tactor for temperature to correct the volume at flowing temperature
10 standatd temperature. See Chapter 11,1, Tables 24, or other agreed-upon
. tahles
C, = conection factor for pressure to correct the volume at flowing pressure to
standard conditions. See Chapter 11.1, Tebies 24, or other agreed-upon
1ables

Turbine meters used [or volumelric measurement in deriving total mass shall conform to
Chapter 5.3.for the service intended. Temperature or pressure compensating devices shall
not be used on these meters and accessories shall conform to Chapter 5.4. The mass
delivered ond the volume of each camponent at standard conditions may be determined
according to Chapter 14.7.
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14.8.44 MEASUREMENT BY OTHER DEVICES

Dynamic measurement of ligu-fied petroleum gas can be accomplished using other
types of equipment by mutual agreement of the contracting parties.

14.8.4.5 METER PROVING

The primary measuring device must be compared to a known standard. Comparisen to a
standard is accomplished by proving displacement and turbine meters using a pipc prover
calibrated in accordance with Chapter 4. Tank-type provers are not recommended because
liquefied petroleum gu. may vaporize in the tank, making accountability for these vapors
difficult When a meter is used to measure more than onc product, the meter shall be
proved at the operating rates of flow, pressure, and temperature and the specification of the
liguid that it will measire .n routine operation. Several meter factors may be required
where normal operations change significantly. The proving device should be instalied so
that the temperatuic and pressure within the pruver and meter coincide ay closely as
possibic. Should meter and prover temperatures or pressures vary, the prover volume shall
be corrected to meter cperating conditions according to Chapters 4, 11, and 12 o as
agreed to by the cuntracting parties. Factors shall be adjusted as required betwesn proving
dates as a result of significant changes in meterning pressure and/or temperaturc since the
" last proving. :

14.8.4.6 - SAMPLING

Sampling shall be accomplished to yield a sample that is proportional to, and representa- e
uve of, the fowing stream dunag the measuring interval. Propontional samplers tuke small
sampics of the flowing stream proportional to the flow rate. Time incremental sampling
may be vsed only when the flow rate is constant.

The sumple collecting system shall be designed to contain the collected samplc in the
hquid statc This may be done using a piston cylinder or a cylinder with a blz Idzr. Both
the piston cylinder and biadder cylinder normally use inert gas vapor, hydraulic oil, or
pipeline fluid 1o oppose the liguid mnjection and maintain a pressure level above the vapor
pressure of the sample. A typical proportional sampler s described in the appendix to this
publication.

Prccautions shall be taken .0 avoid vaporization in sample loop lines when operating
near the product vapor pressure In some instances, insulating sample lines and sample
containers or controlling the pressure or tempereture of sample containcrs containing
volatile matenals may be necessary.

Sampie loops should bz short 2nd of small diameter, sampling from the center of the
stream. Adequate sample loop flow rates should be maintained to keep fresh product at the
sample vaive and to reduce the hme lug between the meter and the sampler to « minimum.

All sample lines, pumps, and related equipment should be purged or bled down when
sampie collection cylinders ar: emptied to avoid contamination or distortion of the {lowing
sampic  Sampler systems should be designed 1o minimize dead product areas, which
could distort samplcs

Obtaiing a representative sample for transport to the laboralory shall be in accordance
with GPA 2174, Appendix B of Chapter 14.1, or other recognized safety procedures
Sampis containers must be adequately sized. If samples are to be shipped by common
carnel, contamers must comply with the latest hazardous materials regulations of the
United:States Depurtment of Transportation.

Products or mixtures thit have cquilibrium vapor piessures above atimosphetic pressure
shall be mantained at a pressure where vaparization cannot occur within the on-line
samplc svstcm or transfer contatners.
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

Use of sample collection and transportation containers equipped with floating pistons or
bladders (and equipped to maintain sample storage pressures above vapor pressure} is one
effective way to avoid liquid-vapor separation. When using this type of equipment,
adequate precautions must be oaserved to allow for thermal expansion of the product so
that excessive pressure or release of product does pot occur. Procedures described in the
appendix of this publication may be used.

Sample handling procedures outlined in API Chapter 14.1, Appendix B, using immisci-
ble fluid outage cylinders, may aiso be used. Water used with this method may result in
removal of carbon dioxide or other water-soluble componenis from the sample.

Sample injection pumps or devices that inject the sample into containers shall be
designed to deliver a constant volume per sttoke over their normal operating pressute
range. Procedures as outlinea in Chapter 14.1, the appendix tn this publication, and GPA
Publication 2174 shall be followed, as applicable.

Samples taken over a period of time using a proportional sampler must be mixed to be
truly representative before they are transferred to portable sample containers. Product
mixing should not be attempted until the sampler has been isolated from the source,
Procedures for thorough mixing of samples shall be provided to ensurc that samples
transferred to transportation cylinders and the analysis obtained are representative of the
flowing stream during the measured interval.

After mixing, the sampied product is transferred to a portable piston cylinder or &
double valved sample cylinder, using the immiscible fluid displacement method. Transfer
the sampier to the portable cylinder using the same procedurs used to take spot samples.
When the required number of portabie cylinders has been filled, the remaining product in

the sampler must be vented back into the pipeline or disposed of before the sampler is -

retumed to scrvice.

Obtaining a representativ: sample of the stream liguid for transport to the laboratory
shall be in accordance with GPA Publication 2174 or Appendix B of Chapter 14.1.
Provisions shall be made for thermal expansion. Deparunent of Transportation approved
containers shall be used.

14.8.4.7 SAMPLE ANALYSIS

Depending upon the comncesition of the stream, liquid sample analysis shall follow the
chromatographic procedures described in GPA Publications 2165, 2177, and 2261, or
other methods agreed upon by the contracting parties.

Where applicable. such as with liquefied petroleum gas mixturcs, special efforts shall
be made to accurately determine the molecular weight and tire density of the heptanes plus
fraction (or of thc last significant fractuon determined by agreement),

14.8.5 Mass Determination in Dynamic Systems (Density
Range 0.30 to Q.70 g/cm¥

Mass measurement ts applicable to liquefied petroleum gas mixtures and to components
that are affected by comrpositional cnanges, intermolecular adhesions, solution mixing, or
extreme pressurc and temperature conditions where accurate physical correction tactors
have not been determined.

Mass measurement in a dynamic state normaliy utilizes (1) a volumetric measuring
device ot flowing conditions, (2) a density or relative density (specific gravity) measuring
device for determiming density ur relative density at the samc flowing conditions as the
measuring device, and (3) a represcntative sample of the fluid flowing through the
mcasuring systcm, collccted proportional to flow, as presented in Chapter 14.7.

Mass measurement 1s accomplished by multiplying the measured volume at flowing
conditions ttmes flowing density measured at the same conditions, using consistent units.
The equivalent volume at stzndard conditions of each component in the mixture may be
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obtained by using a compuositional analiysis of the representative sampic and the density of
each component at 60°F and the equilibrium pressure at 60°F

Liquids with densities below 0.3 and above 0.7 grams per cubic centimetre and
cryogenic fluids are excluded from the scope of this document. Howcver, the principles
can apply to these fluids with modified application techniques.

Equipment exists which uses diverse principles for measuring volume, sampling the
product, and detcrmining the composition and density of the product. This publication
does not advocate the preferential use of any particular type of equipment. It is not the
intention of this publication to restrict future development or improvement of equipment. i

14.8.5.1 BASE CONDITIONS

Density is defined as mass per unit volume:
Mass

Volume

Density =

Mass is an absolutc measurc of the quantity of matter. Weight is the force resulting from
an acceleiation due to gravity acting upon a mass. Changes of gravity acceleration from
one locality to another will affect the resulting weight force observed. Therefore, quan-
tizes determuned in accordance with Chapter 14.7 shall be mass rather than weight. This
may be accomplished through procedures in Chapter 14.6 bi{ referral to weighing devices
used 1o calibrate density meters to test weights of known mass. This referral or calibration
is done at or near the densitometer location, eliminating the need for further correction for "
local gravitauonal force variances. "

Weight observations to cetermine fluid density shall be corrected for ar houyancy
(commonly called “weighed in vacuum™) and for local gravity, as necessaty. Such
observations can be used i conjunction with the calibration of density mcters or for -
chzcking the performance of equation of state correfations. Procedures are outlined n DI
Chapter 14.6. -

Volumes and densities for mass measurement shall be determined at operating 1empera-
ture and pressure to ehimnate lemperature and compressibility corrections However,
equivalent volumes of compenents are often computed for the determined mass flow
Thesc volumes will be stated as follows® temperature, 15°C (or 60°F); pressure, 101,325
kilopascals (14.696 pound: per square inch absolute). or the produc: equilibrium vapor
pressurc at 15°C (or 60°F), whichever 1s higher.

. 14.8.5.2 MASS MEASUREMENT USING DISPLLACEMENT TYPE OR TUR-
BINE METERS

The cquanon for determining mass using displacement-type or turbine meters is:

Metered volume Meter factor Density per Densitometer
at meter | &t metar unu volume at carrection
Mass = pX % . x L
operating operaiing meter operating factor (if
condiinns Lcondittons conditions applicable)

14.8.5.3 MASS MEASUREMENT USING ORIFICE METERS

The equation lo1 deternuning mass using orifice meters is:

Q. = C" aJh. pr — Tllow rate expressed in units of mass/units of ime.

The terms tor this equation are detined and discussed 1n 14.8.5.1.
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14.8.5.4 DENSITY DETERMINATION
14.8.5.4.1 Empirical Density

Liquid density may be calculated as a function of composition, temperature, and
pressure. It is preferred that the calculated or measured density be applied in real time to
the filow meter. This provides for the maximum mass measurement precision, that is, the
incremental volume of measured liquid is always in direct time reiation to the density
measured or calculated. However, it is common practice to use the composition of a
sample taken continuously during the delivery period proportional to the volume deliv-
ered, and to use the average teniperature and pressure for the delivery period.

Calculations may bc made by means of ecmpirical correlations or by generalized
equations of state. The empirical correlations are derived from fitting experimental data
covering specific ranges of compositions, temperatures, and pressures and can be inaccu-
rate outside these ranges, Gas Processors Association procedure TP-1 for ethane/ptropane
mix and TP-2 for high ethane raw make streams are examples. TP-3 is a more theorctical
procedure for application to liquefied natural gas.

Generalized equations of state do not have strict limitations on ranges of compositions
and conditions and car be applied to a wide variety of systems; however, empirical
correlations are much more accurate when applied to the specific systems for which they
were derived. The Rackett equation, the Starling-Han modification of the BWR equation
of state, and several modified Reclich-Kwong equations of state (Soave, Mark V, Peng-
Robinson) are exampies.

it 15 the responsibility of the contracting parties to verify the validity and limits of the
accuracy of methods considered for. empincal density determipation on the particular
fluids to be measured.

Significant errors can occur from inaccuracics in termperature and pressure measurc-
ment, recording, or integration. Products with a density of less than 0.6 grams per cubic
metre arc particularly susceptible to errors-and require a higher level of precision. See
Chapter 14.6 for recommended precision levels of temperature and pressure.

14.8.5.4.2 Measured Density

Measured density of products between 0.3 and 0.7 grams per cubic centimetre shall be
determined using density meters installed and czlibrated in accordance with Chapter 14.6
or as othcrwisc agreed hetween the contracting parties.

Density instruments or probes shall be installed as follows:

1. No intcraction that would adversely affect the flow or denstty measurement shall exist
between the flow meter and the density transducer or probe.

2 Temperature and pressure differences among the fluid in the flow meter, the density
measuting device, and the calibrating devices must be minimized and must be within
specified lumits {or the fluid being measured and the mass measurement accuracy expected
or requred.

3. Density meters may be instalied either upstream or downstream of primary flow
devices in accordance with Chapt:r 14.6 but should not be located between flow straight-
emng devices and mcters and must not bypass the primary flow measurement device.

Densitometer accuracy will be seriously affected by the accumulation of foreign
material from the flowing stream. The possibility of accumulation should be considered in
selecting density ineasurement equipment and in determining the frequency of density
cqupment calibration and maintenance. Accuracy of the data recording, transmission,
and computation equipment and methods should also be considered in system selection.
See Chapter 14.6 for further comments.
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14.8.55 CONVERSION OF MEASURED MASS TO VOLUME

Conversion from mass determined into equivatent volumes of components shall be in
accordance with the latest revision of GPA Publication 8173, as described below. In this
procedure, 2 chromatographic analysis representative of the delivered product is used to
determine the mass of each individual component that comprised the total mass. The
individual component masses are then converted to their respective equivalent liquid
volumes at 15°C (or 60°F) and equilibrium vapor pressure at 15°C (or 60°F), using
component density values from GPA Publication 2145,

The calculation of total mass flowing must be performed continuously on-line by a
suitable device or by off-line integration of charts on which metered velume and density
are continuously recorded so that at all times the density corresponds to the volume
measured.

Conversion of the determined mass into an equivalent volume of each component at
base or standard conditions ai equilibrium vapor pressure at 15°C (60°F) or 101.325
kilopascals (14.696 pounds per square inch absolute), whichever is higher, shall be in
accordance with Chapter 14.4. In this procedure a chromatographic analysis, representa-
tive of the delivered product, is used to determine the mass of each individual component
comprising the total mass. The individual component masses are then converted to their
respective equivalent hiquid volumes at 15°C (or 60°F) and the equilibrium vapor pressure
at 15°C (or 60°F) using component density values in vacuum from Chapter [l or GPA
Publication 2145. Exampie calcuiations, repeated from Chapter 14.4, arc provided in
14.8.5.6

14.8,5.6 CALCULATIONS FOR LIQUID-VAPOR CONVERSION

The density of pure hydrocarbons in pounds mass per gallon (weight in vacuum) shall
be as stated in GPA Standard 2145. Should constants be required for a hydrocarbon
componeni that is not presented in GPA Standard 21435, the constants contained in the
GPSA Engineering Data Book, Section 16, “Physical Properties,” shall be used. If the
required constants arc not contatned in the GPSA Engineering Data Book, the ASTM
Data Senes Publication, DS 4A, constants shall be uscd. The steps described in Figure 1
are required.

14.8.5.7 SPECIAL PRECAUTIONS FOR MASS MEASUREMENT

Volume measurement must be made at flowing conditions. The measuring device must
be proven at flowing conditions.

Densitv or relaiive density (specific gravity) measurements must be made at the same
flowing conditions as the volume meusurements.

Temperature compensated metering devices shall not be used in the mass measurement
mcthod. - .

14.8.6 Volumetric Measurement in Static Systems

The hyuid volume of hiquefied petroleum gas consists of the sum of the liquid volume
and the volume of the vapor above the liquid converted to its Jiquid equivalent.

Volumetric measurement is accomplished by using calibrated vessels or tanks with
gaging devices that can be read at the vessel operating pressures to determine the liquid
level The volume of vapor above the liquid 1s determined by using the ideal gas law (PV
= NRT) conected by the gas compressibility factor. The liquid and vapor are cormected for
temperature and pressure to standard or base conditions of temperature and thc vapor
pressure of the product at standard or base temperature. The vapor volume can be
converted to equivalent havid volume by using the appropriate factors.
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Step 1—Convert to mass analysis. Given: 825,300 = Total pounds mass.

Mole Parcent Weight of Fraction —-
Mole Mole x of
Component Percent Waight Mole Walght Component

co, o.11 44.01 484 0.001107
c, 214 16.043 34.33 0.007852
C, 38.97 30.069 1171.79 0.268010
C, 36.48 44.096 1608.62 0.367921
IC, 2.04 58,123 170.88 0.035083
nC, 8.77 58.123 5§09.74 0.116587
iC, 1.7 7215 123.38. 0.028219
nC, 1.82 72 15 131.31 0.030033
Gyt 7.06 87.436 617.30 0.141188
100.00 4372.18 1.000000

Step 2—~Calculate the mass of each component as follows: Welght fraction times
total pounds mass equals pounds mass each component:

Welght Fraction Total Pounds Mass

Component ot Component Pounds Mass of Component
Co, 0.001107 825,300 914
C, 0.007852 825,300 6.480
C, 0.288010 £25,300 221,189
C, 0.367920 825,300 303.645
ic. : 0.0335087 825,300 32,255
nC, 0.116587 825,300 86.219
iC, 0.028219 825,300 23,289
nC, 0.030033 825,300 24,786
Ce 0.141188 825,300 116.523
825300

Step 3—Calculate the volume of each component al equillbrium pressure and
60°F as follows:

Density
Cemponant Founds/Gallor: us. .
Companent Pounds Mass {In vacuum) Gallons
co, 8914 6.817 134
R 6,480 2.50 2,592
C, 221,189 2.97 74,474
(o 303,645 4.231 71.767
IC, 32,255 4,894 6,72
nC, 96,219 4.871 15,785
IC, 23,289 5.206 4,473
nC, 24,788 5.262 4,710
Co+ 116,523 5.951* 19,580

4,
*From analysis. 204,355

Figure 1—Calculations for Liquid Vapor Conversion

A pressure vessel or container must be able to safely withstand the vapor pressures of
the contained product at the maximum operating temperature.

14.8.6.1 TANK CALIBRATION

Procedures for culibrating tanks and vessels are presented in Chapter 2.

14.8.6.2 TANK GAGING OF LIQUEFIED PETROLEUM GAS

Pracedures for gaging liquefied petroleurn gas in storage tanks are presented in Chapier
3. Special precautions arc necessary to accurately account for the vapors above the liquid.
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The composition and volume of the vapors are dependent upon the temperature and
pressure conditions of the liquid.

14.8.6.3 TEMPERATURE MEASUREMENT

Chapter 5.4 contains general requircments for temperature measurement. Procedures
for measuring the temperature of hiquefied petroleum gas in storzge vessels under static
conditions are preseated in Chapter 7.

14.8.6.4 RELATIVE DENSITY MEASUREMENT

Procedures for detennining relative density of liquefied petroleum gas are Aprascnted in
Chapters 9, 11, 12, 14.6, and 14.7. Observed relative densities (specitic gravitics) are
corrected to standar¢ or base conditions by using tables in Chapter 11.1,

14.8.6.5 WATER AND FOREIGN MATERIAL

Water and sediment content is not as serious & problem with liquefied petroleum gases
as with crude oil Product specilications in contracts for custody transfer should contaiu a
scction on product quality to provide for testing propane by the freeze valve method
(ANSIYASTM D 2713-76), the coba! bromide method, or the Burcau of Mines method.
Other mutually acceptable methods for determining dryness may be used for other
hquefied petroleum gases having a high vapor pressurc.

14.8.6.6 SAMPLING

The scope of Chapter 8 does not include sampling of liquefied petroicum gascs;
however, GPA Publication 2140 contains a section on sampiing this type of product. GPA
Publication 2140 1s also designated as ASTM D 1265. Its scope covers the procedure for
obtaining representative samples of liquetied petroleum gases, such as propane, butane, or
mixtures thercof, in containers other than those used in taboratory testing apparatus. A
liquid sample 15 transferred from the source int> a sample container by puwrging the
contamer and filling 1t with liqud to 80 percent of capacity.

Considerable effort may be requir:d to obtain a representative sample, especially if the
material being sampled 1s a mixwre of liquefied petroleum gases. The following factors
musl be considered:

L. Samples must he ohtained i the hquid phase.

2. When 1t s defuntely knswn that the material being sampled 15 composed predomu-
nantly of enly one hquefied petroleum gas, a liquid sample may be taken from any part of
the vesscl. -

3. When the matenal being sampled has been agitated until uniformity is assured, a liquid
sample mav bz taken from any par: of the vessel.

4. Bevzuse of wide vanations in the construction details of comtainers for liguefied
petraleum gases, 1t is difficul 10 specify a uniform method for obtaining representative
samples of heterogencous muxtures. If it is not practicable to agitatc a mixturc for
homogeneity, obtain liquid samples by a procedure that has been agreed upon by the
contracting partics

Directions for sampling cannot be explicit enough to cover all cases. They must be
supplemented by judgment, skill, and sampling experience. Bxtreme carc amd good
Judgment arc necessary to ensure that samples represent the general character and average
condition of the material. Because of the hazards involved, liquefied petroleun gases
should he sampled by, or under the supervision of, persons famibiar with the necessary
safety precautions
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14.8.6.7 VOLUMETRIC CALCULATION

When product is removed from or added to a tank, the baginning and ending liquid
levels are obtained along with corresponding temperatures and pressures. The volumes of
liquid and vapor are calculated for the beginning and ending conditions, and the difference
between the beginning and ending calculations of the total volume of the vapor and liquid

is the volume change in the vessel.

- . - 1 ["Volume of vapor
Total volume Volume of liquid above the liquid
at standard = }at standard + | in cquivaicnt
conditions conditions liquid units at

— = - -

- L standard conditions

"Volume of ] [Liguid volume 1 [ Volume correction

liquid at = | at tank X | factor for

standard conditions temperature and

| conditions | i | gravity
Volume of vapor Vniume of P Factor for liguid
above hquid in | — vepor above X == X — X |volume per vapor
equivalent liquid | the liquid P, T volume
units at base
conditions
Where-

Total volume = (volume df product in the vessel as & liquid) + (vapor above the liquid
converted 1o ts fiquia volume equivalent). Volume measured at standard. condi-
tions. . ‘

Yolume of liquid at standar conditions = volume measured at standard temperature
and vapor pressure of the liquid at standard temperature.

Volume of l:iquid at tank cunditions = volume of vessel at liquid level determined by
tank calibration and gaging device

Volume of vapor above ths 1quid = volume of vesse! above the liquid level determined
by tank calibration and gaging device.

Veolume correction factor = factor used to correct the liquid volume to standard
termperature Reter to tables in Chapters 11 and 12.

P, = observed pressure, (n absoiute unuts.

P, = standard pressure, 1n ahsclute units,

T, = observed temperawre, m kelvins (K) or degrees Rankine (°R).
7, = standard tempecraturs 1n kelvins (K) or degrees Rankine (°R).

Tactor for hquid volume per vapor volume = siandard conversion unit for product
being measured .

14.8.6.8 MIXTURE CALCULATION

When mixtures arc mcasured, the composition of the liquid and vapor will be different
for varving conditions of temperature and pressure. The composition of each phase can be
determuned by sampling and analysis of each. Refer to Chapter 14.4 for the procedure for
caleulating liquid cquivalent of the vapor volume above stored natural gas liquid mixtures.

14.8.7 Mass Measurement in Static Systems

Mass 15 determmed by weighing the container o vesse! before and after product has
been added to, or removed from, the vessel. The difference 1n weight provides the basis
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for total mass of the product contained in the vessel.
To calculate the volume using mass units:

v, = Mass
Density
Where:
V, = volume at standard temperature and vapor pressure of the product at
standard teniperature. ‘
Mass = difference between before and after mass determination. —

Density = density in vacuum of liquid product at standard conditions in same units as

mass.

Refer to Chapter 11 to dctermine relative density at standard conditions.
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APPENDIX—INSTALLATION AND OPERATION OF FLOATING PISTON SAMPLERS

The procedures included here are presented to supplement other existing procedures,
specifications, and standards in sampling higher than atmospheric vapor pressure products
where flashing of lighter components within the container may cause distortion -of the
sample composition.

All samples should be obtained using some type of probe from the center of the flowing
strearmn. A bypess around a device that causes a differential pressure, such as an orifice
plate or small pump, is usea to supply fresh product to bypass-type sample injection
valves. See Figures A-1 and A-2. Bypass lines must not bypass primary volume measure-
ment devices.

Figure A-3 provides an exampie of a typical proportional sampler.

FLOW-THROUGH SAMPLE FLOW-THROUGH SAMPLE
INJECTION VALVE INJECTION VALVE PUMP (5 TO 10 POLNDS
1/4 TO 1/2-INCH TUBING \ PER SQUARE INCH 48}
\
1/4 TO 1/2-INCH TUBING

. mm
3 CENTER-STREAM
-— L SAMPLE PROBE %4
k \
i

\ AN
CENTEA STREAM -
SAMPLE PROBE

‘_-q
\_ <D

Figure A-1—Typical Sample Probe Installation on an Figure A-2—Typical Sampie Probe Installation
Ornfice Flange for a Pump

19
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Table 3-B-5—Conversion of Re,/10° to Q,/1000 (Q, in Thousands of Cubic Fest per Hour):
Q,/1000 = Re,/1000D/28.2435
Nominsi Pipe Diameter
2 inches 3 Inches 4 Inches
Rep/100 1.687 1.939 2.067 2300 2.624 2.900 1.068 3.152 31438 3.826 4.8
0.020 1.2 14 L5 16 L9 21 22 22 24 27 29
0,036 1.3 2.1 22 24 23 at 33 33 17 41 43
0.040 2.4 2.7 29 33 37 4.1 43 4.5 4.9 5.4 57
0.050 30 14 37 4l 46 5.1 54 36 6.1 65 7.1
0.060 3.6 4.1 44 4y 5.6 6.2 6.5 67 7.3 8.l 8.6
0.070 4.2 4.8 51 57 6.5 7.2 76 T8 _...B5 9.5 10.0
0.080 4.8 55 5.9 6.5 74 R.2 8.7 89 N 10.8 114
0.090 5.4 6.2 6.6 73 B4 92 98 1.0 1.0 122 128
(.100 6.0 6.9 7.2 .1 9.3 103 109 112 122 13.5 143
0.150 9.0 10.3 11.& 122 139 154 163 16.7 183 201 214
Q.200 11.9 13.7 14.6 16.3 18.6 205 21.7 223 243 211 28.5
0.25C 14.9 17.2 i8.3 204 232 257 212 21.9 30.4 339 35.6
6.300 179 20.6 20 244 779 30.8 326 33.5 6.5 40.6 428
.350 209 24.0 256 288 323 359 kEA) 39.1 42.6 47.4 49.9
0.400 239 27.5 293 3.6 372 41.1 43.5 44,6 48.7 54.2 570
0 450 269 0.9 3298 36.6 41 F 46.2 489 50.2 54.8 61.0 64.1
0.500 206 343 66 407 46.5 513 543 55.8 60.9 677 71.3
0.6C0 358 41.2 439 48.9 557 61.6 65.2 67.0 73.0 Al3 BSS
0.700 a4l § 481 51.2 7.0 650 7.9 76.0 78.1 85.2 94 8 99.8
0.500 478 569 58.5 65 74.3 B2.1 869 89.3 974 108 114
0.900 53.8 61.8 65.9 73.3 B83.6 92.4 78 10 1no- 122 128
1.0CO 597 68.7 732 1.4 929 103 109 112 m 135 143
1L.500 896 o3 110 12z 139 154 163 167 183 203 214
2.060 119 137 146 16% 186 205 217 223 243 27 285
2.500 149 172 183 . 204 232 257 2 279 304 339 156
3.0C0 179 200 220 244 rne 308 326 335 365 406 428
3,500 209 240 255 28s 1125 359 380 9 4206 474 499
4.0C0 239 275 203 32¢ 372 41! 435 446 487 542 570
4,500 269 300 329 366 418 462 480 502 548 610 641
5.000 299 343 365 407 465 513 543 558 609 677 713
5.500 320 178 403 A4k 511 565 597 614 &70 F45 784
6.000 358 417 430 489 557 (1) 652 510 730 813 BSS
6 300 388 446 476 29 604 667 706 725 791 881 927
70600 418 481 512 550 65N 719 760 781 852 948 908
7 500 448 515 549 611 697 770 815 837 913 1,016 1,069
8000 478 549 585 G641 743 821 869 893 974 1,084 1,140
8 500 50% 584 622 652 790 873 622 949 1.035 Lt51 1,212
9 000 534 6l 659 nIz Blo 924 978 t.004 1.096 1,219 1,283
9 500 567 632 695 T ¥R3 575 1,032 1,060 1,158 1,287 1,354
10 000 597 087 73z Bl Pra] 1027 1.086 LG 1217 1,355 1,425

Note Tins table was developed for informational purposes only and s spezific to the following conditions: 7, = 68°F, G, = 0.6. u = 0.000069: + = 1.3, P,
= 147 and 7, = 515 0T7°R
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Table 3-B-5— Continued

Nomunal Pipe Diamcter
6 Inches 8 Inches 10 Inches
Rep 108 4.897 5.187 5.761 6.065 7.625 7981 8.071 9.562 10.020 10.036
0.020 15 37 4.1 43 54 53 57 6.8 7.1 7.1
0.030 5.2 3.5 6.1 6.4 8.1 8.5 8.6 10.2 10.6 10.7
0.040 6.9 7.3 82 86 108 113 - 114 13.5 142 142
0.050 BT 9.2 10.2 10.7 135 14.1 143 16.9 17.7 17.8
0.060 10.4 11.0 13.2 12.9 162 17.0 171 203 213 213
0.070 12.1 129 143 15.0 189 19.8 20.0 23.7 24.8 249
0.080 119 14.7 16.3 17.2 21.6 226 229 27.1 28.4 284
0.090 15.6 - 16,5 18.4 19.3 243 254 257 30.5 318 320.
0100 17.3 18.4 204 215 210 283 286 3329 355 355
0.150 260 275 306 322 405 424 429 508 53.2 533
0.200 347 36.7 40.8 429 54.0 565 572 67.7 T1.0 71.1
0.250 43.3 459 51.0 53.7 615 0.6 714 84.6 88.7 B8.8
0.200 520 55.1 61.2 64.4 BLO B4.8 857 102 106 107
0.350 60.7 64.3 71.4 75.2 s 989 100 118 124 124
0.400 69.4 7135 81.6 85.9 108 113 114 135 142 142
0.450 780 82.6 91.8 96.6 121 127 119 152 160 160
{1500 8467 91.8 102 107 135 141 143 169 177 178
0.600 104 10 122 129 162 170 17 pLox) 213 213
0,700 121 129 143 150 189 198 200 237 248 249
0.ECO 139 147 163 172 216 26 229 271 284 284
0.900 156 165 ig4 193 243 254 257 305 319 320
1.000 173 184 204 213 270 283 286 339 355 355
1,500 260 275 06 322 405 424 429 508 532 533
2.000 347 367 408 429 540 565 ' 572 677 710 711
2,500 433 139 510 537 675 706 714 846 887 888
3.000 520 551 612 644 a10 848 857 1,016 1,064 1.066
3.500 607 643 714 752 945 989 1,000 1,185 1.242 1,244
4,000 694 735 Blé 859 1,080 1130 1.143 1,354 1,419 1421
4.500 780 826 | 918 966 1,215 1.272 1.286 1,524 1.596 1,599
5.000 867 918 1.020 1.074 1.350 1.413 1,429 1,693 1.774 L7
5500 954 1,010 1122 1,181 1,485 1.554 1.572 1.362 1951 1,954
6.000 1.340 1.102 1.224 1,288 1,620 1,695 1715 2,031 2,129 2,132
6.500 1,127 1.194 1.326 1,396 1,755 1,837 1.857 2,201 2,306 2310
7.000 1213 1,286 1,428 1,503 1,890 1978 2,000 2,370 2,483 2487
7500 1,300 1377 1.530 1,611 2,025 2,119 2,143 2,539 2,661 2,665
# 000 1387 1469 1,632 1.718 2,160 .t 22856 2,708 2,838 2,843
8.500 1474 1.561 1.734 1,825 2,295 2.402 2429 2.878 3.016 3.020
9.000 1,561 1,653 1 83e 1,933 2.430 2.543 2572 3.047 3.193 3.198
9.300 1,647 1,745 1,938 2,040 2,565 2.685 2,715 3,216 3370 337
10.000 1,734 1,837 2,040 2,147 2,700 2820 2.858 3,386 3.548 - 3.553

Naote. This table was developed for informatiorat purposes only and 1s specific w the following conditions: T, = 68°F. G, = 0.6, 4 = 0.000069;k = [.3; P,
= 1473 and T, = S19.67°R.
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Table 3-B-5— Continued
Nom:nat Pipe Diameter
12 Inches 16 Inches 20 Inches 24 Inches 30 Inches

Repf106 11374 11938 12090 14688 15000 15250 12812 19.000 (9250 22624 23000 23250 2B.750 29.000 29250
0.150 60.4 63.4 64.2 78.0 79.9 31.0 99 100 102 120 122 123 153 154 155
0.200 80.5 44.5 856 104 106 108 133 135 136 160 163 165 204 205 207
0.250 i01 106 107 130 . 133 135 167 168 170 200 204 206 234 257 259
0.300 121 127 128 156 159 162 200 202 204 240 244 247 305 308 314
0350 - 141 148 150 182 186 189 233 235 239 280 285 288 356 359 362
0.400 161 169 171 208 212 216 266 269 273 320 326 329 407 41l 414
0.450 181 190 193 234 239 243 300 303 307 360 366 370 458 462 466
0.500 201 21 214 260 266 270 333 336 341 40t 407 412 509 513 SI®
0.600 242 254 257 312 a9 324 400 404 409 481 489 4%+ 611 616 621
0.700 282 296 00 364 37z 378 466 471 417 S8l S0 Ss76 T3 719 738
0.800 322 338 142 416 425 432 533 538 545 G641 651 659  Bl4 821 829
0.900 362 380 185 468 478 436 599 605 613 721 733 741 9l 92 932
1.000 403 423 428 520 531 540 665 673 682 801  Bi4 823 1,018 1,027 1,03
1.500 604 634 642 780 797 310 99 1,009 1,022 1,202 1222 1235 1,327 1540 1,553
2.000 805 845 B56 1040 1,062 1080 1332 1345 1363 1,602 1,629 1,646 2036 2,054 2,07
2500 1007 1057 1070 1,300 1328 1350 1665 1,682 1,704 2003 2036 2058 2545 2567 2,589
3000 1208 1,268 1284 1560 1593 1620 1998 2018 2045 2,403 2443 2470 3054 3080 3,107
1500 1409 1479 1498 1820 1859 1890 2331 2355 238 2,804 2850 28R 3,563 3594 3,625
4000 1611 . 1.69% 1,712 2080 2124 2160 2,664 2691 2726 3,204 3257 13293 4072 4,107 4,143
4500 1,812 1,902 1926 2340 2390 2430 2997 3027 3,067 3605 3,665 3704 4,581 4621 4,660
5000 2014 2113 2,140 2600 2655 2700 3330 3364 3408 4005 4072 4116 5000 5134 5178
5500 2215 2325 2354 ZM6U 2921 2970 3663 3700 3740 4406 4479 4528 5599 5647 5,696
6000 2416 2516 2,568  3.10 3187 3240 3996 4016 4089 45806 4886 4930 6,108 6161 6214
6500 2618 2747 2782 3380 3452 3510 4320 4373 4430 5207 5203 S350 6,617 6674 6,732
7.000 2819 2959 29896 3640 3718 3780 4,662 4709 4771 S.60T 5700 5763 7,026 7,188 7,249
7500 3020 3170 3210 39800 31983 4050 4996  S045 5112 6008 6108 6,074 7635 7,701  1.767
8000 3222 3,38) 3425 4160 4240 4320 5329 5382 5453 6408 6515 658 8043 8214  B.285
B.500  3.423 3593 3.639 4420 4514 4590 5662 S718 5793 6809 6922 6997 BG5S 8728 B.803
9.000 3.624 3804 3853 4680 4730 4860 5995 6,055 6,134 7T.209 7329 7409 9161 9241 932
Y500 3.826 4015 4067 4940 5045 5130 6328 6391 6475 1,610 1736 74820 9670 9754 9839
10,000 4027 4227 4281 52 5311 5399 6661 6727 6816 B.010 8143 B232 10.179 10268 10356
12000 4,833 5072 5437 6241 6373 6479 7993 8073 BI75 9612 9772 O&7R 12215 12,321 2,428
15000 6041 6340 6421 7801 7966 8099 999! 10091 10224 12,016 12215 12.348 15269 15402 15,535
18.000 7240  7.608 7705 9361 9560 9719 11989 12,109 12,268 14419 14658 14,8158 18323 18482 18.642
20000 B457  RE76G BOR9 0921 ILIS3 11,330 E3.9%7 14,127 14313 16822 17101 17.287 21377 21,563 21,748
26000 9.665 10146 10274 12481 12746 12959 156986 16,145 16358 19,225 19544 19757 24.430 24,643 24855
27000 10573 10452 LLSSR 14041 14340 14579 17984 18164 15403 21628 21,987 22225 27484 27723 27962
30.000 12081 2680 12842 1560 15933 16498 19582 20,182 20447 24,031 24.430 24695 30538 30.804 31,065

INotc: This table was developed for informattonal purposes only ane i specinc to the follewing condimons: T, = 68°F; G,
= 1473 and T, = 519.67°R

= 0o, = 0000069, k = 1.3, P,
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Table 3-B-6—Expansion Factars for Flange Taps (Y;): Static Pressure Taken From Upstream Taps
B =diD
L G.1 0.2 03 0.4 0.45 0.50 052 0.54 0.56 058 0.60 .51 0.62

0.0 1.0000 1.0000 1.0000 1.6600 1.0000 1.0000 10000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.1 09989 09980 09989 09982 09988 (09988 (19988 09988 09988  0.9988 06.9987 0.9987 0.9987
02 0.9977 09977 0.9977 0.9977 09976 0.9976 0.9975 0.9976 09975 0.9975 0.9975 0.9975 09974
03 0.9966 0.9966 0.9966 0.9965 0.9965 0.9964 0.9964 0.9963 0.9963 0.9963 0.9962 09962 0.9962
04 0.9954 0.9954  0.9954 09953 099353 0.9952 09952 09951 0.9951 0.9950 0.9949 0.9949 0.9949
0.5 0.9943 0.9943 0.9943 09942 09941 09940  0.9940 09939 05938 09938 0.9937 0.9936 0.9936
0.6 09932 09932 09931 09930 05929 0.0928 09927 05927 0.9926 0.9925  (.9924 09924  0.9923
0.7 .:9920 05920  0.9920 0.951% 05918 09916 09915 09915 05914 09913 0.9%212 0.9911 0.9910
0.8 0.9909 0.9909 0.5908 (0.9907 0.9%906 0.9904 0.9903 09902 09901 0.9900 0.9899 0.9898 0.9897
08 09898 0.9897 0.9897 0.9895 09894 0.9892 0.9891 0.9890 0.9889 0.9888 0.9886 0.9885 0.9885
L 09886 0.9886 0.98B5 0.9884 09882 09880 09879 09378 09877 0.5875 0.9374 0.9873 0.9872
i1 0.9875 0.9875 0.9874 0.9872 09870 05858 09857 09866 0.9864 0.9863 0.9861 0.9860 0.9859
12 0.9863 0.9863 0.9862 0.9860 0.0859 Q5856  0.9855 0985} 0.9852 0.9850 0.9848 0.9847 0.9846
13 0.9852 09852  0.985] 0.9849 (9847 05844 09343  (.984] 09840 09838 0.9836 0.9835 0.9833
14 0.9841 09840 09840 0.9837 09815 09832 09831 0.9829  0.9827 0.9325 0.9823 0.9822 0.982)
15 0.9829 0.9829 0.9828 0.9826 09823 05820 0.9319 0.9817 0.9815 0.9813 0.9810 0.9809 0.9808
I.6 D9818 0.9818 0.9817 09814 9811 0.9808 09806  0.9805 09803 0.9800 0.9798 0.9796 0.9795
1.7 0.9806 09806  0.9805 0.9802 05800 05796 09794 09792 09790 09788 0.9785 0.9784 0.9782
1.8 09755 0.5795 0.9754 0.9791 09788 09784 09782 09780 09778 0.9775 09772 0.9771 0.9769
19 0.9784 0.9783 0.9782 0.9779 0976 09772 0.9770 0.9768 0.9766 0.9763 0.9760 0.9758 0.9756
20 0.9772 0.9772 0.9771 0.9767 09764 09760 09758 0.9756 0.9753 09750 0.9747 0.9745 0.9744
21 09761 09761 09759 09756 09753 05748 09746 00744 09741  097IE 09734 09733 09731
22 . 09750 0.9749 0.9748 0.9744 09741 0.9736 0.9734 0.9731 0.9729 0.9725 0.9722 0.9720 0.9718
237 09738 09738 09736 09732 05729 05724 0972 09719 09716 09713 09709 09707 09705
24 05727 09726 09725 09721 08717 09712 09710 08707 09704 09700 09697 09694 0.9692
2.5 09715 097115 09713 0.970% 0.9705 0.9700 0.9698 0.9695 0.9692 0.9688 0.9684 0.9682 0.9680
2.6 0.9704 0.5704 0.9702 0.9698 0.9594 0.9688 0.9686 0.9683 0.9679 0.9675 09671 0.9669 0.9667
27 0.9693 09692  (.9691 0.9686 09682 05G76 09673 0967¢ 09667 0.9663 09659 0.9656 0.9654
28 09681 09681 05679  0.9674 09670 09664 09661 09658 09654 09650 09646 09644  0.9641
29 0.9670 0.9669 0.9668 0.9663 0.9658 0.9652 0.9649 09646  0.9642 0.9638 0.9633 0.9631 0.9628
3n 09658  D9658  0.9656 09651 09647 09640 09637 09634 09630 09626 09621 0.9618  0.9615
31 0.9647 0.9647 09645 09637  0.9635 0.9628 0.9625 09622 09617 0.9613 09608 0.9605 0.9603
3.2 0.9636 0.9635 0.9633 09628 09623 0.9616 0.9613 0.9609 09605 0.9601 0.9595 0.9593 0.95%0
33 09624 05624 09622 0916 09611 09604 09601 09597 09593 09588  0.9533  0.9580 09577
34 09613 09612 09610 0960+ 09599 09592 09589 09585 09580 09576 09570 09567 09564
s 09602  0S601 00599 09373 09588 09580 0.9577 09573 09568 09561 09558 09554  0.9551
36 0.9590 0.9590 0.9587 0.9581 0.9576 0.9568 0.9565 0.9560 0.9556 0.9551 (.9545 0.9542 0.9538
3.3 D.9579 09578 0.9575 0.9570 0.9564 0.9556 0.9553 D.9548 0.9543 0.9538 0.9532 D 9529 0.9526
LK 09567 09567 0.9564 09558 09552 09544 09540 05536 09531 0.9526 C.9520 0.9516  0.9513
kXY 0.9556 09553 09553 0.9545 0.9540 0.9532 09528 0.9524 0.9519 0.9513 0.9507 0.9504 0.9500
4.0 0.9545 (9544 09542 09535 09529 (09520 09516 09512 09506  0.9501  0.9494 09491  0.9487
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Table 3-B-6— Continued
B=aD
!B, 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 0.7 012 072 0.74 0.75

0.0 16000 10000 10000 10000 10000 (000G 10000 10000 10000 1.0000 1.0000 10000  1.0000
01 0.9987 09987 09987 09987 (9987 09987 09986 09986 05986 09986 0.9986 09986  0.9986
02 09974 09974 09974 09974 09972 09973 09973 09973 09972 09972 09972 099 09971
0.3 09961 09961 09961+ 09960 05960 09960 09959 (.9959 05958 09958 0.9958 09957  0.9957
04 09948 09948 09948 09947 09947 09946 09946 09945 09945 05944  0.9943 09943 09942
0.5 09935 09935 09934 09934 09933 09933 09932 09931 09931 09930 0.9929 09929 09928
06 09923 09922 05921 09921 09920 059919 05918 09918 09917 09916 09915  09%14 09913
07 05910 09909 09908 09907 09507 09906 09905 09904 09993 09902 09%01 09500 0.9899
0.8 0.9897 09896  0.9895 0.9894 00893 09892 0.9891 09890 09889 09888 (.9887 09886 09884
0¢ (.9844 0983 009882 0Y88] OORECR 09879 09878 09877 OYETS O0SB74 09873 09871 09870
¥ 09871 09870 09869 09868 09867 09865 09864 (09363 089861 09860 09855  DI85T 09853
L] 0.9858 09857 0085 09854 09853 0ORS2 09851 09849 (O848 09846 0.9844 09843  0.984]
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Table 3-B-7—F,, Factors Used to Change From a
Pressure Base of 14.73 Pounds Force per Square
Iinch Absolute to Other Pressure Bases

Table 3-B-8-—F,, Factors Used to Change From a

Temperature Base of 60°F to Other

Temperature Bases

F o= 14.73 F s Base °F + 459.67
# Contrect pressure base, psia . 60 + 459.67
Pressure Base Temperature Temperature
(pounds force per square tnch absolute) Fo (°F} F. °F) Fo

14.4 1.0229 40 — 0.9615 65 1.0096
14.525 1.0141 41 0.9634 66 10115
14.65 1.0055 42 09654 67 1.0135
14.696 1.0073 43 0.9673 68 1.0154
14.70 1.0020 44 0.9692 69 10173
14.725 10003 45 0.9711 70 1.0192
14.73 1.0000 46 0.9731 71 1.0212
14.735 0.9997 47 0.9750 72 1.0231
14,775 0.9970 a8 0.9769 73 1.0250
14.90 0.9386 49 0.5788 74 10269
15.025 0.980< 50 0.9808 75 1.0289%
15.15 0.97.2 51 0.9827 76 10308
15.225 0.9675 52 0.9845 77 1.0327
15,275 0.9643 53 0.9865 78 1.0346
15325 0.5612 54 0.9885 T9 1.0366
15.40 0.955% 55 0.9904 80 1.0385
15.525 0.948F 56 0.9923 ' 8] 1.0404
15.65 0.9412 57 0.5942 R2 1.0423
15,775 0.9338 58 0.9962 83 1.0443
15.90 0.9264 549 0.9981 84 1.0462
16.015 0.9192 60 1.0000 85 1.048!
16,15 0912 61 1.0019 86 1.0500
16.275 0.9051 02 1.0038 87 1.0520
16.40 0.8982 63 1 0058 88 1 0539
i6.70 0.8820 a2} 1.0077 89 1.0558

X 1.0577
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Table 3-B-9—F, Factors Used to Change From a Flowing
Temperature of 60°F to Actual Flowing Temperature

60 + 459.67
[«;‘ = —_—
1}1, + 459.67

Temperature Temperature Temperature

(°F) Ty ()] Fy (°F) Fy
~20 1.0872 37 1.0229 G4 0.9688
-9 1.0859 ag 1.0219 95 0.9679
-18 1.0847 39 1.0208 96 0.9671
-17 1.0835 40 1.0198 97 1.9662
-16 1.0823 41 1.0188 98 0.9653
-15 LOBLO 42 10178 99 0.9645
-14 L0798 43 1.0168 100 0.9636
-13 1.0786 44 1.0158 101 0.9627
~12 1,0774 45 1.0148 102 0.9619
=il 1 Y7462 45 1.0137 103 0.9610
-0 10750 47 1.0127 104 0.9602
-9 1.0738 48 1.0117 105 0.9593
-8 1.0726 49 1.0108 106 0.9585
-7 1.0715 50 1.0098 107 0.9576
=6 1.0703 51 1.0088 108 0.9568
=3 1 0691 52 1.0078 109 0.9559
-4 10679 53 1.0068 110 09551
-3 1.0668 54 1.0058 11t 0.9543
-2 1.0656 55 1.0048 112 09534
-t 1.0644 56 1.0039 {13 0.9526
4] 1.0633 57 1.0029 il4 0.9518
1 1.0621 58 1.0019 115 0.95065
2 1.0610 59 1.0010 116 09501
3 1.0598 60 1.0000 117 0.9493
4 10587 6l 0.99%0 118 09485
5 1.0575 62 0.9981 119 0u47?
& 1.0564 63 0.997! 120 0.9468
7 1.0553 & 09962 121 0.9460
8 T 0541 65 0.9952 122 19452
9 1.0530 66 0.9943 123 09444
[ 1.Us19 67 0.9933 124 U436
11 1.0508 68 0.9924 125 0.9428
12 1.0497 69 09915 126 09420
13 1 0485 70 0.9905 127 09412
14 1.0474 - 0.9896 128 09404
15 1.0463 i 0.9887 129 0.93%6
16 10452 73 09877 130 (9388
1?7 1.0a4] 14 0.9858 131 09380
18 1 0130 75 0.9859 132 0.9372
19 | 0319 76 0 985U 133 0 9364
20 | (409 77 09840 134 0 9356
21 1 (:398 7% G983t 135 N 9348
22 1 G387 79 £.9822 136 09340
23 106375 B0 9813 137 09332
24 10368 81 09804 138 09325
25 1 G355 82 09795 139 09317
26 1 G34: 83 09786 140 0 9309
7 1 03313 R4 09777 141 09301
28 10323 85 09768 142 0.9294
29 10312 8o LY759 143 LY2B6
an 10322 87 0.9750 144 0.9278
31 I Q29! BE 09741 145 09271
32 I Q281 8e 09732 146 09263
33 t02m 90 09721 147 0.9255
34 1 0260 H 0.9714 148 09248
35 1.0259) 2 U.9700 144 0.9240
36 . 123w 93 09677 150 00232




API NMPMSx1%.3.3 92 EE 0732290 0583902 24b: E

SeCTION 3— CONCENTRIC, SQUAFE-EDGED ORIFICE METERS, PART 3—NATURAL GAs Apmcmoyg 51

Table 3-B-10—F,, Facters Used to Adjust for Real Gas Relative Density (G,}:
Base Conditions of 60°F anc 14.73 Pounds Force per Square inch Absolute

F = |—
" G
Fy

G, 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
1.550 1.3484 1.3472 0.3460 1.3447 1.3435 1.3423 1.3411 1.3399 1.33%7 13375
0.560 1.3363 1.3351 1.3339 13327 13316 1.3304 13292 1,3280 1.3269 1.3257
0570 1.3245 13234 13222 13zl 13199 1.3188 13176 1.3165 13153 1.3142
0.580 13131 13119 13108 13097 1.3086 1.3074 1.3063 1.3052 1.3041 1.3030
0.5%0 1.3019 1.008 1.2997 1.2786 1.2975 1.2964 1.2953 1.2942 12932 1.2921
0.600 1.2310 1.2899 1.2888 1.2878 1.2867 1.2856 1.2846 1.2825 1.2825 1.2814
0610 1.2804 1.2793 12783 1.2772 1.2762 1.2752 1.2741 12731 1.2720 1.2710
0.620 1.2700 1.2690 1.2680 1.2669 1.2659 1.2649 12639 1.2629 1.2619 1.2609
0.630 1.2599 £.2589 [.2579 1.2569 12559 1.2549 1.2539 1.2529 1.2520 1.2510
0.640 1.2500 1.2490 1.2480 L2471 1.246) 1.2451 1.2442 1.2432 1,2423 1.2413
0.650 12403 1.23%4 1.2384 1.2375 1.2365 1.2356 1.2347 1.2337 1.2328 12318
0.660 1.2309 1.2300 1.2290 1.2281 1.2272 12263 1.2254 1.2244 1.2235 1.2226
0.670 1.2217 1.2208 1.21% 1.2180 1.218; 1.2172 1.2163 1.2154 1.2145 1.2136
0.680 1.2127 1.2113 1.2109 1.2100 1.2091 1.2082 1,2074 1.2065 1.2056 1.2047
0.650 1.2039 1.2030 1.2021 1.2012 1.2004 1.1995 1,1986 1.1978 1.1965 1.1961
0.700 I 1952 1.1944 1.1935 1.1927 1.1918 11910 1.1901 11893 1.1884 L1876
0710 1 1868 1.1859 1.1851 1.1843 1.1834 1.1826 1.1818 1.1810 1.1802 1.1793
0.720 1.1785 L1777 1.1769" 1.1761 1.1752 1.1744 1.1736 1.1728 'L1720 1.1712
0.730 LET04 11696 1.1688 1.1680 11672 1.1664 1.1656 1.1648 - 1.1640 1.1633
0.740 1.1625 1.1617 1.1609 1.i601 1.1593 1.1586 1.1578 1.1570 L1562 ° 1.1555
0.750 1.1547 1.1539 1.1532 1.1524 1.1516 l.1509‘ 1.1501 1.1493 [.1486 ¢ 1.1478
0.760 1.1471 1.1463 1.1456 1.1448 1.144] 1.1433 1.1426 1.1418 E. 1411 1.1403
0.770 1.1396 1.1389 1.1381 1.1374 1.1366 1.1359 1.1352 1.1345 1.1337 1.1330
0.780 1.1323 1.1316 1,1308 1.1301 1.1294 1.1287 L1279 1.1272 1.1265 1.1258
0.790 1.1251 1.1244 1.1237 1.1230 1.1222 1.1215 i.1208 1.1201 1.1194 1.1187
0.800 1.11R0 1.1173 1.1166 11159 1.1152 1.1146 1.1139 1.1132 1.1125 1.1118
0810 11 1114 1.1097 LSO i.1084 [.1077 L.1070 1.1063 1.1057 L1050
0.820 1.1043 1.1036 1.1030 1.1023 11016 11010 1.1003 1.0996 1.09%0 1.0983
0.830 1.0976 1.0970 1.0563 1.0957 10950 1.0944 1.0937 1.0930 1.0924 1.0917
0.840 1.0911 1.0904 10858 1.0891 1.0885 1.0878 1.0872 1.0866 1.0859 1.0853
0.850 1.0846 1 GB4G 1.0834 10637 1.0821 1.0815 1.0808 1.0802 1.0796 10790
0.860 1.0783 1.0777 1.0771 1.0764 1.0758 1.0752 1.0746 10740 1.0733 10727
0870 1.0721 10715 1.0709 10703 1.0696 1.0690 1.0684 1.0678 1.0672 1.0666
0830 1.0660 1.0654 10648 1.0642 1.0636 1.0630 1.0624 10618 1.0612 1.0606
0.890 1.0 10594 10588 1.0582 1.0576 1.0570 1.0564 1.0558 1.0553 1.0547
0.500 10543 10535 10529 1.1523% 1.0518 1.0512 1.0506 1.0500 1.0494 1.0489
3.910 1.0483 1 0477 10471 1.0466 1.0460 10454 [.0448 1.0443 1.0437 1043
0.920 1.0426 1.0420 10414 | ta0g 1.0403 1.0398 1.0392 1.0386 1.0381 1.0375
0.930 10370 1.036+4 10358 1.0351 1.0347 1.0342 1.0336 1.0331 1.0325 1.0320
0.910 1.0354 - 1.0309 1.0303 1298 1.02%2 1.0287 1.0281 1.0276 1.0270 1.0265
0930 10260 1.0254 P 0249 1.0244 1.0238 1.0233 1.0228 1.0222 1.0217 1.0212
(1.960 1.020¢ 1.0201 0194 1.0190 1.0185 L0180 10174 1.0169 1.0104 1.0159
0970 10153 10148 10143 1.0138 1.0132 10127 1.0122 LO117 Lotz 1.0107
094N 1.0102 10086 | 0051 1.00E€E 1.0081 1.0076 1.0071 L0066 1.0060 1.0055
0.990 10050 1 D45 1.0040 1025 1.0030 1.0025 1,0020 1.0015 10010 1.0005

[RELY 1 0000
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Table 3-B-11—Supercomprassibility Factors (F,,) for
G. = 0.6 Without Nitrogen or Carbon Dioxide

Temperanae (°F)
Pressyre
(psta) 20 40 60 - 80 100 120
100 1.00947 1.00807 1.00687 1.00504 1.00496 [.00419
200 1.02058 1.01762 101512 1.01294 101116 1.00958
300 103218 . ' 02748 1.02355 1.02022 1.01740 1.01497
400 1.04427 1.03764 1.03216 1.02756 1.02367 1.02035
500 1 05688 1.04810 1.04093 1.03497 1.02996 1.02572
600 1.06999 1.0~884 1.04983 . 1.04243 1.03625 1.03104
700 1.08360 1.06983 1.05885 1.04990 1.04251 1.03631
80O 1.09766 1.08i03 1.06793 1.05737 104871 1.04149
800 111209 1.G9237 1.07703 1.06479 1.05482 1.04656
1000 112679 1.10375 1.0860R 1.07211 1.06081 105150
1100 1.14156 1.11508 1.09501 1.07927 1.06663 1.05628
1200 1.15616 1.12621 110372 1.08622 1.07225 1.06087
1300 1.17029 1,13696 1.11211 1.09289 1.07763 1.06524
1400 .18358 [.14715 1.12007 i.09922 1.08271 1.06935
1500 1.19565 1.15657 1.12749 1.10512 1.08745 1.07318
1600 1.20515 1.16504 1 13425 1.11054 1.09180 1 07669
1700 1.21481 1.17237 1.14025 1.11540 1.09573 1 07986
1800 1.22146 1.17845 1.14541 1,11965 1.09919 1.08267
1900 122506 1.18318 1.14965 1.12324 1.10216 1.08509
2000 1,22868 1.1 8655 1.15294 1.12615 1.10462 1.08710

Note The data in this table were grnerated using the A.G.A. Gas Mcasurement Progrem. Copynght © 1988

American Gas Association All rights resarved Gas input data are as follows: % CO; = 0; % N, = (J; specific
gravity = Q 6. This table was acvelope. for informatonal purposes only and 1s specific to the gas quahty histed.
The data 1n this table are ags subjec’ to edjastment tor mtrogen or carbon dioxtde content and., becausc ot tnetr
broad range, should not be interolated. With the A.G.A Program, the user establishes the gas composinon
parameters and specifies (ne table range taat 15 consistent with field or measurement conditons,
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APPENDIX 3—C—FLOW CALCULATION EXAMPLES

3~-C.1 General

This appendix presents two methods for calculating the volume fiow rate of natural gas
through an orifice meter equipped with flange taps. The first method uses the equations pre-
sented in 3.3 through 3.5. The second method is based on the more traditional calculation
format, which involves the computation of various factors. The equations used for the factor
approach are presented in Appendix 3-B.

To assist the user in interpreting the calculation methodology, the data set given below,
which is for a single orifice meter, is used consistently throughout the fiow calculation ex-
ampies. The volume flow rate is computed under the assumption that the measurements are
absolute and without eror. It should be noted that depending on the type of insrumentation
used and the calibration methods employed, calibration and correction factors may need to
be applicd. For simplicity in using hand calculations and for ease of interpreiation in the

Sollowing examples, intermediate values are rounded to six significant digits. Part 4 should
be used for any implementaiion of the equations.

3-C.2 Given Data

The orifice meter consists cof a carbon steel meter tube equipped with flange taps and
Type 304 stainless steel orifice plate. Sratc pressure measurements are taken from the up-
stream tap.

d, = mcan orifice bore diameter at , of 68°F, in inches

= 4.000.
D, = mean meter tube internal diameter at T, of 68°F, in inches
= 8.071. .
G, = real gas relative density (specific gravity)
= 0.570.
h, = average differential pressure, in inches of water at 60°F
= 50.0.
P, = contract basc pressure, in pounds force per square inch abselule
= 14.65
F, = average upsiream absolute static pressurc, in pounds force per squarc inch absolute
= 370.0.
T, = contract buse temperature of 50°F, in degrees Rankine (S0°F + 459.67)
= 509.67
T; = fiowing temperawre of 65°F in degrees Rankine (65°F + 439.67)
= 524.67,
x¢ = carbon diexide content, in mole percent
= 0.00
in = nllr'ﬂgcn conient, 1o mole Percent
= |.10
k = 1scniropic exponent {c,/c,)
= 1.3 .
a,; = hnear coefticient ol thermal expansion for a stainless steel orifice plate, in inches
pcrinch-°t
= 0.00000925.
@, = linear coefficient of thermal expansion for a carbon steel meter wbe, in inches per
wch-°F
= 0.00000620.
M = dynuamic viscosity. in pounds mass per foat-second
= 0.0000069.

53
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3-C.3 Calculation Exampies

3-C.3.1 METHOD 1: VOLUME FLOW RATE CALCULATION BASED ON
3.3 THROUGH 2.5

3-C.3.1.1 General

Using the given data set, the volume flow rate of natural gas, in cubie feet per hour at
standard conditions, can be calculsted using Equation 3-6b;
2 [B2h,
0. = TI96IC(FTEYd? |f=x (3-6b)
62,7,

Note* Since the given data contzin values for the eontract base pressure (14.65 pounds force per square inch ab.
sniete) and temperature (50°F) that diffey from the values established in Pnrt 3 as standerd conditions (14.71
povnds foree per sguare inch absolute and 60°F), the initial ealculzie] Now sate al standard comditions will regoire
conversion to the Mlow ratc at base conditions of 14 65 pounds force per sguare inch absolute and 50°F.

The systematic approach to solving the volume flow rate equation above involves the cal-
culation of the imermediate values described 3-C.3.1.2 through 3-C.3.1.7,

3-C.3.1.2 Flange-Tapped Orifice Meter Coefficlent of Discharge [C,(FT)]

The following equations are used to caleuiate the coefficient of discharge, C(TT):

B 5 ur
C,(FT) = C,(FT) + 0.0005“( l’? ﬁ] + (0.0210 + 0.0049A4)3°C (3-11)
€p
CAFT) = CACT) + Tap Term (3-12)
CACT) = 0.5961 + 0.0291° - 0.22904" + 0.003(1 — f)M, 311
Tap Term = Lipstrm 4+ Dnstrm (3-14)
Upstrm = 10,0433 + 9.0712¢*% — 0.1145¢7%°0 (1 — 0.23A4)B (3-15)
Dnstrm = —O.01G[M, - 0.52M215" (1 - 0.144) (3-16)
Alsa,
— ﬁ"
_ B = ! 317
T { )
M o= mnx{lﬂ - ;i,), 0.0] (3-18)
2L
M o= - 1-19
S S (1-19)
C = ( u ] (3:21)
Witere

U AFTY = coclficient of discharge at a specificd pipe Reynolds namber for a fangce-
tapped orifice meter

. (CT} — coefiicient of discharge at an infinite pipe Reynolds number for corner-
tapped oiifice meter

CATT) = encfiictent of diccharge at an infinite pipe Reynolds number for a Aange-
tapped orificc meter
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d = orifice plate bore diameter calculated at T, in inches.
D = meter tube intemal diameter calculated at T, in inches.
e = Napierian constant
= 2.71828.
L=1L,
= dimensionless correction for tap location
= N,/D for flange taps.
N, = 1.0 when 2 is in inches.
Re;, = pipe Reynolds number.
B = diameter rato -
= d/D

Noxe: For this example, A1, 1s equal to 0.2, since the given meter tube diameter () 15 greater than or equal to 2.8
mches. For meter tube diamerers (D) less than 2.8 inches, M, = 2.8 — D The solution of (he intermediare equa-

tions preseated above for the flow coefficient calculation follows.

3-C.3.13 Meter Tube Diameter, Oritice Piate Bor2 Diameter, and

Diameter Ratlo (D, d, and f)

Calculate the values of d, D, and § ar a flowing temperatare of 65°F from the given di-

ameters d, and D, :
d

4l + aff, - T)
4.000[1 + 0.00000925(524.67 — 527.67)]
= 3.99989

o
n

Dl - aT - T)
8.071[1 + 0.00000620(524.67 — 527.67)]
8.07085
Substitute the given values of d and D at 65°F into Equation 3-8:
B =4d/D
3.99989/4.07085
0.495597

3-C.3.1.4 Velocity of Approach Factor (E,)

The following equation is used to calculate the veloaity of approach facior:

E = —ae
. Vi- B
1

V1 — 0.495597¢
1.03160

3-C.3.15 Exparision Factor (Y)

The following equation is used to calculate the cxpansion factor:
- Y, = | ~ (0.41 + U.BSﬁ‘)(-}L)

The intermedsatc value, A, 1s calculated as follows:

(3-9

(3-10)

(3-8)

(3-22)

(3-32)



API NPMS%l4.3.3 92 @N 0732290 0503907 823 WM

CHAPTER 14—NaTuRaL GAS FLUIDS MEASUREMENT

E - P
5 = A . A (3-33)
I 27.707 &,
Substitute the given values of &, and £, into Equation 3-32:
. = 50.0
' (27.707)(370.0)
= 0.00487729
Substitute the values for &, x,, and f into Equation 3-32:
Y o= 1= (Cdl+ 0.35;3*)[%) (3-32)
= 1-[0.41 + 0.35(0.495597)‘1(0';'02577&)

0.998383

3-C3.1.6 Compressibillty (Z,, Z,,and Z,)

The derivation of the equation for compressibility is presented in A.G.A. Transmission
Measurement Committee Report No. 8. It is not within the scope of this example to present
the calculation procedures necessary for determining the compressibility at base conditions
{Z,), standard conditions (Z,), or flowing conditions (Z,). The following vaiues for gas com-
pressibiliry at the conditions givern in the data set were obtained from the A.G.A. computer
program that uses the calculztion given in A.G.A. Transmission Measurement Comnittee
Report No. 8. At &, = 0.57,

Z, = 0997839 at 14.65 pounds force per square inch absolute and 509.67°R (50°T7)
Z, = 0.997971 at 14.73 pounds farce per square inch absolute and 519.67°R (60°F)
Z; = 0.951308 at 370 pounds force per square inch absolute and 524.67°R (65°F)

3-C.3.1.7 Reynolds Number (Reg,)

The following cquation is used to calculate the pipe Reynolds number:

Re, = 0.0114541] 208G (3-28)
lzﬁ.

Substituting the calculated value fo. D, standard conditions for £, and T}, a valuc of

0.999390 for Z,_.. and the daw set values for G, and p in Equation 3-28 produce the follow-

ing:

10.0114541)
) )k (0.0000069)(8.07085)(519.67X0.999590)

1

I\'C'"

{ Q,(14.73)(0.570) ]

3324490,

When the flow rate 15 not known, the Revnolds number can be developed by assuming an
mntizal value for the fange-apped orifice mewer coefficient of discharge, CAFT), and iterat-
mmg for the carrect values, as stated in 3.4.5. The following fiow rate calculation provides
the initial iteration of the Reynelds number. This jruual iteration is based on an assurmed
value for CATT) of 0.60. Based o1, experience, from three 1o five iterations should pruvide
results consisicnt with the requirements of Part 4.

3-C.3.1.8 Volume Flow Rate (Q, and Q,)

The volume flow rate can be calculated by substituting the given parameters, the inter-
mediate calculated values, and an assumned value of 0.60 for CAFT) in Equation 3-6b and
irerating for the final soluuon:
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PZh
7705.6\C(FT)E Y, d* [-it=
Gz,

Q.

(370.0)(0.997971)(50.0)
(0.951308)(0.570X524.67)

T709.61(0.60)(1. 03160)(0.998383)(3.99989)

614,033 cubic feet per hour at standard conditions
[This is an estimate of the initial flow rate based on an assumed C,(FT) of 0.60.]

(3-6b}

Substitute the estimate of irital flow rate into the Reynolds number equation and caleu-

late the estimated initial Reynoids number:
Rey, = 3.324490,
3.32449(614,033)

[

[l

Substitute the calculated value of § into Equation 3-17:
B = F
1- g
0.495597*
~ 1 0.495597°
0.0642005
Substitute the calculated values of § and D into Equation 3-19:
2L,
1-B

M, =

2
8.07085(1 - 0.495597})
0.491284

Substitute the calculated values of fte; and § into Equation 3-20:

08
a (19.00013]
Re,
_ [19,000(0.495597) "
- [ 2,041,347 }
0.0135261
Substitute the calculated value of Rep into Equation 3-21:

5\035
c = 10
Re,

10¢ 033
2,041,347

0.778985

2,041,347 (initial estimate of Reynolds number)

(3-17)

3G-19

(3-20)

(3-21)

Substitule the appropriate calculated values into Equation 3-13 to determine the C,(CT)

term of the cocfficicnt of discharge, CAFT):
"C,(CT)

H]

+ 0.003( - 0.495597X0.0)
0.602414

0.5961 + 0.02915° - 0.22908' + 0.003(1 — B)M, (3-13)
0.5961 + 0.0291(0.495597)* - 0.2290(0.495597)"
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Substitute the applicable calculated vaiues into Equation 3-15 to compute the Upstrm
term of the coefficient of discharge, CAFT):
Upstrm = [0.0433 + 0.0712e %% — 011456721 ~ 0.234)8  (3-15)
' [0.0433 + 0.0712¢"%m= — (,1145¢ Homn)
% [1 = 0.23(0.0135269))(0.0642005)
0.000851774

Substitute the applicable calculated values into Equation 3-16 to compute the Dnstrm
term of the coefficient of discharge, CAFT):
~0.0116[M, — 0.52M 1841 - 0.144) (3-16)
—0.0116[0.491284 — 0.52(0.491284)-)(0.495597)"
X [1 = 0.14(.).0134223)]
-0.00149777

Substitute the applicable calculated values into Equation 3-14 to compute the Tap Term
of the coefficient of discharge, C,(FT):

Tap Term = Upsirm + Dnstrrn (3-14)

0.000851774 + (—0.00149777)
~0.000645999

Substitute the applicable calculated values into Equation 3-13 to compute the C,(FT)
term of the coeflicient of discharge, CAFT):

il

Dnstrm

il

i

Il

C.(FT) = C,(CT) + Tap Term (3-12)
= 0.602414 ~ 0.000645999
= 0.601768

Substitute the vatlue for C;(FT) and the imermediate values into Equation 3-11 to calcu-
late the discharge cocfficicnt, CAFT):

10°8

C,(FT) C(FT) + 0.('00511( R

[
J + (0.0210 + 0.00494)B'C (3-11)

€p

Il

2,041,347
+ [0.0210 + 0.0049(0.0135261})(0.495597)* (0.778985)
0.602947 (second estimate of the coefficient of discharge)

3 ui
0.601768 + o.ooosn[W}

1

By substituting the value of C{FT) into the apphcable equations, the volume flow rate
can be recalculated following the same process outhined in this example. The resulting vol-
ume flow rate value is as follows:

(), = 617,049 cubic feet per hour at standard conditions
{based o C,(FT) = 0.602947)
And
Re, = 3324490, :: 3.32449(617,049)

2]

= 2,051,373 (sccond esumate of Reynolds number)

Resulung in
C,(FT) = 0.602944 (lhird estimate of coefficient of discharge)
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On page 57, Equation 3-20 should read as follows:

A = (19.000;3]
Re,,

2,041,328
0.0135262

On page 37, Equation 3-21 showld read as follows:

035
Jié!)

10 01s
2,041,328

0.778988

On page 38. Equanon 3-15 should read as foliows:

_ [19.000(0.495597)]“

{3-20)

(3-21)

Upstrm = [0.0433 + 0.0712e7 %% — 0.1145¢7*°9)(1 - 0.23A)B

[0.0233 + 0.0712¢" %™ — (.1145¢ "Hvw]

(3-15)

x {1 - 0.23(0.0135262)](0.0642005)

0.000876388

Or page 58. Equanor 3-16 showd read as follows:

Dustrmn = —00116[M, — 0.52A,°18''1 - 0.144)

x 11~ 0.13(0.0135262)]
-000152379

G page 58, Equation: 3-14 should read as follaws:
Tap Term = Upstrm + Dnsirm

- 0.000647402

Orn page 58 Equarion 3-1Z should read us folluws,;
C(FTy = (C(CT) + Tap Term

0.601767

U page 58, Equanon 3- 11 should reqd as follows

C,(FT»

]
\ e,

0601767 - 0.000511
2,041,328

10°(0.495597)

-0.0116[0.491283 ~ 0.52(0.491284)' "1(0.495597)""

(3-16}

0.000876388 + (—0.00152379) (3-14)

0.602414 - 0.000647402 (3-12}

D1t
00
C(FTH + 0.()00511(] B) + (0.0210 + 0.00494)8°C

] (3-11)

+ [0.0210 + 0.0049(0.0135262)}(0.495597)*(0.778988)

0 602947 (second estimate of the coefficient of discharge)
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Following the same calculation procedure for iteration of fiow rate, the resulting volu-
metric flow rate is as follows:

@, = 617,046 cubic feet per hour at standard conditions
[based on C, (FT) = 0.602%944)

3.324490 = 3.32449(617,046)
2,051,363 (third estimate of Reynolds nuraber)

]
o
I

il

Resulting in
C,(FT) = 0.602944 (fourth estimate of coefficient of discharge)

The volume flow rate calculation based on the fourth estimate of CFT) follows. As
stated above, three estimates of C,(FT) should normally provide volume flow rate calcula-
tion results that are consistent with the requirements of Part 4,

(0, = 617,046 cubic feet per hour at standard conditions
[based on C,(FT) = 0.602944)

Since the given daia contain velues for the base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as
standard conditions (14.73 pounds force per square inch absolute and 60°F), the initial cal- ot
culated flow rate is the standard volume flow rate. To calculate the flow rate at the given
base conditions.(P, = 14.65 pounds force per square inch absolute and T, = 509.67°R),
the standard volume flow rate and the appropriate values for £, 7, and Z are substiruted into
Equation 3-7 as follows:

o512

617,046(509'67)[14'73)(0'997839) *
519.67J\14.65 A 0.997971

608,396 cubic feet per hour at base conditions

Q,

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B

3-C.3.2.1 General
Using the given data, the volume flow rate of natural gas, in cubic fect per hour at stan-
dard conditions, can be calculated using Equation 3-B-2, as stated in Appendix 3-B:
Q. = E(E + EVEEELEJER, (3-B-2)

¥y o,

Since the given data contain values for the base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as
standard conditions {14.73 pounds force per square inch absolute and 60°F), the initial cal-
culated flow rate requires conversion to the flow rate al buse conditions of 14.65 pounds
force per square inch absolute and 60°T~.

The systemauc approach 1o solving Equation 3-B-2 involves calculation of the individual
factors as shown 1n 3-C.3.2.2 through 3-C.3.2.10.

3-C.3.2.2. Numeric Converslon Factor (f;)

Equation 3-B-5b 15 uscd to calcuiate the numeric conversion factor:

E = 338.196£,D’f* (3-B-5b)



API MPMS*14.3.3 S2 MM 0732290 0503911 259 =

60 ' CHaPTER 14---NaTURAL Gas FLUIDS MEASUREMENT

Where
1

E, = W (3-22%

Calculate the value of 4, D, and f at a flowing temperature of 65°F from the given diam-
eters d, and D,:

d

a1+ a(f, - T)] (39
4,000[1 + 0.00000925(524.67 - 527 67)1
3.99989

n

And

o)
I

DIl + a7, - T) (3-10)
8.071[1 + 0.00000620(524.67 - 527.67)]
= 8.07085

B =4d/D (3-8)
3.99989 /8.07085
0.495597
Substitute the values for Band 7 into Equation 3-B-5:

F = 338.196F D (3-B-5)

]

n

338.196 e D'f*
Vi B
;

338.196 (8.07085)%(D.495597)?
V1 — (0.495597)

5581.82

3-C.3.23 Flange-Tapped COrifice Meter Coefficient of Discharge [C,{FT)]

The following equation is used to calculate the coefficient of discharge:

C/(FT) = £ + F (3-B-6)
Where-
E = 0.5961+ 0.02913% - 0.22908°
) \DS s
+ (0‘0433 - 0.07126"% — p 1456‘%] 1- 0.23(19'00013 B
L Re, i-p
. . . 13 19.000 \0%
- 0. 0116|— 0.52 ———— ,B“L -0.14 19,0008 (3-B-7)
| De— 1) I = f3) ] Re,,
{0} |
ko= uuotmtr ——' 0000
l_ Re,
/ \nl ’ o
- |0.0210 - 0.0049| 12:9906 ¢ B 1.000,0003 (3-B-9)
'.\ Rey | 3 Re,
\
Rep, = 0011454][ OE&G . (3-28)

ﬂ.,'
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On page 58. the third to the lasi equation should read as fullows:
= 617,048 cubic feer per hour ar standard conditions
[based on C,(FT) = 0.602947]

On page 38, the second 10 the last equation should read as fellows:
Rey, = 3.32446Q = 3.32446(617,048)
= 2051351 (sccond estimate of Reynolds numbcer)
On page 59, the second equation should read as follows:
Re, = 3311460 = 3.32446(617,046)
= 2.051,345 (third estimate of Reynolds number)

On page 59. Equation 5 7 sivnuidd read as follows:
o - ol 2YZY 2)
o\ AT Lz,

]4.73)[ 509.6710.997839\ (3-71
1465 A 519.67 A 0.997971 ,
608,396 cubic feet per hour at hase conditions

6[7.046[

On pape 60. Equanion 3-B-9 should read as follows.

Eo= oonom(' 000000;)]
\
: 25" o3s  (3-B-9
. 00210 - 0‘0049[]9‘0003) Eﬁ‘[ 1.000.000 )
_ Re, ) 2 Re, ]

On page 62 meifrrrr cquation should read as follows: e

E o= 0396] - 002918° - 022905

] . [' ( NG .
~ QN33 = 00712¢" — 1145¢™ 1! b - .23 19. ﬁ B
'i L RE'"

- - W1 T \“M
_')(”“‘\r U_".;]'r— - ] Iﬁn :|l_(]-14|(19.000ﬁ i -|
L7 e Re, )

—ﬂl \‘Dil-ﬁl €y,

4
= Q5061 - LOVLEGAOSSOT)  U.229000 495597
~ QLRI - U007 O 1145eT ™ 1 - 0 23(0.0137493))(0.0642005)

= 1RO 2YI2R4 -0 “2.’“J\HEH-I’:‘)I(()_-WSSU?) I“ =0 14001374534
= 0601767



API MPHSx14.3.3 92 WE 0732290 0503912 195 =

SECTION 3——-CONCENTRI’.-:. Sauare-EpGED ORIFCE METERS, PART 3—MNATURAL GAS APPLICATIONS

&1

_ B ,
8=t (3-17)
_ 2L -
M, = 1~ g (3-19)

02
A = 19,0003 (3-20)
Rey,
10
C = (Reo) (3-21)

Note: In this example, since the given merer tube diameter (D) Is greater than 2.8 inches, Equation 3-B-7 is used
to calculate the £ term. For meter mibe duameters (D) less than 2.8 inches, Equation 3-B-8 must be used to calcu-
late the & term. The solution of the intermediate equations presented above for the flow coefficient calculation fol-
lows,

Substituting the calculated values of §and D gives the following:

g (0.495597)
1-B* 1 - (0.495597)
= 0.0642005
2 _ 2
D(l - By  B.07085(1 — 0.495597)
= 0.491284

As discussed in 3.4.5, the Reynolds number (Rep) for natural gas can be approximated
using Equation 3-28. Note that the parameters of this example are within the recommended
tolerances for viscosity, temperature, and specific gravity. Furthermore, 3.4.5 states that
when the flow rate 1s not ¥nown, a more precise value for the Reynolds number can be de-
terrnined through iteration of Equation 3-28 and that three to five iterations will provide re-
sults that are consistent with the requirements of Part 4. The initial assumption needed for
the first iteration can come from assuming a velue for C,(FT) as in the previous example or
from assuming an imitial R ¢ynolds number for the pipe Reynolds number. Table 3-B-1, Ap-
pendix 3-B, provides values for pipe Reynolds numbers versus nominal pipe diameters for
the purpose of initiaung the iteration process. This example uses Table 3-B-1 for the initial
estimate of pipe Reynolds number.

Rep = 2,000,000 (mitsal assumption irom Table 3-B-1)

Substituting thc values o° Rep and J gives the following:

on

[19,000,3‘] _ [19,000(0.495597)}“‘

Re, | 2,000,000
= 0.0137493
(10" R J““
Re, | 2,000,000
= 0.784584

Substitute the uppropriate calculated values into Equation 3-B-7 to determine the orifice
calculation factor, F,
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E = 0.5961 + 0.029158% - 0.22908"

08
000 Fl
+{0.0433 + 0.07126% - 0.11456"% )[1 - 0‘23[19;? ﬁ) }1 ﬁﬁ.
. eg -

11 08
_ 2 2 uly _ o 1af 19,0008
0'0“6[13(1—[3) 0.52_(10(1 —ﬁ)} Jﬁ [1 0'14[—“3% J J

= 0.5961+ 0.0291(0.495597)* - 0.2290(0.495597)"
+ (0.0433 +0.07128 e _ 0.11456‘Ym)[1 - 0.23(0.0137493)}(0.0642005)
-~ 0.0116[0,491284 — 0.52(0.491284)1°(0.495597)"'[1 — 0.14(0.0137493)]

= 0.601767
Substitute the applicable calculaied values into Equation 3-B-9 to compute the orifice
slope factor, F,.
0.7
F = 0.000SII(MJ
Re,
r 01 015
+ 10.0210 + 0.0049(‘—9—'0—%@-) Jﬁ‘(igoo'—w} (3-B-9)
Re, Re,
a7
. 0.00051 1( 1,000, 000(0. 4955972)
2,000,000

+ {0.0210 + 0.0049(0.0137493)}(0.495597)*(0.784584)

= 0.00118960

Substitute the values for F, and £ in Equation 3-B-6 to calculate the discharge
coeffictent, C,(FT):

CAFD)

£+ &

0 601767 + 0.00118960
0.602957

3-C.3.2.4 Expansion Factor (Y))

The following cquation 1s used tu calculate the expansion tactor:
Y, = 1 —(0.4] + 0.35;3‘;(-1‘}] (3-32)

The intermedinte value, x,. is calculated as follows:

F -4 k

x = L - = - (3-33)

P 27.707F

Substitute the given values of /1, and £, into Equation 3-33:

o - 50.0
' 27.707(370.0)
0.00487729

Subsutute the values for &, x,. and Smto kquation 3-32:
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On page 62, Equaiion 3-B-9 should read as follows:

ny
E - O,MH(M]
¥ Re,
01 0is
. [o_m . D_WQ(M] HM)
Re, Re,
o3 (3-B-9}
. 0.00051 1( 1.000.000(0.495597)}
) 2,000,000
+ [0.0210 + 0.0049(0.0137493)](0.495597)*(0.784584)
=" .00118960

On page 65, the first equation should read as follows:

2

R, = ovnnasss 20

1

= 1324460,
= 3 32446(617,057)
= 2.05},400 (second iteration)

On page 80. Equanon 3-D-9 should read as follows (that is. Kpipe, should be inserted in
the equation and the second line of the equation should be deleted)-

Re, = 220.858dE ph, x (Kpipe) (3-D-9;

7

On page 80. the nomenclature should read as follows (that 1s. Kpipe. should be inserted
in the hist)

Where-
G

Apipe
Re,

i
o

Specific gravity.

= values from Table 3-1)-4

[ TR

orince hore Revnolds number
absolute flowing temperature. 1n degrees Rankine
specific wewght of a gas at 14 7 pounds force per square inch absolute and 32°F

i page 97, Cguattans 3-T-4 and 3-F-5 should read as foltows:

1 = o) + oM, + .. + ¢, (H), (3-F-d;
=Y e(HY), (3-F.5)

On paee 102 the second hine of Equation 3-4a should read as follows:

O = YOG v |2 (B0 Hh, 4RT
- \ ZRT, B G,(28.9625)(130)
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Y, = 1— (0.41 + 0.3:55‘)(%)' e (3-32)
= 1[04 + 0.35(0.495597)‘][W)‘

0.9083383

3-C.3.25 Compressibitity (2,, Z,, and Z,)

The derivation of the compressibility equation is presented in A.G.A. Transmission Mea-
surement Commitiee Report No. 8. It is not within the scope of this example to present the
procedures necessary for calculating the compressibility at base conditions (Z,), standard
conditions (Z,), or flowing conditions (Z,).-The following values for gas compressibility at
the given conditions were obtained from the A.G.A. computer program. using the A.G.A.
Transmission Measurement Committee Report No. 8 calculation.

AtG, = 0.57,

Z, = 0.997839 a1 14.65 pounds force per square inch absolute and 509.67°R (50°F)
Z, = 0997971 at 14.73 pounds force per square inch absolute and 519.67°R (60°F)
Z;, = 0.951308 at 370 pounds force per square inch absolute end 524.67°R (65°F)

3-C.3.2.6 Base Pressure Factor (F,;)
The base pressure factor is calculated using Equation 3-B-10 as follows:

14.73
B
1473
T 1473
= 1.00000

In this examptle, £, has been calculaied for a base pressure of 14.73 pounds force per
square inch absolute, instead of 14.65 pounds force per square inch absoiute as in the given
data, and a base volumne at the given base conditions has been calculated after the standard
volume was determined. This procedure was necessary because of the use of the base com-
pressibility of air (Z,,) of 0.999590 at 14.73 pounds force per square inch absolute and
60°F 1n the development of the numerical constant 338.196 in the F, factor (see Appendix
3-G).

F, = (3-B-10)

3-C.3.2.7 Base Temperature Factor {F,;)

Equation 3-B-11 is used to calculate the base temperature factor;

- - _ 1§ :

b = 519.67 (3-B-11)
_ 519.67
T 519.67
= 1.00000

In this exampie, F, has been calculated for a base temperature of 519.67°R (60°F) in-
stcad of 509.67°R(50°F) ns in the given data, and a base volume at the given base condi-
tions has been calculated after the standard volume was determined. This procedure was
necessary because of the use of the base compressibility of air (Z,_) of 0.999590 at 14.73
pounds force per square inch absolute and 60°F in the development of the numerical con-
stant 338.196 tn the /;, factor (sec Appendix 3-G).
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3-C.3.2.8 Flowing Temperature Factor (F;)

The flowing temperature factor is calculated using Equation 3-B-12 as follows:

F - [519.67 (3.B-12)
Y

Substitute the given flowing temperature, T, into Equation 3-B-12:

g . P0.e
T \I 7}

519.67
524.67
0.995224

]

3-C.3.2.9 Rea! Gas Relative Density Factor (F,)

Equation 3-B-13 is used to calculate the real gas relative density factor.

F', = E;:- - (3-B- I 3)
Substitute the given specific gravity, G,, mto Equation 3-B-13:

M
o=
VG
Pl

= | —

V0.570

= 1.32453

3-C.3.2.10 Supercompressibility Factor (F,)

As stated in the calculauons in 3-C.3.1, the derivation of the equation for compressibility
is presented in A.G.A. Transmission Measurement Committec Report No. B. It 1s not within
the scope of this example to present the procedures necessary for calculating the compress-
1bility at standard conditions (Z,) or at flowng conditions (Z;,)

Z, = 0997971
Z, = 0.951308

'

Equation 3-B-14 15 used to calculate tne supercompressibility factor:

Ro- 2
. \ 4
) 0997971
Y 0.951308
1 02423

3-C.3.2.11 Volume Flow Rate {Q,)

The volume flow rate s calculated by substututing the given parameters and the interme-
diate calculated factors into Equation 3-B-2.

Q.

ECE + LB B L Th (3-B-2)
617.057
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The calculated fiow rate above is based en an initial assumed value for the Reynolds
number (Re;) of 2,000,000. For the second estimate, the value of Re, is calculated as fol-
lows:

0,PG
0.0114588] ==t -
( #D7, J

Rep

= 3.524490,

3.3244%(617,057)

2,051,400 (sccond iteration)

By substituting the sec.ond estimate of Re,, into the applicable equations, the volume flow

rate can be recalculated by foliowing the process outlined in 3-C.3.1. The resulting volume
flow rate is as follows: o

It

Q. = 617,013 (based on the second estimate of Rep)
The sarne calculation procedures are used to obtain the third estimate of Re,:
3.324490,

3.32449(617,013)
2,051,254 (third iteration)

]

Re,

The volume flow rate calculation based on the third estimate of Rej, follows. As stated
above, three to five estimates of Re, will provide calculation resuits that are consistent with
the requirements of Par 4.

Q = LU -~ BN EBEE B,
= (5581.82)(0.601767 + 0.00117736)(0.998383)(1.00000)(1.00000)

x (0.995224)(i.32453)(1.02423)+/(370.0)(50.0)
= 617,044 cubic feet per hour

Note: The catculated volume flow rate 13 based on the turd estumate of Rep, The small discrepancy be ween the
calculated volume flow rate, Q,, in Methods | and 2 results from the rounding techmques used in the senes of
cquations in the examples.

Since the given data included valves 1or the base pressure (14.65 pounds force per square
inch absolute) and temperature (50°F} that diffcred from the values established in Part 3 for
standard conditions (14.73 pouncs force per square inch absolute and 60°F), the initial cal-
culated flow rate 1 the standard volume flow rate. To calculate the fiow rate at base condi-
tions (P, = 14.65 pounds force per square inch absolute and 7, = 509.67°R), the standard
volume flow rate and the appropnate values for £, 7, and Z arc substituted into Equation 3-

7 as foliows:
PYT Yz
= P S e | a3 3-7
e Q’[EJ(T,]LZ,J @D
_ 617'044(509.67J(14.73)(0.997839\
L 519.67 J\ 14.65 0.997971J

608.394 cubic feet per hour at base conditions
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3-D.1 Symbols, Units, and Terminology
3-D.1.1 GENERAL

Some of the symbols listed in 3-D.1.2 are specific to this appendix. Unless otherwise
noted, all of these symbols are dimeasionless. Symbols that are used in this appendix but
not listed in 3-1.1.2 are defined in 3.2.2.

3-D.1.2 SYMBOLS AND UNITS
Symbol Descripuon Units/Value

c Orifice flow constant —
F,  Basic orifice factor ) —
K,  Coefficient of discharge when Reynolds number = (1,000,000d4)/15 —
K,  Coefficient of discharge for infinite Reynolds number —
p  Specific weight of a gas at 14.7 pounds force per square inch
absolute and 32°F Ibmyft?

3-D.2 Scope
3-D.2.1 INTRODUCTION

Recent research work on orif.ce measurernent has been restricted to fiange, comer, and
radius tap meters. 1t is recognized that a numnber of “‘pipe tap™ meters continue in operation
1n natural gas measurement 1n the Unuted States. The provisions of the second (1985) edi-
tion of Chapter 14, Section 3, that are applicabie to pipe tap configurations are included
this appendix. The dimensiona! information, tolerances, and computation methods in this
appendix are only applicable t pipe tap meters.

This appendix provides recommendations and specifications n:lalmg 10 the measuremnent
of natural gas and other related hydrocarbon fluids by means of orifice meters equupped
with pipe taps. It includes definitions, construction and installation specifications, and in-
structions for computing flow rate and volume. Also included are equations and tabtes that
provide factors necessary to apply adjustments to the basic pipe tap orifice flow.

This appendix covers the measurement of natural gas by pipe tap orifice meters, includ-
ing the primary clement and the mcthods of calculation. It does not cover the equipment
used to determine the pressure, iemperature, specific gravity, and other variances that must
be known for the accurate measurement of narural gas.

3-D.2.2 GENERAL

Uniess specifically noted in this appendix, all information and data presented in the body
ot thus standard—ncluding recommendations, specifications, and symbols— are applicable
to pipe tap onfice metenng

3-D.23 TYPE OF METER

This appendix is hmited 1o orifice meters that have circular orifices located concentncally
in the meter mbe, having upstream and downstream pressure taps as specified for pipe taps.

3-D.2.4 DEFINITION OF PIPE TAP PRESSURE MEASUREMENT

The definition of pipe rap pressure measurement 1s based on the position of the pair of
tap holes: The upstream tap center is located 2.5 times the inside pipe diameter upstream
trom the nearest plate tace, and the downstream tap center 1s located 8 times the inside pipe
diameter downstream from the nearest plate face (see 3-D.3.4.1).

FA
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3-D.3 Construction and Installation Specifications
3-D.3.1 BETA RATIO LIMITATIONS OF ORIFICE PLATES

The orifice-to-meter-tube {pipe) diameter ratio (8 = d/D) should fall within the range
from 0.20 to 0.67 inclusive. These limits, with &n uncertainty as high as $0.75 percent, may
be exceeded when additional fiow uncertainty is acceptable. Beta ratios that exceed the
range from 0.20 to 0.67, with an uncertainty as high as 1.5 percent, may be used; however,
the flow constants for these extrem= valttes of § are subject to higher tolerances, and the use
of these extremes should be avoided.

3-D.3.2 METER TUBE SPECIFICATIONS
3-D.3.2.1 Definition ’

The term meter tube refers to the straight upstream pipe of length A or A’ on the instal-
lation sketches in Part 2 (including the strnightening vanes, if used), the orifice flanges or
fittings, and the downstream pipe (length B on the installation sketches in Part 2) beyond
the orifice. The length of upstream and downstream pipe is specified in Part 2. The toler-
ances for the diameter and the -estrictions on the inside surface of the meter tube are
specified in 3-D.3.2.4. There shall be no pipe connections within these distances other than
straightening vanes, the thermometer wells specified in Part 2, and the pressure taps
specified in 3-D.2.4 and Part 2.

3-D.3.2.2 (inside Surface

The sections of pipe to which the orifice flanges or fittings are attached and the adjacent
pipe sections that eonstitute the meter tube, as defined 1n 3-D.3.2.1, shall comply with the
following:

2. The roughness of the inside pipe walls shall not exceed 300 microinches. Carefully se-
lected smooth commercial pipe may be used. Seamless pipe or cold drawn searnless pres-
sure tubing may be used, provided its inside wall is smooth. Drawn-over-mandrel (DOM),
electric-resistance-welded (ERW), straight-seam mbing manufactured to the requirements
of ASTM A 513, T-5, may also be used. To improve smoothness inside the meter tube, the
inside pipe walls may be machined, ground, or coated.

b. Grooves, scoring, pits, and ridges resulting from seams; cistortion caused by welding;
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the
points identified m Figure 3-D-( by more than the tolerances shown are not permitted.
When these tolerances are exceeded, the irregularities must be corrected.

¢. The interior of the meter tuce shall be kept clean and free from accumnulations of cont-
aminants, such as dirt and liquids, at all times.

3~D.3.2.3 Meter Tube Diameter
‘I'he mean inside drameter of the meter tube shall be determined as foliows:

. Measurements shall be made on at least four diameters equally spaced in a plane 1 inch
upsircam from the upstrearn face of the orifice plate. The mean (arithmetic average) of these
measurernents 1s defined as the mean meter tube diameter to be used in calculating the flow
coefficient when minimum uncertainty of this variable is desired.

I Check measurements of the upstream inside diameter of the meter tube shall be made at
1wo or more addittonal cross-sections. The actual locations of the check measurements of
tne diameter, circumferentially and axially along the tube, are not specified. These checks
should be taken at points that will indicate the maximum and minimum diameters that exist
and should cover at ieast two pipe diameters from the face of the orifice plate or exlend past
the flange or fung weld, whichever distance is greater. Check measurements are used to
verify the uniformity of the upstream meter tube but do not become 8 part of the mean me-

© ter tube diameter.
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Figure 3-D-1—Maximum Percentage Allowable Meter Tube Tolerance
Varsus Beta Ratio

¢. The inside diameter of the downstream section of the meter tube shall be measured in a
plane 1 inch downstream from the downstream face of the orifice plate. Check measure-
ments of the diameter of the downstream secuon of the meter tube, similar to those de-
scribed in [tem b above, shall be made at two additional cross-sections.

3--D.3.2.4 Tolerances and Restrictions

The tolerances for the diameter and the restricions on the inside surface of the meter tube. -

are as follows:

a. The difference between the maximum measured diameter and the minimum measured
diameter on the inlet section shall not exceed the tolerance shown in Figure 3-D-1 as a pe1-
centage of the mean diameter defined in 3-D.3.2.3. The relationship below mav be used to
calculate the variance of the diameter of the upstreamn section of the meter mbc:

Maximum di.meter — Minimum diameter
D

b. Abrupt changes :n diameter (shouldens, offsets, ridges, and so forth) shall not exist in the
meter tube (see 3-D.3.2.3, Iiem b,

¢. When Table 3-D-1 is used for fiow measurement estimation, the meter tube diamerer, as
defined 1n 3-D.3.2.3. shalt agree with the inside diameters listed in the tables within the wi-
erance shown in Figure 3-D-1.

d. Any diamctcr measurement in the downstrearn section shall not vary from the mean di-
ameter of the meter tube, as defined in 3-D.3.2.3, by more than the tolerance shown in Fig-
ure 3-D-1. The following rclationship may he used to calculate the variance of the diameter
of the downstream section of the meter tube:

x 100 < Percent tolerance in Figure 3-D-1

Anvd ter = D .
! oY 1an;: il Ix 100 £ Percent tolerance in Figure 3-D-1

Appiication of this equatton doubies the tolerance for the downstream section of the meter
tube.
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€. The lemperature at which the meter tube measurements are made should be recorded for
correction 1o the operating conditions.

For new installations, in which the betn ratio is likely to be changed, the tolerance per-
mitted for variations in pipe size, as shown in Figure 3-D-1, should be the same as that
given for 4 maximum orifice plate diameter ratio (8) of 0.75.

3-D.3.2.5 Use of Table 3-D-1

If Table 3-D-1 is used for flow estimation, the mean inside diameter of the upstrear sec-
tion of the meter tube should be as neatly the same as the published inside diameter given
in Table 3-D-1 as is possible. The inside diameters given in the table were used to calculate
the constants in the table. If the mean meter tube diameter differs from the table inside di-
ameter by an amount greater than the tolerance set forth in Figure 3-D-1 or if minimum un-
certainty is desired, the mean meter tube diameter should be used to compute the orifice-
to-meter-tube diameter ratic, B3, as wall as the flow coefficient. Other factors should be cal-
culated for this exact vaiue of 4,

3-D.3.3 LENGTH OF PIPE PRECEDING AND FOLLOWING THE ORIFICE

The installation sketches anu accompanying graphs arc not duplicatad in this appendix
but arc available 1n Parnt 2, Figures 2-5 through 2-9. The graphs show the minimum lengths
of struight pipe required (¢expressed in nominal pipe diameters) versus beta ratio. It must be
noted that when pipe t1aps are used, lenpths A, A) and C shall be increased by two norninal
pipe diameters and length B shall be mncreased by eight nominal pipe diameters. The lengths
of straight pipe should be thcse required for the maximurn beta ratio that may be used.

3-.D.3.4 PRESSURE TAP HOLES
3-D.3.4.1 \Location

Meter tubes that use pipe taps shall have the center of the upstream tap hole located 2.5
times the published or acwal inside diameter from the upstream fuce of the orifice plate.

Table 3-D-1—Basic Onfice Factors (F,} for Pipe Taps (All Dimensions in tnches)

Published Inside Diametcts at Published 1iside Diumeters st Published Inside Diameters a;
Nominal Pipe Size of 2 Inches Nomina! Pipe Size of 3 inches Normunal Pipe Size of 4 Inches
COnnhee
Diametzr 1687 1.939 2067 1300 2.624 2900 3 068 3152 3438 3.826 4,025
0.250 12.850 12.813 12.800 12782 22,765 12,754 2748 12.745 12.737 12.727 12,723
01375 29,362 29098 29.006 28 R83 28772 28.711 28.682 28.670 28B.635 26,599 28.585
0.500 53713 52,817 £2482 52,020 51.594 51.354 51.244 31197 51,065 50.937 50.887
0625 87.237 81.920 §4.085 82.924 81.802 81.143 80.837 - 80.704 80.334 79.976 79.837
0.750) 13220 126 87 124 99 122 4% 120 N8 11K.67 LTKAXD 117.70 114 87 116.05 1573
0.875 192 87 181.02 175.09 17193 167.26 164.58 163.3) 162.76 161.17 159 58 158.94
1.000 27575 511, 243.28 233.30 224.6! 219.77 217.53 216,55 213.79 211.03 200.92
1.12s 39250 342099 327 99 305 44 29287 285 49 181 67 280.03 275.43 270.91 269.10
1250 466.00 436.00 40453 377 363 41 357.13 354.15 347.04 339.88 337.06
137= S5E3.94 524.69 47889 455,83 434575 441 49 429 R4 41880 414.51
1,500 G679 1 602.80 56580 | 54995 543.32 525.41 508 77 502.39
1.625 755.89 607.45 672.96 662,83 635.77 511.12 601.81
1,750 .71.87 856.10 819.07 803.79 763.53 727.55 TH417
1875 1.050 4 994 01 971.22 912.00 860.19 841,21
2.000 1.290.7 1,205 6 11719 1.085.5 1,011.7 985.07
2125 1,465 1 1,415.0 1,289.7 11854 1,148 4
2250 R 1,532.0 1,385 4 1.334.5
22175 - 1.8229 L6172 1.547.4
2.5(K) 18877 1,792.3
2625 2,206 | 2,076.0

2,750 24070

By

»
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Table 3-D-1—Continued
Published Inside Diameters at Published Inside Diameters st Pubhished lside Dismeters at Published [nside Diameters at
Nominal Prpe Size of 6 Incines Norinal Pipe Size of 8 Inches Nomumal Pipe Size of 10 Inches  Normunal Prpe Suze of 12 Inches
Orifice
Diameter 4 897 5,187 5761 6.065 7.625 7.981 8.071 9.562 10.020 10.136 11.374 11938 12.090
0.500 50.740 50.707 50.653 50 629
0.625 79.438 79.351 79.219 79.164
0.750 114,81 114.62 114.32 114.20
0875 157.11 136.72 156.13 155.89 155.11 15499 15497 .
1 000 206.63 205.92 204 85 204 41 20301 20280 216 202.16
1.125 26371 262.52 260.72 25999 257.62 25728 25720 256.23 256.01 25596
1.250 328.73 3126.87 324,03 32287 319.10 31857 31844 316.90 316.57 31649 315.82 315.57 315.51
1.375 402.07 399.32 395.09 393.34 JR7.63 38681 386.63 384 30 3B3.80 383.68 382 &7 382.31 382.22
1.500 484 21 480.26 474,21 471 70 46340 46220 46193 458.53 457 8D 457.64 456.17 455.65 455.33
1.625 §7575  570.19  561.74 55825 54662 54493 54454 53973 53870 53847 53640 53567 53549
1.750 677,39 569.69 658.09 653 34 63752 63520 634.67 628,05 626.63 62630 62346 62246 62222
1,875 790.00 779.49 763.79 157 41 73636 733325 13253 723.63 T1.72 T21.28 T17.45 Ti6.12 715.7%
2.000 914.59 900.39 £79 40 870.95 84336 83931 B8I837 826,66 824.14 82356 Z18.5¢ B16.75 B16.32
2125 10523 1,033¢ 10056 99434  9SBE0 95361 95240 9373 93404 93329 92674 92446 92390
2250 1.2047 1.1796 1.143.2 1,1289 10830 10764 10749 1,055.8 1,051.6 1,050.7 10423 10394 1,038.7
2375 137314 1.340.5 1,293.2 1.274 6 12163 12080 12061 11823 11770 1,1758 1.165.2 1,161.7 1,160.8
2500  1.560.5 15175 1.456.5 14328 13592 1,3489 13465 1,316 9 13105 1,309.0 12960 12914 1,290.3
2625 17683 1.7126 1.634.4 1,604.3 1.512.1 14993 14964 14601 14522 14504 1434 4 1428 8 1,427 4
2750 1,9999 1,928 | 1,B28.3 1.790 4 16754 16597 16561 1,611.8 1,602.3 1,600.1 1.580.7 15739 1.572.2
2875 22586 2.166.5 2,040.0 19923 1.B49.9 | 8307 18263 1,771.6 1,761.1 17584 1.735.2 1.727.0 1.725.0
3000 2,548.6 24310 22712 2211¢€ 2031 20127 20074 1,942.6 19288 1.925.6 1.8979 18882 1.B85.8
3115 28753 2.7253 25243 2.450.2 2237 272064 22000 21222 21058 2.102.0 2.069.1 20576 2,054.7
3250 32449 30540 28019 27100 24466 24125 24048 2318 22921 22878 2.249.0 22354 2.232.1
2375 36657 34224 31066 2,993 4 26726 26317 26224 25117 2.488.7 24834 24378 24219 24180
3 500 3.837.6 34431 33031 25137 2E648 28537 25225 16954 26892 26358 26172 2.612.7
3625 4.308.! 3.814.5 36424 31712 3,128 30994 29445 29128 29055 28432 2R21.6 28164
3750 4,226.4 40149 44461 33767 33611 3,178 4 31413 3,132.8 - 3.060.) 30354 3,029.3
J.878 4,685.0 44252 3.739.9 13,6577 36393 34246 3,381.4 33715 32875 32588 3.251.8
4.000 31979 4878 5 4.3543 39571 39353 36839 36336 36222 3.525.2 34921 3.484.0
4.25¢ 4.751.6 46167 43586.7 4,244.2 41769 4.161.7 4.033.1 39896 3.979.1
4 500 55548 53691 53281 48656 4,T163 4,7562 4.587.4 45309 45173
< 750 64855 62313 61754 55556 54380 5411.6 5,191.9 5,119.1 5,10L.6
£.000) 75716 72245 7.14RE 63231 61694 61350 5.851.1 57519 5.735.6
5.250 BEB505 813766 8.2742 7,178 8 6.979.1 6,934.6 6.570.1 6.451.7 6,423.4
5500 97240 95854 8,135 % 718774 T.R20.2 73549 72053 7.169.7
5750 9.208.8 8,876.6 8.803.3 B2124 R024 4 79798
£.000 10418 99%91.5 SR80 9.150.7 89156 8.8600
€250 11.786 11240 11,121 179 98864 9.817.5
€.500 ~ 13,344 12.644 124913 11.309 10946 10,860
€750 14.231 14038 12.552 12,103 11,998
7 00! . 16,035 15790 13925 13371 13,242
7150 15,444 14,763 14 605
R 17.135 16,295 16.102
TR0 19.021 17,986 17,750
E 000 {9861 19,572
F2M 21948 21,594

The center of the cownstrearn tap hole shall be located eight times the published or actual
inside diamcter from thc downstream face of the orifice plate. Figure 3-D-2 shows the al-
lowable tolerances. A maximum beta ratio of 0.75 should be used 1n the design of new in-
stallauons.

3-—D.3.4.2‘ Fabrication

Meter tubes that use pipe taps shall have a hole of the proper size drilied through the prpe
wall. Proper hole sizes are listed in Table 3-D-2. The hole shall not be threaded. A fitting
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Tabie 3-D-1— Continuad
Published [nside Diameters at Pubtished Mside Dhameters at Published Inside Duemeters at Published Inside Diameters at
Nominul Pipe Size of 16 Inches Nominal Pipe Size of 20 Inches Nomina! Pipe Size of 24 Inches  Nominal Pipe Size of 30 Inches
Orifice
Diameter 14.688 15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 29.000 29.250
1.500 453.93 453.79
1.625 53328 533.09 532.94
1.750 619.20 618.94 618.74
1.B75 71175 71541 711,14 .
2.000 £11.01 B10.55 810.21 B06.73 806.59 806.42
2125 917.03 916.45 916.0( 911.54 911.37 9:1.15
2250 10299 1,029.2 1,028.6 1229 1,022 1,025
2.375 1,149.7 1,148.8 1,148.1 1,141.0 1,140.7 1,1404 11368 1,136.5 1,136.3
2.500 [.276.6 1,275.4 1,274.5 1,265.7 1,2654 1,263.0 1,260.6 1,260.2 1,260.0
2.625 1.410.5 1.409.1 1,408.0 1,397.2 1.3968 1,396.3 1.3%0.9 1.390.5 1,390.2
2.750 1.551.7 1,550.0 1,548.6 1,535.5 1.5350 1.534.4 1.527.9 1.527.4 1,527.0
2,875 1,700.2 1,698.1 1,696.5 1,680.7 1,680.1 1,679.4 1671.6 1,670.9 1.670.5 1,663 7
3.0C0 1,856.1 1,853.6 1.851.7 1,832.8 1,832.1 1.8312 18219 1,821.1 1.820.6 1,B21.6 18123 1.812.1
3,125 2.019.6 20166 2,014.4 1,991.9 1.991.1 1,990.0 19790 19781 19715 1.968.0 19677 19674
3.250 2,190.7 2.187.2 2,184.6 2.158.1 2,157.1 2,155.8 2,1429 2,141.8 2.141.1 2,130.0 2,129.9 2,1293
3315 2.369.7 2,3G5.6 2,362.5 2,3314 23303 2,328.8 23176 23123 2315 22986 22982 22978
3.500 2.356.5 2,551.7 2,548.1 2.512.0 25106 2,508.9 24912 24808 24BB.8 24739 24734 24729
3.625 27515 2,745.9 2,741.7 2,699.8 2,698.3 26963 2,675.8 2.674.1 2,673.0 2,655.8 2,655.2 2.654.7
3.75G 2,954.6 29482 29434 2,895.1 28911 2,891.0 28674 2,B65.5 2,864.2 2.844 4 284317 2.843.1
31875 31,1660 3,158.7 31532 3,097.8 3.095.7 3.093.1 3.066.1 30038 13,0624 3,039.7 30390 30383
4.000 3,385.8 3,377.5 3,371.3 3,308.1 3,305.7 3,302.7 32719 3,265.3 3,267.7 3,241.8 32410 3.240.2 ¢+
4.250 38517 3,841.0 38320 31,7518 37488 37449 3,705.1 3,701.8 3.699.7 3,660 5 36654 3.664.4°!
4,500 4,3531.5 4,339.9 43297 4.226.9 42211 43182 4,167.7 4,163.5 4,160.8 4,118.7 4.117.4 4.116.1 &'
4.150 4,893.0 48759 4,863 0 4,734.3 4,729.5 4,723.4 4.660.2 4,654.9 4,651.5 4,598.9 4,597.2 4.595.5 7
5 000 5472.1 54506 5434 5 52747 5.265.8 5261.3 5,183 1 5,176.6 51724 51073 5,105.2 51031 ",
s.250 6,092.7 6,066.0 6,460 54492 S5.B420 5.432.8 5737.2 5,729.2 5.724.1 56443 5.641.8 5,6393
5.500 6,757.2 6,724.3 6,695 0 G458 8 64501 64388 6.323.1 63134 6,307.2 62104 6,207.3 6,204 3
5.750 7.468.2 74278 713916 7147 7,054.2 7.080.5 69415 69208 69224 68060 6,802.3 6.798.7
6.000 82287 8.179.4 81425 77782 17755 7.759.3 75931 75792  A5T03 0 74315 TA4271 0 14228
6.250 9.041.9 8.981.9 8.937.2 85108 R1955 8476.2 82786 82622 82517 8.087.5 B.082.2 8.077.1 ?"‘
6.500 9911.4 9.838.9 9.784.Y Y273 92558 v.232.7 ¥.999.} B.979.7 8.967.3 87743 8.768.1 B.762.1 -X
6,750 10,842 16,754 10,689 10,079 {0058 10,031 9.755.4 9.732.6 97181 94926 94854 94784 "%
7.000 11,837 11,732 16,654 10,929 10.903 10,871 10.54% 10,522 10,505 10,243 10,234 10,226
7250 12,902 12,777 12,684 11,824 1.795 11,757 11,380 11,349 11,329 11.026 11,016 11.007
7.500 14,044 13,894 13,784 12768 12,733 12,689 12,250 12,214 12,191 11,841 11,830 {1,819
7750 15.269 15,091 14959 13.763 13922 13.671 13.161 [3,119 13,093 12.69! 12,678 12,666
80N 16,582 16,372 16,216 14511 14,764 14,704 14,§13 14,065 14,036 13.575 13.560 13,546

should be fastened to the pipe at this point, and greal care must bc exercised to ensure that
the inside of the pipe is not disterted in anv way.

The diameter of the tap hole shall not be reduced within a length cqual to 2.5 times the
tap hole diameter as measured from the 1nside surfuce of the meter tube. If the ftuing is
welded to the pipe used 1o fahricate the meter tube, the tap hole shall not be drilled until af-

te: the welding 1s done

In Table 3-D-2. the firushed tap hole shall bz % inch from the selected nominal wap hole .

chameter along the drilled length of the hole.

3-D.4 Computing the Flow of Natural Gas and Other
Related Hydrocarbon Fluids Through Orifice
Meters Equipped With Pipe Taps

3-D.4.1 GENERAL

The recommendations i1 3-D.4 2 through 3-D.4.8 concerning calculations and compu-
lations arc confined strictly to pipe tap orifice meters installed and operated according to the
provisions of this appendix. The equations usc inch-pound units and absolute valucs
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Yable 3-D-1—Continued
Published Inside Diamneters at Published Inside Diameters at Published Inside Dismeters at Published Inside Diameters at
Nominal Pipe Size of 16 Inches Nominal Pipa Sizs of 20 Inches Nomina) Pipe Size of 24 Inches Nominal Pipe Size of 30 Inches

Orifice
Diameter ~ 14.688 15.000 15250 18.812 19.000 19250 22624 23.000 23.250 28.750 29.000 29.250
8.250 17,936 17.746 17.562 15,915 15,861 15,791 15109 15,055 15,020 14,494 14477 14,461
8.500 19,517 19221 19.004 17,079 17,016 16,935 16,150 16,088 16,048 15,448 15429 15411
8.750 21,157 20,807 20,551 18,306 18,233 18,140 17,238 17,166 17,121 16,43% 16,418 16,398
9.000 22,927 22515 22214 19.600 19.515 19,408 18374 18293 18,241 17.468 17,444 17.42]
9.250 24,842 24,357 24,004 20,964 20,867 20,744 19,561 19,468 19,410 18,535 18,508 18.482
9.500 26917 26,347 25932 22,404 22293 22,151 20,801 20,695 20,629 19,642 19612 19,582
9.750 29,173 28,502 28015 23925 12,797 23,635 22,096 21976 21,901 20,789 20,755 20,712
10.000 31,630 30,840 30,269 25,531 25384 25,199 23,448 23,313 23,228 21977 21,939 21902
10.250 34316 33,384 32,714 27229 27.062 26,850 24,861 24,708 24,612 23,208 23,165 23,124
10.500 36,161 15373 29,026 28,834 28,593 26,337 26,165 26,057 24,482 24 435 24 389
10.750 10,928 o 30,435 27870 27.686 27,564 25802 25.749 25.698
11.000 32,944 32,695 32382 25492 29.274 29,137 27,168 27,109 27083
£1.250 35,082 M99 M 31,177 30,933 30,780 28.582 28517 28,454
[1.500 37,353 37,031 36,627 32,941 32,667 32,495 30,045 20973 29,904
t1.750 39,766 39,401 33,942 34,786 34,479 34,286 31,559 31,480 31403
12,000 42.33€ 41.921 41.400 35717 36,3714 16,158 33.126 33,038 32953
12.500 47,998 47462 46,791 40859 40430 40,162 36.426 36319 36,216
13.000 54472 53,779 52,915 45410 44,878 44 545 39,960 39,830 39,705
13,50 51425 49,765 49,353 43,746 43,580 43438
14.000 55965 55148 54,640 47.805 47,617 47,435
14.500 62,106 61,096 60,469 52,159 519313 51715
15.000 68,938 67,689 66,917 56,833 56,563 56,303
15500 76,572 75.027 74,075 61,857 61,535 61,225
16.000 83,233 82,057 67,263 66 879 66,511
16.500 73,087 72,632 72,195
17.000 79372 78.833 78318
17.500 86,165 85,227 B4 Y15
18,000 93,522 92,767 92,044
18.500 101,506 100,614 99,761
19.00G 110,192 109,137 108,130
16,500 £19.667 118,420 117,231
20.000 130,036 128.559 £27.153

throughout. Constants and variaoles that have a subscript of 1 indicate upstream measure-
ments; those that have a suescnipt of 2 indicale downstream measurements.

3-D.4.2 EQUATION

In the measurement of most gases, especially natural gas, the general practice is to ex-
press the flow rate in cubic feet per hour at some specified reference or base conditions of
pressure and temperatuie (that is, in standard cubic feet per hour). To calculate the quantity
of gas. thie foilowing equation shall be used:

0 = CyhE (3-D-1)
Where-
C' = onfice low constan',
k. = differential pressure at 60°F, ininches of water
£, = static pressure, in pounds force per square inch absolute.
. = volume flow rate at base conditions, in standard cubic feet per hour.

3-0.4.3- ORIFICE FLOW CONSTANT (C")

The orifice flow constant, C7 is defined as the rate of pirflow as a resl gas, in standard cu-
bic feet per hour, when the extension, (A.F)"?, equals unity. The orifice Row constant
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Nominat 4-inch pipe and iarger runs

Allowable variation, + inches

NENNEEEED

' " =
L : Runs smatia! than nommal 4-inch pipe 4
i I D 0 5 1 0 0 0 I O
¢10 0.20 0.30 0.40 0.50 ‘0.60 0.70
B

Note: A maximum f ratio of 0.75 should be used in the design of new installations,

Figure 3-D-2—Allowable Vanations in Pressure Tap Hole Location

should not be confused with the flow coefficient or coefficien: of discharge (K'). The foliow-
1ng equation 15 used to calculate the orifice flow constant:

' C' = REYEEEEFE, (3-D-2)
Where. ’
F, = hasic orifice factor.
/, = real spectfic pravity {relative density) factor.
f,, = base pressure factor.
F,, = supcrcompressibility factor (from A.G.A. Transmission Measurement Commitiee
Repo:t No. ;.
. = Revnolds number factor.
I, = base temperature factor.
F+ = flowing temperature factor.
¥ = expansion factar

Table 3-D-2—Meter Tube Pressure Tap Holes
(Dimensions in Inches)

Me:er Tud:
Nominal Nominal Tap Hote Diameter
Inside
Diameter Recommended Maximum Mimmum
<2 v W 4
~  2or: % X K
24 ¥ % 'Y

Note' The finished tap bole shall be 4 mch from the selected nominal tap
hoie diameter along the drilled lzngth of the hole.
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The sequence of multiplicatian in Equation 2 is not binding; however, to duplicate the re-
sults obtained using Equation 2, the sequence of multiplication and the manner of rounding
or truncation should be agreed upon and practiced. Trim factors to compensate for the type of
instrumentation used, the calibrabon methods, and the elements of meter location are treated
separately (see Appendix 3-A}. These trim factors may be applied as a multiplier to C!

The values of all the C” factors are detailed in subsequent sections of this appendix. Both
equations and tabular data based on the eqrations are provided. The tables are to be used
as an alternative to calculations by equations or to check computed results.

3-D.4.4 COEFFICIENTS OF DISCHARGE (K) —
To calculate the coefficients of discharge, X, the following empirical equations are used:

K,

K. = L+ GE— (3-D-3)
1,000,000d
Where
K, = 05925 - 20182 (0.44 _ _0-05);3: . (0_935 . 0.225}135
D D D
) W, 143 y
+ 135" + ===(0.25 - ) (3-D4)
v
E = 4(830 - 50008 + 90008° — 42008° + B) (3-1-5)
B = 8_702 7 (3-D-6)

Note: In Equation 3-D 4, the signs of some of the terms with frectional exponents become negative for some val-
ues of . In such cases, 1nese terms are to be neglected or their valjue reated as zero, and where these terms are o
factor to another term:, the whoie produc: 15 to be treated as zero.

Where:
d = measured orifice diameter, in inches.
D = measured inside meter tube diameter, in inches
K, = cocfficient of discharge when Reynolds number is cqual to (1,000,0004)/15.
K, = coefficient of discharge when Reynolds nurnber equals infinity, which will be the
minimum value for any particular orifice and meter tube size.
B = betarano
= d/D

These values will be used 1n subsequent intermediate calculations of the orifice low con-
stant factorns,

3-Di4.5 BASIC ORIFICE FACTOR (F,)

To calculate the busic orifice factor, F,, use the foliow:ng equarion and note the standard
conditons:

I, = 33KI1782%K, (3-D-7)
When

F, (base pressure)
Specitic gravity
~ T, (basc tcmperature)

14.73 pounds force per square inch absolute
1.000
60°F (519.67°R)

i

Table 3-D-1 was developed using Equation 3-D-7 and various combinations of ¢ and D:
to use it, however, the measured inside diameter (D) of the meter tube must be within the
limits specified in 3-D.3.2 and Figure 3-D-1. Table 3-D-2 may not be interpolated,
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3-D.4.6 REYNOLDS NUMBER FACTOR (F)
To calculate the Reynolds number factor, F;, use the following equations:

F=1+E

3-D-8
; T (3-D-8)

Re, = 220,858dE,[ph,
x (0.613408 — 0.1527568 + 0.8038338° — 1.7011118° + 1.5653368*) (3-D-9)

B Y 49167
fi
= | == 3-D-10
P Lm.?J{ T @-D-10)
Where:
G = specific gravity.
Re, = orifice hore Reynolds number.
T, = absolute flowing temperature, in degrees Rankine,

p = specific weight of a gas at 14.7 pounds force per square inch absoiute and 32°F.

Table 3-D-3, which may not be interpolated, may be used to determine the value of b,
thus value may then be upplied to Equation 3-D-11:

+

Table 3-D-3—5 Values for Determining Reynolds Number Factor F, for Pipe Taps (All Dimensions in Inches)

F=1+ b
g \.-‘ nE
Published Inside Diameters at “ublished Inside Diameters at Published Inside Dnameters at
tvorminal Pipe Size of 2 Inches Nominal Pipe Size of 3 Inches Nomunal Pipe Size of 4 inches
QOrifice
Diameter 1.687 £.939 2.067 2.300 2624 2.900 3.068 3152 3438 3.826 4.026
0.250 0.1106 0.1091 0.1087 0.1081 0.1078 0.1078 0.1079 0.1079 D.1081 0.1084 0.1085
0.375 G 0890 00878 0.0877 0.0879 00838 0.0898 .0905 0.0508 0.0918 0.0932 0.0939
0.500 (0758 00734 0.0729 0.0728 00737 0.0750 0.0758 0.0763 0.0778 0 0BOO 0.0810
06258 {10694 N0647 nnMais 0.0624 00624 0.0634 00642 0.0646 00662 0.0685 0.0697
0.750 0.0676 0.0608 0.0586 0.0559 N340 0.0548 0.0552 0.0555 0.0568 0.059¢ 0.0602
0875 0.06%4 0.0602 C.U570 0.0528 0 uag7 0.0488 0.0488 0.0489 0.0496 0.0513 0.0524
1.000 0.0702 oneGl4 L0576 0.0522 J.0473 0.0452 0.0445 0.0443 0.0443 0.0453 0.0461
1,135 0 U709 U 0635 0 059s goriz 0.0460 0.0435 0.0422 0.0417 {10407 0.0408 0.0412
1.250 0.0650 00617 0.0552 Q.0478 00434 00114 0.0406 0.0387 0.0376 0.0377
1.37f 00623 00575 0.0496 0.0443 0.0418 0.0408 0.0379 0.0358 0.0353
HL 00599 00518 00461 00431 0.0418 0.0382 0.0350 0.0341
1.62° nnsis 0 03R2 0450 | 0.0435 0.0392 00351 0.0336
1.750¢ 00554 0.0504 0.0471 0.0456 0.0408 0.0359 0.0340
1.87% 00521 0 U492 0.0477 0.0427 oo372 0.0349
2.000 0.0532 ¢.0508 0.0495 0.0448 00388 0.0363
z.12s Gus 0.0509 0.0467 0.0407 0.0380
2250 0.0483 00427 0.0398
237 0.0494 0.0445 0.0417
o5 00461 0.0435
.62F 0.0472 0.0450
275¢ 0.0462
Note' ‘I he b valyes are calculated from the foliowing equaton:
E
P = —
- 12,835dK
Where,
d = mean orifice diameter, 1n inches. s
E = valye from Equauon 3-D-5
K = value approximated from Table 3-D-4.
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F=l+—2L (3-D-11)
VAE
= —L£ (3-D-12)
12,8354
Table 3-D-3— Continuad
E =14+
LR
Published Inside Published Inside Published Inside Published Inside
Diameters at Diameters ar Dismeters at Diameters gt
Nomioal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of
& Inches 8 Inches 10 Inches 12 Inches
QOrifice
Dmmerer 4.897 5.187 5.761 6 065 7.625 7.981 8.0 9.562 10,020 10,136 11.374 11.938 12.090
0.500 00850 0.0862 0.0883  0.0893
0.625 00747  0Q.0762 0078%  (0.0802
0.750 0.0655 0.0672 0.0703 0.0719
0.875 00575 00592 00625 00642 00716 00730 00734
£OOG 0.0506 00523 0.0556  0.057: 0.0652 0.D668 00672 00728
1.125 0.0448 0.0464 0.0495 0.0512 0.0593 Q.060% 00613 0.0674 (.0691 0.0695
1.250 0040t 00414 00442 00458 00838 00555 00560 00624 0.0641 00646  0.0887 00704 00708
1.375 0.0363 0.0373 00397 00412  0.0489 00506 0051t 00576 0.0594  0.0599 0.0643 00661  0.0666
1500 0.0334 0.034t 0.0360 0.0372 0.0445 0.0462  0.0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625
1.625 0.0313 0.0315 0.0329 0.0339 ..0405 0.0421 0.0425 0.0450 0.0509 Q0514 0.0561 Q0.0580 0.0585
[ 750 0.0300 0.0298 0.0304 0.0311 00369 0.0384 0.0388 (.0452 0.0471 0.0476 0.0523 0.0543 0.0548
1.875 0.0293 0.0287 0.0285 0.0290 0.0338 0.0352 0.0355 0.0417 0.0436 0 0440 0.0488 0.0508 0.0513
2,000 0.0292 0.0281 0.0273 00273 0.0311 00323 0.0327 0.0385 0.0403 0.0407 0.0454 0.0475 0.0480
2,125 0.02%7 0.0281 0.0265 0.0262 0,0288 0.0299 0.0301 0.0355 0.0373 0.0377 0.0423 0.0443 "  0.0449
2.250 0.0305 0.0285 0.0261 0.0256 0.0268 00277 0.0280 0.0329 0.0345 0.0349 0.0394 0.0414 0.0419
2375 0.03ia 0.0293 0.0262 0.0253 0.0252 0.0259 0.0261 0.0305 0.0320 0.0324 0.0367 0.0387 00392
2.500 0.0330 00304 0.0267 00254 0.0239 0.0244 0.0245 00283 0.0298 0.0301 0.0342 0.0361 0.0366
2.625 0.0345 00317 0.0274 0.0258 0.0230 0.0232 0,0233 (0.0265 0.0277 0.0281 0.0319 0.0337 0.0342
2150 0.0362 0.0332 0.0284 0.0265 0.0224 0.0224 0.0224 0.024% 0.0260 0.0263 0.0298 0.0316 o.0%20
2.875 00379 0.0348 0.0295 Q0274 0.0220 0.0218 0.0218 00234 0.0244 0.0246 0.0279 0.0295 0.0300
31.000 0.0395 0.0364 0.0308 0.0283 0.0219 0.0214 0.0213 00222 0.0230 00233 0.0262 0.0277 0.0281
3.125 00410 0.0380 00323 0.0297 0.0220 0.0213 00211 00212 0.0218 0.0220 00240 0.0260 0.0264
3.250 Q.0:422 0.0394 0.0338 0.0311 0.0223 00214 00212 0.020% 0.0209 0.0210 04232 0.0245 0.0249
1315 0.0433 0.0408 0.0353 0.032F 0.0228 0.0217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.0235
3.500 o419 00367 1.0339 0.0235 0.0221 0.0218 00195 0.0195 0.0196 0.02i0 0.0220 0.0223
3.625 00428 00331 0.0354 0.0243 00227 0.0224 0.0193 0.0191 0.0191 00200 0.0209 0.0212
3.750 0.0393 00367 0.0°52 00234 0.0230 0.0192 0.0188 00188 0.0193 0.0200 0.0202
3875 G404 0.038C C.0262 0.0243 0.0238 0.0193 0.0187 0.0186 0.0187 0.0192 00194
4,000 a1l 0 MG 00273 0.0252 0.0248 V0195 0.0187 0.0186 0.0182 0.0185 0.0187
4,250 0.0297 0.0273 0.0268 0.0203 0.0192 0.0189 0.0176 0.0i76 0.0177
4.500 0.0421 n0W9es 0.0290 nO215 0.0200 0.0197 0.0175 Q0172 0.017M
4.750 0.0344 0.0320 0.0314 0.0230 0.0212 0.0208 0.0178 0.0171 0.0170
5.000 00364 0.0342 0,0336 0.0248 0.0228 0.0223 00185 0.0175 0.0172
5.250 0.0381 0 0351 0.0356 0.0267 0.0245 0.0239 0.0195 Q.018! 00178
5.500 .0377 0.0373 0.0287 0.0261 0.0257 0.0207 0.01%0 0.0186
5.750 1.0307 0.0282 0.0276 0.0221 0.0202 0.0197
6.000 00326 00302 0.0295 00236 0Q.0215 00210
6.250 {(1.0W3 00320 0.03i4 0.0251 0.0230 0.0224
6.500 0.0358 0.0336 0.0331 0.0270 0.0246 0.0240
6.750 00351 0.0346 0.0238 0.0262 0.0256
7.000 00363  0.0359 00304 00279 0.0272
7.250 00320 0.0295 0.0288
7.500 0.0334 0.0310 0.0304
1.750 0.0347 0.0325 0.0318
£.000 00338 0.0332
8.250 00349  0.0344
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Table 3-D-3—Continued
E =1+ 5
hE
Published Inside Published Inside - Published Inside Published Inside
Diametcn at Diameters at Diameters et Diameters at
Nominal Pipe Size of Numinal Pipe Size of Nominal Pipe Size of Nomunal Ptpe Sizc of
16 Inches 20 Inches 24 Inches 30 inches
Orifice -
Diameter 14.688 15.000 15.250 18.812 19.000 18250 22 624 23.000 23.250 28.750 29.000 29.250

1.500 0.0697 0.0705

1.625 0.0662 0.0670 0.0676

1.750 0.0628 0.0636 0.0642

1.875 0.0595 0.0603 0.0610

2.000 0.0563 0,0571 0.0578 0.0663 1L.0667 0.0672

2,125 0.0532 0,0541 0.0548 0.0635 0(639 0.0645

2,250 0.0503 0.0512 0.0519 00609 00613 0.0618

2.375 0.0475 0.0485 0.0492 00583 0.0588 0.0593 0.0658 0.0665 0.0669

2.500 0.0449 0458 0.0466 0.0558 0.0552 0.0568 0.0635 0.0642 0.0646

2.625 0.0424 0.0433 0.0441 0.0534 0.0538 0.0544 00613 0 0620 0.0624

2.750 0.0400 0.0409 0.0417 00510 0.0515 0.0520 0.0591 0.0598 0.0603

2.875 0.0378 0.0387 0.0394 0.0488 0.0492 0.0498 n0570 0.0577 0.0582 0.0669

3.060 0.0355 0,0365 Q0372 0.0466 o470 0.0476 0.0549 0.0556 0.0561 00650 0.0634 0.0657
3,125 00336 0.0345 0.0352 00445 0.0449 0.0455 00529 0.0536 0.0541 0.0632 a 0616 0.0639
3.250 0.0317 0.0326 0.0333 0.0425 U.0429 Q0435 00509 0.0517 0.0521 00615 00618 0.0622
3.375 0.0300 0.0308 0.0314 00405 2.0410 0.0416 0.0490 0.0497 0.0502 0.0597 0.060! 0.0604 'y
3.500 0.0283 0,020} 0.0297 0.0387 0.0391 0.0397 00471 0,0479 0.0484 003580 0.0584 p.0s87 "
3625 0.0268 D.0275 0.0281 0.0169 0.0373 0.0379 0,0453 0.0461 0.0466 00563 00567 CO57t'n
3,750 00254 00261 0.0267 0.0352 0.0356 0.0362 0.0436 0.0444 0.0449 0.0547 0.0551 0.0554 - .
3875 0.0240 00247 0.0253 0.0336 0.0340 0.0346 0.0419 0.0427 0.0432 0.0530 0.0534 0.0538
4.000 0.0223 0.0235 0.0240 0.0320 0.0324 0.0330 0.0403 0.0411 0.0416 QuUs1s 0.0519 0.0523
4.250 00207 0.0213 0.0217 0.0291 0.0295 0.0301 0.0372 0.0380 0.0385 0.0484 0.0488 0.0492
4500 0.0180 0.0194 0.0:93 0.0265 0.0269 G024 0.0342 00351 0.0356 0.0455 0.0459 0.0463
4,750 00176 00180 0.0183 0.0242 0.0246 D 0250 0.Mm6 n0324 0.0329 0.0427 00431 0.0435 |
5.000 U166 00168 not7i 0.0221 0.0225 00229 0.0292 00299 0.0303 0.0401 0.0405 0.040% ‘
5.250 0.0160 00161 0.0162 0.0203 0.0206 L0210 0.0269 00276 0.0280 0.0376 0.0380 0.0384, !
5500 0.0156 00156 noise 0O DIRK 0.0190 0.0194 0.0248 00255 0.0259 0.0352 00356 0.0360
5,750 0.0155 0.0154 0.0153 Q0175 0.0177 0.0180 0.0230 0.0236 00240 ¢.0330 0.0334 0.0338
6.0C0C 0.0157 0.0} 5 0.0153 0.0l64 0 3165 0.0168 0.0213 N.0218 0.0222 0.0309 0.0313 0.0317
6,250 006l 00157 (.0:.54 0.0155 00156 0.0158 0.0197 0.0203 0.0206 {.028Y 0.0293 0.0297
6.50C 0.0167 0.0162 0.0159 LMEN 0.014% 0.015] 00184 0.01R9 0.01%2 0.0271 00274 0.0278
6.750 0.0175 0.0169 00164 D0l4d 0.0144 00145 0.0172 0.0176 0.0179 0.0253 0.0257 0.0261
7000 0.0184 0oLy coIT2 00141 0.0141 0.0141 0.0162 0.0166 0.0168 0.0237 00241 0.0244
7.250 0195 00187 ODIR! 0nN4n 00140 00139 00153 00156 0.0159 (0.0223 0.0220 0.0229
7500 0.0206 0.0198 o019 00140 040 00139 0.0146 Q.0149 0.0150 0.0209 0.0212 00215
7750 0.0219 c G209 0.02a2 0.0143 0.0141 ugu4p 0.0140 0.0142 anad 00196 00199 00202
& 000 0.0232 0.0222 QU4 0N1an 0N144 nN142 00136 00138 c 0139 Q.0185 0.0187 0.0190

Table 3-D-4 must be used o determine the value of K i Equation 3--12. First-order
hincar interpolation of Table 2.D-4 is permussible. In calculating the extension for determi-
nattons of £, average or estunated values may be used.

3-D.4.7 EXPANSION FACTOR(Y)
3-D.4.7.1 Expansion Factor Based on Upstream Static Pressure (Y;)

[f the static pressute 1s imeasurec al the upsiream pressure tap, the calculations for the ex-
pansion factor, ¥, use the foliowing egquations.

¥ o= |- [0.333 + LIS + 0.78° ~ xzp”n-il (3-D-13;
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Tabie 3-D-3— Continued
Eo= 1+ 42
Ay
Published Inside Puhlished Inside Published Inside Published Inside
Diameters at Diameters at Diameters at B Diamelers at
Nomtinal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of - Nominal Pipe Size of
16 Inches 20 Inches 24 [oches 30 Inches

Orifice
Diameter 14.688 15.000 15250 18.812 19.000 19.250 22624 23000 23250 28,750 29.000  29.250
B.250 00246 00235 00227 0.0151 0.0149 00146 00133 00134 0.0135 0.0174 0.0177 00179
R 500 00260 00249 00240 00157  0.0154 00151 00132 00132  0.0132 0.0165 0.0167  0.0170
B.750 0.0273 0.0262 0.0253 0.0163 0.0160 00157 0.0131 D.0130 0.0130 0.0156 0.0158 0.0161
9000 002856 00276  0.0267 0017 00168 00163 0.0131 00130 00130 0.0149 0.0151 0.0153
4,250 0.0299 QU288 0.0280 0.0180 00176  QO171 00133 00131 0.0130 0.0142 0.0144  0.0146
9.500 0.0311 0.0301 1.0292 0.0129  0.0185 0.0180 00136 00133 00132 0.0137 0.0138  0.0i40
9.750 00322 00312 0034 0.0198  0.01% 00189 00139 0O136 00134 0.0132 00133 00135
10.000 0.,03327 00323 00315 0.0209 00204 00198 00143 00140 00138 00123 00129 00130
10.250 0.0341 00333  0.0326 0.0219 002114 00208 00149 00144 0.0142 0.0126 0.0126  0.0127
10.500 0.0341 00335 00230  0.0225 00219 00154  DOIS0  0.0147 0.0123 00124 00124
10.750 . 0.0241 00236 00229 0.0161 0.0155 0.0152 0.0122 00122  0.0122
11.000 0.0252 0.0247 0.0240 00168 00162 0.0158 00121 0.0121 0.0121
11.250 00263 00258 00251 00175 00169 0.0165 0.012% 0.0121 0.0121
11.500 0.0273  0.0268 00261 00183 00176 0.0172 0.0122 00122  0.0121
11.750 00284 00278 Q0272 00191 00184 0.0180 0.0124 00123  0.0122
12,000 0.0293  0.0288 00282 00200 00192 0.0128 0.0126 00124 00123
12.500 00312 00307 00301 00218 00210 0.0205 0.0131 00130 00128
13-000 00327  0.0323 00318 00236 00228 0.0222 0.0139 0.0137 0.0135
13 500 00255 00246 0.0240 0.0148 00146  0.0143
14.000 00272 00264 0.0258 0.0159 00156  0.0153
14.500 00289  0.C280 0.0275 00172 00168  0.0165
15.000 . 00304 00296 0.0291 0.0185 0.0181 0.0177
15.500 00318 0.0311 0.0306 0.0199 0.01%94 ° 0.019]
16.000 0.0323 0.0319 0.0213 00209  0.0205
16,500 0.0228 0.0223 0.02t9
17.000" 0.0242 0.0238 0.0233
17.500 00257 0.0252  0.0248
18.000 00270 00266  0.026]
18.500 00283 00279 00275
19,000 0.0296 00292  0.0288
19.500 0.0307 0.0303 0.0299
20000 0.0317 0.0313 0.0310

E - F h
A = At = : (3-D-14)
£ 27.707R

Where:

k = ratio of specific heats. ¢,/c, (that s, the ratic of the specific heat of a gas at con-
stant pressure to the specific heat of the gas at constant volume at standard con-
ditions}.

x,/k = acoustic ratio.

Tabie 3-D-5 was developed using Equations 3-D-13 and 3-D-14 with a value of ¥ = 1.3,
First- or second-order hnear interpolation of Table 3-D-5 1s permissible.

The values of ¥, arc subject to an uncertainty varying from 0 when x, = 0 to +0.5 per-
cent when ., = 0.2. For larger values of x), a somewhat larger uncertainity can be expected.
Equation 3-D-13 may be used over a range of 0.1 < f < 0.7,
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Table 3-D-4—Values of K'to Be Used in Determining
: A, for Calculation of £~ Factor

B X (pipe)
0.100 0.607
0.125 0.608
0.150 0.611
0.175 . 0.614
0.200 0618
0.225 0.623
0.250 0.628
0.275 0.634
0,300 0.64]
0.325 0.650
0.350 0.658
0375 0.668
0.400 D.680
0.425 0.692
0.450 - 0.707
0475 0724
0.500 0742
0.525 0.763

© 0.550 0.785

0.575 0.810

0.600 0.837

0.625 0.860

0.650 0.904

) 0.675 0.943
) 0.700 0.988

3-D.4.7.2 Expansion Factor Based on Downstream Static Pressure (%)

If the static pressurc 1s measured at the downstream pressurc tap, the calculations for the
zxpansion factor, I, use the following equaucns:

Y, = 1+ x, - 10333 + LM5(8° ~ 0.78° + 128N l (3-D-15)
- kfl + x,
E - F A
I = = L = L3 (3-D-16)
‘ A 27.707?}.

Table 3-D-6 was developed u-ing Equations 3-D-15 and 3-D-16 with a valuc of & = 1.3,
Fnsi- or second-order linear inierpolation of Table 3-D-6 is permissible.

3-D.4.8 OTHER C'FACTORS

The remaining onfice flow constant C” factors (namely, F,,. £, Fy. &, and £;,) are calcu-
Lued exuctly as descnibed 1a the body of this standard. Computations using equations or ta-
bles are permusstble with these factors when calculating the flow of natural gas through
orifice meters cquipped with pipe taps.

3-D.4.9 EXAMPLES
3-D.491 Exampie1

(niven the folinwing physicai parameters and flowing conditions, calculate the flow rate
1or a pipe tep orifice meter through onc meter tube: .

Tube diameter 2.067 in
Orifice diameter | in
Static pressure 500 psig (measured upstream)
Differential pressure 50 inches of water at 60°F
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Base pressare  14.73 psia
Awmospheric pressure  14.7 psia (barometric)
Flowing temperature  100°F o
Base temperature  60°F
Relative density (specific gravity) 0.600
Carbon dioxide 0.5 mole percent
Nitrogen 0.5 mole percent
Differential pressure device Bellows (recorder, dry)
The solution is calculated as follows: _
Diameter ratio (8) = 0.483793
Extension = 160.421
Basic orifice factor (7,) = 243.279
{from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and
3-D-7; or Table 3-D-2)
Table 3-D-5— Expansion Factors for Pipe Taps (Y;): Staiic Pressure Taken From Upstream Taps
B = diD
/P, Ol 0.2 0.3 0.4 045 0.50 052 0.54 0.56 0.58 0.60
0.0 1.000 1.000 1.000 1000 1.000 1.000 1.000 1.600 1.000 1.000 1.000
0.1 0.99%0 0.9989 0.9988 0.9985 0.9984 0.9982 0.9981 0.9980 0.9979 0.9978 0.9977
02 0.9981 0.997% 0.9976 0.9971 0.5968 0.9964 0.9962 0.9961 0.9959 0.9957 0.9954
0.3 0.9971 0.9968 0.9964 09956 05952 0.9946 09944 0.9941 05938 0.9935 0.9931
04 0.9952 0.9958 0.9951 0.9942 0.9936 0.9928 0.9925 0.9921 0.9917 0.9913 0.9908
X 0.9952 0.9947 0.9939 09927 0.9919 0.9910 0.9906 0.9902 0.9897 0.9891 0.9885
0.6 0.9943 0.9937 0.9927 0.9913 0.9903 0.9892 0.9887 09882 0.9876 0.9870 D.9862
07 0.9933 0.9926 0.9915 0.9898 0.9887 0.9874 09869 0.9862 0.9856 0.9848 0.9840
08 0.9923 0.9916G 09903 0.9883 0.9871 0.9K57 0.9850 0.9843 09835 0.9826 D.9817
1LY 09914 09905 0.9391 0.9869 0.9835 0.9839 0.983] 0.9823 09814 0.9805 0.9754
10 0.9904 0.9895 0.9878 0.9854 0.9839 0.9821 09812 0.9803 09792 0.5783 0.9771
1.1 0.9895 0.988¢ 0.9866 0.9840 0.9823 0.9803 0.9794 0.9784 0.9773 0.9761 0.9748
12 0.9483% 0.9874 0.9854 0.9823 0.9807 0.9785 0.5775 0.9764 0.9752 09739 0.9725
13 0.9876 0.9863 0.98432 09811 09791 0.9767 09756 0.9744 09732 097IR 09702
14 0.9866 09853 0.9830 0.9796 09775 0.9749 0.9737 09725 09711 0.9696 0.9579
15 0.9857 0.9842 0.9818 0.9782 0.9758 0.9731 097w 0.9705 0.9690 0.9674 0.9656
1.6 0.9847 09832 0.9805 0.9767 09742 09713 0.9700 0.9685 09670 0.9652 0.9633
17 0.9837 0.982: 0.9793 09752 0.9726 0.9695 c.9681 0.9666 0.9649 0.9631 0.9610
1% 0.9828 09811 0.9741 0.9738 09710 0.9677 0.9662 0.9646 09628 0.9600 0.9587
1.9 09818 0.9800 09769 09723 0.9694 0 9659 09643 0.9626 09608 0 9587 0.9565
2.0 0.9800 09790 05757 0.9709 0.9678 0.9641 0.9625 0.9607 09587 0.9566 0.9542
21 0.979% 09779 09745 09694 09667 09623 09606 0.9587 09566 0.9544 0.9519
22 0.9790 0.9768 0.9732 0.9680 09646 0.9605 0.9557 0.9567 0.9546 0.9522 0.9496
23 0.9780 09758 ¢ 9720 0.966% 0.9630 0.9537 0.9568 0.9548 0.9525 0.9500 0.9473
2.4 09770 09747 G YTR 09650 T 09570 09550 09528 09505 0.9479 0.9450
2.5 0.9761 09747 0969 09636 095537 09552 09531 0.9508 09484 0 9457 0.9427
26 0.9751 0.9726 GUOK | 09621 D.O3kI 11.9534 09512 0.9489 0946% 0.9435 0.9404
27 0.9742 09716 0.9672 09607 0.0565 0.9516 0.9493 0.9469 04443 0.9414 0.938]
2.8 0.9732 09705 0.9655 0.9592 09515 0 9198 0.9475 0.9449 0.9422 0.9392 0.9358
2.9 09721 09695 0 9647 09574 09532 C 9480 09456 09430 094 0.9370 0.9335
30 09712 0.9684 0 9635 0.9563 09517 0 9467 09437 09410 0938t 0.9348 0.9312
e 09704 0,967 09621 0.9540 095 0.9444 09418 0.9790 09360 0.9327 0.9290
32 0.9694 0.9663 05611 09534 09485 0.9426 0.9400 0.9371 0.9339 09305 0.9267
13 0.968% 0.9653 0.9565 0.9519 0.9469 0.9108 09381 0.9351 0.9319 0.9283 0.9244
34 0.967% 0.9642 0.9587 0.9505 0.9452 0.9390 09362 0.933] 09298 0.926] 0.922
15 0.9665 0.9632 09574 09490 09416 0.9372 09343 09312 09277 0.5240 09198
16 0.9656 09621 . 09562 0.9476 09420. 09354 © 04324 0.9292 0.9257 0.9218 09175
37 0.9646 096l " 0.9550 0.946] 09404 0.9336 09306 09272 0.9236 09196 0.9152
as 0.9637 0.9600 0.9538 0.9447 0.9288 0.5318 0.9287 0.9253 0.92i6 09175 09129
a9 0.9627 0.9590 095206 0.9432 09372 0.9301 0.9263 0.9233 00195 0.9153 0.9106
4.0 09617 0.9579 09514 0.9417 0.9356 0.9283 09245 09213 a9i74 0.9131 0.5083
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Table 3-D-5—Continued
B = diD
el Py, 0.61 0.62 0.63 004 0.65 0.66 0.67 0.68 0.69 0.70

Q.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.9976 0.9976 0.9975 0.9974 0.9973 0.9972 0.9971 £.9970 0.9969 0.9968
0.2 09953 0.9951 0.9950) 0.9948 0.9947 0.9945 0.9943 0.9941 0.993% 0.9935
Q0.3 0.9929 0.9927 0.9925 09923 0.9520 0.9917 0.9914 09911 0.9907 09903
0.4 0.9906 0.99G3 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 0.9876 0.9871
0.5 0.9882 0.9879 0.9875 0.9871 0.9867 0.9862 0.9857 0.9851 0.9845 0.9389
0.6 0.9859 0.9854 0.9850 0.9845 0.9840 0.9834 0.9828 09822 0.9814 0.9806
0.7 09835 0.9330 09825 0.9819 09813 o807 0.9800 09792 0.9784 0.9774
04 N9gN 0.9806 0 980C 0.9794 09787 09779 0.9771 0.9762 0.5753 0.9742
09 09788 0.9782 0.9775 0,576 0.9760 09752 0.9742 0.9733 09722 0.9710
1.0 0.9764 0.9757 0.9750 057142 0.9733 0.9724 0.9714 0.9703 0.5969] 0.9677
.1 09741 0.9733 9725 19715 0.9707 0.96%6 0.9685 0.9673 0.9660 0.9645
1.2 09717 0.9709 ‘19700 0.9690 0.95680 09669 0.9657 0.9643 0.9629 0.9613
1.3 09694 0.9685 0.9675 0.5664 0.9653 0.5641 0.9628 09614 0.9598 0.9581
1.4 09670 0.9660 0.9650 0.9639 0.9627 09614 0.9599 0.9584 09567 0.9548
1.5 09646 0.9636 0.9625 09613 0.9600 0.9586 0.9571 0.9554 0.9536 0.9516
1.6 0.9673 09612 0.9600 0.9587 0.9573 C.0558 0.0542 0.9525 09505 0.9484
i.7 09539 0.9587 09575 0.9561 0.9547 0.853] 0.9514 0.9495 0.9474 .9452
1.8 0.8576 0.9563 09550 0.9535 0.9520 0.9503 0.9485 0.9465 0.9443 0.9419
19 09552 0.9539 09525 0.9510 0.9493 0.9476 0.9456 0.9435 09412 0.9387
2.0 0.9529 0.9515 0.9500 . 0.9484 0.9467 0.9448 0.9428 0 %406 0.9381 09355
2.1 09505 G.9450 09475 0.9458 0.9440 0.9420 0.9399 0.9375 0.9351 0.9323.
2.2 09481 (C.9465 0.9450 00,9432 09413 49393 0.9371 09346 .9320 0.9290‘
2.3 09458 10,9442 19425 0.9406 09387 09365 0.9342 0.9317 0.9289 0.9258"
24 {09434 0.5418 0 5400 09.81 09360 09338 09313 0.9287 0.9258 0.9226
2.5 09411 .9393 0.9375 0.9355 0.9333 0.9310 0.9285 0.9257 0.9227 09194
2.6 0.9387 (9369 09350 0.9329 093467 0.9282 0.9256 0.9227 09196 0.916.
2.7 09364 0.0345 063zs 0.9343 0.9280 0.9255 0.9227 09198 0.9165 09129
2.8 0.9340 0.9321 0.9300 0.9277 09253 0.9227 0919y 09168 09134 0.9097
24 019316 0.9295 09275 0.9252 0.9227 0.9200 09170 09138 0.5103 0.9064
3.0 0.9293 0.9272 .. 09250 0.9226 09200 0.9172 0.9142 0.9108 0.9072 0.9032-
3. 0.9269 09248 0g922F 0 9200 0.9173 09144 09113 09079 0.9041 0.9000'
32 09246 0.8223 0.9200 09174 09147 09117 0.9084 0.9049 0.9040 0.89687
1.5 0.9222 09199 09175 0.9148 09120 0.9089 0.9056 0.9019 {1.8979 08935
3. 0.2199 09:75 .9150 09122 049093 0.5062 0.9027 0.8990 0.8548 0.8903
a5 09175 0.9151 09125 0.9097 0.5067 0.9034 0.8999 0.8960 0.3918 0.8317
36 09151 nYvile 09100 T 09071 0,9040 0.9000 0.8970 0.8930 {.8887 0.83839
*7 09128 09102 0.9075 0.9045 0.9013 0.8979 0.8941 0.8900 0.8856 0.8806
38 09104 0.9078 0.9050 9019 0 8087 0.8951 0.8913 0.8871 (.H429 0.8774
39 0.9081 00054 U025 8991 RGN 0.RG24 0 8884 0.8841 0.8794 0.8742
4.0 1 9057 019026 0 9000 08965 0.8933 0.R896 0.8856 0.8811 0.8763 0.8710

Reynolds number tactor (F,} = 10004

(from Equanons 3-D-5, 3-D-§, 3-D-9, and 3-D-10;
nr Table 3-D-1 and Equaton 3-D-11; or Table 3-D-3
and Eyuations 3-D-5. 3-D-11, and 3-D-12)

Expansion factor (Y;) = 0.9983

(from Equauons 3-D-13 and 3-D- 14 or Table 3-D-4)

Base pressure factor (F,) = 1.0000

Base temperuture factor (Fy)
Flowing temperature facior (F)
Relative density factor (F,)
Supercompressibility factor (F,)
Orifice flow constant {(C)

1.0900

0.9636

1.2910

1.0299

311.284

{from Equauon 3-D-2)
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Flow rai= (Q,) = 49.9367 MSCFH
= 1.19848 MMSCFD
(from Equaticn 3-D-1)
3-D.4.9.2 Example2
Given the following physical parameters and flowing conditions, calculate the flow rate
from a pipe tap orifice meter through one meter tabe:
Tube diameter 10.020 in
Orifice diameter 4.5in
Static pressure 350 psig (measured upstream)
Differential pressure 40 inches of water at 60°F
Base pressure  14.73 psia
Atmospheric pressure 147 psia (barometric)
Table 3-D-6—Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstrearn Taps
B =dD
h.,H}I 0.1 0.2 0.3 04 0.45 0.50 0.52 054 0.56 0.58 0.60
0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1000 1.000 1.000
0.1 1.0008 1.0008 1.0006 1.0003 1.0002 1.0000 0.999% 0.9998 0.9997 0.9996 0.9995
0.2 1.0017 1.0015 1.0012 1.0007 1.0004 1.0000 0.9999 0.9997 0.9995 0.9993 0.9990
0.3 1.0025 1.0023 1.0018 1.0010 £.0006 1.0000 0.9998 0.9995 © 09992 0.9989 0.9986
04 1.0034 1.0030 10024 1.001s 1.0008 1.0001 09997 09994 0.95990 09986 09981
0.5 1.0042 1.0038 1.0G30 10018 1.0010 1.0001 0.9997 0.9992 0.9988 0.9982 0.9976
0.5 1005t 1.0045S 1.0036 1.002t 1.0012 1.0001 0.9996 0.99% 0.9985 0.9979 0.9972
07 1.0(159 1.0053 1.0041 1.0025 1.0014 1.0002 0.9996 0.9%90 0.9983 0.9975 0.9967
0.8 £.0068 1.0060 §.0047 L.OG28 1.0016 1.0002 0.9995 0.9988 0.9980 0.9972 0.9962
LR C L0007 1.006% 1.0053 1.0032 1.0018 1.0002 0.9995 09987 - 0.9978 0.9969 09958
LD 1.0085 1.0075 1.0059 1.0036 1.0021 1.0003 0.9994 0.9986 0.9976 0.9965 0.9954
| 1.0083 1.0083 1 0083 1.0v39 1.0023 1.0003 0.9994 0.9984 0.9974 0.9962 0.9949
1.2 1.0102 1.0091 1.0071 1.0043 1.0025 1.0004 0.9994 099483 QY972 0.9959 0.9945
1.3 LOKIO 1.0098 1.0077 1.0047 1.0027 1.0004 0.9994 0.9982 0.9970 0.9956 0.9941
1.4 1.0019 1.0106 1 0083 1.2051 1.0030 1.0004 0.9993 0.9981 0.9968 0.9953 09936
1.5 1.0127 1.0113 1.0089 1.0054 10032 1.0005 0.9993 0.9980 09966 0.9950 0.9932
1.6 1.0136 1.0121 1 0096 1.0058 10034 1.0006 0.9993 0.9979 0.9964 0.9947 0.9928
1.7 1.0144 1.0126 10102 1.0062 1.0036 1.0006 (.9992 0.5978 0.9962 0.9944 0.9924
LA 1.0152 1.0136 10103 1.0066 1.003% 1.0007 0.9992 0.9977 0.9960 0.994] 0.9920
1.9 1.0161 1.014¢ LOL1s 1.0070 10041 1.OO0E 0.9992 0.9976 0.9958 02,9938 0.9916
20 1.0F70 1.0153 1.0120 1.8073 1.0044 1.0008 0.9992 09975 BYus6 0.9935 0.9912
21 1.0178 1.0159 10124 1.0077 1.0046 10009 0.9992 09974 0.9954 0.9932 0.9508
2.2 10187 1.0167 1.0132 1 0Ng] 10048 1.0010 0.9952 0.9973 0.9952 0.5929 0.9904
23 1 6195 10172 10133 1.0085 1 005: 1.0010 0,9952 0.9972 0.9950 0.9927 0.9900
24 10208 1.0182 10144 1.0089 1 0053 1.0011 0.9992 0.9971 0.9949 0.9924 0.9896
2.5 10212 L.OL8Y 10150 1.0093 1.0056 1.0012 00,9992 09971 09947 0.9921 0.9893
26 1.0221 1.0197 10156 1.00657 1 NSR 1.0013 0.9992 0.9970 09945 0.9919 0.9889
2.7 1.022v 1.0205 10162 1.01C. 1.0061 1.0014 0.9992 099459 0.9944 0.9916 0.9385
2R 1.0238 1.0212 10169 10104 1.0063 1.0014 0.9992 0.9968 0.9942 0.9914 0.9882
29 1.0246 1.0220 10175 1.0108 L0066 1.00t5 11,9992 0.5968 0.9941 09911 0.9878
10 10255 10228 1.0181 1.0112 1.0068 1.0016 0.9993 0.9957 09439 0.9908 09874
a 1.0264 10235 1.0187 1.0116 1.0071 1.0017 0.9993 0.9966 0.9938 0.9906 0.9871
3.2 1.0272 1.0243 1.0193 1.0120 1.0074 1.0018 0.9993 0.9966 0.9936 0.9904 0.9867
3a 1.0280 1.0250 10199 10124 1.0076 1.0019 0.9993 0.9965 0.9935 09901 0.9864
34 1.028Y 1.025% 10206 1.012R 1.0079 1.0020 0.9954 0.9965 0.9933 0.9899 0.9860 -
3.5 1.029%8 1.0266 1.0212 1.0133 1.0082 1.0021 0.99%4 099564 0.9932 09896 0.9857
1.6 1.0306 1.0273 1.0218 1.0137 1.00R4 1.0022 0.9994 0.9964 0.9931 0.989%4 0.9854
3.7 1.0514 1.0281 1.0224 10141 1.0087 1.0024 0.9994 0.9963 0,9929 0.9892 0.9850
38 1.0323 1.0289 1.0230 1.0145 1.0090 1.0025 0.9995 0.9953 0.9928 0.9890 0.9847
39 1.0332 1.0296 1.0237 1.6149 1.0093 1.0026 0.9995 0.9953 0.9927 0.9888 0.9844
10 1.0340 1.030+ 1.0243 10153 1.0005 1,0027 0.9996 0.9962 0.9926 0.9885 0.9840
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B8
Table 3-D-6— Continued
B =am
Wt Py, 0.61 0.62 0.63 0.64 065 0.66 0.67 0.68 0.69 0.70

0.0 1.000 1.000 1.000 1.000 1.000 " 1000 1.000 1.000 1.000 1.000
0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 0.9989 0.9988 0.9987 0.9986
02 0.9989 0.9938 0.9986 0.9985 0.9933 09981 0.9979 0.9977 0.9974 0.9972
0.3 0.9984 0.9982 0.9979 0.9977 0.9974 0.9972 0.9969 09965 0.9952 0.9958
04 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 0.9954 0.9949 0.9944
0.5 0.9973 09970 0.9966 09962 0.9958 0.9953 0.99438 0.9942 0.9936 0.9930 |
0.6 0.9968 0.9964 0.9959 0.5954 0.9949 0.9944 0.9938 0.9931 0.9524 0.9916
0.7 09952 0.9958 0.9953 0.9947 0.9041 0.9935 0.9924 0.9920 0.9912 0.9902
0.8 - 0.9957 0.9952 0.9946 0.9940 0.9933 0.9926 09918 0.9909 0.9899 0.9889
0.9 0.9952 0.0946 0.5540 0.7932 0.9925 0.5917 0.9908 0.5898 0.9887 0.9875
10 0.9947 09940 0.9933 0.9925 0.9917 0.9908 0.9898 0.9887 0.9875 0,9862
1.1 0.9942 0.9915 0.9927 Qov18 0.9909 0.9899 0.9388 0.9876 0.9863 0.9848
1.2 0.9937 0.9929 0.9920 0.9911 0.9501 0.9890 0.9878 0.9855 0.9851 0.9835
1.3 0.9932 0.9924 0.9%14 0.990¢4 0.9893 0.9881} 0.9868 0.9854 0.9R3% 0.9822
1.4 0.9928 0.9918 0.9508 0.9897 0.9885 0.9872 0.9859 0.9844 0.9827 0.9809
|3 0.9923 0.9912 0.9902 0.98%0 0.9877 0.9864 0.5849 0.9833 09815 0.9796
1.6 0.99]18 0.9907 0.98%6 0.9883 0.9870 0.9855 0.9840 09822 0.9804 0.9783
1.7 0.9913 0.9902 09889 0.9876 0.9862 0.9847 0.9830 09812 0.4792 Q.9770
L8 0.9908 0.9896 0.9883 0 9970 0.9854 09838 0.9821 0.9801 0.9780 0.9757
1.9 0.9904 0,9891 0.9877. 00853 0.9847 0.9830 09811 0.9791 0.9769 0.9744
2.0 0.9899 0 9886 D 9872 0.9856 0.9840 0.9822 0.9802 0.9781 0.9757 0.9732
2.1 0.9895 0.9881 0.9866 0.9849 0.9832 0.9813 0.9793 0.9770 0.9746 0.9719
22 0.9890 0.9876 09860 09813 0.9825 09805 0.9784 0.9760 09734 0.9706
23 0.9886 0.9870 © D9E54 0.9836 " 09817 0.9797 0.9774 09750 09723 0.969%4
24 0.988] 0.9865 0.9948 J.9830 0.0810 0.9789 0.9765 0.9740 09712 0.9681
25 C.9877 .9860 0.9842 0.9873 0.9803 0.9780 09756 0.9730 0.9701 0.9669
2.6 0.9873 0 VY55 0.9837 0.U817 D Y796 0.9772 0.9747 0.9720 04690 0.9657
2.7 0.9868 0.9850 0.9831 09811 0.9788 0.9764 0.9738 0.9710 09579 0.9644
2.8 0.9564 0.9846 . 05826 09804 0.9781 0.9757 0.9730 0.9700 09668 0.9632
29 Q9860 0.9841 , 09820 09794 09774 0.9749 0.9721 0.9690 09657 0.9520
10 0.9856 N9RIE  © 0OR1S (9792 0,9767 n9741 09712 N 9681 09646 0.9608
3l 0.9852 0.9831 0.9809 097856 09760 09733 0.9703 0.9671 09635 0.9596

2 0.9848 0.9826 0.980< 0.9780 09754 09725 0.9695 0.9661 0.9625 0.9584
33 0.9843 09822 0.9798 00574 0.9747 0.9718 0.9686 0.9652 09614 09572
34 09839 09817 0792 04768 09740 09710 09678 0.9642 0.9603 0.956!
35 0.9835 0.9812 0.978% 0.9762 05733 0.9702 0.9669 0.9633 09593 0.9549
ia 0.9832 {).9804 0.9787 0.9756 0g72? 09695 0.9661 0.9623 09582 0.9537
3.7 0.9828 098023 09715, 0.9750 09720 0.9688 0.9652 09514 0.9572 0.9526
38 09824 ¢ 9759 09772 09744 09713 0.9680 0.9644 0.9605 09562 09514
39 09820 0.9794 ,09767 09738 09707 .9673 0.9636 09596 09551 0.9503
40 0.9810 0.9790 0.9762 05732 09700 0.9665 0.9628 0.9586 0.954! 0.9491

Flowing temperatne  GO°F
Base temperature  6(°F
Relative deassty (specific gruvity)  0.620

Duffercntial pressure device

Carbon dioxide

2 mole percent

Nirogen 3 mole percent

The solution is calculated as follows:

Taamerer ratio {5)

Exiension

Ras:c srifice factor (£4,)
Reynolds number factor (F,)

Expansion factor (1;)
Basc pressure factor {F,,)

I

fl

0.449102
120 781
4776.30
1.0062
0.5982
1.0000

Bellows (recorder, dry)
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Base temperature factor (F,} = 1.0000
Flowing temperature factor (F) = 1.0000
Relative density factor (F,,) = 1.2700
Supercompressibility factor (f,) = 1.0273
Orifice flow constant (C) = 6221.53
Flow rate () = 751.441 MSCFH
= 18.0346 MMSCFD

3-D.4.1¢ ADJUSTMENTS FOR INSTRUMENTATION
CALIBRATION AND USE

* Other multiplying factors may be applied to the orifice flow constant, C; as a function of
the type of instrumentation applied, the method of calibration, the meter environment, or
any combination of these. These factors are discussed in the body of the standard and in
other appendixes to the standard. These factors are calculated and applied independently of
tap type. With these factors, the orifice flow rate is calculated using the following equation:

Q = CREEEFEE FuFhE (3-D-17)
Where:
F,, = mercury manometzr factor (formerly F,).
F, = urifice thermal exparsion factor.

Fa.. = correction for air over water in a water manometer during differential instrument

calibration. -

’ local gravitational correction for water column calibration.

F,, = water density correction (temperature or composition) for water column calibra-
wuor.

o
nn

F,.; = local gravitational correction for deadweight tester static pressure calibration,
Fiem = correction for gas column in a mercury manomeier.
F. = mercury manometer span comection for instrument temperature change after cal-

ibration,.




API NPMSx14.3.3 52 - 0732270 0503934 4Tl ER

APPENDIX 3--E—Si| CONVERSIONS

This appendix contains tables of SI conversions that are pertinent to the information in
this part of Chapter 14, Section 3. For additional information on SI units, refer to Chapter
15.

a1
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Table 3-E-1—Volume Reference Conditions for Custody Transfer Operations:
Natural Gas Volume

Commoen Reference
Conditions (ft*) To Convert From
Pressure Terapersuire ft* 1o m?, m? wo %,
{psia) °F) Mukiply by Multiply by
144 60 0.02765321 3610594
14.65 60 002817399 35.49373
14,696 60 0.02826245 ..~ 35.38263
14.7 ) 0.02827015 35.37300
14.73 &0 0.02832784 3530096
14.7347 60 0.02833688 35.28970
14.735 60 0.02833746 3528898
14.9 60 0.02865478 34.89819
15.025 60 0.02889517 34.60786

Note; The following standard conditions were used for inch-pound units—a temperature of 60°F and a pressure
of 14.73 pounds per square inch absolute. The following standurd conditions were used for Si units—a
temperature of 15°C and an absolute pressore of 101.325 kPa. The following values were assuned: § ft = 0.3048
m; 1 psi = 6.894757 kPa. The following methodology was used to obtain the conversion factors:
b ] -
[ﬁ—,}[L"’— -f’"—] = factor
m I A

-

Table 3-E-2— Energy Reference Conditions

To Convert Bru 1o J,

Uhnit Used in Defininon Multply by
Brur Internanional 1 Bru/ibm = 2326 Mk 1055.056
steam tables

Table 3-E-3—Heating Vaiue Reference Conditions

Peterence Conditions (%)

Pressure Temperature To Convert From Brug/ft} 1o
1s1a} (°F} MI/m?, Muluply by
. - 14 4 0 0.0380980!
. ) 14 65 6U 0.03744787
14 636 & 0.03733066
147 60 0.03732050
1477 60 0.03724449
14 7347 o0 003723261
14 735 60 003722185
14y 60 0.03641955
15.025 60 0.03651323

Note: The following standard conditions were used for inch-pound units—a temperature of 60°F and a pressure
of 14,73 pounds per square inch absoluie. The following standard condilions were used for 81 units—a
temperature of [5°C and an absolute pressure of 101,225 kPa The following values were assumed: | ft = 0.304R
m; 1 psi = 6894757 kPe: | Btugy = 1055 056 ). The fellowing methodology was used 1o obtawn the conversion

factors:
3y Ml Vil Y T | B
— D e —_— r— =
(Bluﬁl % 10" IJ(m’J{ 7, _LP factor
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APPENDIX F—HEATING VALUE CALCULATION

3—-F.1 General

Heating value is a gas propenty evaluared on a per-unit mass basis (£, ). This propeny is
technically termed an “ideal propery™ (H,*'). From a practical standpuint, in muss measure-
ment there is no dittercnce between tiie “ideal™ and the *real.” The value is converted to a
heating valuc per cubic foot (V) using the following rclationships. The more commaon
convention has been applied in this appendix.

ol
no= 1, B = Hp, (3-F-1)
Z,
The value of HV is used s & tactor in calculating the energy flow rate, or the totul energy
passing through tie flov meter. AV 1s also used for product specifications,
It is also convenient to efine the following:

Hl.f
Jo= _F-
HV = Z {3-F-2)
3-F.2 Heating Value Symbols
Symbol  DNoescuption Units
F,, Hcuting value per pound mass Btu/tbm
i ldeal heating vulue per pound mass Buu/tbm
H" Ldeal heating value per cubic foot B/t
HV  Gioss heating value Buw/ft!
Mi. Molar mass of component . lbmflb-mol
P, Buasc prassuic lbt/in® (abs)
f}.  Flowing pressure (upsircani tap} Ibt/in” (abs)
P Vapor pressure of waler 1bt/in® (abs)
R Absolure temperature —_
1. Base tetnperature R
7. Gus compressibility at base conditions (P, T,.)  —
£ Density at base conditions (P T,) lom/tt’
oot Ideal density at base conditions I/t
0 Mote traction S /1K)
¢ Mole frcuon water Se/100

3-F.3 Heating Velue
The zross hewing value is an idea] gas propenty based on the ideal reaction:
Fuel'' + 0 — COY + H.0, - SO {3-F-3)
Wihere,
Supersent i = ideal gas.
Subsaiipt 1 = lLiguic
(Each tuel requires differany stoichiometric coetticients.) This gross ideal heaing value in-
cludes the energy ottaned fiom the condensabion of the wuter vapor (formed by the ideal
wiction eapressed in the equition’ (o the liquid phase,

It shoukt be noted that the gross heatig value is expressed per unit {pound mass or cubic
foon ot dey gas. Although water s i product of combustion. it is not indicated on the lefi-
hand side of Egwetion 3-F-3 v either the fuel or the oxygen: water is a resuli. nota pant. of
the weaction.

Heaung value may be detenmined directly by a calorimeter, either on line or from 4 sam-
ple eytinder. Heating value miy also be calculated From gas analysis.

95
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3-F.4 Physical Proparties

Table 3-F-1 lists physical proner:ies of many of the compounds present in natural gas in
various hydrocarbon mixtures. The data in Table 3-F-1 have been adjusted to base or stan-
dard conditions, as defined in 3.2.3.4.

Table 3-F-1 provides the best currently available data on physical properties and is taken
from GPA 2145-91. These data are subject to modification yearly as additional research is
accomptished. Future revisicns to GPA 2145 may include updated values. The values of the
most recent edition of GPA 2145 should be used. The user of the GPA tables is cautioned
that the information presented in them is calculated from different base conditions and that
conversion is required when the information is used with Part 3 (see 3.5.2).

3-F.5 Heating Value Determined on a Volume Basis

A calculation of a mixture’s gross ideal heating value, using #, values from Table 3-F-
1 and using mole fractions of the gac composition, involves determining the heating value
per unit volume of real gas. #V can be determined by using Equation 3-F-2 and the follow-
ing relationship:

Tabie 3-F-1—Physical Properties of Gaces at Exactly 14.73 Pounds Farce per Square Inch Absolute and 60°F

{See Note 1)

Thermal Encrgy
Idea)

P, T, Density ~ Viscosiry H~ HN¥
M) tpin) {°R) G, {Ibm/It%) {«p) (Biuflbm) {Bru/ft?)
Compound Fortnula (Note 1) {Noxe 3) {Note 3} (Noz 4) (Note 5) (Note 6) MNote T) {Note 7)
Hydrogen H,; 2.0159 187.5 5§9.36 0.06960 0.00532 0.00871 61.025 324.9

Hzlum He 4.0026 329 9.34 0.13820 0.01057 0.01927 0 0
Wiler H,O 18.0152 3.200.1 1.164.85 0.62202 0.04758 1,059.8 50.4
Carboil monoxide co 28.010 7.5 239.26 096711 0.07398 0.01725 4,342.4 3213

Nitrogen N 28.0134 493.1 22716 0.96723 007399 0.01735 0 0

Uxygen O, ILO9HE T34 278.24 1.10484 0.08452 0.02006 0 0
Hydrogen sulfide H.S 34.08 1308 672.12 1.17669 0.09001 0.01240 7.054.2 638.6

Argon Ar 39948 7104 71.55 137930 0.10551 0.02201 0 0

Cathon dioxade CO, 44.010 10710 547.42 151955 0.11624 0.01439 0 ]

A (Nowe 8) 28.9625 546.¢ 238.36 1.00000 0.07650 0.01790 0 4]
Methane CH, 16.042 667.0 343,00 0355392 0.04237 0.01078 23,891 1.012.3
Ethane C.H,, 30.070 707.8 549.76 1.03824 007942 0.00901 22,33} 1.773.7
Propanc CyH; 43097 6150 6GG5.64 1.52256 0.11647 0.00788 21653 25219
isu-Butane C.Hiyo $5.127 5219 734,13 2.0068< 0.15351 0.00732 21,232 32594
n-Huteng C.H,p Sk 125 548.8 765.25 2.00684 0.15351 0.00724 21,300 3,269.8
so-Pentane Cihyy 72050 =0 4 §28.70 249115 0.19057 21,043 40102
n-Pentne CH,, 7z 150 488, 845.44 249115 0.19057 21,085 4,018.2
n-lfeaane CH,. BC.177 4395 911,47 297545 0.22762 20,943 4,766.9
n-Heptane C,H,, 1041202 3974 970 §7 345978 0.26466 20,836 55152
1-Qcranz ' Caliy, 114231 61 1.H7 67 364410 030172 20,759 62634
a-MNonane Cehigg 128 25k 330.7 10757 4.42842 0.33876 20.701 7.012.7
n-Decare C,.H;,; 142,285 304.6 1.111.8% 4912732 0.37581 20,651 7.760.8

Notes

v The source for the dai an s 1anle v Gas Processers Assoenat on 2145-91, The socuracy of the experimental numbers is estuumated 10 be 1 1 1000; the
adklitionat figures are for calculanon consistency

2. The following moiccuiar weights were used. € = 12011 H = L0079, O = [5.99%4; N = 140067, and S = 32.06{1979).

<. The ideal relauve density 15 the ratio of the molecular weight of the gas to that of aw (Mrfdfr,).
5. ldeal censuy = 000264130 at 60°F and 14 73 pounds rorce per square inch absolure

f, The data o this column are from N R Virgafuk, Tabies oi Thermodynamic Propertes of Liguids and Geses (2nd ed.), New York, Wiley, 1975,

: “Itw data 1n these columns come trom the ‘| hermodvnamecs Research Center, Texas A&M Unsversity, [UPAC and Nanonel Burczu of Standarnds selections.

7 Sece Ceuauon 3-T-3. Depending on the fuel. the reacuon has various stoicnzometnic coefficients. The K, ¥ column comes fioun data, whereas the H,¥ comes
trom muluplyiag . by the 1deal gas densny The ideal eneigy released as heat 1s [, multiphed by the real gas flow rate (in cubic feet per hour) divided by
Z Water has pross values tor 4,9 and H.* {the ideal enthalpy of condensanon)

£. The data o tins row are from ¥ E. Jones, Matonal Hiwe ean of Standards Journal of Research, 1978, Volume B3, p. 491.
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1% = ¢(HY), + ¢,(HS), + ... + 0 (H), (3-F4)
Or
H =Y g1, {3-F-5)
=l ;
When
ad
v = 22 (3-F-2)
h
Where:

¢ = mole fraction (percent/100).

3—-F.6 Heating Value Determined on a Mass Basis

The guestion of compressibility factor disappears when the ideal heating value per pound
mass is used with the mass flow rate. The following equation is applicable for using //,, and
M values from Tuable 3-F-1 to calculate the heating value:

OME(H"), + OMi(HY), + ...+ ¢ Mr(H),

nt = {3-F-6)
) oM + ¢ Mr + .+ ¢ M
Or )
3. o Mr(HY,
HY = S (3-F-T)

i o M

tem=l

“I'he result from Lguation 3-F-7 can be converted to the gross heating valuc per cubic foot
of real pas at base conditions ty using Equation 3-F-1:

HY = H:;'% = H'p,

h

3-F.7 Heating Value of a Natural Gas Mixture
Containing Water

To detine heating value on a dry basis for gus containing water. the relationships in Equa-
tions 3-F-1 anud 3-F-2 are valid if the mole fractions of the components are corrected for wa-
er content by usmy Equation 3-F-8 und the compressibility (2) reflects the water conlent

0. = gil -0, (3-F-8)

Where the zas s water satarated under flowing condinions. Raoult's law may be used 10
estmate the mole rracton of waen

p. = E (3-F-9)
7 :
Where:
P = ahsolute vapor paessure of water at flowing condhtions or 7.
Therefore,

o = of1- B (3-F-10
. g PJ -1
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APPENDIX G—DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS

s

3-G.1 General
The pructicat orifice flow equation used in Part 3 is given in Part | of this stundard as
Eequation 1-2:
4. = NGEYd\p, 6P (1-21
Where:
{171y = coefficient of discharge at a specific pipe Reynolds number for a flange-
tapped oritice meter.
¢ = vrifice plate bore dimueter caleulated at Rowing temperature.
AP = uritice differential pressure.
£ = velocity of approach factor.

¢,. = nuiss flow rate,
2. = density of {luid at flowing conditions (5. 1;3.
At
N, = fuctor that incorporates the “constants™ from Equation 1-1 and the reguired
nuiieric convestons, including the following:
314159 . .
'——Fll— = constant in Equation 1-1.
~2032,1740) = constant in Equation 1-1.
{62.3663 e . . )
1 ————— = converts Jdifferential pressure (AP) from pounds foree per syuare foot to
Voo - inches of water at 60°F.
—[% = converts the dianerer of the orifice bore (o} from feet to inches
Therefore.

3141589y ——— 6236631 1 O
N = (——-— 3(32.1740;, 222002 (—
4 J\ ( VB

. 0.0997424
CFhis s <showi as the tactor tor U.S. untts in Part 1, Table 1-2.)

BNt Somi nuntetie Comstais oo oot il abaeiate valiess oe esample, 7ol . To expross s signincan digats
weennieky. 1he valties were compated msing double precisan da siemneat digits), The resuli~ were then rotmdad
el vadies shoren Paadns appandia, tor ease of wrlersgindang, il compuiations are sk to only ax sigmicant
et

Mass flow canbe madified to provide volume units by dividing the mass by the density
at vse condinons

{
g = f,
p.
Wiere
¢ = s How rate, i poands nuss per second.
¢ = volume How ke at basce conditions, i cubic teet per second.

1. = density ar base conditions, in pounds mass per cubic foot.

3--G.2 . Symbols and Units
3~G.2.1 GENERAL

Some of e symboly amd units listed below are specitic 10 Appendia 3-B and were de-
veluped hased on the castomary inch-pound system of unirs. Regular conversion fictors can

as
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be used where applicable; however, if SI units are used, the more generic equations in Part
1 should be used for consistent results. .

3-G.2.2 SYMBOLS AND UNITS

Symbol
C.FT)

-
a

On
Po..

pl,n
Prp

Description

Coefficient of discharge at a specified pipe
Reynolds number for flanged-tapped orifice
meter

Orifice plate bore diameter calculated at
flowing temperature, 7,

Meter tube internal diameter calculated at
flowing temperature, 7;

Velocity of approach factor

Temperature, in degrees Fahrenheit
Temperature, in degrees Rankine

Numetric conversion factor (see Appendix
3-B)

Gravitational constant

Ideal gas relative density (specific gravity)
Real gas relative density (specific gravity)
Orifice differential pressure

Numeric conversion factor (see Part 1)
Pressure

Basc pressure

Flowing pressure (upstream tap)

Standard pressure

Mass flow rate per hour

Volume fiow rate per hour at standard
(basc) condiuons

Umversal gas constant

Temperature

Base.temperature

Flowng temperature

Standard temperature

Expansion factor (upstream tap)
Compressibility at base condiions
Compressibihity of air at 14.73 psia and 60°F
Compressibiiity at upstrcam flowing
conditons

Compresstbilaty at standard conditions (£, T;)
Ratio of orifice plate bowe diameter (o meter
tuhe mtemal diameter (d/f) calculated at
fiowing temperature, Ty

Universal constant

Gas density at base conditions (P, T, and Z,,)
Density of air at base conditions (P, T,

and Z,)

Densnty at iowing conditons (£, T, and Zp)
Densuty at Howing conditions (F,. T, and Z;}

Unuts/Velue

459.67 + °F

32.1740 (Ibm-ft)/(Ibf-sec?)
inches of water column at 60°F
1bffin? (abs)

Ibf/in? (abs)

1bf/in? (abs)

14,73 Ibf/in? (abs)

Ibm/hr

ft3/hr

1545.35 (lbf-ft)/(lb-mol-°R)
°R

°R

°R

519.67°R

0.999590

3.14159
1bm/ft?

thm/ft
Ibm/ft?
1bm/fft?

3-G.3 éeneral Numeric Constant for Mass Flow

Equation 3-1 expresses flow in pounds mass per hour ((,,) rather than pounds mass per
second (q,.) and requires an additional factor, 3600. to convert from seconds to hours.
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Therefore, in Equation 3-1,

N, = 0.0997424(3600) —
= 359.072
And
Q. = 359.072C(FD)EY,d"\[p k. (3-1)

Equation 3-4a is Equation 3-1 divided by p,, as described above. The numeric constant
is the same. —

359,072C,(FT)E.Y,d* \l Prmhi

o, = (3-4a}
Py

3—G.4 Numeric Constant for Mass Flow Developed From
ldeal Gas Relative Denslty

Equation 3-2 substitutes Equation 3-55 for g, , in Equation 3-1.
72 G,(28.9625)(144)h,

Q. = 359.072C,(FT)EY,d J

4RY;
Where:
28.9625 = molecular weight of dry air.
1545.35 = universal gas constant (R},
144 = factor to convert pressure from pounds force per squarc foot to pounds

force per square inch.

In Equation 3-2, therefore,

f
N, = 3595.072 ]28.9625( 14 ]
! 1545.35
= 580.885
And
[G 1A
g, = 589.3856,(?1‘)&}',:11\';# (3-2)
. N

3-G.5 Numeric Constant for Mass Flow Developed From
Real Gas Relative Density
Equation 3-3 substitutes G, for G, in Equation 3-2 through the use of Equation 3-48:
ZGER
Q, = 589 885C,(FD)EY,d* [ =1~
Vz.%7,

And for standard condiuons,

Z, = Z_ = 0.999590 at 14.73 psia and 519.67°R (GO°F)

In Equauon 3-3. therefore,

N . _589.885
" V0,999590
= 590.006
And -
1 2GR
Q,. = 590.006C,(FT)E Yd* L= {3-3)

47
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3-@G.6 Numeric Constant for Base Volume Developed From
Ideal Gas Relative Density

The constant 359.072 in Equation 3-4a was developed in 3-G.3. Equation 3-5a subsiti-
tutes Equation 3-55 for p, ,, and EqLation 3-56 for p, in Equation 3-4a.

359.012C,(FT)E Y,d* Jp, . b,

g, = (3-4a)

P

PG (28.9625)(144
0, = 359.072C(FT)E,Y " |uk YA4)A, SRT,
ZRT, \ F,G(28.9625)(144)
Where:
154535 = universal gas constant (R).
28.9625 = molecular weicht of dry air.

144 = factor to convert flowing pressure (£,) from pounds force per square foot

to pounds force per square inch.
144 = factor to convert base pressure (£,} from pounds force per square foot to

pounds {orce per square inch.

In Equation 3-5a, theretore,

359.072\)" 1545.35[ 144 )

N - 28.9625
144
= 218.573
And
TZ Eh
Q, = 218.573C(FT)E Yy? 2= | L= (3-5a)
R\ 6Z7
i‘or the following standard conditions:
E =£
= 1473 Ibffin’ (abs)
T,=T
= 519.67°R (GO°F)
Z, = Z

cormnpressibility of the gas at 5 and 7,

In Equation 3-5b,

=
1

218.573(519'67J
L4

14.73
771119

It

Therefore,

_ - 2, 1,
Q. = TILIC(FTEY,d*Z, ]

P — 3-5h
N7 (3-5h)

3-G.7 Numeric Constant for Base Volume Developed From
Real Gas Relative Density

Equation 3-%a substitutes G, for G, in Equation 3-5a through the use of Equation 3-48.
The inclusior. of p, moves this costection to the numerator:
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T, | 2,2, 5h
= 218.573C(FTVEYd* =t |2t v
o, A FT)EY, B\ GZT
In Equation 3-6a, therefore,
N, = 218.573
For the following standard conditions:
P=£
= 14.73 Ibf/in? (abs)
T, =T,
= 519.67°R {60°F)
Zb.w = Zx..-
= 0.999590
In Equation 3-6b,
519.67
N, = 218.573 0.999590
! ( 14.73 }‘ 99959
= 7709,.61
2 7709.61C(FT)E, Y, d* } 52, (3-6b)
= . —t—— -6b
v d [} ‘\ Grzflj}

3—G.8 Numeric Constant for Standard Volume Developed
From Real Gas Relative Denslty

In Appendix 3-B, £,. as cxpresscd in Equation 3-B-5, includes additional numeric ratios,
as stated in Equation 3-B-1, including the following:

519.67 = base temperature at 60°F, expressed in deprees Rankine.
s = basc pressure of 14.73 pounds force per square inch absolute.
1
519.67

1/0.999590 = compressibility of air at the base pressure of 14.73 pounds force per
square inch absolute and the base temperature of 519.57°R.

Howirg temperature at 60°F, expressed m degrees Rankine.

In Equation 3-B-5. therelore,

—
N, = 213.573[“9'67);‘ !
14.73 }V519.67
= 338196
And
E = 333.196Ed’ (3-B-5a)
Or

E = 33R.196E, D (3-B-5b)



MPMS 1L4.8-83

Manual of Petroleum

Measurement Standards

Chapter 14—Natural Gas Fluids
Measurement

Section 8—Liquefied Petroleum Gas
Measurement

Measurement Coordination Department

FIRST EDITION, FEBRUARY 1983

\_' p732290 0057403 ul_

American
Petroleum
Institute

iy



MPMS 14.8-83 I ‘0732290 DOS?40M L-.I‘

CONTENTS
Page
SECTION 8—LIQUEFIED PETROLEUM GAS MEASUREMENT
14.8.0 Scopeand Purpose . ....... ... . .ieiiiian . 1
14.8.1 Application .. . ... ..o i e 1
14.8.2 Referenced Publica:ions .. ... ..o iinii i 2
14.8.3 Reguirements for All Measurement Metheds . ........... ... .. ... 3
14.8.3.1 Provisions to Ensure That Fluids Are tn the Liquid Phase ... ... .. .. 3
14.8.3.2 Elimination of Swirl . ... ..o i i v e 3
14.8.3.3 Temperaturs MEASUTEMENRT . ... . .o.vtvnin e iaaer e i 3
14.8.3.4 Pressurc Measurement .. ... .. ... ..ottt aninriae cees 3
14.8.3.5 Density or Relative Density Measurement _...................... 3
14.8.3.6 Location of Measuring and Sampling Equipment .................. 4
14.8.4 Volumetric Determunation in Dynamic Systems .. ..............000n... 4
14.8.4.1 Measurement by Orifice Meter ............ e 4
14.8.4.2 Measurement hy Positive Displacement Meter .. ...... ... .. ....... 7
14.8.4.3 Mecasurement by Turbine Meter . ..... .. ... ... .. ... . ... ... 8
14.8.4.4 Measurement by Other Devices ...... ... .................. ... 8
T4.B.4.5 Meter PIOVIIIE . ... ii it inie o it eii e ien e e 5
14.8.4.6 SamplilE . ..ottt i i e e et . 9
14.8.4.7 Sample Analysis .. .. .. .. .. L e .10
14.8.5 Mass Determunatior. in Dynamue Systems ... ... on s S ¢
14.8.5.1 Base Conditions . ......oiire i o1
14.8.5.2 Mass Mcasurement Using Displacement Type o1 Tutbine Meters ... .. 11
14.8.5.3 Mass Measurement Using Orifice Meters . ....................... 1l
14.8.5.4 Density Determination ... ........ ... . iiiiniia e Lo 12
14.83.5.5 Conversion of Measured Massto Volume ........... ... ... ..... 13
14.8.5.0 Calculations for Liquid-Vapor Conversion ......... C e 13
114.8.5.7 Special Precautions for Mass Measurement . ................. .. 13
[4.8.6 Volumetnc Measurement in Static Systems ... ... . i 13
14.8.6.1 Tank Calibraion .................. e ..o 14
14 8.6.2 Tank Gaging of Liquefied Petroleum Gas ........................ 14
14.8.6.3 Temperature Measurement . ............... e .. 15
[4.8 6.4 Relative Densuy Measurement ... .. ..., S -
12 8 6.5 Water and Foreign Material ... ... o oo .. 13
168 0.6 Sampling ... ... .o i e e .. 15
14.8 6 7 Volumecrnc Cateutation ... ... ... e e 16
14 B 6 8 Mixtwe Caleulation . oo .. oL L e o 16
14.8.7 Muss Measurcment i Static Systems .. ... . . ..., 16
APPENDIX—INSTALLATION AND OPERATION OF FLOATING PISTON
SAMPLERS ..... ........ e e s I
Index . e e e e e e 2]
Figures
t—Calculations tor Ligquid-Vapor Conversion ............cooouiivnann ... 14
A-1—Typical Sumple Prebe Installation on an Orifice Flange .. ........ .. 19
A-2..-Typwcal Sample Probe Instaliation fora Pump ............ ... ... ... 19
A-3—Typical Provortional Sampler ... ... e 20



MPHS 1Yy.8-83 l g732290 0057405 a]’

Chapter 14—Natural Gas Fluids Measurement

SECTION 8—LIQUEFIED PETROLEUM GAS MEASUREMENT

14.8.0 Scope and Purpose

This publication describes dynami¢ and static metering systems used to mcasure
liquefied petroleum gas in the Jdensity range of 0.30 to 0.70 grams per cubic centunetre,
The physical properties of the components to be measured and the mixture composition of
liquefied petroleum gas should be reviewed to determinc the measurement system to be
used. Various systems and methods can be used in metering the product, and mutual
agreement on the system and method between the contracting parties is required.

This publication does not endorse or advocate the preferential use of any specific type of
meter or metering system, Further, this publication is not intended to restrict the future
development of meters or measuring devices nor to in any way afiect metering equipment
already installed and in operutior.

This publication serves as a guide in the selection, installation, operation, and mainte-
nance of measuring systems applicable to liquefied petroleumn gascs and mcludcs func-
tional descniptions for individual systems.

14.8.1 Application ' i

This pubtication docs not set tolerances or accuracy limits. The application of the
mformation here should be adequate to achieve acceptable measurement performance
using good measurement practices, while in addition considering user requirements and
applicable codes and regulations.

Systems for measuring hquefied petroleum gases use either volumetric or mass deter-
mination methods, and both methods apply to either static or dynamic conditions.

Volumciric methods of mecasurement are generally used where physical property
changes in temperature and pressure are known and correction factors can be applicd to
correct the measurement to standard condtions.' Volumetne measurement is apphcable to
most pure components and many commercial product grades.

Mass determination methods of measurement are most commonly used where cond-
tions 1n addition to temperature and pressure will affect the measurement. Such conditions
include compositional changes, tntermolecular adhesion, and volumetric changes caused
by solution mixing Mass measurement is applicable to liquefied petroleum gas mixweres
whers accuraie phvsical comection factors have not been determined and in some man-
utacturing processes [or a mass balance.

Many of the measurement procedures pertaiming to the measurement of other products
arc applicable to the measurement ot iquefied petroleum gases. However, certain charac-
teristics of hyuehed petroleum gas require extra precautions to 1mprove rneasurement
accuracy,

Liquetied petroleun: gas will remain 1n the hquid state only if a pressure sufficiently
greater than the equilibrium vapor pressure 15 mamtained (see Chapters 5.3 and 6.6). In
hguid meter systems, adequate pressute must be mainained to prevent vapurization

" caused by pressure drops atitibuted to piping, valves, and meter tubes. When liquefied

neo

1

' Stanuard tempzratere 15 60°F wn the Enghsh (cr customary) system and 15°C tn the Intemanonal System of
Units (S1) Standard pressure s tne vapor pressure at 60°F (15°C) or 14 696 pounds per square inch ahsalute
(101,325 llopascals), whicnever 1s higher This 15 not the sume pressure buse standard as that used for gas

1

. Tthe AMERICZAN SETROLEUM INSTITUTE (AR
15125552 [9%5¢



MPMS L4-5-83 l 0732290 005740k 0

CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

petroleum gas 1s stored in tanks or contatners, a portion of the liquid will vaporize and fill
the space above the liquid. The amount vaporized will be related to the temperatre and
the equilibrium constant for the mixture of components.

Liquefied petroleum gas is more compressible and has a greater coefficient of thermal
expansion than the heavier hydrocarbons. The application of appropriate compressibility
and temperature correction factors is required to correct measurements to standard
conditions, except when measurement for mass determination is from density and volume
st metering temperatures and pressurcs.

Meters should be proven on each product at or near the normal operating temperature
and pressure. Should the product or operating conditions change so that a significant
change in the meter factor occurs, the meter should be proven again according to Chapters

4 and 5.

14.8.2 Referenced Publications

To the extent specified in the text, the latest edition or revision of the following
standards and publications form a part of this publication.

API
Manual gf Petroleum Measurement Standardsy

Chapter 2, *Tank Calibration™ (in preparation)

Chaprer 4, *'Proving Systems"

Chapter 5.2, *Measurement of Liquid Hydrocarbons by Positive Displacement
Meter™

Chapter 5.3, "“Turbinz Meters”

Chapter 5.4, “instrumentation or Accessory Equipment for Liquid Hydrocarbon
Metering Svsiems”

Chaprer 6.6, “Pipeline Metenng Systemns™

Chapter 9.1. “Hydrometer Test Method for Density, Relative Density, or API
Gravity of Crude Petroleum and Liquid Petroleum Products”

Chapter [1.1, *Volume Correction Factors”

Chapter 12.2., “Calculation of Liguid Petroleum Quantities Measured by Turbine
or Displacement Meters™

Chapter 14.1, “Measaring, Sampling, Testing. and B se Conditions for Natral
Gas Fluids”

Chapter 14.3, “Qrifice Metenng of Natural Gas™

Chapter 14.4, (in preparution)

Chapter 4.6, “Installmg and Praving Density Meters”

Chapter 14 7, (in preparation)

ASTM!
DS ¢A Phy'-srcal Constants of Hvdrocarbons C, 1o C,

GPA?

2140 Liquefied Peiroleum Gay Specifications and Test Methods (ASTM D 1265;
ANST Z11 91)

2145 Physical Consiants for the Paraffin Hydrocarbons and Other Components of
Natural Gas

2165 Method for Analysis of Narural Gas Liquid Mixtures by Gas Chromatography

2174 Method for Obtaining Hvdrocarbon Fiuid Sumples Using a Floating Piston
Lylinder

? American Saciety for Tesing and Matenals, 1916 Race Street, Philadeiphia, Pennsylvanta 19103,
* Gas Prucessurs Associalior, 1812 First Place, Tulsa, Oklanoma 74103
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2177 Tentative Method for the Analysis of Demethanized Hydrocarbon Liquid
Mixtures Containing Niirogen and Carbon Dioxide by Gas Chromatography

2261 Method of Analysis for Natural Gas and Similar Gaseous Mixtures by Gas
Chromatography

8173 A Standard for Converiing Nawral Gas Ligquids and Vapors 1o Equivalent
Liquid Volumes

GPSA’
Engineering Data Book

14.8.3 Requirements for All Measurement Methods o

The following gereral requirements apply to dynamic measurement systems using
either volumetric or mass determination methods of measuring liquefied petroleum gases. -

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIQUID
PHASE

Provisions shall be made to ensure that liquefted petroleum gas measurement conditions
of temperature and pressure will be adequate to keep the fluid totally in the liquid phasc.
Measurement n the liguid pbase must occur at a pressure at least 1.25 times the
equilibrium vapor pressure at measurement temperature, plus twice the pressure drop
across the meter at maximum operating flow rate, or at a pressure 125 pounds per square
inch higher than the vapor pressure a1 4 maximum operating temperature, whichever is
lower (see Chapters 5.3 and 6.6),

14.8.3.2 ELIMINATION OF SWIRL

To prevent swirl through the measuring device when using turbine or orifice meters,
straightcrung, vanes or adequate unrestricted straight tengths of piping should be used in
the upstream and downstream metering (ube.

14.8.3.3 TEMPERATURE MEASUREMENT

Temperature measurements, ‘where required, should be made at a point that indicates
conditions 1n the measunng device. The accuracy of instruments and the type of measure-
ment used are specified 1o Chapters 5.2, 5.3, 5.4, and 14.6.

14.8.3.4 PRESSURE MEASUREMENT

Pressure measurements, where required, should Le made at a point that wiil be
responsive o virving pressure conditions in the measuring device. The accuracy of
instrurnents and the type of measurement used should be as described in Chapters 5.2 and
14.6.

14.8.3.5 DENSITY OR RELATIVE DENSITY MEASUREMENT
secamam whis - rRghoficforine. S PR AN kic NTER R BRI TGt Bk ERRL RS T ARG v e <Cov Loxkax

should be sensitive to varying conditions in the measuring device. Densities to be used for
mass measurcment determination must be obtained at the same flowing conditions that
cxist at the meter. The accuracy of instruments and the type of measurement used should
te as described in Chapters 9 and 14.6.

' Gas Processors Suppliers Association: Order from Gas Processors Association, 1812 First Place, Tulsa,
Oklanomu 74103

the AMERTCAN PETROLEUM INSTITUTE (AFI;
.25 ZZ 19%¢
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14.8.3.6 LOCATION OF MEASURING AND SAMPLING EQUIPMENT

Measuring and sampling equipment must be located to minimize or eliminate the
influence of pulsation or mechanical vibration caused by pump or contrel valve generated
noise. Special precautions should be taken to minimize or eliminate the effects of
electrica) interference that may be induced in the flow meter pick-up coil circuit.

14.8.4 Volumetric Determination in Dynamic Systems

Measurement of liquefied peiroleum gas (liquid phase) in a dynamic condition can be
performed using several measurement devices. The use of a specific type of measuring
device is dependent upon mulual agreement between the contracting partics.

14.8.4.1 MEASUREMENT BY ORIFICE METER

Measurement of liquefied petroleum gases by orifice meter shall conform to Chapter
14.3, using orifice and e inteinal diameter ratios and appropriate coefficients for flow as
agreed upon between the parties. Location factors, F,, and orifice thermal expansion
factor, F,, should be used where applicable according to the procedure in Chapter 14.3,
Appendix B.14 and B, 5 respectively. Manometer factors, £, must be calculated accord-
ing to the procedure in this section for recorders utilizing mercury manometers, (F, =
1.000 for beiiows type differential pressure instruments.)

Measurement of liquefied petroleum gas having a high vapor pressure is simplified
where deliveries are obtained in mass units, by multiplying the volume at flowing
conditions times the density or relative density (measured within prescribed limits at the
same flowing temperature and pressure that exists at the meter) times an appropriate
constant. Calculation of the volume at standard condittons can then be made using 14.8.6
or GPA Standard 8173.

The following equations car be used to determine flow rate:

1. Flow rate in cubic feet pe- acur at flowing conditions

N 134452 F,F.Y F F.F, / B

0, =
! ‘ G'
U
O, = 1.0618 F,F.Y F_F.F, ‘,- k.
pl

e

Flow rate in pounds miass per hout,

Q. = 3.3853 F\F.Y F.F,F, \}h_ G,
Q. = 1.0618 F.FY F.,F.F,\f ooy

3. Flow rate i cubie feet per hour at base conditions.

. = 0138452 pryporE fh

[

Iv

G
O = L0618 F FY F.FF, A[h. 0

pb

Where
F, = basic orifice facter from Chapier 14.3 (F, = 338.17 dK,).
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F. = manometer factor for mercury manometers only.
¥ = expansion factor, calculated using a specific heat ratio for flowing conditions as
determined from data or an equation of state.
F. = Reynolds number factor,

“The Reynolds number fuctor may be calculated using b values from Table 5 or Table 9 of
Chapter 14.3. Caution: Do not use the equations for F, in Tables 5 or 9, but use the &
values only in the following equations to obtain the Reynolds number factor

Flo= | 4+ 8842, — | . _b1067u,

Fo= 1 + b5 271,000, — 1 + _b34.316p,
V h.. Pr v h, G,
Fo=1 + b 5.66“-‘., = 1 + b 07'67'.1“
v he oy h, G,
b = E

12,8354K

The Reynolds number factor also may be calculated from the following:

F, =1+ EIR,
Where:
R, = V.dp
12,
d = diameter of orifice, in inches.
p = density. in pounds per cubc foot.
V. = velocity of jet in orif'ce, n feet per second,
K., = absolute viscosity, in pounds per foot per second.
R, = _2:2676 dk Voo, 17,909 dX Vi, G,
i'LW p’('
R, = _0.02736 dk Viup, - 037405 dk N h, G,
K. i,
R, = __ 15238 dK \ A, = 12.034 dk \V i, G,
"‘Lpi P"h
&, can also be determined by irizt and error as follows: Set F, = 1.000 in the flow

eyuation to get an approximate G or (3,, and usc this result to calculate F,. With this
calcuiated value of f,, obtain a new vatue of F, and of @, or Q.. Repeat this process until
the value of O, our @, is within the limuts desired.

R.l - RDIB
R, = _0630Q - _29%30Q0G
Du, Dy,
R, = __U.000L319 Q. = 0.004244 O,
UIJ-. D',l,.’“

the AMERIZAN PETROLEULM INSTITUTE (AP])

5:2% 52 1990
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F, =t + _ 0.I1588ED = 1 +_ 00025398 EDp,
Q- QhGh
F, = | +_T58l3BEDu, = | + 235.63B EDpy,
Q. Q.
Where:

by = absolute viscosity, in pounds per foot per second. = g,

p, = absolute viscosity, in pounds per square foot per second.

i, = absolutc viscosity, in centipoises.

k. = 0.03108u,. = 0.0000208%9p.,.

'Y = density of liquid, in pounds per cubic foot at base condilions.

P = density of hiquid, in pounds per cubic foot at flowing temperature and pres-
sure,

D = diameter (inside) of meter wbe, in inches.

d = diameter of orifice bore, in inches.

R = d/D {commonly calied the beta ratio).

G, = relative density at flowing conditions. Ratio of the density of the liquid at
flowing conditions t¢ the density of water at 60°F (The U.S. National Bureau
of Standards hos established 0.999012 gram per cubic centimetre as the
density of aw-free pure water in a vacuum at a temperature of 60°F and a
pressure of 14.696 puunds per square inch and standard gravitational accelcra-
tion of 980.665 centimetres per second per second. )}

G, = relative density of liquid at base conditions.

K = cocfficient of discharge for a sharp edge orifice.

K = K, (1 + EIR) '

Kﬂ -3 Ke

|+ 15E
1,000,0004
Where: :

K, = coefficient of discharge for infinite Reynolds number

K, = coefficient of discharge when the Reynolds number is equal to

1,000,000d
15

E o= 4830 — 5S000p + 9000B — 42008° + —320 3 tor fiange taps
D

E = (905 - 50003 + Y0U0R* — 4200p° + _875 ) for pipe taps.
D

Por flange taps

3
K. o= 0593 + [036s - 0076 |pe g4 |16 — L 007 ~ 05,
[ D ) T

Ky 13
~ {0.000 + U.034 0.5 —g| i[5 + 3| - 07 + _0.007
D D D
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For pipe taps

K, = 05925 + 0018 , 1p440 - 006 [g= + |0o935 4 0.225 | g
D D D

+ 135 g% + 143 0.25- p)
\ND

Note: When any of the terms in X, is negative. that terrn is s&t equal to zero.
F, = location factor,

The location factor 1s used to correct for the change in specific weight of (2}
the mercury in mercury manometer type differential gages, (b) the calibrating
liquid 1n the test manometer, and {c) the weights for a deadweight gage used in
calibrating the instruments. See Chapter 14.3, Appendix B, B. 34 for equa-
tions.

F., = manometer factor

The manometer factor is required only 1n mercury manometer type gages to
correct for the ervor in differential pressure indication caused by the weight of
the liquid column gbove the mercury and the change in the density of the
mercury at temperatures other than the base temperature of 60°F.

F, = 0.034374 VD... -p
Where: :

p.. = density of mercury at ambient temperature, in pounds per cubic

foot. -
p. = 840.324 {1 - 0.000101(7, — 60}

T, = ambient temperature, in degrees Fahrenheit.
p, = density of iiquid on mercury at ambient temperature, in pounds per

cubic foot. See Chapter 11.1, Tables 6, for density correction. .

F, = orifice thermal expansion factor.

This factor is used to correct for the error resulting from the expansion or
contraction of the orifice bore at operating emperatures different from the
temperature of the platc when bored, uvsually assumed to be 68°F

F,
F

t + 00000185 (°F — 6B) for Type 304 and 3i6 stainless steels.
i + 0.0000159 ("F — 68) for Monel.

14.8.4.2 MEASUREMENT BY POSITIVE DISPLACEMENT METER

The manufacturer’s recommendations should be carcfully considered in sizing wurbine
and positive displacement meters (see Chapters 5.2 and 5.3).

Aur climinators should be used with caution, particularly where the line in which they
arc 1nstatled could ke shut-in occasionally, and where complete vaporization could eccur

Vapor formation, resulting from the effects of ambient temperature or heat tracing on
the line ahead of the meter, could cause inaccuracies and damage, which are most likely to
be encountered during siartup Caution must be exercised.

the AMERICAN PETROLEUM INSTITUTE (AP}
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CHAPTER 14—NATURAL GAS FLUIDS MEASUHEI:ENT

14.8.4.2.1 Volume at Standard or Base Conditions

Liquid measurement by positive displacement meters should conform to the procedures —
in Chapter 5.2. Appropriate correction tactors should be used to adjust the measured
volume to standard conditions by correcting for temperature, pressure, and meter factor.
Factors to be applied will be found in Chapters 11 and 12,

The positive displacement measurement equation is:

V, =V, x ME x C, X C,

Where: =
V, = volume at hase or standard condirions.
V. = volume at flowing ccnditions, indicated by a measuring device.
M.F. = meter factor, obtained by proving the meter accerding to Chapters 4 and 12.2.

C, = correction factor for temperature to correct the volumne at fiowing temperature
to standard temperature. See Chapter 11.1, Tables 24, or other agreed-upon
tables.

C, = correction factor for pressure to correct the volume at flowing pressure to
standard conditions. See Chapter [1.1, Tables 24, or other agreed-upon
tables.

14.8.4.2.2 Volume at Flowirg Conditions for Mass Determinatlon

The volume measured at flowing conditions (V,) times the meter faclor equals the
volume at flowing conditions. Displacement meters used for volumetric measurement in
deriving total mass shall conform to the standards described 1n Chapter 5.2 for the service
intended. Temperaturc or pressure compensation devices are not to be used on these
meters and the accessories used shall conform to Chapter 5.4,

14.8.4.3 MEASUREMENT BY TURBINE METER

See 14.8.4.2 for cautions about air elummators and vapor formation in lines. Also
carefully consider the manufacturer’s recommendations about sizing of meters.

Liquid measurcment by turbine meter should conform to the procedurcs deseribed
Chapter 5.3. Appropriatc correction factors should be used that will adjust the measuied
volume to standard conditions by correcting for temperature, pressure, and meter factor.
Factors to be applied will be found in Chapters 4, [, and 12.

The following cquation is used when measuning by turbinc meter.

V.=V, x M.F x C, X C,

Where:
V, = volume at base or standard conditions.
V. = volume at flowing conditions, indicated by a measuring device.
M.FE. = meter foctor, abtained by proving the meter according to Chapters 4 and 12.2.

C, = correcuion tactor for temperature to correct the volume at flowing ternperature
W standard temperature. See Chapter 11.1, Tables 24, or other ugreed-upon
tahles

C,. = couection factor for pressure 10 corrcet the volume at flowing pressure to
standard conditions. See Chapter 11.1, Tables 24, or other agreed-upon
tables

Turbine meters used (or volumetric measurement in deriving total mass shall conform to
Chapter 5.3.for the service intended. Temperature or pressure compensating devices shall
not be used on these meters and accessories shall conform to Chapter 5.4 The mass
delivered and the volume of each component at standard conditions may be determined
according to Chapte: 14 7.
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14.8.4.4 MEASUREMENT BY OTHER DEVICES

Dynamic measurement of liqueficd petroleum gas can be accomplished using other
types of equipment by mutual agreement of the contracting parties.

14.8.4.5 METER PROVING

The primary measuring device must be compared to a known standard. Companson to a
standard is accompiished by proving displacement and turbine meters using a pipe prover
calibrated in accordance with Chapter 4. Tank-type provers are not recommended because
liguefied petroleum pu. may vaporize in the tank, making accountability for these vapors
difficult. When o meter is used to measure more than one product, the-meter shall be
proved at the operating rates of flow, pressure, and temperature and the specification of the
liquid that it will measvre :n routine operation. Several meter factors may be required
where normal operations change significantly. The proving device should be installed so
that the temperatuie and pressure within the prover and meter coincide as closely as
possible. Shouid meter and prover temperatures or pressures vary, the prover volume shall
be corrccied to meter cperating conditions according to Chapters 4, (1, and 12 or as
agreed to by the cuntracting parties. Factors shall be adjusted as required between proving
dates as a result of significant changes in metering pressure and/or temperaturc since the
iast proving.

F

Lo
P

14.8.4.6 SAMPLING

Sampling shall be accomplished to yield a sample that is proportional to, and representa- "
uwe of, the flowing stream dunng the measuring interval. Proportional samplens take smail
samples of the flowing stream proportional to the flow rate. Time incremental sampling
may be used only when the flow rale 15 constant,

The sumple collecting system shall be designed to contain the collected sample in the
liquid statc This may be done ustng a piston cylinder or a cyiinder with a blaider. Both
the piston cylinder and bladder cylinder normally use inert gas vapor, hydraulic oil, or
prpeline fluid to oppose the kquid injcction and maintain a pressure level above the vapor
pressice of the samole. A typical poportional sampler is described in the appendix to this
publication.

Prccaunions shall be taken .0 avoid vapornization in sample loop lines when operating
neal the product vapor pressure In some instances, insulating sample lines and sample
contatners or controlhng the pressure or temperaturc of sample containers containing
volatile matenals may be necessary

Sample loops should be short and of small diameter, sampling from the center of the
stream. Adequaic sample loop flow rates should be mamtained to keep fresh product at the
sample vatve and to reduce the ime Jag between the meter and the sampler to a minimum.

All sampie lines, pumps, and related equipment should be purged or bled down when
sample collection cvlinders ar- empticd to avoid contamination or distortton of the tlowing
sampie, Sampler systems should be designed 10 minimize dead product areas, which
could distort samples

Obtatning a repiesentati»e sample for transport (o the Jaboratory shall be 10 accordance
with GPA 2174, Appendix B of Chapter 14.1, or other recognized safety procedures.
Sample containcrs must be adequatcly sized. If samples are to be shipped by common
carriel, contamers must comply with the latest hazardous materials regulations of the
United-States Department of Transportation ’

Products or muxtures tht have equilibrium vapor piressures above atmospheric pressure
shall be maintained at a pressure where vaporization cannot occur within the on-line
sample system or transfer containers.

Fy

Wt

the AMER[CAN PETROLEUM INSTITUTE (ARI}
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

Use of sample collection and transportation containers equipped with floating pistons or
biadders (and equipped to maintain szmple storage pressures above vapor pressure) is one
effective way to avoid liquid.-vapor separation. When using this type of equipment,
adequate precautions must be ohserved to allow for thermal expansion of the product so
that excessive pressure or release of product does not occur. Procedures described in the
appendix of this publication may be used.

Sample handling procedures outlined in API Chapter 14.1, Appendix B, using immisci-
ble fluid outage cylinders, may also be used. Water used with this method may result in
removal of carbon dioxide or cther water-soluble components from the sample.

Sample injection pumps or devices that inject the sample into containers shall be
designed to deliver a constant volume per stroke over their normal operating pressurc
range. Procedures as outlined in Chapter 14.1, the appendix to this publication, and GPA
Publication 2174 shall be followed, as applicable,

Samples taken over a period of time using a proportional sampler must be mixed to be
truly representative before they are transferred to portable sample containers. Product
mixing should not be attcropted until the sampler has been isolated from the source.
Procedures for thorough mixing of samples shall be provided to ensure that samples
transferred to transportation cylinders and the analysis obtained are representative of the
flowing stream during the measured interval.

After mixing, thc sampied product is transferred to a portable piston cylinder or a
double valved sampie cylinder, using the inuniscible fluid displacement method. Transfer
the sampler to the portabie cylinder using the same procedure used to take spot samples.
When the required number of portable cylinders has been filled, the remaining product n

the sampler must be vented back into the pipeline or disposed of before the sampler is |

retumed to service, .

Obtaiming a representativ: sample of the stream liquid for transport to the laboratory
shall be in accordance with GPA Publication 2174 or Appendix B of Chapter 14.1.
Provisions shall bc madc for tliermai cxpansion. Department of Transportation approved
containers shall be used.

14.8.4.7 SAMPLE ANALYSIS

Depending upon the comnasition of the stiream, liquid sampie analysis shall follow the
chromatographic procedures described in GPA Publications 2165, 2177, and 2261, or
other methods agreed upon by the contracting parties.

Where applicable. such as with ligquefied petroleumn gas mixturcs, special efforts shalt
be made to accurately determine the molecular weight and the density of the heptanes pius
fraction {or of thc last significent fraction determined by agreement).

14.8.5 Mass Determination in Dynamic Systems (Density
Range 0.30 to 0.70 g/cm®

Mass measurement is applicable to liquefied petroleum gas mixtures and to components
that are affected by compositional changes. intermolecular adhesions, solution mixing, or
cxtreme pressure and temperature conditions where accurale physical correction factors
have pot hcen determined

Mass measurement 1 a dynamic state normally utihizes (1) & volumetric measuring
device ot flowing conditions, {2) a density or relative density (specific gravity) measuning
device for detcrmining density or relative density at the same flowing conditions as the
measuring device, and (3) a represcntative sampie of the fluid flowing through the
measuring sysicm, collected proportional to flow, as presented in Chapter 14.7.

Mass measurement 1s accomphshed by muitiplying the measured volume at flowing
conditions times flowing density measured at the same conditions, using consistent unts,
The equivaient volume at stznudard conditions of each component in the mixwre may be
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obtained by using a compusitional analysis of the representative sample and the density of
each component at 6(1°F and the equilibrium pressure at 60°F.

Liquids with densities below (.3 and above (.7 grams per cubic centimetre and
cryogenic fluids are excluded from the scope of this document. However, the principles
can apply to these fluids with modified application techniques.

Eqguipment exists which uses diverse principles for measuring volume, sampling the
product, and determining the composition and density of the product. This publication
does not advocate the preferential use of any particular type of equipment. It 15 not the
intention of this publication to restrict future developtnent or improvement of equipment. =

14.8.51 BASE CONDITIONS

Density is defined as mass per unit volume:
Mass

Volume

Density =

Mass is an absolutc mcasure of the quantity of matter. Weight is the force resulting from
an acceleiation due to gravity acting upon a mass. Changes of gravity acceleration from
one locality to another will affect the resulting weight force observed. Therefore, quan-
titics determuned in accordance with Chapter 14.7 shall be mass rather than weight, This
may be accomplished through procedures in Chapter 14.6 by referral to weighing devices
used to calibrate density meters to test weights of known mass. This referral or calibration
is done al or near the densitometer location, eliminating the need for further correction for
local gravitartonal force variances.

Weight observations to datermune fluid density shall be corrected for air bouyancy 4
(commonly called “‘weighed ia vacuusm™) and for local gravity, as necessary. Such
obscrvations can be used in zonjunction with the calibration of density meters or for ¥
checking the performance of equation of state correlations. Procedures are outlmed in .
Chapter 14.6. -

Volumes and densities for mass measurement shall be determined at operating tempera-
ture and pressuie to eliminate temperatwre and compressibility corrections However,
equivalent volumes of compenents are often computed for the detecrmined mass flow.
Thesc volumes will be stated as follows: temperature, 15°C (or 60°F); pressure, 101.325
kilopascals (14.696 pournds per square inch absolute). or the product equilibrium vapor
pressurc at [5°C tor 60°F), whichever 1s higher.

14.8.5.2 MASS MEASUREMENT USING DISPLACEMENT TYPE OR TUR-
BINE METERS

The equatton for determining mass using displacement-type or turbine meters is:

Metered volume Meter factor Density per Densitometer
at meter at meter unii volume at correct

Masy = b x i . X ction
operating operating meler operating fzctor (il
concitinns conditions conditions applicable}

14.8.5.3 MASS MEA3URIEMENT USING ORIFICE METERS

The equation lo1 determinng mass using orifice meters is:

Q. — C' +Jh, p, — fiow rate expressed 1n units of mass/units of time.

The terms Yor this equation are detined and discussed in 14.8.5.1.

M= AMERTCAN PETSQUEUM INSTITUTE (AP
23:5C 1050
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CHAPTER 14-—NATURAL GAS FLUIDS MEASUREMENT

14.8.5.4 DENSITY DETERMINATION
14.8.5.4.1 Empirical Density

Liquid density may be calculated as a function of composition, temperature, and
pressure. It 1s preferred that the calculated or measured density be applied in real time to
the flow meter. This provides for the maximum mass measurement precision, that is, the
incrementa! volume of measured tiquid is always in direct time relation to the density
measured or calculated. Howewer, it is common prectice to use the composition of a
sample taken continuously during the delivery period proportional to the volume deliv-
ered, and to use the average temperature and pressure for the delivery period.

Calculations may be made by means of cmpirical correlations or by generalized
equations of state. The empirical correlations are derived from fitting experimental data
covering specific ranges of compositions, temperatures, and pressures and can be inaccu-
rale outside these ranges. Gas Processors Association procedure TP-1 for ethane/propane
mix and TP-2 for high ethane raw make streams arc examples. TP-3 is a more theorctical
procedure for application to liquefied natural gas. '

Generalized equations of state do not have strict limitations on ranges of compositions
and conditions and can be applied to a wide variety of systems; however, empirical
correlations are much more accurate when applied to the specific systems for which they
were derived. The Rackett equation, the Starling-Han modification of the BWR equation
of state, and several modified Reclich-Kwong equations of state (Soave, Mark V, Peng-
Robinson) are examples.

It is the responsibility of the contracting parties to verify the validity and limits of the
accuracy of methods considered for empirical density determination on the particular
fluids to be measured.

Significant errors can occur from inaccuracies in temperature and pressure measure-
ment, recording, or integration. Products with a density of less than 0.6 grams per cubic
metre are particularly susceptible to errors-and require a higher level of precision. See
Chapter 14.6 for recommended precision levels of temperature and pressure.

14.8.5.4.2 Measured Denslty

Measured density of products between 0.3 and 0.7 grams per cubic centimetre shall be
delermined using density meters installed and calibrated in accordance with Chapter 14.6
or as otherwise agreed between the contracting parties.

Density instruments or probes shall be installed as follows:

. No interaction that would adversely affect the flow or density measurement shall exist
between the flow meter and the density transducer or probe.

2. Temperature and pressure differences among the fluid in the flow meter, the density
measuring device, and the calibrating devices must be mimmized and must be within
specified hmits [or the fluid being measured and the mass measurement accuracy expected
ar required.

3 Density melers may be nstalled either upstream or downstream of primary flow
devices in accordance with Chapter 14.6 but should not be located between flow straight-
ening devices and mcters and must not bypass the pnimary flow measurement device.

Densitometer accuracy will be seriously affected by the accumulation of foreign
material from the fiowing strcam. The possibility of accumulation should be considered in
selecting density ineasurement equipment and in determining the frequency of density
equipment calibration and maintenence. Accuracy of the data recording, transmission,
and computation equipment and methods shoutd also be considered in system seiection.
See Chapter 14.6 for further comments.

MPMS 1Y4-8-83 J} 0732290 005741k 2]
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14,8.5.5 CONVERSION OF MEASURED MASS TO VOLUME

Conversion from mass determined into equivalent volumes of components shall be in
accordance with the latest revision of GPA Publication 8173, as described below. In this
procedure, a chromatographic analysis representative of the delivered product is used to
determine the mass of each individual component that comprised the total mass. The
individual component masses are then converted to their respective equivalent liquid
volumes at 15°C (or 60°F) and- equilibrium vapor pressure at 15°C (or 60°F), using
component density values from GPA Publication 2145.

The calculation of total mass flowing must be perforrned continuously on-lne by a
suitable device or by off-line integration of charts on which metered volume and density
are conlinuously recorded so that at all times the density corresponds to the volume
measured,

Conversion of the determined mass into an equivalent volume of each component at
base or standard conditions at equilibrium vapor pressure at 15°C (60°F) or 101.325
kilopascals (14.696 pounds per syuare inch absolute), whichever is higher, shall be in
accordance with Chapter 14.4. In this procedure a chromatographic analysis, representa-
tive of the delivered product, is used to determine the mass of each individual component
comprising the total mass. The individual component masses are then converted to their
respective equivalent liquid volumes at 15°C (or 60°F) and the equilibrium vapor pressure
at 15°C (or 60°F) using component densily values in vacuum from Chapter 11 or GPA
Publication 2145. Example calculations, repeated from Chapter 14.4, arc provided in
14.8.5.6. .

14.8.5.6 CALCULATIONS FOR LIQUID-VAPOR CONVERSION

The density of pure hydrocarbons in pounds mass per gallon (weight in vacuum) shalt .
be as stated in GPA Standard 2145. Should constants be required for a hydrocarbon o
component that is not presented in GPA Standard 2145, the constants contained in the
GPSA Engineering Data Book, Section 16, “Physical Properties,” shall be used. If the
required constants arc not contained in the GPSA Engineering Data Book, the ASTM
Data Senes Publication, DS 4A, constants shall be used. The steps described in Figure ]
are required. .

14.8,5.7 SPECIAL PRECAUTIONS FOR MASS MEASUREMENT

Volume measuremnent must be made at flowing conditions. The measuring device must
be proven at flowing conditions,

Density or reiatve density (specific gravity) measurcments must be made at the same
flowing conditons as the volume messurcments.

Temperature compensated metering devices shall not be used in the mass measurement
mcthod. <.

14.8.6 Volumetric Measurement in Static Systems

The hyuid volume of hquelied petroleum gas consists of the sum of the liquid volume
and the volume of the vapor above the hquid converted to its liquid equivalent.

Volumetric measurement is accomplished by using calibrated vessels or tanks with
Eaging devices that can be read at the vessel operating pressures to determine the liquid
level The volume of vapor above the liquid 1s determined by using the ideal gas law (’V
= NRT3 corrected by the gas compressibility factor. The liquid and vapor are cottected for
temperatere and pressure to standard or base conditons of temperature and the vapor
pressure of the product at standard or base temperature. The vapor volume can be
converled to equivalent liguid volume by using the appropriate factors.

the AMERICAN PETROLELM INSTITUTE (API®
5128152 1990
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14 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

Step 1—Convert to mass analysis. Given: 825,300 = Total pounds mass.

Mole Parcent Woeight of Fraction -—
Mole Mole x af
Component Percant Walight Mole Welght Componont
co, 0.11 44.01 484 0.001107
i 2.14 - 16.043 3432 0.007852
C, 38.97 30.069 1171.79 0.268010
c, 36.48 - 44.096 1608.62 0.367821
iIC, 2.04 58.123 170.88 0.039083
nC, a.77 58.123 609.74 0.116587
iC, 1.7 7215 123,385 0.028219
nC, 1.82 72.15 131.34 0.030033
Cyt 7.06 87.436 617.30 0.141188
100.00 4372.18 1.000000

Step 2—Calculate the mass of each component.as follows: Welght fraction times
total pounds mass eguals pounds mass each component:

Welght Fraction Total Pounds Mass

Component of Component Pounds Mass of Component
Co, 0.001107 825,300 914
Cy 0.007852 825,300 6.480
C, 0.268010 825,300 221,189
C, 0.367920 825,300 303,645
IC, 0.0335083 825,300 32,255
nC, 0.116587 825,300 86.219
ICe 0.028219 825,300 23,289
nC, 0.030033 825,300 24,786
Cot 0.141188 825,300 116,523
825,300

Step 3—Calculate the volume of each component at eguilibrium pressure and

60°F as follows:

Density

. Componant Hounds/Gallor U.s.
Companent Pounds Mass (In vacuum) Gallons
co, 914 6.817 134
C, 6,480 2.50 2,592
C, 221,189 2.97 74,474
C, 303,645 4.231 71,767
IC, 32,255 4 894 6,872
nC, 96,219 4.871 19,785
IC, 23,289 5.206 4,473
nC, 24,788 5.262 4,710
Co+ 116,523 5951 19,580
204,355

‘From analysis

-Flgure +—Calculatlons for Liquid Vapor Conversion

A pressurc vessel or contamner must be able to safely withstand the vapor pressures of
the comained product at the maximum operating temperature.

14.8.6.1 TANK CALIBRATION

Procedures lor calibrating tanks and vessels are presented in Chapter 2.

14.8.6.2 TANK GAGING OF LIQUEFIED PETROLEUM GAS

Procedures for gaging liquefied petroleum gas in storage tanks are presented in Chapter
3. Special precautions are necessary to accurately account for the vapors above the liquid.
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The composition and volume of the vapors are dependen! upon the temperature and
pressure conditions of the liquid.

14,8.6.3 TEMPERATURE MEASUREMENT

Chapter 5.4 contains general requircments for temperature measurement. Procedures
for measuring the lemperature of liquefied petrolenm gas in storage vessels under static
conditions are presented in Chapter 7.

14.8.6.4 RELATIVE DENSITY MEASUREMENT

Procedures for detennining relative density of liquefied petroleum gas are presented in
Chapters 9, 11, 12, 14.6. and 14.7. Observed relative densities {(specific gravitics) are
corrected to standard or base conditions by using tables in Chapter 11.1,

14.8.6.5 WATER AND FOREIGN MATERIAL

Water and sediment content is not as serious a problem with liguefied petroleum gases
as with crude oil. Product specificalions in contracts for custody transfer should contain a
scction on product quelity to provide for testing propane by the freeze valve method
(ANSIVASTM D 2713-76), the cobal bromide method, or the Burean of Mincs method.
Other mutually acceptable methods for determining dryness may be used for other
liquefied petroleum gases having a high vapor pressure.
. t

14.8.6.6 SAMPLING

The scope of Chapter B does not include sampling of liquefied petroleum gascs;
however, GPA Publication 2:40 contains 2 section on sampling this type of product. GPA
Publication 2140 15 also designated as ASTM DD 1265. Its scope covers the procedure for
obtaining representative samples of liquetied petroleum gases, such as propane, butane, or
mixtures thercof, 1n containers other than those used in laboratory testing apparatus. A
liquid samplc 15 transferred from the source ity a sample container by pui gmg the
contamner and filling 1t with liqund to 80 percent of capacity.

Considerable eftort may be required to obtain a representative sample, especially if the
material being sampled 1s a mixwre of liquefied petroleum gases. The following factors
must be considered:

L. Samples must hc ohtained 1n the liquid phase

2. When it is definitely known that the material being sampled is compesed predom-
nantly of cnly one hquefied petroieum gas, 2 liquid sample may be taken from any part of
the vesscl .-

3. When the material being sampled has been agitated until uniformity is assured, a liquid
sample may be taken from any par: of the vessel.

4. Because of wide varizuons in the construction delails of containers for hquefied
petraleum gases, 1t 15 difficul’ o specify a uniform method for obtaining representative
samples of heterogencous muxtures. If it 1s not practicable to agitatc a mixture for
homogeneity, obtain liguid samples by a procedure that has been agreed upon by the
contracting partics

Diections for sampling cannot be cxpiicu enough to cover all cases. They must be
suppiemented by judgment, skill. and sampling experience. Extreme care and good
ludgment arc necessary to ensure that samples represent the general character and average
condition of the material. Because of the hazards invoived, liquefied petroleum gases
should hc sampled by, or under the supervision of, persons familiar with the necessary
safetly precautions.

ne AMERICAN PETROLEUM INSTITUTE (ARI;
25152 199
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14.8.6.7 VOLUMETRIC CALCULATION

When product is removed from or added to a tank, the beginning and ending liquid
levels are obtained along with corresponding temperatures and pressures. The volumes of
liquid and vapor are calculated tor the beginning and ending conditions, and the difference
between the beginning and ending calculations of the total volume of the vapor and iiquid
is the volume change in the vessel.

- . r 7 Volume of vapor
Total volume Volume of liquid above the liquid
at standard = |at standard + | in cquivalcnt
conditions il conditions i liquid units at

- |_standard conditions

[ Volume of 1 [Liquid volume | [ Volume correction

liquid at = }attank x | factor for

standard conditions ternperature and

| conditions L i | gravity
Volume of vapor [Volumc of ] P, T, [Factor for liguid ]
above ligmd in | — vapor above X X —= X tvolume per vapor
equivalent liguid the liquid P, T, volume

units at base
conditions

Where:

Total velume = (volume 2f product in the vessel as a liquid) + (\mpor above the liquid
converted 1o its hiquia veoiume equivalent). Volume measured at standard condi-
tions.

Volume of liquid at standard conditions = voltme measured at standard temperature
and vapor pressure of the liquid at standard temperature.

Volume of liguid at tank conditions = volume of vessel at tiquid leve! determined by
tank calibration and gaging device.

Volume of vapor above 1= liquid = volume of vesse! above the liquid level determined
by tank calibrauon and gaging device.

Volume correction factor = factor used to correct the hquid volume to standard
temperature. Reter to tables in Chapters 11 and 12,

» = observed pressure, in absolute units,
R standard pressurg, in absclute units,
= observed temperature, 1n kelvins (K) or degrees Rankine (°R),

. = standard temperatur, im kelvins (K) or degrees Rankme (°R}

Tactor for higquid volume per vapor volume = standard conversion unit for product
being measured

i T -
I

14.8.6.8 MIXTURE CALCULATION

When mixtarcs arc measured, the composition of the hiquid and vapor will be different
for varving condittons ot temperature and pressure. The composition of each phase can be
delermined by sampling and analysis of each. Refer to Chapter 14.4 for the procedure for
calculating hquid equivalent of the vapor volume above stored natural gas liquid mixtures.

14.8.7 Mass Measurement in Static Systems

Mass is determined by weighing the container or vessel before and after product has
been added to. or removed from, the vessel. The difference in weight provides the basis
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for total mass of the product contained in the vessel,
To calculate the volume using mass units:

v, = Mass
Density

V, = volume ar standard ternperature and vapor pressure of the preduct at
standard temperature.
Mass = difference between before and after mass determination. f—
Density density in vacuum of liquid product at standard conditions tn same units as
mass.

Refer to Chapter 11 to detecrmune relative density at standard conditions.

the AMERICAN PETRQLEUM [NSTITUTE (A}

SZ 1809g



mems 14.8-83 [ 0732290 0057422 8

APPENDIX—INSTALLATION AND OPERATION OF FLOATING PISTON SAMPLERS

The procedures included here are presented to supplement other existing procedures,
specifications, and standards in sampling higher than atmospheric vapor pressure products
where flashing of lighter components within the container may csuse distortion™of the
sample composition.

All samples should be obtained using some type of probe from the center of the flowing
stream. A bypass around a cevice that causes a differential pressure, such as an orifice
plate or small pump, is usea to supply fresh product to bypass-type sample injection
valves. See Figures A-1 and A-2. Bypass lines must not bypass primary volume measure-

ment devices.
Figure A-3 provides an example of a typical proportional sampler.

FLOV/-THROUGH SAMPLE FLOW-THROUGH SAMPLE
INJEGCTION VALVE INJECTION VALVE PUMP {5 TO 10 POUNDS
\ PER SQUARE INCH AP)

1/4 TO 1/2-INCH TUBING

> -

™

1 T 1/4 TO 1/2-INCH TUBING

CENTER-STREAM

= s ==y

S
CENTER-STREAM - L
SAMPLE PROBE

D

Figure A-1—Typical Sample Probe Installation on an Figure A-2—Typical Sample Probe Installation
Orifice Flange for a Pump

19
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PRODUCT
FLOW CENTER-STREAM
METER SAMPLE PROBE
8 4
14 ——————_-___'-.
i
1 1
l‘.l o
! ORIFICE
| x pPB FLANGE
L
i
= FILTER T
METER
TOTALIZER
1 I—--_. - -] SO
: 1 PPB |
| |
! FLOW-THRU SAMPLE
PULSE
DIVIDER : INJECTION VALVE
CIRCUIT ) 1/4" to 1/2” TUBING w
H | £
| 1 PULSE PER | \ S
i "X" BARRELS | &
|
38WEF - =1 power | _ l
P R
INTERPOSE RELIEF VALVE PRESSURE
RECCRDER

SAMPLER
y 1 4
S .
| T
PRESSURE SAMPLE
TRANSEER -
SUPPLY - TAP

) l “~BLEED VALVE

. ¥~ SAMPLE MIXING DEVICE

Figure A-3—Typical Proportional Sampter
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Table 3-B-5—Conversion of Ae,/10° 1o Q,/1000 (Q, in Thousands of Cubic Feet per Hour):
‘ Q./1000 = Re,/1000D/28.2435

Nominal Pipe Dizmeter
2 Inches 3 Inches 4 Inches
Repl10° 1.687 1.939 2.067 2.300 2.624 2900 3.068 3152, 3438 3.826 4.026

0.02¢ 12 1.4 1.5 1.6 1.9 21 22 22 24 29 29
0.030 1.8 2.1 2.2 24 2.8 il i3 33 37 4.1 43
0.040 24 27 29 33 37 4.1 4.3 4.5 49 54 57
0.050 3.0 34 37 4.1 4.6 5.1 54 5.6 6.1 6.8 7.1
0.060 3.6 4.1 4.4 4y 5.6 62 6.5 6.7 7.3 8.1 8.6
0.070 4.2 4R 5.1 5.7 6.5 72 1.6 1.8 _.85 9.5 10.0
0.080 4.8 55 59 6.5 74 8.2 8.7 89 97 10.8 114
0.090 5.4 6.2 6.6 13 B4 92 98 100 11.0 122 128
0.100 6.0 6.9 73 £l 9.3 103 10.9 11.2 12.2 13.2 143
0.150 9.0 10.3 11.6 122 139 154 16.3 16.7 18.3 203 214
0.200 11.9 13.7 14.6 16.3 186 205 217 223 24.3 48| 28.5
0.25C 14.9 17.2 18.3 204 232 257 272 279 304 339 35.6
0.300 17.9 206 220 24.4 279 30.8 326 335 36.5 40.6 428
0.350 200 240 25.6 28.5 325 359 38.0 39.1 426 47.4 49.9
0.400 234 275 20.3 2.6 372 41,1 41.5 44.6 48.7 54.2 57.0
0.450 269 09 329 36.6 418 46.2 489 50.2 54.8 610 64.1
0.500 299 343 36.6 40.7 460.5 513 54.3 558 60.9 577 73
0,600 35.8 412 439 48.9 55.7 61.6 65.2 67.0 73.0 ’]1.3 855
0.700 41,8 48.1 51.2 57.0 65.0 719 76.0 78.1 85.2 94 8 99.8
0.800 47.8 549 585 63! 743 82.1 86.9 89.3 97.4 108 114
D.900 53.8 61.B 65.9 73.3 838 92.4 97.8 100 10 122 128
1.0C0 597 68.7 73.2 Bl 929 103 109 12 1z 135 143
1.5¢0 896 102 10 122 139 154 163 167 183 203 214
2.000 119 137 146 16> 186 208 217 223 243 7 285
2.500 149 172 183 204 232 257 272 279 304 339 356
3.000 179 206 220 244 279 308 326 335 365 406 428
1500 205 240 255 285 325 359 380 ki 426 474 499
4.000 23y 27s 293 e n2 41! 435 446 487 542 570
4,500 269 309 329 366 4]5 462 489 502 548 610 641
5.000 299 3l 365 a7 465 513 543 558 609 677 713
3.500 329 378 403 445 511 565 h1 614 670 145 784
6000 - 358 412 439 489 557 616 632 670 730 813 .53
6 500 383 446 476 529 604 567 706 725 791 831 927
7000 418 481 512 S0 650 719 760 781 B8352 943 998
7 500 448 515 549 611 697 710 815 837 913 1,016 1,069
B.COC 478 549 585 (3 743 821 869 B93 974 1,0B4 1,140
4 500 504 584 622 692 790 873 522 949 1,035 1,151 1,212
9000 532 618 659 T33 830 924 978 1,004 1.096 1.219 1,283
9 500 567 652 695 T34 883 9715 1,032 1.060 1,156 [.287 1.354
10.002 597 687 732 814 vy 1,027 1.08¢ LG [.217 1,355 1,425

Note Thus table was developed for informanional purposes only and is specific to the following conditions' T, = 68°F, G, = 0.6, 4 = 0.000069; k = 1.3, P,
= 7% and T, = S1967°R

sr1ght be the AMERJCAN PETROLEUM INSTITUTE (ACI)
Qc: OB 14.17:1% 199¢
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Table 3-B-5— Continued

Nominal Pipe Diamcter
6 Inches 8 Inches 10 Inchas
Rep/ 108 4.897 5.187 5.761 6.065 7.625 7.981 .07 9.562 10.020 10.036
0.020 35 A7 4.1 4.3 54 57 57 6.8 7.1 7.1
0.030 5.2 3.5 6.1 6.4 8.1 8.5 8.6 10.2 10.6 10.7
0.040 6.9 7.3 8.2 8.6 10.8 113 114 13.5 142 142
0.050 87 9.2 10.2 10.7 135 14.1 143 16.9 177 17.8
0.060 10.4 11.0 12.2 128 162 17.0 17.1 203 1.3 2i3
0.070 12.1 t2.9 143 15.0 189 19.8 200 137 24.8 249
0.080 13.9 4.7 16.3 17.2 216 226 229 7.1 28.4 284
0.090 15.6 16.5 18.4 19.3 243 254 257 308 319 320
0.100 17.3 18.4 20.4 215 210 283 286 339 35.5 355
0.150 26.0 215 306 322 405 424 429 508 532 533
0.200 347 36.7 40.8 429 540 565 572 671.7 71.0 7.1
0.250 433 459 510 53.7 675 70.6 714 84.6 88.7 88.8
0.300 52,0 55.! 6i.2 64.4 81O B8 85.7 102 106 107
0.350 60.7 64.3 714 752 945 989 100 118 124 124
0.400 69.4 7.5 81.6 859 108 LE3 114 135 142 142
0450 78.0 2.6 91.8 96.6 ' 121 127 129 152 160 160
0500 8a.7 91.8 L 102 107 133 141 143 169 177 178
0.600 104 110 12 129 162 170 171 203 213 213
0.700 121 129 143 150 189 198 200 237 248 249
0.800 139 147 162 172 216 226 229 2N 284 284
0.900 156 165 184 193 243 254 257 305 319 320
1.000 173 184 204 215 270 283 286 33y 355 355
L1500 260 275 306 312 405 4214 429 508 532 533
2000 347 367 408 429 540 365 572 677 710 71t
2500 431 459 510 537 675 706 714 Ba6 837 8B
3.000 520 551 612 644 810 B4B 857 1,016 1,064 L,056
3.500 . 607 643 714 752 945 989 1,000 1,185 1,242 L 244
4,000 G 738 B16 859 - 1,080 1,130 1.143 1,254 1,419 1421
4.500 T80 826 GIE 966 1,215 1.272 1,285 1.524 1,596 1.599
5.000 B&7 Otg 1.020 1074 1,350 1413 1,429 1,693 1,774 .77
5.500 954 1010 1,122 1.181 1,485 1,554 1.572 1.862 1,951 1.954
6.000 1040 1.102 1,224 1,288 1.620 1,695 1,715 2,031 2,129 2,132
6500 1,127 1.194 1,324 1,396 1,755 1,837 1857 2,201 2,306 2,310
7000 [,214 1,2R6 1428 1,503 1,890 1.978 2,000 2,370 2,483 2,487
7.500 1,300 1377 1,530 1,611 2,025 2,119 2,143 2,539 2,661 2,665
B 000 1.387 1.469 1,632 1.718 2.160 2.261 2,286 2,708 2,838 2,843
8500 E474 1.561 1.734 1,825 2,295 2.402 2429 . 2,878 3,014 3,020
9.000 1.560 1,653 1.830 1,933 2,430 2.543 2572 3,047 1.193 "3,198
9.500 1,617 1.745 1,938 2,M) 2,565 2,685 2,715 1,216 3,370 3.376
E0.000 1,734 1,837 2,040 2,147 2700 2.820 2,858 3,386 3,548 3.553

Note: This 1able was ceveicped for informatioral purposes only and 1s specific 1o the followtng conditions: T, = 68°F. G, = 0.6; 4 = 0.000069; k = 1.3; P,
= 1473 and 7x = 519.67°R
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Table 3-B-5— Continued

Nomnal Pipe Diameter

12 inches 16 Inches 20( Inches 24 Inches 30 [nches

Rep/10F 11374 11938 12090 14,688 15000 15250 (8812 -19.000 19.250 22.624 23000 23.250 28750 29.000 29.250

0.150 60.4 63.4 64.2 78.0 9.7 81.0 99.9 101 102 120 122 123 153 154 155

0.200 80.5 845 85.6 104 106 108 133 135 136 160 163 165 204 205 207
0.250 101 106 107 130 . 133 135 167 168 170 200 204 206 254 257 259
0.300 121 127 128 156 139 162 200 202 204 240 244 247 305 308 31
0.350 141 148 150 182 186 189 233 235 239 280 283 288 356 59 362
0.400 161 169 171 208 212 216 266 269 273 320 326 129 407 41l 414
0450 181 190 193 234 239 243 300 303 ki 360 366 30 458 462 466
0.500 201 21 214 260 266 270 333 336 Ml 401 407 412 509 513 518
0.600 242 254 257 32 3tv 324 400 404 409 481 489 494 611 616 621
0.700 282 206 oo 364 372 378 466 471 477 561 570 576 713 719 725
0.800 322 338 342 416 425 432 333 538 545 641 651 659 814 821 829
0.900 362 380 385 468 418 486 599 605 613 721 733 741 916 024 932
1000 403 423 428 520 53t 540 666 673 682 801 814 8§23 1,918 1027 1,036
1.500 604 634 642 T80 797 810 999 1,009 1,022 1,202 1,222 1,235 1,327 1,540 1,553
2.000 805 845 856 1,040 1,062 1,080 1,332 1,345 1,363 1602 1,629 1,646 2036 2054 2,0M

23500 1,007 1,057 1.070 1,300 1,328 1,350 1,665 1,682 1,704 2,003 2,036 2058 2545 2567 2,589
3000 1,208 t.268 1,284 1,560 1,593 1,620 1,998 2,018 2,045 2403 2443 2470 3,054 3080 3,107
3500 1,409 1.479 1,498 1.820 1.859 1890 2,331 2,155 2,386 2,804 2,850 2,881 2563 3,594 3,625
4000 L1611 1,691 1712 2,080 2.124 2,160 2,664 2691 2726 3204 3257 3293 4072 4107 4,143
4500 1812 1.902 1.926 2,340 2,397 2430 2,997 3027 3067 3605 3655 3704 4581 4621 4,660

5000 2,0i4 2,113 2,140 2.600 2,655 2,100 3.330 3364 3408 4005 4072 4,116 5050 5134 5178
5.500 2215 2,325 2,354 2,860 2.921 2970 3.663 3700 3,749 4406 4479 4528 5599 5647 5,696
6.000 2,416 2536 2,568 3,120 3.187 J.240 3,996 4036 4080 4806 3183 49719 6,108 61061 6214
6500 2618 2,147 2782 3,380 3.452 3510 432¢ 4373 4430 3207 5293 5351 6617 6674 6732
7.000 2,819 2,959 2,996 3.640 3.718 3,780 4.662 4,709 4771 5607 5700 5762 7,126 7.1B8 7,249

7.500 3,020 3.170 320 3.900 3,983 4.050 4996 5045 5112 6,008 6,108 6,174 7,635 7,701 7,767
8OO0 3,222 3,38 3,425 4,160 4,249 4320 5329 5382 5453 6408 6515 6586 B.143 8214 8,285
8500  3.423 3.593 3.63% 4420 4.514 4.590 5,662 5718 5793 6809 6,922 6997 8052 8,728 8,803
2.000 3,624 3.804 3.853 4,680 4,730 4,860 5.995 6,055 6,134 7,209 7329 7409 9,161 9241 9,321
9.500 3,826 4015 4.067 4,940 5,045 5130 6328 6391 6475 7610 1736 1820 967U 9754 9,839

10.000 4027 4,227 4281 5.20 531t 5,399 6.661 6727 6816 3010 8,143 R232 10,179 10.268 10356
12.000 4,833 5,072 5,137 6,241 6,373 6,479 7.993 8,073 8,175 9612 9777 9878 12215 12,321 12,428
15.000 6,041 6,340 6421 7.80) 7,966 8,099 9.991. 10,051 10224 12,016 12215 12348 15269 15402 15535
18.000 7,249 7.608 7,705 9,361 9,560 9,19 11,98¢ 12,109 12268 14,419 14658 14815 18323 18482 18642
20000 8457 R.B76 B9R% 10,021 11,153 11,339 13,987 14,127 14,312 16,822 (7,101 17,287 21377 21,563 21,748

24000 9.665 10,144 10,274 12,481 12,746 12,959 15986 16,145 16358 19,225 19544 10757 24430 24,643 24855
27.000 10873 1.412 11.558  14,04] 14340 14,579 1789R4  1B.164 18403 21,628 21987 22,226 27484 27,7131 27962
30.000 12.08) 11.680 12842 15602 15933 16,198 19982 20,182 20447 24031 24430 24,696 30.538 30804 31.069

otz This table was developed for informatonal purposes onls anc 15 specific to the following conditions: 7; = 68°F; G, = C.6; 4 = 0.000069; k = 1.3, P,
= 1433 and T, = S519.67°R.

gopvrignt b+ the AMERICAN PETROLEUM [NSTITUTE (AB!:
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Table 3-B-6—Expansion Factors for Flange Taps (Y;): Static Pressure Taken From Upstream Taps

B=dD

h 1P, 0.1 0.2 03 04 0.45 050 0.52 0.54 056 058 0.60 0.61 0.62

04 1.0000 L.00OC  1.0000 10000 10000 10000 10000 L0000  1.0000 1.0000 1.0000 1.0600 1.0000

0.1 0.9989 0.9989 09589 0.9988 09988 09988 (9938 00988 09988 09988 (.9987 0.9987 (.9987
02 0.9977 09977 09977 09977 09976 09976 09976 09976 09975 09975 09975 0.9975 09974
03 09966 09966 0.996 09965  (.9965 09964 09964 09963  0.9963 0.9963 0.9962 0.9962 0.9962
04 0.9954 09954  0.9954 09953  0.9953 0.9952 09952  0.9951 09951 0.9950 0.9949 0.9949 0.9949
05 0.9943 09943 09943 09942 0991  05%40 09940 09939 09938 0.9938 0.9937 0.9936 0.9936

0.4 0.9932 05932 0.9931 09930 00929 09928 09927 09927 0.9926 0.9925 0.9924 0.9924 0.9523
0.7 0.9920 09920 09920 09919 09918 09916 09915 09915 09914 0.5913 09912 09911 0.9910
08 0.9909 05909  0.9908 0.9907 09906 0.9904 09903 09902  0.99%01 09900  0.9899 0.9898 0.9897
09 0.9898 0.9897 0.9897 0.9895 09894 09892  (.9391 09890  0.9889 09838 0.9886 0.5383 0.9885
1.6 0.98386 09886  0.9885 0.9884 09882 093880 09879 09878 09877 0.9873 0.9874 0.9373 0.9872

11 0.9875 0.8875 0.9874 0.9872 05870 09868 0.9867 09866 0.9864 0.9863  0.5861 09360  0.9839
12 0.9863 0.9863 0.9862 09560 05859 09856 093855 00833 09852 09850 0.9848 09847 0.9846
13 0.0852 09852 0.9851 0.984% 9847 09844 (9843 09341 09840 009838 (.9836  0.9835 09833
14 0.9841 09840  0.9840 09837 09835 005832 09831 09829 09827 09825 0.9823 09822  0.982!
15 0.9829 0.9829 0.9828 0.9826 09823 05820 09819 09817 09815 09813 09810  0.93(9 0.9808

1.6 0.9318 09818 09817 09814 G981 0.9808 09806 09805 09803 09800 0.9798 09796 0.9795
1.7 0.9806 09806 0.9805 09802 05830 0979¢ 09794 09792 09790 0.9788 0.9785 0.9784 0.9782
1.8 0.9795 09795  0.9794 09791 09788 09784 09782 09780 05718 097715 049772 09771 0.9769
19 0.9784 09783 09782 09779 09776 05772 09770 09768 09766 09763 09760 09758 0.9756
20 0.9772 09772 09771 0.9767 09764 09766 09758 09756 09753 09750 0.9747 0.9745 0.9744

2. 0.9761 09761 0.9759 09756 09753 0.9748 0.9746 0.9744 0.9741 09738 0.9734 0.9733 0.9731
22 . 09750 05749 0.5748 05744 09741 09736 0.9734 09731 09729 0.9725 09722 0.9720 09718
21° 0.9738 09738 0.9736 0.9732 09729 09724 09722 09719 09716 0.9713 09709 0.9707 0.9705
24 0.9727 0.9726 0.9725 0.9721 0.97.7 09712 0.9710 09707 09704 0.9700 09697 096594 0.9692
.5 09715 09715 09713 09709 0.9705 0.9700 0.9698 0.9695 0.9692 0.9688 0.9684 0.9682 0.9680

26 0.9704 09704 09702 0.9693 0.9694 09688 09686 0.9683 09679  0.9675 0.9671 0.9669 0.9667
27 0.9693 09692  0.9591 09686 09682 05676 09673 09670  0.5667 0.9663 0.9659 0.9656 0.9654
2E 0.9681 0.9681 0.9679 0.9674 09670 09664  0.9461 09658  0.9634 0.9630 0.9646 0.9644 09641
29 0.9670 0.9669 0.9668  0.9663 09658 09652 09549 09646  0.9642 0.9638 0.9633 0.9631 0.9628
30 0.9658 09638 09656  0.965¢ 09647 09640 09637 09634 09630 0.9626 0.9621 0.9618 0.9615

3.1 0.9647 0.9647 0.9645 0.9632 0.9635 09628 09625 09622 09617 0.9613 0.9608 0.9605 0.9603
32 0.9636 119635 0.9633 0.9628 0.9623 09G16 09613 09609 09605 0.9601 0.9595 0.9593 0.95%0

33 0.9624 09624 0.9622 09616 09611 ( 0.9604 0.9601 0.9597 0.9593 0.9388 0.9583 0.9530 0.9577
34 0.9613 0.9612 0.961¢ 0.9604 0.9599 0.95%2 0.9589 0.9585 0.9580 0.9576 0.9570 0.9567 0.9564
35 0.9602 0.9601 0.9579 0.9593 09588 0.9580 0.9577 09573 09568 0.9563 0.9558 0.9554 0.9551
36 0.9590 0.9590 0.9587 0.9581 0.9576 09568 0.9565 0.9560 0.9556 0.9551 0.9545 0.9542 (.9538
3.7 0.9579 09578 0.9576 4.9570 0.9564 0.9556 0.9553 0.9548 0.9543 0.9538 0.9532 D 9529 0.9526

kL] 09567 0.9567 0.9564 £.9558 09552 0.9544 0.9540 0.9536  0.9531 0.9526 0.9520 0.9516 0.9513
3¢ 0.9556 0.9555 0.9553 0.9545 0.9540 0.9512 09528 0.9524 09519 0.9513 0.9507 0.9504 0.9500
4.0 0.9545 0.9544 0.9542 0.9335 0.2529 09520 09516 09512  0.9506 0.9501 0.9494 0.9491 0.9487
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Table 3-B-6— Continued
B = diD
P, 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 ol ik r) 0.72 0.74 0.75
00 £0000 10000 1.0000 10000 10000 1.0000 10000 LOOOD 10000 10000 10000  1.0000  1.0000
0.1 (9987 009987 09987 09987 09987 08987 09986 09985 09986 09986 09986 09986  (.9986
0.2 09974 09974 09974 09974 09973 09973 0973 09973 09972 09972 09972 09971 09971
0.3 C.9961 09961 0.9961 09960 09960 0.9560 0.9950 09959 09958 09958 09958 09957  0.9957
04 09948 09948 09948  0.9947 09947 09946 09945 09945 09945 09944 09943 09943 09942
0s 0.9935 09935 0.9934 0.9934 0.9933 0.9933 0.9932 D.993¢ 0.9931 0.9930 0.9929 0.9929 09928
06 09923 09922 09921 09921 09920 09919 09918 09918 09917 09916 0.9915 09914 - 09913
0.7 0.9910 09909 09908 0.9%07 09507 09906 09905 05904 09903 09902 0.9%01 09900 0.9899
0.8 0.9897 09896 0.9895 (0.9894 09893 09892 09891 (09890 09889 09888 0.9837 0.9886 0.9834
0% 0988+ 09883 09882 (9881 (09880 (09879 09878 09877 09875 09874 09873 09871 09870
19 09871 09870 09869 (09868 09867 09865 09864 09863 09861 09850 0.9859 09857  0.9855
1.1 09858 09857 09856 09854 09853 09852 09851 09849 09848 09846 009844 09843 09841
1.2 0.9845 09844 09343 09841 09840 09838 0.9837 09835 09334 09832 05830 09828 09826
1.3 09832 09831 09829 05828 09827 09825 09822 09822 09820 (9818 098i6 D9B14 05812
1.4 DI8IY  DOBIS  0YBI6  0S8tS 05413 09812  OY8I0 09308 09806 05804 0.9802 09800 09798
15 D9806  0SANS  0.9803 09802 09800 09798 09796 09794 09792 097%0 09788 0978 095783
1.6 0.9793 9792 0.97%0 09783 0.9787 0.9785 0.9783 09781 09778 0.9776 0.9774 0977} 0.9769
7 0.9780 09779 09777 09715  097:3 09771 09769 09767 09764 09762 09760 09757 09754
1.8 09768 09766 09764 09762 09760 09758 09755 09753 09751 0.9748 09745 09743 09740
1.9 09755 09757 09751 09749 09747 09744 09742 09739 09737 09734 0973 09728 09725
24) 09742 09740 09738 09735 03733 09731 09728 09726 08723 09720 05717 09714 09711
2.1 09726 05727 09725 09722- 08720 09717 Q975 05712 Q9709 DYT6 09703 09700 09696
2.2 09716 09714 049711 0.9709 0.9706 0.9704 0.970E 0 9698 0.9695 0.9692 0.968% 0.9685 0.9682'; -
13 0.9703 05701 0.9698 - 0.9696 0.9693 0.9690 0.9688 0.9685 0.9681 0.9678 0.9675 0.9671 0.9667
24 ., 09690 09685 09685 09683 09680 09677 09674 09671 09668 09664 09661 09657 09653
2.5 09a7? 09675 0.9672 09669 0.5666 0.9663 0.9660 0.9657 0.9654 0.9650 0.9646 0.5643 0.9639
2.6 09064 0.9662 0.9659 0.9656 0.9653 09650 0.9647 09643 0.9640 0.9636 0.9632 09628 0.9624
2 (39651 (1 G64G 09645 0.9642 0.96£0 0.9637 0.9633 0.9630 0.9626 09622 0.9618 09614 0.9610
28 00638 09636 09633 09630 09626 09623 09620 09616 09612 09608 09604 09600 09595
2.9 Q9625 0.96232 0.9620 09616 0.9613 0.9610 0.9606 0.9602 0.95%8 0.9594 0.9590 0.9585 0.9581~7
1.0 Qye.2 L9610 0.9606 0.9603 09600 0.9596 0.9592 (.9588 0.9584 (.9580 0.9576 0.9571 0.9566
3.1 09600 ¢.9597 0.9593 0.9590 09586 0.9583 0.9579 0.9575 09571 0.9566 0.9562 0.9557 0.9552 {‘_
3.2 [IRILY. 0.u584 L9380 09577 4.9572 0.9569 0.9567 0.9561 0.9557 0.9552 0.9547 0.9542 0.9537
33 09574 09571  09567-— 09564 09560 09556 09552 09547 09543 (9538 09533 09528  0.952%
34 DUSH” 09558 0.9554 - - 09550 0.954¢6 0.9542 0.9538 05534 0.9529 0.9524 0.9519 09514 0.9508
3.5 ON53E 09545 0.9541 09537 0.9533 09529 0.9524 0.9520 0.9515 0.9510 0.9505 0.9500 0.9494
3.6 09535 09532 09523 009324  0952¢ 09515 09511 09506 09501 09496 09191 09485  0.9480
K Oss2 0518 09515 Dos1 0.9506 0.9502 D.9497 0.9452 0.9487 0.9482 0.9477 084N 0.9455
TR ) Q00 1 65095 0.9502 06497 {1.9493 (L948R 0.9484 0.947¢ 0.9474 0.94568 0.94463 0.9457 0.9451
.9 0.5490 0 9492 0.9488 09484 0.0480 09573 0.9470 0.9465 0.9460 0.9454 0.9448 05442 0.9436
4.0 Q€83 8470 09475 0947, 0.9465 09462 09457 09451  0.5446 09440 09434 09428 09422
A
opsr.gmt b ZAY BETROULEUM [NSTITUTE LARI:



API MPMSxL4.3.3 52 EE 0732290 0503900 473 WA

Secion 3—ConCeNTRIC, Sauani-EpGeD OrFcE METERS, PART 3—NATURAL GAS APPLICATIONS

49

Table 3-B-7—F,, Factors Used to Change From a
Pressure Base of 14.73 Pounds Force per Square
Inch Absolute to Other Pressure Bases

Table 3-B-8—F,, Factors Used to Change From a

Temperature Base of 60°F to Other

Temperature Bases

14.73

Basc °F + 459.67

fo Contract pressure bass, psia h 60 + 459.67
Pressure Base Temperatre Temperarure
(pounds force per squase anch absolute) Fre ) F, {*F) Fa

144 1.0228 40 — 09615 65 1.0096
14 525 1.0141 4] 0.9634 66 1.0115
14.65 1.0055 42 09654 67 1.0135
14.696 1.0023 43 0.9673 68 1.0154
14.70 1.0020 4“4 0.9692 69 1.0173
14.725 1.6003 45 09711 70 10192
14.73 1.0000 46 0.9731 Ti 1.0212
14,735 0.9997 47 0.9750 n 1.0231
14.775 0.9970 48 0.9769 73 1.0250
14.90 0.9886 49 0.9788 T4 1.0269
15.025 0.9804 50 0.9808 75 1.0289
15.15 0.973 51 0.9827 76 1.0308
15,225 0.9675 52 0.9846 ' 1.0327
15.275 0.9643 53 0.9865 78 1.0346
15.325 05612 54 0.9885 o 1.0366
15.40 0.9765 53 2.9904 80 1.0385
15.525 0.948F 56 0.9923 8] 1.0404
15.65 0.9412 57 0.9942 82 1.0423
15,775 0.0338 58 0.9962 83 1.0443
15.90 0.9264 5% 0.9981 84 1.0462
16.025 0.9192 60 1.0000 85 1.0481
16.15 09121 61 1.0019 86 1.0500
16.275 0.5051 02 1.0038 87 1.0520
16.40 0.8982 63 1.0058 RB 1.0539
16.70 0.8820¢ b4 1.0077 89 1.0558

%0 1.0577
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Table 3-B-9—F, Factors Used to Change From a Flowing
Temperature of 60°F to Actual Flowing Temperature

60 + 459.67
F", = S——
T, + 459.67

Temperalure Temperature Tempenature
°F) Fy °F) Fy 3] Fy
-20 1.0872 37 10229 . 94 0.9688
-19 10859 38 1.0219 95 0.9679
~18 1.0847 19 1.0208 96 0.9671
-17 1.0835 40 1.0198 97 0.9662
-16 10§23 4] 1.0188 98 0.9653
-15 1.0810 42 1.0178 99 . D.964S
. ~14 1.0798 43 1.0168 100 T 0.0636
-13 1.G786 44 1.0158 101 0.9627
—12 1.0774 45 1.0348 102 0.9619
-1 19762 46 1.0137 103 0.9610
-10 . 1 0750 47 10127 104 0.9602
-5 1.0738 48 1.0117 105 0.9593
-8 10726 49 1.0108 106 0.0585
-7 10715 50 1.0098 107 0.9576
-6 10703 5l 1.0088 108 0.9568
- 1.069¢ 52 1.0078 109 0.9559
-4 1.0679 53 1.0068 10 0.9551
=2 1.0668 54 1.0058 H1 0.9543
-2 1.0556 55 1.0048 112 0.9534
—i 1.0644 56 1.0039 113 0.9526
] 1.0633 57 1.0029 14 0.9518
1 1.0621 s8 1.0019 115 0.9509
2 1.0610 59 1.0010 116 09501
3 1.0598 60 1.0000 117 0.9493
4 1.0587 al 0.9950 118 0.9485
5 1.0575 62 0.9941 119 09477
6 1.0564 63 09971 120 09468
7 1.0553 64 09962 121 0.9460
El | D541 \ 65 0.9952 12 09452
] 1.0530 ! 66 0.9943 123 09444
10 LUS1Y 67 0.9933 124 119436
1l 1.0508 68 0.9924 125 0.9428
12 1.0497 69 0.9915 126 0 9420
13 10485 70 - 0.9905 127 09412
14 1.0474 N 09896 128 09404
15 1.0463 : 72 0.9887 129 0.9356
16 1.0452 ! 73 09877 130 0.9388
17 1.ca41 i 74 0.9868 131 09380
18 10430 75 0.9859 132 09372
19 1 6419 ‘ 76 0.9850 133 0 9364
20 1 (400 77 09840 134 09356
21 | 639% 78 0983 135 0.9348
22 1 0387 79 0.9822 - 136 09340
23 10376 ] 0.9813 137 0.9332
24 1 0365 B 0.9804 138 09325
25 10355 82 0 9795 139 09317
26 1 0322 k3 0.9786 140 09309
7 1031 ge 09777 14} 09301
28 10323 85 09768 142 0.9294
29 10312 36 0.y75Y 143 U286
30 16302 87 09750 144 0.9278
31 t Q251 88 09741 145 09271
32 t 0281 89 09732 146 09263
1 10270 90 09721 147 0.9255
34 16260 % 0.9714 148 D 9248
35 14250 y2 U 9700 149 U.9240
36 LW 93 09697 150 19232

Copvrigni m. the AMERICAN PETRCLEUM INSTITUTE (ARPT)
Tue Qct 02 §2:17:18 199
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Table 3-B-10—F, Fzctors Usad to Adjust for Real Gas Relative Density (G,):
Base Conditions of 60°F and 14.73 Pounds Force per Square inch Absolute

E = I
FF

G, 0.000 06.001 0.002 0.003 0.004 0.005 0.006 0,007 0.008 0.000
0.550 1.3484 1.3472 0.3460 1.3447 1.3435 1.3423 13411 1.3399 1.3387 1.3375
0.560 1.1363 1.3351 13339 13327 13216 1.3304 13292 1.3280 1.3269 13257
0570 1.3245 13234 13222 1.3211 13199 1.3188 13176 13165 13153 13142
0.580 1.3131 1.3119 1.3108 1.3097 13086 1.3074 1.3063 1.3052 1.3041 1.3030
0.590 1.3019 1.3008 1.2997 1.2986 1.2975 1.2964 1.2953 1.2942 1.2932 12921
0.65%0 1.2910 1.2899 1.2888 1.2878 1.2867 1.2856 1.2846 1.2835 1.2825 12814
0.610 1.2804 1.2793 1.2783 12777 1.2762 1.2752 1.2741 1.2731 1.2720 1.2710
0.620 1.2700 1.2690 1.2680 1.2609 1.2659 1.2649 1.2639 1.2629 1.2619 1.2609
0.630 1.2599 1.2589 12579 1.2569 1.2559 1.2549 12539 1.2529 1.2520 1.2510
0.640 1.2500 1.2490 1.2480 12471 1.2461 1.2451 1.2442 1.2432 1.2423 1.2413
0.650 1.2403 1.2394 2384 1.2375 1.2365 1.2356 1.2347 1.2337 1.2328 12318
0.660 1.2309 1.2300 1.2250 1.2261 1.2272 1.2263 12254 1.2244 1.2235 1.2226
0.670 12217 1.2208 1.2199 1.2150 12183 12172 12163 1.2154 1.2145 12136
0.680 12127 1218 1.2109 1.2100 1.2091 1.2082 1.2074 1.2065 1.2056 1.2047
0.690 1.2039 12030 12021 1.2012 1.2004 1.1995 1.1985 1.1978 1.1969 1.1961
0.700 1.1952 1.1944 1.1935 1.1927 1.1918 1.1910 1.1901 1.1853 1.1884 1.1876
0.710 1.1868 1.1859 1.L8S1 1.1843 1.1834 1.1826 1.1818 L1810 1.1802 1.1793
0720 1 1785 11777 1.1769 1.1761 11752 1.1744 1.1736 1.1728 1.1720 11712
0.730 11704 1.1696 1.1GRR 1.1680 11672 1.1664 1.1656 1.1648 1.1640 1.1633
0740 1.1625 L 1617 1.1609 1.1601 11593 1.1586 L1578 1.1570 1.1562 1.1555
0.750 1.1547 1.1539 1.1532 1.1524 1.1516 1.1509 11501 1.1483 1.1486 1.1478
0.760 1.ta71 1.1463 1.1456 1.1448 L1441 11433 1.1426 11418 11411 1.1403
0.770 1.1396 1.1389 1.138] 1.1374 11366 1.1359 1.1352 1.1345 1.1337 1.1330
0.780 1.1323 11316 1.1308 1.1301 1.1294 1.1287 1.1279 11272 1.1265 1.1258
0.790 11251 11244 1.1237 1.1230 1.1222 L1215 1.1208 1.1201 1.1194 1.1187
0.800 1 118D 11173 1.1166 1.1159 1.1152 1.1146 1.1139 11132 11125 Lilg
0.810 1111 1 E104 1.1697 1.10%0 1.1084 1.1077 1.1079 1.1063 1.1057 1.1050
0.620 11043 1.1036 1.1030 1.1023 11016 1.1010 1.1003 1.0996 1.0990 1.0983
0.83u L0976 1.0970 1.0963 1.0957 1.0950 1.0044 1.0937 1.0930 1.0924 1.0917
0.810 191 1.0904 10508 1.0891 1.0885 1.0878 1.0872 1.0866 1.0859 1.0853
0850 1.0836 1.0840 1.0834 1.6827 10821 1.0815 1.0808 1.0802 1.0796 10750
0.860 LOTE3 1.0777 10771 1.0764 1.0758 1.0752 1.0746 1.0740 10733 10727
0870 1.072 10115 1.0709 10703 1.0696 1.0690 1.0684 1.0678 1.0672 1.0666
0 830 1.0660 1.0654 1.0648 1.0643 1.0636 1.0630 1.0624 1.0618 1.0612 1.0606
0.R90 1.0600 1.0594 1.0588 1.0582 1.0576 10570 1.0564 1.0558 1.0553 1.0547
0.500 1.054 1.0535 10529 19523 1.0518 1.0512 1.0506 1.0500 1.0494 1.0489
0910 1 0483 1.0477 10471 1.0466 1.0460 10454 1.0448 1.0443 10437 10431
0920 1.0426 1.0420 LO414 1.0406 1.0403 1.0398 1.0392 1.0386 1.0381 1.0375
0930 1.0370 1.0364 1.0358 1.0353 1.0347 1.0342 1.0336 1.0331 1.0325 1.0320
0910 1.0314 - 1.0309 1.033 10298 1.0202 1.0287 1.0281 1.0276 10270 1.0265
09350 10260 1.0254 1.0249 1.0244 10236 1.0233 1.0228 1.0222 1.0217 10212
0.960 10206 1.0201 1.0196 1.0190 10188 1.0180 1.0174 1.0169 1.0164 1.0159
¢970 1.0153 10148 1.0143 1.0:38 10132 10127 1.0122 1.0117 1.0112- 1.0107
09%0 10102 1 0095 10051 1.00F¢ 1.0081 1.0076 1.0071 1.0066 1.0060 1.0055
0.990 1 0050 10045 1.0040 1S 1.0030 1.0025 1.0020 1.0015 1.0010 1.0005

LINK) 1.0000
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Table 3-B-11—Suparcompressibility Factors (F,) for
G, = 0.6 Without Nitrogen or Carbon Dioxide

Temperarure (°F)
Pressyre:

{psin) 20 40 60 . 80 100 120
100 1.00947 1.00307 1.00687 1.00504 1.00496 1.00419
200 1.02058 1.01762 1.01512 1.01294 1.0t116 1.00958
300 103218 . 1.02748 1.02355 1.02022 1.01740 1.01457
400 1.04427 1.03764 1.03216 102756 1.02367 1.02035
500 1.05688 1.04810 1.04093 1.03497 1.0299%6 1.02572

' 600 1.06999 1.058%4 1.04983 1.04243 1.03625 1.G3104
700 1.08360 1.06983 1.05885 1.04990 1.04251 1.03631
B0 1.09766 1.08103 1.06793 1.05737 1.04871 1.0414%
500 111209 1.09237 1.07703 1.06479 1.05482 1.04656

1000 112679 1.10375 1.0R860R 1.0721 1.060B1- 105150

1100 1.14156 111508 1.09501 1.07927 1.06663 1.05628

1200 1.15616 1.12621 1.10372 1.08622 1.07225 1.06087

1300 1.17025 1.13696 L2 1.09289 1.07763 1.06524
1400 1.18338 1.14715 1.12007 1.09922 1.08271 1.06935

1500 1.19565 £.15657 1.12749 E.10512 1.08745 1.07318
1600 1.20615 1.16504 1.13425 1.11054 1.0918B0 1 07669

1700 1.21481 1.17237 1.14025 1.11540 1.09573 1.07986

1800 1.22146 1.17845 1.1454] 1.11965 1.09919 1.08267

1900 1.22506 118318 1.14965 1.12324 1.10216 108509

2000 1.22868 1.18635 115294 1.12615 1.10462 1.08710

Note: Tne data in this table were generated using the A.G.A. Gas Measuremen! Program. Copyright © 1988
Amencen Gas Association. All rights reserved Gas input data are as follows: % CO; = 0; % N, = (; specific
graviy = Q 6. Thus table was ceveloped for informational purposes only and 1s specific to the gas quakity listed.
‘The dato n this table &re nof subject to edjestment tor rutrogen or carbon cioxide content and, becausc of their
broad range. should not be interpo.ated. With the A.G.A Program, the user establishes the gas composition
parameters and specifies tne Lable range taat is consiszent with field or measurement condinons

gw-1grt Dy tne AMERICAN PETRCLEUM INSTITUTE (API
s Oy OE 124-17 18 199
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APPENDIX 3—C—FLOW CALCULATION EXAMPLES

3-C.1 General

This appendix presents two methods for caiculating the volume flow rate of natural gas
through an orifice meter equipped with flange taps. The first method uses the equations pre-
sented in 3.3 through 3.5, The second method is based on the more traditional calculation
format, which involves the computation of various factors. The equations used for the factor
approach are presented in Appeadix 3-B.

To assist the user in interpreting the calcutation methodology, the data set given below,
which is for a single orifice meter, is used consistently throughout the flow calculation cx-
amples. The volume flow rate is computed under the assumption that the measurements are
absolute and without error. It should be noted that depending on the type of instrurnentation
used and the calibration methods employed, calibration and correction factors may need to
be applied. For simplicity in using hand calculations and for ease of interpretation in the

following examples, intermediate values are rounded to six significant digits. Part 4 should
be used for any implementation of the equations.

3-C.2 Given Data

The orifice merter consists ¢ f a carbon steel meter tube equipped with {lange taps and »
Type 304 stainless steel orifice plate. Static pressure measurements are taken from the up-
strean tap.

d. = mcan onfice bore diameter at 7, of 68°F, in inches

= 4.000.
D, = mean meler tube internal diameter at T, of 68°F, in inches
= B.071. .
G, = real gas relauve density (specific gravity)
= 0.570.
h. = averape differential pressure. in inches of water at 60°F
= 50.0.
P, = comract base pressure, in pounds force per square inch absolute
= 14.65
F, = average upstream absolutc static pressure, 11 pounds foree per square inch absolute
= 370.0.
T, = contract buse iemperature of 50°F, in degrees Rankine (S0°F + 459.67)
= 509.67.
T, = flowing iemperature of 65°F, in degrees Rankine (65°F + 439.67)
= 524.67.
»¢ = carbon gioxide content, in mole percent
= 0.00
xn = nllmgcn conient, in moie Percent
= 1.10.
k = isentropic exponent (c,/c,)
= 1.3 ’
a, = linear coefhicient ol thermal expansion for a stainiess steel orifice piate, in inches
perinch-°F
= 0.00000928.
«, = linear coefficient of thermal expansion for a carbon steel meter wube. in inches per
Hich-°F
= (.00000620.
M = dynamic viscosity. in pounds mass per foat-second
= 0.0000069.

§3
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3-C.3 Calcuiation Examples
3-C.3.1 METHOD 1: VOLUME FLOW RATE CALCULATION BASED ON
3.3 THROUGH 2.5
3-C3.1.1  General
Using the given data set, the voiume flow rale of natural gas, in cubic feet per hour at
standard conditions, can be calculated using Equation 3-6b:
[ BZR
Q. = TTI061C(FTYEY,d" | —=——r (3-6b)
G.ZT,
Note' Since the glven data conlain values for the contract base pressure (14,65 pounds force per square inch ab-
salute) mred icmperature (S0°F) that differ from the vaives esmblished in Part 3 sy standand conditions (14,73
pounds force per square inch ahsolule and 60°F), tie inilial calcutaterl fiow enic at stamcdard conditions will regoire
conversion to the flaw rate at base conditions of 14.65 pounds force per squarc inch absolute and 50°F.
The systematic approach to solving the volume flow rate equation above involves the cal-
cubition of Ihe intermediate values describex] 3-C.3.1.2 through 3-C.3.1.7.
2-C.3.1.2 Flange-Tapped Orifice Meter Coefficient of Discharge [C{FT))
The following equations are used to calculate the coefficient of discharge, CATT):
10",3 v
C,(IT)y = C(FT) + 0.0005] ](T] + (0.0210 + 0.0049A)3°C (3-11)
€n
C(FT)y = CACT)} + Tap Term (3-12)
C,(CT) = 0.5961 + 0.02913° - 0.22908" + 0.0030 — B)M, (3-13)
Tap Term = Upstm + Dustrm (3-14)
Upsim = [0,0433 4+ 32,0702 — 0.1145¢7*°4 )1 — 0.23A4)B (3-19)
Dnstrm = ~0.0LIG[M, - O.SEM;J],H”(I - 0.144) (3-16)
Also,
—— 1
-~ B = —ﬁ S 3-1'h
-
M = mnx[lR s . 00] (3-18)
N,
2L
M, = -2 319
: = 10 (3:19)
19,000 "
A = [———‘n] co- (3-2(n
- Rey,
In' nys
C = { } (321}
te,
Witere
U AFT) = cocliicient of discharge at a specihed prpe Reynoids number for a Dange-
tapped orifice meter
CACT) = coefiicient of discharge at an infinite pipe Reynolds number for corner-
tagmeed otifice meter.
(AT} = cnefiicient of discharge at an infinite pipe Reynolds number for a flange-
tapped onifice meter.
myr At oL dlee FHER[SAN TTICAUE I [STTINIC (AFTY

S AETEE L N R IR L Kok P
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d = orifice plate bare diameter calculated at Ty, in inches.
D = meter tube internal diameter calculated at Ty, in inches.
e = Napierian constant i
= 2.71828.
Ly = I,
= dimensionless correction for tap location
= N,/D for flange taps.
N, = 1.0 when D is in inches.
Re;, = pipe Reynolds number.
B = diameter ratio -
= d/D.

Note: For this example, M, 15 equal 10 0.9, since the given meter tube diameter (D) is greater than or equal to 2.8
inches. For meter tube diameters () less than 2.8 inches, M, = 28 — D, The solution of Lhe intermediate equa-
tions prescnlex] above foc the fSow coefficient calculation foliows.

3-C.3.1.3 Meter Tube Diameter, Orifice Piate Bor: Dlameter, and
Diameter Ratlo (L, d, and f)

Calculate the values of d, D, and f at a flowing temperature of 65°F from the given di-
ameters 4, and D.:

d

dfl+ w(h - T)) (3-9)
4.000[1 + 0.00000925(524.67 - 527.67))
= 3.99989

[

And

u]
it

D[l + a7, - T} (3-10)
8.071[1 + 0.00000620(524.67 — 527.67)]
8.07085
Substitute the given vaiues of 4 and D at 65°F into Equation 3-8:

p d/D (3-8)
3.99989 /8.07085
0.495597

Il

It

i}

1l

3-C.3.1.4 Velocity of Approach Factor (E}
The following equation is used to calculate the velocity of approach factor:
E o= ——l (3-22)
J1-

)

V1 — 0.495597°
= 103160

3-C.3.1.5 Expanston Factor (Y)

The following equanon is used to calculate the expansion factor:

- Y, = 1 - (0.4] + 0.35,6‘)[%}) (3-32)

The intermediate value, i, s calculated as follows:
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E-P A,
= 4% = " (333
" P 27.707F, 633
Substitute the given values of &, and £; into Equation 3-32:
. = 50.0
. (27.707X370.0)
= 0.00487729
Substitute the values for k, x,, and Binto Equation 3-3%
Y, = 1 - (C.41+ 0.35,3‘)[%) (3-32)
= 1 - (041 + 0.35(0.495597)‘1(9'-99-:%1733]

n

0.998383

3-C.3.1.6 Compressibillty (Z,, Z,, and 2,)

The derivation of the equation for compressibility is presented in A.G.A. Transmission
Measurement Committee Report No. B. It is not within the scope of this examnple to present
the calculation procedures necessary for determining the compressibility at base conditions
(Z,). standard conditions (Z,), or flowing conditions (Z,,). The foliowing values for gas com-
pressibiliry at the conditions given in the data set were obmained from the A.G.A. computer
program that uses the calculztion givenin A.G_A. Transmission Measurement Committee
Report No. 8. At G, = 0.57,

Z, = 0.997839 at 14.65 pounds force per square inch absotute and 509.67°R. (50°F)
Z, = 0.997971 at 14.73 pounds force per square inch absolute and 519.67°R (60°F)
Z, 0.951308 at 370 pounds force per square inch absolute and 524.67°R (65°F)

3-C.3.1.7 Reynolds Number (Re;)

The following cquation s used 1o calenlate the pipe Reynolds number;

Re, = 0.01 :454{—QLRIEL) (3-28)
ezq,, *
Substituting the calculated value fo., D, standard conditions for £, and T, a vaiuc of
0.999590 for Z,,, . and the data set values for G, and i in Equation 3-28 produce the follow-
mg
( @, (14.733(0.570)

(0.0114541)
) )k (0.0000069)(8.07085)(519.67)X0.999590) J

Re,,

= 3304490,

When the flow rate 1s not known, the Reynolds number can be developed by assuming an
mitel value for the flange-tapped orifice meter coefllicient of discharge, CAFT), and iterat-
1ng for the correct values, as stated in 3.4.5. The following flow rate calculation provides
the mutial nneranon of the Reynolds number. This initia) steration ts based on an assumed
value for CAFT) of 0.60. Based oL experience, from three to five iterations should provide
results consistent with the requirements of Part 4,

3-C.3.1.8 Volume Flow Rate (Q,and Q,)

The volume flow ratc can be calculated by substituting the given parameters, the inter-
mediate calculated values, and an assumed value of 0.60 for C(FT) in Equation 3-6b and
iterating for the final solution:

yright Dy the AMERICAN PETROLEUM INSTITUTE (AP1)

Oce 02 14.17

1€ 1993



API MPHS*14.3.3 52 WM 0732290 0503908 7by4 WM

SecnoN 3—Concentric, Sauare-Epced Onwice MeETERS, PART 3—NaTURAL GAS APPLICATIONS

2.

BZh
T70S.61C,(FT)E Y d* |-L2t=
\f GLT,

{0.951308)(0.570)524.67)

9 J 370.0)(0.997971)(50.0)

7709.61(0.60)(1.03160)(0.998383)(3.99989)°

614,033 cubic feet per hour at standard conditions
[This is an estimate of the initial flow mate based on an assumed CA(FT) of 0.60.]

(3-6b)

Substitute the estimarte of iritdal flow rate into the Reynolds number equatien and catcu-

late the estimated initial Reynolds number:

Rey, = 3.324490,
3.32449(614,033)

fl

Substitute the calculated value of £ into Equation 3-17:
B = B T
I-8
_ 0.495597*

1 — 0.495597*
0.0642005
Substitute the calculated values of fand D into Equation 3-19:

2L,

1-8

.
AL =

2
8.07085(1 — 0.495597}
0.491284

Substitute the calculated values of Rep and finto Equation 3-20:

4 [19.000,0)
Re,

~ 119.000(0.495591) "
- { 2,041,347 }
0.0135261

Substitutc the calculated value of Kep into Equation 3-21:

6\0_1."
c = 10
Re,

10° eas
(z05m)

0.778985

2,041,347 (initial estimate pf Reynolds number)

3-17)

(3-19)

(3-20)

(3-21)

Substitute the appropnate calculated values into Equation 3-13 to determine the C(CT)

term of the cocfficient of discharge, CAFT):
“C,(CTY

]

I

+ 0.003(1' — 0.495597)(0.0)
0.602414

It

0.5961 + 0.02918" - 0.22908" + 0.00¥1 — BOM,
C.5961 + 0.0291(0.495597)" — 0.2290(0.495597)"

(3-13)
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Substitnte the applicable calculated values into Equation 3-15 to compute the Upstrm
term of the cocfficient of discharge, CAFT):

Upstrm = [0.0433 + 0.0712¢** ~ 0.1145¢7*°~K1 - 0.234)8  (3-15)
' {0.0433 + 0.0712¢ %= — 0, 45¢ Yo}
% [1 — 0.23(0.0135269)}0.0642005)
0.000851774

Substitute the applicable calculated values into Equation 3-16 to compute the Dastrm
term of the coefficient of discharge, C(FT):
-0.0116[M, — 0.52M>]18"(1 - 0.14A)} (3-16)
—0.0116[0.491284 — 0.52(0.491284)-)(0.495597)"
x {1 — 0.14(1.0134223)]
= —0.00149777

Substitute the applicable calculated values into Equation 3-14 to compute the Tap Term
of the coefficient of discharge, C,(FT):

Dinstrm

Upstrm + Dunstrr: (3-14)
0.000851774 + (~0.00149777)
= —0.000645999

Substitute the applicable calculated values into Equation 3-13 to compute the C,(FT)
term of the coeflicient of discharge, C(FT):

Tap Term

C(FT) = CACT) + Tap Term ' (3-12)
= 0.602414 - 0.000645999
= 0.601768

Substitule the value for C(FT) and the intermediate vaiues into Equation 3-11 (0 calcu-
late the discharge cocffictent, CAFT):

(]
C,(FT) + o.uoosn[ 1‘2 B

¢, (FT}

€

0
J + (0.0210 + 0.0049A)3'C (3-11}

& aT
0.601768 + 0.00051 |[W]

2,041,347

+ [0.0210 + N.0049(0.0135261))(0.495597)* (0.778985)
0.602947 (second estimate of the coefficient of discharge)

By substituting the valuc of Cyu(FT) into the applicabic cquations, the volume flow raic
can be recalculated following the same process outiined in this example. The resulting vol-
ume flow rate value is as follows:

(), = 617,049 cubic feet per hour at standard conditions
|based an C,(FT) = 0.602947]
And
Re, = 3324497, == 1.32449(617,049)
= 2,051,373 (second estimate of Reynolds number)
Resulting 1n

C,(FT) = 0.602944 (third estimate of coefficient of discharge)

vr1gnt bv the AMERICAN PETROLEUM [MSTITUTE (AP])
Oc: 08 1&:17:1£ 19%¢
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On page 57, Equatior. 3-20 should read as follows:

4 = (19.000,6]
Rey,

_ [19.000(0 495597) o8
2,041,328

0.0135262

{3-200

1

OUn page 57, Equation. 3-21 shoutd read as follows:

@35
Re,

( 10t J‘”’ (3-21)

2,641,328
0.778938

On page 58. Equation 3-15 should read as follows:

[0.0433 + 00712755 — 0.1145¢7 2 )1 —- 0.23A)B
[0.0233 + 0.0712¢" %™ — 0.]1145¢ " vw]

x [I = 0.23(0.0135262)](0.0642005)

0.000876388

Upstrm

"

(3-15)

Or page 58, Equanon 3-16 showd read as follows:

Drstrm = —0.0116[M, — 0.52M,*)1B''(1 - 0.134)
-0.0116[0.491284 — 0.52(0.491284)' '|(0.495597)" '
x |1 - 0.14(0.0135262)]
~ 0006152379

(3-16)

On page 58, Equarion 3- 14 should read ac follows.

Tap Term = Upstrm + Dnurm
0.000876388 + (-0.00152379) (3-14)
—0.000647402

O page 58, Equarnten 3-12 should read us follows,

CFTy = J(CTy + Tap Term
0.602414 - 0.000647402 (3-12}
0.601767

It

it

On page S8, Equanen 3-11 should read as follows.

s 07
C(FT) + 0.00051 u“_flﬁ} + {0.0210 + 0.00494)8°C

\ R,

C,(FT)

0601767 ~ 0.0005[1”

“

10°(0.495597) 1 (3-11)
.2.041.328

+ [0.0210 + 0.0049(0 0135262)](0.495597)*(0.778988)
0.602947 (second estimate of the coefficient of discharge)
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Following the same calculation procedure for iteration of flow rate, the resulting volu-
metric flow rate is as follows:

., = 617,046 cubic feet per hour at standard conditions
[based on C, (FT) = 0.602944]

3.32445%0, = 31.32449(617,046)
2,051,363 (third estimate of Reynolds number)

Re,,

Resuling in
C,(FT) = 0.602944 (fourth estimate of coefficient of discharge)

The volume flow rate calculation based on the fourth estimate of CAFT) follows. As
stated above, three estimates of C,(FT) should normally provide volume fiow rate calcula-
tion results that are consistent with the requirements of Pant 4,

0, = 617,046 cubic feet per hour at standard conditions
[based on C,(FT) = 0.602944]

Since the piven data contain values for the base pressure (14.65 pounds force per squate
inch absolute) and temperature (S0°F) that differ from the values established in Part 3 ay
standard conditions (14.73 pounds force per square inch absolute and 60°F), the initial cal-
culated flow rate is the standard volume fiow rate. To calculate the Aow rate at the given

base conditions (B, = 14.65 pounds force per square inch absolute and 7, = 509.67°R),
the standard volume flow rate and the appropriate values for F, 7, and Z are substituted into

Equation 3-7 as follows:
YT Yz
o33

617.046(509'67)[ 14.73)(0.997839)
519.67 A 14.65 A 0.997971

608,396 cubic feet per hour at base conditions

Q,

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B

3-C.3.2.1 General

Using the given data, the volume flow rate of natural gas, in cubic fect per hour at stan-
dard conditions, can be calculated using Equation 3-B-2, as stated in Appendix 3-B:

0. = E(E + EMWERFEEER (3-B-2)

Since the given data contain values for the base pressure (14.65 pounds force per square
inch absolute) and temperature (S0°F) that differ from the values established in Part 3 as
standard conditions {14.73 pounds force per square inch absolute and 60°F), the ininal cal-
culated flow rate requires conversion to the flow rate at base conditions of 14.65 pounds
foree per square inch absolute and 60°T

The systematic approach to solving Equation 3-B-2 involves calculation of the individual
factors as shown 1n 3-C.3.2.2 through 3-C.3.2.10.

3-C.3.2.2. Numeric Conversion Factor (F,)

Equation 3-B-5b 15 uscd to calculate the numeric conversion factor:

E = 338.196E.Df? (3-B-5b)

b. the AMERICAL SITEC_Zuv INSTITUTE (AP
S 4A:1T 1w 1GG
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Where
1 )
E = 3.22)-
U—l T (3-22)

Calculate the vatue of d, D, and f at a flowing temperature of 65°F from the given diam-
eters d.and D,

d

1]

afl+ & - T) (3-9)
4.000[1 + 0.00000925{524.67 - 327.67})
3.99089 -

And

o
!

= Dl + a7, - T)} (3-10}
8.071[1 + 0.00000620(524.67 — 527.67)]
= B8.07085
B =4d/D (3-8)
3.99986 /8.07085
0.495597 )
Substitute the values for Band D into Equation 3-B-5:
J3R196E, D¥I? (3-B-5)

Dzﬁz

H

)
H

338.196;
vyi- g

338.196 ! (8.07085)* (0. 495597)*
Y1 - (0.495597)"

3581.82

3~C.3.23 Flange-Tapped Orifice Meter Coefficient of Discharge [C,(FT)]

The following equation 15 used to calculate the coeffictent of discharge:

CAFT) = F + F, (3-B-6)
Where-
E = 0.59614 002015° - 0.22905°
. Y g
+(0.0433 - 0.07126"% — 0.1145¢"% ) 1 - 0.23,(19'000‘B B :
L Reg -
r o2 Y (19. 000)3
00116 — 53[—“-—- ':"1_0,1/ ] 3-B-7
, D -m Nl —ﬂ)] JB I L ¢ !
}:’ _— UUU')]l; 1. 000 (][l(}ﬂ
\ Re, ,
r
- |o.0210 - 0. 0049| M B I_OME] (3-B-9)
€ J Re,
Re, = 00114541' GAG, )
. = . (3-28)

i

Q-,/
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On page 58. the third 1o the last equarion should read as follows:
Q. = 617,048 cubic fee per hour at standard conditions
fbased or: C,"FT) = (.602947]

On page 58, the second 1o the last equation should read as follows:
Re, = 3.32446Q = 3.32446(617,048)
= 2.051.351 {sccond cstimate of Revnolds number)
On page 59, the second equation should read as follows:
Re, = 332460 = 3.32446{617,046)
= 2.05L345 (thurd estimate of Reynolds number)

On page 59. Equation 3 7 should read as follows:

_ofBYEY2)
& = Q‘(exrj{z,

39N 5-7)
617, 046(1473)(50967X09978 9 {
L14.65 A 519.67 A 0.997971

608,396 cubic feet per hour at base conditions

On page 60. Eguation 3-B-9 should read as follows:

o= nnnmn{’momﬁ]
19,0008 /10000007 7Y
+ '0.0210 ~ 00049 ———— 1 .f| ———
€ , Re,
On page 62 the first equation should read as follows:
F o= 03961 - 0029187 - 0.22905° :
~ 100433 = 0.07126™% — 0.1 (456" ) | = 0.23] | 2. 000'6) b :
'L \ Rq, ! - ﬁ
Lo X Ve (19.0008 ]
S OlA ——— — 0 —] LB”'I 014 B
D1-p T TP, L \"Re, | ]
= 059! - DULOA95597)  U.220010.495597y
— QUMY 00TEZe T 01 145eT ™ | - 0 230.0137493))(0.0642005)
— BOTTA[02UT283 — 04270 391284 %) )(0.495597) "1 = 0140 01137493,
= 60O
3
Bvrignt D. the AMERICAN PETSQLEUM [NST!TUTE [AE: - ]
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&1

B 1
= -17
B 1 - ﬁ‘ 3B-17)
2L,
- 19
M= 1T 3-19)
of
A = (19.000,3} (3-20)
Re,,
106 10.35 3
= -21
(%) a2

Nate: In this example, since the given meter tube diameter (D) is greater than 2.8 inches, Equaton 3-B-7 is used
to calculaie the F, 1erm. For meter tube diameters (D) less than 2.8 inches, Equarion 3-B-8 must be used 10 celcu-
late the £ term. The solution of the intermediate equations presented above for the flow coefficient calculabon fol-
lows.

Substituting the calculated values of §and D gives the following:

B _ _(0.495597)"
- p* 1 - (0.495597)"
= 0.0642005
2 _ 2
D( - )  8.07085(1 — 0.495597)
= (.491284

As discussed in 3 4.5, the Reynolds number (Re,) for natural gas can be approximated
using Equation 3-28. Note that the parameters of this exampie are within the recommended
tolerances for viscosity, teraperature, and specific gravity, Furthermore, 3.4.5 states that
when the flow rate s not known, a more precise value for the Reynolds number can be de-
terrnined through iteration of Equation 3-28 and that three to five iterations will provide re-
sults that are consistent with the requirements of Part 4. The initial assumption needed for
the first sterauon can come from assuming a value for C,(FT) as in the previous examplc or
from assumning an initial Reynolds number for the pipe Reynolds number, Table 3-B-1, Ap-
pendix 3-B, provides values for pipe Reynolds numbers versus nominal pipe diameters for
the purpose of initiating the iteration process. This example uses Teble 3-B-1 for the initial
estimate of pipe Reynolds number.

Rep, = 2,000,000 (initial assumption from Table 3-B-1)

Substitutng the values o' Keg and f3 gives the following:

[ 19,0008 _ [19.000(0.495597)}”

Re, | 2,000,000
= 0.0137493
0 Y 7 e Y
Re, { 2,000,000
= 0.784584

Substitute the appropriate calculated values into Equation 3-B-7 to determine the orifice
calculation factor, ¥ -
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E = 0.5961+0.02915° - 0.22903"

19,0008 " | g
Re, 1-8*

2 2 V. 19,0008 \*
_0.0116[9—(1—_—5 —o.sg[m) J,B - 0'14(T%_J

= 0.5961 + 0.0291(0.495597) - 0.2290(0.495597)"
+(0.0433 + 007126 %~ 0,1145€" %= )[1 — 0.23(0.0137493))(0.0642005)

— 0.0116[0.491284 — 0.52(0.491284)11" (0.495597)"'[1 — 0.14(0.0137493)]

+{0.0433 + 0.07126" - 0.11456"% ){1 - 0.23(

= 0.601767
Substitute the applicable calculaied values into Equation 3-B-9 to compute the orifice
slope factor, £,
a7
E = o_ooosll(wj
€
0.3 0,35
+ [0.0210 + 0.0049(19.00013 ) Jﬁ‘["“m‘omﬁ ] (3-B-9)
Re, Re,
a7
= 0.000511 1,000, 000(0.4955972)
2.000,000
+ [0.0210 + 0.0049(0.0137493))(0.495597)*(0.784584)
= 0.00118960

Substitute the values for £, and F 1n Equation 3-B-6 to calculate the discharge

coefficient, C,(FT):
CG(FT) = £ + E,
0.601767 + 0.00118960

0.602957

it

3-~C.3.2.4 Expanslon Factor (Y))

The following cquation s uscd to calculate the expansion ractor:
Y, = 1- (0.40 4 0.35/3‘)[%) (3-32)

The intermediate value, x,, 15 calculated as follows:

P - F k

0T * P o 277078 ¢-33)
Substitute the given values of 1, and £, into Equation 3-33:
% = 50.0
27.707(370.0)
- = 0.00487729

Substitute the values for £, x,, and f into Equation 3-32:

th

2py-1@nt by the AMERTCAN PETRCOLEUM INSTITUTE (API]
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On page 62, Equuiion 3-B-9 should read as follows:
1.000,0008 J" k

E = 00005 1[
‘o

08 038
+ [0.0210 + 0.0049[MJ ]F[MJ
Re;, Re,
07

(3-B-9)

1.000.000{0.495597))
2, 000, 000

+ [0.0210 + 0.0049(0.0137493)}{0.495597)*(0.784584)
0.00118960

0.0C051 I[

On page 65, the first equation should read as follows:

/
00114588 250
\ wOT,

[

Re,

il

1l

2.324460,
3 32446(617,057)
2,051,400 (second iteration)}

]

On page 80. Equation 3-D-9 should read as follows (that is. Kpipe, should be inserted in
the equation and the second line of the equanon should be deleted)-

Re, = 220.8584F, . ph x (Kpipe) (3-D-9)

On pag;r 80. the nomenclature should read as follows (that is, Kpipe. should be inserred
th the List)

Where-

G = specific gravity,
Apipe = values from Tabie 3-12-4.
Re. = orihce bore Revrnolds number.
7. = absolue flowing temperature, 1n degrees Rankine
p = speciiic weight of a gas at 14 7 pounds force per square inch absolute and 32°F

Gn page 97, Equanons 2-F-4 and 3-1-5 should read as follows,

ir- = eiff) - O:IH_"): + .+ @ (H. (3-F-d)
=¥ o(HY, (3-F-5;

On page 102 1the second line of Lquanon 3-4a should read as follows:

TP G(28.9625) (144
0. = 3S90TCEDE v 22 340k, 4R,
\ ZRT, P G(28.9625)(144)
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Y = 1- (041 + 0.355‘)(%) (3-32)
= 1-[041 + 0.35(0.495597)'][w£—'533)

0.958383

3-C.3.25 Compressibility (Z,, Z,, and Z,)

The derivation of the compressibility equation is presented in A.G.A. Transmission Mea-
surement Committec Report No. 8. It is not within the scope of this example to present the
procedures necessary for calculating the compressibility at base conditions {(Z,), standard
conditions (Z,), or flowing canditions (Zj,). The following values for gas compressibility at
the given conditions were obtained from the A.G.A. computer program, using the A.G.A.
Transmission Measurement Committee Report No. 8 calculation.

At G, = 0.57, 3

Z, = 0.997839 a1 14.65 pounds force per square inch absalute and 509.67°R (50°F)
Z, = 0,997971 at 14.72 pounds force per square inch absolute and 519.67°R (60°F)
Z; = 0.951308 at 370 pcunds force per square inch absolute and 524.67°R (65°F)

3-C.3.26 Base Pressure Factor (F,)
The base pressure factor is calculated using Equation 3-B-10 as follows:

14.73
£y = 5 (3-B-10)
b

14.73

14.73
= 1.00000

In this example, £, has been calculated for a base pressure of 14.73 pounds force per
square inch absolute, instead of 14.65 pounds force per square inch absolute as in the given
data, and a base volumne at the given base conditions has been calculated after the standard
volume was determined. This procedure was necessary hecause of the use of the hase com-
pressibility of eir (Z,,) of 0.999590 at 14.73 pounds force per square inch absolute and
60°F in the development of the numerical constant 338.196 in the £, factor (see Appendix
3-G).

3-C.3.2.7 Base Temperature Factor (F,)
Equation 3-B-11 is used to calculate the base temperature factor:

A Y
519.67 (3-B-11)
519.67
519.67
= 1.00000

In this example, I, has been calculated tor a base temperature of 519.67°R (60°F) in-
stead of 509.67°R(50°F) as in the given data, and a base volume at the given base condi-
tions has been calculated after the standard volume was determined. This procedure was
necessary because of the use of the base compressibility of air (Z,_) of 0.999590 at 14,73
pounds force per square inch absolute and GO°F in the development of the numerical con-
stant 238.196 in the I, factor (sec Appendix 3-G).

]% =
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3~-C.3.2.8 Flowing Temperature Factor (F,) -

The flowing temperature Factor is calculated using Equation 3-B-12 as follows:

P {519;.67 G.B-12)
!

Substitute the given flowing 1emperature, T}, into Equation 3-B-12:
p - 56

V7 =
519.67

-

524.67
0.995224

3-C.3.2.9 Real Gas Relative Density Factor (F,)

Equation 3-B-13 is used to calculate the real gas relative density factor.
o
E = VE (3-B-13)

Substitute the given specific gravity, G,, into Equation 3-B-13:
i

VG,

<

fr—

Pl
VIO.S'IO
1.32453

3~C.3.2.10 Supercompressibility Factor (F,)

As stated in the caiculauons in 3-C.3.1, the denivation of the equation for compressibility
is presented in A.G.A. Transmission Measurement Cornmittee Report No. B. 1t 1s not within
the scope of this example to present the procedures necessary for calculating the compress-
ibility at standard conditions (Z,) or at fiowing conditions (Z,)

Z, = 0.997971
Z, = 0.951308

Equation 3-B-14 15 used to calculate the supercompressthility factor:

iz
\ 4
1.957971

\ 0.951308
1 02473

E_ =

3-C.3.2.11 Volume Flow Rate {(Q,)

The volume fiow rate 1s calculated by substituting the given parameters and the iterme-
diate calculated factors into Equation 3-B-2:

- : O = Kb+ DY E LR 6k, (3-8-2)
617.057
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The calculated flow rate above is based en an initial assumed value for the Reynolds
number {Rey) of 2,000,000. For the sccond estimate, the value of Rep, is calculated as fol-

lows:
0.0114588 2:F:C:
uDT,

1

Re

I

3.524490,
3.32449(617,057)
2,051,400 (second iteration)

I

il

By substituting the second estimate of Re,, into the applicable equations, the volume flow
rate can be recalculated by following the process outlined in 3-C.3.1. The resulting volume
flow rate is as follows: I -

g, = 617,013 (based on the second estimate of Rep)
The same czlculation procedures are used to obtain the third estimate of Re,.
3.324490,

3.32449(617,013)
2,051,254 (third iteration)

The velume flow rate calculation based on the third estimate of Re;, follows. As stated
above, three to five estimates of Re,, will provide calculation results that are consistent with
the requirements of Par 4.

Q = L - BINLERLE Bh,
(5581.82)(0.601767 + 0.00117736)(0.998383)(1.00000)(1. OBKXX))

x (0.995224)(i.32453)(1.02423)4/(370.0)(50.0)
617,044 cubic feet per hour K

Rey,

fl

Note: The caleetated volume flow mte 15 based on the thurd estumate of Rep. The small discrepancy be ween the -
calculated volume flow rate, @,, in Methods 1 and 2 results from the rounding techmiques used in the scnes of s
equalions in the examples

Since the given data included vah cs ror the base pressure (14.65 pounds force per square
inch absolute) and temperature {S0°F) that diftered from the values established in Part 3 for
standard conditions (14.73 pouncs force per square inch absolute and 60°F), the inuial cal-
culated flow rate is the staadard volume flow rate. To calculate the Aow rate at base condi-
tions (F, = 14.65 pounds force per square inch absolute and T, = 509.67°R), the standard
volume fiow rate and the apprepnate vatues for £, T, and Z are substituted into Equation 3-
7 as follows:

EY 1Yz,
St 2 e S 3 3-7
(3 15)3) o

617,044(509.67)( 14.73 J( 0.997839)
519.67 A\ 14.65 \ 0.997971

608 394 cubic feet per how at base conditions

o.
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3-D.1 Symbols, Units, and Terminology
3-D.1.1 GENERAL

Some of the symbols listed in 3-D.1.2 are specific to this appendix. Unless otherwise
noted, all of these symbols are dimensionless. Symbols thar are used in this appendix but
not listed in 3-D.1.2 are defined in 322,

3-D.1.2 SYMBOLS AND UNITS
Symbol  Descripuon Urus/Value

C*  Orifice flow constant —
F,  Basic orifice factor —
K, Coefficient of discharge when Reynolds number = (1,000,0004)/15 —
K,  Cocfficient of discharge for infinite Reynolds aumber —
P Specific weight of a gas at 14.7 pounds force per square inch
absolute and 32°F Ibmyft?

3-D.2 Scope
3-D.2.1 INTRODUCTION

Recent research work on orif.ce measurement has been restricted to flange, comer, and
radius tap meters. It is recogmzed that a number of *pipe tap” meters continue in gperatton
in natural gas measurement n the Unuted States. The provisions of the second (1985) edi-
tion of Chapter 14, Section 3, that are applicable to pipe tap configurations are included in
this appendix. The dimensiona' information, tolerances. and computation methods w this
appendix are only applicable w.pipe tap meters.

This appendix provides recommendations and specifications relating to the measurement
of natural gas and other related hydrocarben fluids by means of orifice meters equipped -
with pipe taps. It includes definitions. construction and installation specifications, and 1n-
structions for computing flow rate and volume. Also included are equations and tables that
provide factors necessary to apply adjustments 1o the basic pipe tap orifice flow.

This appendix covers the measurement of nataral gas by pipe tap orifice meters, includ-
1ng the primary clement and the methods of calculanon. It does not cover the equipment
used 1o determine the pressure, iemperature, specific gravity, and other variances that must
be known for the accurate measurement of natural gas.

3-D.2.2 GENERAL

Uniess specifically noted in this appendix. all information and daie presented in the body
of thus standard—ncluding reccommendations, specifications, and symbols— are applicable
10 pipc tap orificc metenng.

3-D.2.3 TYPE OF METER

This appendix 15 limited to orifice meters that have circular orifices localed concentnically
in the meter tube, having upstream and downstream pressure taps as specificd for pipe taps.
3-D.2.4 DEFINITION OF PIPE TAP PRESSURE MEASUREMENT

The definition of pipe tap pressure measurement is based on the position of the parr of
tap holes. The upstream tap center is located 2.5 times the inside pipe diameter upstream
trom the nearest plate tace, and the downstream tap center is located 8 times the inside pipe
diameter downstream from the ncarest plate face (see 3-D.3.4.1).

ra!
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3-D.3 Construction and Installation Specifications
3-D.3.1 BETA RATIO LIMITATIONS OF ORIFICE PLATES

The orifice-1o-meter-tube (pipe) diameter ratio (8 = d/D) should fall within the range
from 0.20 to 0.67 inclusive. Thess limits, with an uncertainty as high as £0.75 percent, may
be exceeded when additional flow uncertainty is acceptable. Beta ratios that exceed the
range from 0.20 to 0.67, with an uncertainty as high as 1.5 percent, may be used; however,
the flow constants for these extrems valiles of f§ are subject to higher tolerances, and the use
of these extremes should be avoided.

3-D.3.2 METER TUBE SPECIFICATIONS
3-D.3.2.1 Definition ’

The term merer tube refers to the straight upstream pipe of length A or A’ on the instal-
lation sketches in Part 2 {including the straightening vanes, if used), the orifice flanges or
fittings, and the downstream pipe (length B on the installation sketches in Part 2) beyond
the orifice. The length of upstream and downstream pipe is specified in Part 2. The Loler-
ances for the diameter and the restrictions on the inside surface of the meter tube are
specified in 3-D.3.2.4. There shall be no pipe connections within these distances other than
stra:ghtening vanes, the thermometer wells specified in Part 2, and the pressure taps
specified in 3-D.2.4 and Part 2.

3-D.3.2.2 Inside Surface

The sections of pipe to which the orifice flanges or fittings are attached and the adjacent
pipe sections that constitute the meter tube, as defined 1in 3-D.3.2.1, shall comply with the
following:

a. The roughness of the instde pipe walls shall not exceed 300 microinches. Carefully se-
lected smooth commercial pipe may be used. Seamless pipe or cold drawn seamiess pres-
sure tubing may be used, provided its inside wall is smooth. Drawn-over-mandrel (DOM},
electric-resistance-welded (ERW), straight-seam tubing manufactured to the requirements
of ASTM A 513, T-5, may also be used. To improve smoothness inside the meter tube, the
mside pipe walls may be machined, ground, or coated.

b. Grooves, scoring, pits,’and ridges resulting from seams; distortion caused by welding;
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the
pomnts identihed in Figure 3-D-1 by more than the tolerances shown are not permitted.
When these tolerances arc exceeded, the irregularities must be corrected,

¢. The interior of the meter tute shall be kept clean and free from accumulations of cont-
cminants, such as dirt and liguids, at all times.

3-0.3.2.3 Meter Tube Diameter
‘The mean wmside diameter of the meter tube shall be determined-as follows:

«  Measurements shall be made on at least four diamesters equally spaced in a plane 1 inch
upstream from the upstream face of the ornifice plate. The mean (anithmetic average) of these
measuremnents Ls defined as the mean meter tube diameter 1o be used in calculating the fiow
coefficient when minimum uncertainty of this variable 1s desired.

L Check measurements of the upstream inside diameter of the meter tube shall be made at
two or more additional cross-sections. The actual locations of the check measurements of
tne diameter. circumferentially and axially along the tube, are not specified. These checks
should be taken at points that will indicate the maximum and minimum diameters that exist
and should cover at least two pipe diameters from the face of the orifice plate or extend past
e flange or fitung weld, whichever distance is greater. Check measurements arc used to
venfy the uniformity of the upstream meter tube but do not become a part of the mean me-

© ter tube diameter.

0=: 0=
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Figure 3-D-1—Maximum Percentags Allowable Meter Tubse Telerance
Varsus Beta Ratlo

¢. The inside diameter of the downstream section of the meter tube shall be measured in a
plane 1 inch downstream from the downstream face of the orifice plate. Check measure-
ments of the diameter of the downstream section of the meter tube, simifar to those de-
scribed in Item b above, shall be made at two additional cross-secuions.

3-D.3.2.4 Tolerances and Restrictions

The tolerances for the diameter and the restrictions on the inside surface of the meter tube
are as follows:

a. The difference between the maximum measured diameter ard the minimum measured
diameter on the inlet section shall not exceed the tolerance shown in Figure 3-D-1 as a pes-
centage of the mean diameter defined in 3-D.3.2.3. The relationship below may be used to
calculate the variance of the diameter of the upstream section of the meter tubc:

Maximum diu..eter — Minimum diameter
D

b. Abrupt changes in diameter (shoulders, offsets, ridges, and so forth) shall not exist 1n the
meter tube (see 3-D.3.2.3, hem b,

¢. When Table 3-D-1 1< used for flow measurement csumation, the meter tube diameter, as
defined in 3-12.3.2.3. snall agree with the inside diameters histed in the tables within the tol-
erance shown in Figure 3-D-1.

d. Any diamcter measurcment in the downstream section shall not vary from the mean di-
ameter of the meter tube, as defined in 3-D.3.2.3, by more than the loterance shown in Fig-
ure 3-D-1. The foliowing rclationship may be used to caleutate the vanance of the diameter
of the downstream seclion of the meter wbe:

x 100 < Pcrecent tolcrance 1n Figure 3-D-1

Anvd ter - D —
b |ach °r {x 100 < Percent tolerance in Figure 3-D-1

Application of this equation doubles the tolerance for the downstream section of the meter
tube.
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e. The temperature a1 which the meter wbe measurements are made should be recordexd for
correction to the operating conditions.

For new instaliations, in which the betn ratio is likely to be changed, the tolerance per-
mifted for variations in pipe size, as shown in Figure 3-D-1, should be the same as that
given for 4 maximum orifice plate drameter ratio (8) of 0.75.

3-D.3.2.5 Use of Tabie 3-D-1

If Table 3-D-1 is used for flow estimation, the mean inside diameter of the upstream sec-
tion of the meter tube should be as nearly the same as the published inside diameter given
in Table 3-D-1 as is possible. The inside diameters given in the table were used to calculate
the constants in the table. If the mean meter tube diameter differs from the table inside di-
ameter by an amount greater than the tolerance set forth in Figure 3-D-1 or if minimum un-
certainty is desired, the mean mewer tube diameter should be used to compute the orifice-
to-meter-tube diameter ratic, 5. s well as the flow coefficient. Other factors should be cal-
culated for this exact value of A,

3-D.3.3 LENGTH OF PIPE PRECEDING AND FOLLOWING THE ORIFICE

The installation sketches anu accompanying graphs are not duplicated in this appendix
but are available 1n Pan 2, Figures 2-5 through 2-9. The graphs show the minimum lengths
of straight pipe required (expressed in nominal pipe diameters) versus beta ratio. It must be
noted that when pipe 1aps are used, lengths A, A’ and C shell be increased by two nomunal
pipe diameters and length B shall be increased by eight nominal pipe diameters. The lengths
of straight pipe should be trose required for the maximum beta ratio that may be used.

3-D.3.4 PRESSURE TAP HOLES
3-D.3.4.1 Location

Meter tubes that use pipe taps shall have the center of the upstream tap hole located 2.5
times the published or actual inside diameter from the upstream fuce of the orifice plate.

Tabte 3-D-1—Basic Onfice Factors {F,) for Pipe Taps (All Dimensions in inches)

Publishew: Inside Dismeters at Publistied ! side Diumertens st Published Inside Diameters at
Nominal Pipe Size of 2 Inches Nomunal Pipe Si1ze of 3 Inches Nomunal Pipe Size of 4 Inches
Cnhce
Diameter 1.687 1.93% 2067 2.300 2.624 2.5C0 3.068 3152 3438 1.826 4,026
Q230 12.850 12.813 12.800 12742 22765 12.754 12.748 12.745 12.737 12.727 12723
0.375 29.302 29098 29.000 28.883 28772 28711 2B.682 28.670 28.635 26.59% 23.585
0.500 53713 52817 52 432 52.020 51.594 51.354 51.244 51.197 51.065 50.937 50.887
0.625 81.2}7 81.920 84 D85 82.924 g1.802 81 143 80.837 - B0.704 80,334 79.976 79.837
0750 132,29 126.87 12494 122.4% 120.08 HE 67 1ER (D 117.70 116,87 11605 115.73
0875 192,87 181.02 17709 17163 167.26 164,58 163.31 162.76 16117 150.58 158.94
Lo 27573 251.1 214328 23%.30 224.61 21977 217.53 216.55 213.79 211.03 20092
1,125 392.50 342 99 32759 300.44 261 87 285.40 28167 280.03 275,43 270.91 263,10
1.250 466,00 438.00 40,53 377w 363.41 357.13 354.45 347.04 339.88 337.06
1.37% 58398 524,649 478 .89 45583 44575 a41.49 429 .84 41H.80 414.51
1.500 0791 602.80 565 80 54995 543.32 525 41 508.77 502.39
1.625 155.89 697.45 672.96 045283 535.77 611,12 601.81
1.750 01787 856.39 81907 803.79 763.53 727.55 71417
1.87% 1.0504 994 01 971.22 91200 850,19 841.21
2000 1.290.7 1,205 6 1,171.9 1,085.5 1011.7 985,07
2128 1465 ! 1,415.0 1,289.7 1,1854 1,148.4
2,250 - 15320 1.385.4 1,334.5
2.375 M 1.822.9 1.6{7.2 1.547.4
2.501 1.887.7 1,7923
2.625 2,206.1 2,076.0
2.750 24010

rigrt by the AMERICAN PETRCLEUM INSTITUTZ (AP}
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Table 3-D-1—Continued
Published Inside Diameters af Published Inside Dhameters st Published bnside Diameters & Pubtished Inside Disrocters at
Nomunal Pipe Size of 6 Inches Norunal Pipe Size of § Inches Nomunal Pipe Size of 10 inches  Normnal Pype Size of 12 Inches
Orifice —_—
Diameter  4.897 5.187 5.761 6.065 7.625 7981  EOT) 9.562 10020 10136 11.374 11.938 12.090
0.500 50.740  S0.707  50.653 50629
0.625 79438 79351 79219 79164
0750 114.81 114.62 11432 11420
0.875 157.11 156.72 156.13 15589  155.11 15499 134.97
1.000 20663 20592 20485 204 4) 01 ARB0 2RI 20216
1.125 26371 26252 26072 25999 25762 257328 15720 256323 25601 25596
1.250 32873 32687 32403 32287 1910 31857 31844 31690 31657 31649 31582 31557 31551
1.375 402,07 19932 39509 39334 3R7.63 38681 38663 38430  3BIBO 38368 38267 38231 3§2.22
1.500 48421 48026 47421 47170 46340 46220 46193 45853  ASTBD 45764 456,17 45565 45553
1.625 §75.75  S570.19 56174 55825 34662 54493 54454 53973 S5IBT0 53847 53640 53567 53549
1.750 677.39 669.69 658.09 653.34 63752 63520 634,67 624.05 626.63 626.30 62346 62246 622.22
1.875 790.00  779.49  763.79 75741 73636 73325 73253 72363 T2A7Z 7228 7iT45 71602 715.7%
2000 914.59 90039  £7940 87095 84336 83931 83837 82666 82414 82356  Bi8S!  BI6T7S  B16.32
2,125 1,0523 1.0334 10056 90454  958.80 95361 95240 93731 93404 933120 92674 92446 92390
2350 12047 11796 10432 11289 10830 10764 1074%¢ 10558 10516 10507 1.0423 10394 10387
2375 13734 1,3405  1,293.2 12786 12163 12080 11,2061 11823 11770 1,175.8 11653 L1617  1,160.8
2500 15605 15175 1.4565 14328 13502 13489 13465 13169 13105 13080 12960 12914  1,290.3
2625 17683 17126 16344 16043 15121 14993 14964 14600 14522 14504 14344 [ 4288 142774
2750 19999 19281 1,8283 17904 16754 16597 16561 16118 [6023 16001 15807 15739 15722
2875 22586 21665 2,040.0 19923 1.8499% 18307 18263 17716 17611 17584  1,7352 L7270 17250
3000 25486 24310 22712 22116 20361 20127 20074 15426 19288 19256 1.8979 1BEED2 1 885
3125 28753 27253 25243 24502 22347 22064 22000 21222 21058 2,120 20691 20576 2.054.7
3250 32449 30540 28019 27100 24466 24125 24048 23118 22923 22878 22490 23354 22321
1375 3.665.7 34224 31069 29934 2676 26317 26224 25117 24887 24834 24378 24219 24180
3.500 38376 34431 33031 29137 28648 28537 27225 26954 26892 26358 26172 26127
3.625 4308.1 38145 16424 31712 311285 30996 29445 29128 29055 2R432 286 28164
3750 42264 4014y 33461 33767 336k1  3.178.4 31413 31328 30603  3.0354 3.0293
J.875 46850 44252 37399 36577 36393 34248 33814 33715 3I2BTS 32588 32518
4.000 5197.9 48785 49543 39571 39353 36839 36336 36222 35252 34921 3.484.0
4.250 475016 46167 45867 42442 41769 41617 40331 398956  3.979.1
4 500 55548 53691 53281 48656 47763 47562 45874 45309 45173
4750 64855 62313 61754 55556 54380 54116 51919 511901 51016
£.000) 7576 12245 TU48% 63731 61604 61350 58511 57579 57356
5,250 FB505 83766 82742 71,1788 69791 695M6 65701 643517 64234
€500 97240 95854 B.1355 78774 TRW02 73549 72053 T.169.7
£750 92085 88766 88033 82124 R02M4 79798
€ 000 10.418 99915 98980 9.1507 89156 B8.860.0
€250 11,786 11240  1i121 10.179 98864 98175
6,500 13,344 12644 12493 11,309 10946 10,860
€ 7150 14,231 14038 12552 12,103 11,998
7 000 16035 15790 13925 1337 13,242
780 15445 14763 14,605
= s 17.135 16295 16,102
7.8 19.021 17986  17.750
£.000 19.861 19,572
BL2SC 21948 21,594

The center of the aownstream tap hole shall be located eight times the published or actual
inside diameter from the downstream face of the onfice plate. Figure 3-D-2 shows the al-
lowable tolerances. A maximurn beta ratio of 0.75 should be used in the design of new in-
stallations. ‘

3-D.3.4.2 Fabrication

Meter tubes that use pipe 1aos shall have a hote of the proper size drilled through the pipe
wall. Proper hole sizes are listed in Table 3-D-2. The hole shall not be threaded. A fitting
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Table 3-D-1— Continued
Published Inside Diamntters at Published hiside Diameters 8¢ Published Inside Diameters at Published Inside Diameters at

Nominu! Pipe Si2e of 16 Inches Nomina! Pige Size of 20 Inches Nominal Pipe Size of 24 Inches  Norinal Pipe Size of 30 Inches

Orifice
Dismeter 14.688 15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 29.000 29.250

1500 453.93 453.79
1.625 533.28 533.09 532,94
1.750 41920 G18.94 618.74
1.875 711,75 711.41 711.14 .
2.000 811.01 810.55 810.21 806.73 BO6S9 806.42
2.125 917.03 916.45 916.01 211,54 911.37 911.15
2.250 10299 1,029.2 1,02B.6 L0229 1,022.7 14225
2,375 1,149.7 1,148.8 1,148.1 [,141.0 1,1407 1,140.4 1,1368 11365 1,136.3
2.50C 1,276.6 1,275.4 1,274.5 1,265.7 12654 1,265.0 1,260.6 1,260.2 1,260.0
2.625 1,410.5 1.409.1 1,408.0 1.397.2 13968 1.3963 1.390.9 1390.5 1,390.2
2.750 [.551.7 1,550.0 1,548.6 1,535.5 1,535.0 1.534.4 15279 1,5274 15270
2.875 1,700,2 1,698.1 1,696.5 1,680.7 1,680.1 1,679.4 1,671.6 1,670.9 1,670.5 1,663.7
3.000 1.856.1 1,853.6 1,857 1.8328 1,832.1 1.831.2 1.821.9 1,821.1 1,820.6 1,821.6 1.812.3 1.812.1
3.125 2.019.6 2,016.6 2.014.4 19919 1,991.) £,990.0 19790 19781 1977.5 19680 1,967.7 1.967.4
3.250 2,190.7 2,187.2 2,184.6 2,158.1 2,157.1 2,1558 2,1429 21418 2,141 21300 21297 21293
31.375 2,369.7 2,365.6 2,362.5 2,3314 2,330.3 23288 23135 23123 23115 2,298 6 22982 2,297 8
3,500 2.556.5 2,551.7 2,548.1 25120 25106 2,508.9 2,491.2 2,489.8 2,488.8 2,473.9 24734 24729
3.625 27515 2.745.9 2,741.7 2,699.3 2.698.3 2,696.3 26758 2671 26730 26558 26552 2.654.7
1.750 29546 2.948.2 29434 2,R95.1 2,891.3 28910 28674 2,865.5 2,864.2 2,844 4 2.B4Y 7 2.841.1
3.875 3.166.0 3,158.7 3,153.2 3.0978 3.095.7 3.093.1 3,066.1 30838 30624 3,039.7 30390  3,0383
4.000 33858 337715 33713 3,308.1 3,305.7 3,302.7 32719 12693 3,267.7 32418 32410 3.240.2
4.250 38517 3.841.0 3,8329 3,751.8 37488 37449 3,705.1 37018 13,6997 366605 36654 16644
4.500 43535 4,339.9 4,320.7 4,226.9 42231 4218.2 4,167.7 4,163.5 4,160.8 41187 4,117 4 4,116.1
4,750 4.893.0 4,875.9 48630 4.734.3 4,729.5 4,723.4 4,660.2 46549 46515 4,598.9 4,597.2 4.5955
5.00C 5472.1 5450.6° 54345 52741 5.268.8 52613 5.1B3.7 51766 51724 51023 51052 51031
5.250C 6,092.7 6.066.0 60460 5.849.2 5.842.0 5.832.8 57372 57292 5,724.1 5.644.3 5641.8 5.639.2
5.500 6,757.2 6,724.3 6,699 6 0458 8 6,450.1 6,438.8 6,323.1 6,313.4 6,307.2 G2i04 6,207.3 6,204.3
5.750 7.468.2 7.427.8 73976 7.1047 7.0042 7.080.6 6941.5 6,925.8 6,922.4 6,806.0 5,802.3 6.798.7
6.000 8.228.7 §.179.4 81425 77782 771535 7.759.3 75931 71,5792 71,5703 74315 74274 74228
6.250 9.041.9 89819 8.937.2 85108 B.495.6 8.476.2 82786 8.262.2 82517 8.087.5 B.0822 80771 -
6,508 99114 9.838.9 0,784 Y 22738 02554 9232.7 8.999.] 8.979.7 8,967.3 87743 B.768.1 8,762.1
6.750 10.842 10,754 10,689 10,079 L0058 10,031 97554 $,732.6 9.718.] 94926 94854 94784
7.000 11,837 11,732 LG54 10,929 10,903 10,871 10,548 10,522 10,505 10,243 10,234 10,226
7.250 12,502 12,777 12,684 11,824 1i.795 11757 11,380 11,349 11,329 11,026 11,016 11,007
7.500 14,044 13,894 13,784 12.768 [2,733 12,689 12,250 12,214 12,191 11,841 11,830 11,819
7.750 15.269 15,091 14,959 13,763 13.722 13.671 13.161 13,119 13,093 12,691 12,678 12,666
8 000 16,587 16,372 16,216 14,811 14,764 14,704 14,113 14,065 14,036 13.575 13,560 13,546

should be fastened to the pipe at this point, and great care must be exercised to ensure that
the inside of the pipe is not distorted in any way.

The dizmeter of the tap hole shall not be reduced within a length cqual to 2.5 times the
tap hole diameter as measured from the inside surface of the meter twbe. If the ftling 15
welded to the pipe used to fabricate the meter tube, the tap hole shall not be drilled until af-
ter the welding 1s done

In Table 3-D-2. the finished tap hole shall be * % inch from the seiected nominal tap hole .

diamnetzr along the drilied length o“1he hole,

3-D.4 Computing the Flow of Natural Gas and Other
Related Hydrocarbon Fluids Through Orifice
Meters Equipped With Pipe Taps

3-D.41 GENERAL

The recommendauons i 3-D 4 2 through 3-D.4.8 concerning calculations and compu-
tations are confined strictly to pipe tap orifice meters installed and operated according to the
provisions of thus appendix. The equations usc inch-pound units and absolute values

~1ght b the AMERICAN PETROLEUM INSTITUTE (4P}
Jer 08 14-77.18 199g
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Table 3-D-1—Continued
Published Inslde Diameters ar Published Inside Diameters a1 Published Inside Diameters at Published Inside Diameters at
Nominat Pipe Size of 16 Inches Nominal Pipe Sizs of 20 Inches Nomunal Pspe Size of 24 Inches Nominal Pipe Size of 30 Inches

Orifice
Dianweter 14.688 15.000 15250 18.812 19.000 19.250 22 624 23.000 23250 28.750 29.000 29.250
£.250 17,996 17,746 17.562 15915 15,861 15,791 15,109 15,055 15,020 4,494 14477 14,451
§.500 19,517 19,221 19,004 17,079 17,016 16,935 16,150 15088 16,048 15448 15420 15411
£.750 21,157 20,807 20,551 18,306 18,233 18,140 17,238 17,166 17,121 16,439 16418 16398
2.000 22927 22515 22214 19,600 19,515 19,408 18374 18.293 18.241 17,468 17.444 17.421
9.250 24,842 24,357 24,004 20964 20,867 20,744 19,561 19,468 19410 18,515 18,508 13482
9.500 26917 26,347 25,0312 22404 22293 22,151 20,801 20,695 20,629 19,642 19,612 19,582
9.750 29,173 28,502 28,015 23925 12,797 23,635 22006 21976 2150t 20,789 20.755 20,72
10.000 31,630 30,840 30,269 25531 25384 25,199 23,448 23,313 23228 21977 21,939 21,902
10.250 34316 33,184 32714 27229 27062 26850 24,861 24708 24,612 23,208 23,165 23,124
10.500 36,161 353713 29026 28,834 28,593 26337 26,165 26,057 24,482 24 435 24,389
10.750 30,928 30,710 30,435 27,879 27.686 27.564 25.802 25,749 25.698
11.000 312944 32,695 32,382 25492 2924 29,137 27,168 27,109 27053
11.250 35,082 M,799 34,444 31,177 30933 30.780 28,582 28517 28,454
11.500 37353 37,031 36627 32,941 32,667 32495 30.045 29973 29,904
11.750 39,766 39401 38,042 34,786 34,479 34,286 31,559 31,480 31,403
12.000 42336 41921 41.400 36717 36,374 36,158 33.126 33,038 32,953
12.500 47998 47,462 46791 40,859 40,430 40,162 36,426 36318 36,216
13.000 54472 53,7719 52915 45410 44878 44,545 39,960 39,830 39,705
13.500 50,425 49,765 49,353 43,746 43,590 43,438
14.000 55965 55148 54,640 47,805 47,617 47,433
14.500 62,106 61,096 60,469 52.159 51,933 51715
15.000 68,938 67689 66917 56,833 56,563 56,303
15.500 76572 75.077 74,075 61857 61,535 61,225
16.000 B 83,233 82,057 67.263 66,879 66311
16.500 73.087 72632 72,195
17.000 79,372 78.833 78.315%
17.500 86.165 85.227 B4 Y15
18.000 - 93,522 92,767 92,044
18.500 101,506 100,614 99,761
19,000 110,192 109,137 108,130
19.500 119,667 118,420 117,231
20.000 130,036 128,559 127,153

throughout, Constants and vatiaoles that have a subscript of 1 indicate upstream measure-
ments; those that have a suoscript of 2 indicale downstream measurements.

3-D.4.2 EQUATION

In the measurement of most gases, especialiy natural gas, the general practice is to ex-
press the flow rate in cubic feet per hour at some specified reference or base conditions of
pressure and tempeiatuie (that is, in standard cubic feet per hour). To calculate the quantty
of gas. tne following equation shall be used:

.0 o= kR (3-D-1)
Where:
C' = onfice flow constant
L, = differential pressure at 60°F, in inches of water
F, = stauc pressure, in pounds force per square inch absolute.
Q. = volume {flow rate at base conditions, in standard cubic feet per hour.

3~D.4.3 ORIFICE FLOW CONSTANT (C")

The orifice flow constant. C, is defined as the rate of airflow as a real gas, in standard cu-
bic feet per hour, when the extension, (h.F)%%, equais unity. The orifice Row constant
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Note A maximum f reuo of 0.75 should be used in the design of new installstions,

Figure 3-D-2— Aliowable Variations in Pressure Tap Hole Location

should not be confused with the flow coefficient or coefficient of discharge (K). The follow-
ing equation is used to calculate the orifice flow constant:

¢’ = REYE,EEEF, (3-D-2)
Where,
£, = basic orifice factor.
F, = real specific gravity (reiative density) factor.
f, = base pressure facior.
f., = supcrcompressibility factor {from A.G.A Transmission Measurement Committee
Repoit No. 8).
F. = Reynolds number factor.
[, = base temperature factor

F.. = flowing temperature fuctor.
¥ = cxpansion factor

Table 3-D-2—Meter Tube Pressure Tap Holes
{Dimensions in Inches)

Meter Tuaz
Nominal Nominal Tap Hole hameiter
Envide
Diameter Rrcommended Maximum Munimumn
«? A e %
- 2or’¥ x % X
’ 24 % Y K

Note ‘1he finished tap bole shall be 4. inch from the selected nominal tap
hole diameter along the drilled length of the hole.

Al PETRZLEUM INSTITUTE (4R])
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The sequence of multiplicarion in Equation 2 is not binding; however, to duplicate the re-
sults obtained using Equation 2, the sequence of multiplication and the manner of rounding
or truncation should be agreed upon and practiced. Trim factors to compensate for the type of
instrumentation used, the calibration methods, and the elements of meter location are treated
scparately (see Appendix 3-A). These trim factors may be applied as a multiplier to C!

The values of all the C’ factors are detailed in subsequent sections of this appendix. Both
equations and 1abular data based on the equations are provided. The tabies are to be used
as ap alternative to calculations by equations or to check computed results.

3-D.4.4 COEFFICIENTS OF DISCHARGE (K) —
To calculate the coefficients of discharge, X, the following empirical equations are used:

K!
K, = o _BE (3-D-3)
1,000,000d
Where
K, = 05925 - 20182 (044 - M),ﬁ + (0.935 + 0'225),8’
‘ D D
w . 143 %

- 1.358" + T -(0.25 - M (3-D4)
E = 4(830 — 50008 + 900087 — 42008° + B) {3-D-5)
B=33,7 (3-D-6)

Note: In Equauon 3-D-4, the sipns of some of the terms with (ractional exponents become negative for some vel-
ues of f. In such cases, these terms are to be neglected or their value oeated as zero, and wncre these terms are o
factor to another term, the whole product 1s to be treated as zero.

Where:
d = measured orifice diameter, in inches.
D = measured inside meter tube diameter, in inches.
K, = cocfficient of discharge when Reynolds number is cgual to (1.000,0004)/15.
K, = coefficient of discharge when Reynolds number equals infinity, which will be the

minimum value for any particular orifice and meter tube size.
= beta ratio
= djb.

™
|

These values will be used in subsequent intermediate calculations of the orifice flow con-
stant fuctors

3-DA.5 BASIC ORIFICE FACTOR (F,)

To calculate the basic orifice factor, F,, use the following equation and note the standard
conditions:

f, = 33RITRLK, (3-D-7)
When

14.73 pounds force per square inch absolute
1000
60°F (519.67T°R)

F, (base pressure)
Specitic gravity
- T, (basc tcmperature)

Table 3-D-1 was developed using Equauon 3-D-7 and various combinations of d and [
1o use it, however, the measured inside diameter (D) of the mater tube must be within the
limits specified in 3-D.3.2 and Figure 3-D-1. Table 3-D-2 may not be inlerpolated.
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3-D.4.6 REYNOLDS NUMBER FACTOR (F)
To celculate the Reynolds number factor, F,, use the following equations:
E
F=1+— 3-D-8
T Re, ( )

Re, = 220,8584F .\/ph, ‘
x (0.613408 — 0.1527568 + 0.8038338° - 1.7011118* + 1.5693368*) (3-D-9)

£ Y 49167
= | G (3-D-10)
= () %Y
Where: -
G = specific gravity.
Re, = orifice ho-e Reynolds number,
T; = absolute flowing temperature, in degrees Rankine,

p = specific weight of a gas at 14.7 pounds force per square inch absolute and 32°F.

Table 3-D-3, which may not be interpolated, may be used 10 determine the value of b;
this value may then be apphed to Equanon 3-D-11:

+

Table 3-D-3—b Values for Determining Reynotds Number Factor F, for Pipe Taps (All Dimensions in Inches)

,F: = 1+ 5
hE
Published Inside Diameters at Published lnside Chameters at Published Inside Diameters at
Nomenal Pipe S1ze of 2 Inches Norminal Pipe Size of 3 inches Nomunal Pipe Size of 4 [nches
Orifice
Diame:er 1.687 1.939 2.067 2.300 2624 2900 3.068 3.152 3438 1.826 4.026
0.250 0 LE06 D 109! 0.1087 0.108! 0.1078 D.1078 0.1079 0.1079 0.1081 0.1084 0.1085
0.375 00890 00878 0.0877 0.0879 00888 0.0898 0.0505 0.0908 00918 0.0932 0.0939,
0500 00758 00734 00729 0.0728 00737 00750 00758 0.0763 00778 0.0800 0.0810
0.62< 00494 00647 0.0615 00624 00624 0.0634 0.0642 0.0646 0.0662 0.0685 00697
0.750 0.0676 0.0608 0.0585 0.0559 N546 0.0548 0.0552 0.0555 0.0568 0.0590 0.0602
0.87f 0.0684 00602 0.0570 0.0528 0.0497 0.0488 0.0488 0.0489 0.0496 0.0513 0.0524
1.Ug0 0.0702 0.0614 0.0576 0.0522 00473 0.0452 0.0445 0.0443 0.0443 0.0453 0.0461
1125 o o70Y 0.0633 0 U595 I U 00469 0.0435 0.0422 0.0417 00407 0.0408 0.0412
1250 0.0650 D 0617 0.0552 0.0478 0.0434 0.0414 0.0406 0.0387 0.0376 0.0377
1.375 00623 0.0575 00496 0.0443 0.0418 0.0408 0.0370 0.0358 0.0353
1 50¢ 0.0590 00518 0.0461 00431 0.0418 0.0382 0.0350 0.0341
1.62¢ nns3e 0.0482 0450 00335 0.0392 nao3asi 0.0336
1.750 00554 0.0504 0.0471 0.0456 0.0408 0.0359 0.0340
1.87% 0.0521 00492 0.0477 0.0427 0.G372 0.0349
00C 0.0532 0 0508 0.0495 0.0448 00388 0.0363
PR A 0.0519 0.0500 0.0467 00407 0.0380
2.25¢ 0.0483 0.0427 0.0398
o b . 0.0494 0.0445 0.0417
2.50( 00461 0.0435
627 0.0472 0.0450
2750 0.0462

Note “inhg & values are colculated from the following equation:
£
P = —
- ’ 12,8354
Whetc

d = mean orihee diameter, in inches,
value from Equation 3-D-5
value approximared from Tabje 3-D-4

-
(1]

+ br tne AMERIZAN PETFOLELM INSTITUTE (AP]%
08 14 17-15 196Gs
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b
F=1+ (3-D-11)
- R E
- _E (3-D-12)
12,835dK
. Table 3-D-3— Continued
F = 1+ b
L4
Published [nside Published inside Published Inside Published Inside
Diameters at Diameters at Diameters at Diameters at
Normunal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of
6 Inches 8 Inches 10 Inches 12 Inches
Qrifice
Diameter 4 857 5.187 5.761 6.065 71.625 7.981 8.071 9.562 10,020 10.136 11.374 11.938 12.090
0.500 0.0850 0.0862 0.0883  0.0893
0.625 0.0747 0.0762 0.0789 0.0802
0.750 0.0655 0.0672 0.0703 0.0719
0.875 00575 00592 00625 00642  0.0716 0.0730 0074
1.000 00506 0.0523 0.0556 0.057: 0.0652 0.0668 00672 0.0728
1.125 0.0448 0.0464 0.0495 0.05t2 0.0593 0.0609 00613 0.0674 0.0691 0.0695
1250 0.0401 0.0414 00442 0.0458 0.0538 0.0555 0.0560 0.0624 00641 00646 0.0687 0.0704 0.0708
1.375 0.0363 0.0373 003%7 0.0412 0.0489 0.0506  0.0511 0.0576  0.0594 0.0599 0.0643 0.0661 0.0666
1.500 0.0334 0.0341 0.0360 0.0372 0.0445 0.0462 0.0466 {40532 0.0550 0.0555 0.0601 0.0620 0.0625
1.625 0.0313 0.0315 00329 0.0339 10,0405 0.0421 0.0425 00450 0.0509 00514 0.0561 0.0580 0.0585
1.750 0.0300 0.0298 0.0304 0.031! 0.0369 00384 0.0388 0.0452 0.0471 0.0476 0.0523 0.0543 0.0548
t 875 0.0293 0.0287 0.0285 0.0290 0,0338 0.0352 0.0355 00417 0.0436 0.0440 0 D488 0.0508 0.0513
2.000 0.0202 0.0281 0.0273 0.0273 0.0311 0.0323 0.0327 00385 0.0403 0.0407 00454 0.0475 0.0480
2.125 0.02%7 0.0281 0.0265 0.0262 0.0288 0025¢ 0.0301 0.0355 0.0373 0.0377 0.0423 0.0443 0.0449
2.250 0.0305 0.0285 0.026! 0.0256 0.0268 0.0277 0.0280 0.0329 Q.0345 0.0349 0.03%4 0.0414 0.0419
2.378 0036 00293 00262 00253 0.0252 00259 00261 00305 0.0320 00324 00367  0.0387  0.0392
2.500 0.0330 00304 0.0267 00254 00239 00244 00246 00283 00298 Q0301 00342  0036! 0.0366
2 625 0.0345 0.0317 0.0274 0.0258 0.0230 0.0232 0.0233 0.0265 0.0277 0.0281 0.0319 00337 0.0342
2750 00362 00322 0.0284 00265 00224 00224 00224 00248 00260 00263 00298 00316 00320
2.875 0.0379 0.0248 0.0295 0.0274 00220 00218 0.0218 0234 0.0244 0.0246 0.0279 0.0295 0.0300
3.000 0.0395 0.0254 0.0308 00283 0.0219 00214 00213 0.0222 0.0230 0.0233 0.0262 0.0277 0028
3.125 Q0210 0.0380 0.0323 0.0297 0.0220 00213 a.0211 00212 0.0218 0.0220 0.0246 0.0260 0.0264
3.250 Q0422 0.0394 0.0338 0.0311 0.0223 00214 0.0212 0.0205 0.0209 0.0210 0.0232 0.0245 0.0249
3375 0.0433 0.0408 0.0353 0.0325 0.0228 0.0217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.0235
1.500 0419 0.0367 010339 0.0235 0.0221 a.0218 0.0195 0.0195 0.0196 0.021¢ 0.0220 0.0223
3.625 00428 0.0381 0.0354 0.0243 0.0227 0.0224 0.0193 0.0191 0.0191 1L.0204 0.0209 0.0212
3.750 0.0393 00367 0052 00234 00230 0.0192 00188  0.0188 0.0193 00200 0.0202
3875 Q.0404 0.0380 0.0262 00243 0.0238 0.0193 0.0187 0.0186 0.0187 0.0192 00194
4.000 a3 N0 0.0272 nnas2 Q.0248 0.0195 0.0187 0.0186 0.0182 0.0185 0.0187
4.250 0.0297 0.0273 0.0268 00203 00192 0.0189 0.0176 Qo176 0.0177
4,500 0.0121 N 0296 00290 0215 0 0200 0.0197 00175 Qo172 0.0171
1 750 0.0344 00320 0.0314 00230 0.0212 0.0208 0.0178 00171 0.0170
5.000 0.0364 0.0342 0.0336 0.0248 0.0228 0.0223 0.0185 0.0175 0.0172
5.250 0038F  0.0361 00356 00267 00245 00239 00195 00181 00178
5.500 0.0377 0.0373 0.0287 0.0263 0.0257 0.0207 €.0190 0.0186
5.750 0.0307 0.0282 0.0276 0.022] 0.0202 0.0197
6.000 00326 00302 0.0295 00236 0.0215 00210
6.250 110343 0.0320 00314 0.0251 0.0230 0.0224
6.500 00358 00336 00331 00270 00246  0.0240
6.750 00351 0.0346 0.0288 0.0262 0.0256
7.000 0.0363 0.0359 0.0304 0.0279 0.0272
7.250 - 00320 00295 0.0288
7,500 0.0334 0.0310 0.0304
7.750 00347 0.0325 0.0318
E.000 0.0338 0.0332
§.250 00349  0.0344
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Tabie 3-D-3—Continued
F=14+ 5
hE
Published Inside Published Inside - Published Inside Published Inside
Diameters at Diametess at . Diameters at Diameters at
Nominal Ptpe Size of Nomnal Pipe Size of Nominal Pipe Sizs of Nomunal Pipe Stzc of
: 16 Inches 20 Inches 24 Inchey 30 inches
Crifice -
Dismeter 14.688 15.000 15.250 18.812 15.000 19.250 22,624 23.000 23.250 28.750 29.000 29.250

1.500 00697 0.0705

1.625 0.0662 0.0670 0.0676

1.750 00628 0.0636 0.0542

1.875 0.0595 0.0603 0.0610

2.000 0,0563 0.0571 0.0578 0.0663 0.0667 0.0672

2125 0.0532 0.0541 0.0548 0.0635 0.0639 0.0645

2,250 0.0503 0.0512 0.0519 00609 0.0613 0.0618

2.375 0.0475 0.0485 0.0492 00583 0.0588 0.0593 0.0658 0.0665 0.0669

2,500 0.0449 0.0458 0.0466 0.0558 0.0562 0.0568 0.0635 0.0642 0.0646

2.625 0.0424 0.0433 0.0441] 0.0534 0.0538 0.N544 0.0613 0.0620 0.0624

2,750 0.0460 0.0408 0.0417 00510 00515 0.0520 0.0551 0.0598 0.0603

2.875 0.0378 0.0387 0.0394 0.0488 0.0492 0.0498 0.0570 0.0577 0.0582 0.0669

3.000 0.0356 0.0365 0.0372 0.0466 0.0470} 0.0476 00549 0.0556 0.0561 00650 0.0654 0.0657
3.125 00336 0.0345 0.0352 0.0445 0.0449 0.0455 0.052% 0.0536 0.0541 0.0632 0.0676 0.0639
3.250 0.0317 0.0326 0.0332 00425 0.0429 0.0435 0.0509 0.0517 0.0521 00615 0.0618 0.0622
3.375 0.0300 00308 0.0314 00405 0o4l0 0.0416 0.045%0 0.04%7 0.0502 0.0597 0.0601 3,0604
3.500 0.0283 0.0291 0.0297 0.0387 0.03%91 0.0397 00471 0.0479 0.0484 00580 0.0584 0.0587 -
3628 00268 0.0275 0.0281 0.0369 1.0373 0.0379 00453 0.0461 0.0466 0.0563 0.0567 0.0571
3.750 0.0254 0.26! 0.0267 0.0152 0.0356 0.0362 0.0436 0.0444 0.0449 0.0547 0.0551 0.0554
3875 00240 0.0247 0.0253 0.0336 0.0340 0.0346 0.0419 0.0427 0.0432 0.0530 0.0534 C.0538
4,000 00228 0.0235 0.0240 0.0320 00324 0.0330 00403 0.0411 0.0416 Q0518 0519 0.0523
4.250 00207 00213 0.0217 0.0291 00295 0.0301 0.0372 0.0380 0.0385 0,048 0.0488 0.0492
4,500 0.0150 0.0194 0.0198 0.0265 0.0269 0.0274 0.0342 0.035t 0.0356 0.0455 00459 0.0463
4.75G 0.0176 00180 00183 0.0242 00246 0.0250 nnie 00324 0.0329 0.0425 00431 0,0435
$.000 00166 00168 oM 0.0221 00225 0.0229 0.0292 0.0299 0.0303 0.0401 00405 0.0409
5.250 0.0160 0.0161 0.0162 0.0203 0.0206 0.0210 0.026% 0276 0.0280 00376 00380 0.0384
5.500 0.0136 0olse n.ois6 00183 00190 00194 0.0248 0.0255 0.0259 0.0332 0.0356 0.0360
5.750 0.015% 0015¢ 0.0153 0.0175 0.0177 0.0180 0.0230 0.0236 0.0240 0.0330 00334 0.0338
6.00C 0.0157 0.0154 0.0153 0.0164 0.0165 0oles 0.0213 N0218 0.0222 0.0309 00313 0.0317
6.250 0.0161 00157 0.0154 00155 (2.0136 00158 0.0197 0.0203 0.0206 0.028Y 00293 0.0297
6.500 0.0167 0.0162 0.0159 0.0148 0.0149 0.0151 0.0184 n.01R9 0.0192 00271 00274 0.0278
6.750 o.17s 00169 00164 0nida 0.0144 00145 0.0172 00176 0.0179 0.0253 0.0257 0.0261
7.000 00184 0.0177 00172 00141 0.0141 0.014! 0.0162 0.0166 0.0168 0.0237 0.0241 0.0244
7.250 w0195 0GIRY 0 018! 00140 00140 00139 0.0153 0.0156 0.0159 0.0223 0.0226 0.0229
7.500 0.0206 0.0198 0019 Q.0140 00140 00139 0.0146 0.0149 0.0150 0.0200 0.0212 0.0215
7.750 0.0219 0.0200 00202 Cuid3 0.G141 U140 00140 0.0142 00144 00196 00159 0.0202
£.000 0.5232 uu222 D.0Z14 00144 0.0144 0nis2 .0136 00138 00139 0.0185 0.0187 0.01%0

Table 3-D-4 must bz used to determine the value of K in Fquation 3-D-12. First-order
hinear interpodation of Table 2-D-4 1s permussible. 1n calculating the extension for detenmni-
nations of £, uverage or estirnated values may be used.

3-D.4.7 EXPANSION FACTOR(Y)
3-D4.7.1 Expansion Factor Based on Upstream Static Pressure (Y;)

If the static pressuie is measurzd at the upstream pressure fap. the calculanons for the ex-
pansion factor, ). use the following equations;

¥, = | - [0333 + LI4S(F° + 0.78° ~ 125"}1% (3-D-13)

spy-18RT by the AHMERICAN PETROLEUM [NSTITUTE (APLY
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Table 3-D-3— Continued
E =1+ b
L
Published Inside Puhblished Inside Published Inside Published Inside
Diameters at Diameters at Digmeters at - Diameters at
Nominal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of - Nominal Pipe Sire of
16 Inches 20 Inches 24 Inches 30 Inches

Onifice
Diameter 14,688 15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28,750 29.000 29.250
8.250 0.0246 0.0235 0.0227 0.0151 0.0149 0.0146 0.0133 0.0134 0.0135 0.0174 0.0177 0.0179
8.500 00260 0.0249 0.0240 0.0157 0.0154 0.0151 0.0132 0.0132 0.0132 0.0165 0.0167 0.0170
8.750 0.0273 0.0262 0.0253 0.0162 0.0160 0.0157 0.0131 0.0130 0.0130 0.0156 0.0158 0.0161
9.000 0.0286 0.0276 0.0267 0.0171 0.0168 0.0163 0.0131 0.0130 0.0130 0.0149 0.0151 0.0153
9,250 0.0299 00288 0.0280 0.0180 0.0176 0.0171 0.0133 0.0131 0.0130 0.0142 0.0144 0.0146
2.500 0.0311 0.0301 0.0292 0.0139 0.0185 0.018D 0.0136 0.0133 0.0132 0.0137 0.0138 0.0140
9.750 0.0322 0.0312 0.0304 0.0198 0.0194 00189 0.0139 0.0136 0.0134 00132 00133 0.0135
10.000 0.0332 0.0323 0.0315 0.02% 0.0204 0.0198 0.0143 0.0140 0.0138 0.0129 0.0129 0.0130
10.250 0.0341 0.0333 0.0326 0.0219 0.0214 0.0208 0.0149 0.0144 0.0142 0.0126 0.0126 0.0127
10 500 0.0341 0.0335 0.0230 0.0225 0.0219 0.0154 0.0150 0.0147 0.0123 0.0124 0.0124
10.750 a.n241 0.0236 0.0229 0.016! 00155 0.0152 0.0122 0.0122 0.0122
11.000 0.0257 0.0247 0.0240 0.0168 0.0162 0.0158 0.0121 0.0121 0.0121
£1.250 0.0263 0.0258 0.0251 0.0175 0.0169 0.0165 0.0128 a.0121 0.0121
11.500 0.027: 0.0268 0.0261 0.0183 0.0176 0.0172 0.0122 0.0122 0.0121
11.750 0.0284 0.0278 .02 0.0191 0.0134 0.0180 0.0124 0.0123 0.012
12.000 0.0293 0.0288 0.0282 0.0200 0.0192 0.0188 0.0126 0.0124 0.0123
12.500 00312 0.0307 0.0301 0.0218 00210 0.0205 0.0131 0.0130 0.0128
13000 0.0327 0.0323 0.0318 0.0236 0.0228 0.0222 0.0139 0.0137 00135
13.500 0.0255 00246 0.0240 0.0148 0.0146 0.0143
14,000 0.0272 00264 0.0258 D.0159 0.0156 0.0153
14.500 0.0289 oC280 0.0275 00172 0.0168 0.0165
15.000 0.0304 0.0296 0.0291 G 0185 0.0181 0.0177
15,500 ©.0318 0.0311 0.0306 0.019% 0.019%4 0.0191
16.000 0.0323 0.0319 00213 0.0209 0.0205
16.500 0.0228 0.0223 0.0219
17.000 0.0242 0.0238 0.0233
17.500 0.0257 0.0252 0.0248
18.000 D 0O270 0.0266 0.0261
18.500 0.0283 0.0279 0.0275
19.000 00296 0.0292 0.0288
19.500 0.0307 0.0303 0.0299
20,000 0.0317 0.0313 0.0310

E - F h
1 /1 "
A, = — = (3-D-14)
1 [/ 27.707F
Where:

k = rauo of specific heats, ¢, /¢, (that is, the ratio of the specific heat of a gas at con-
stant pressure to the specific heat of the gas at constant volume at standard con-
dittons.

x,/k = acousuc ratic.

Table 3-D-5 was developed using Equations 3-D-13 and 3-D-14 with a value of & = 1.3.
lirst- or second-order linear interpolation of Table 3-D-5 1s permissible.

The valucs of ¥, arc subjcet to an uncerminty varying from 0 when x, = 0 to +0.5 per-
cent when x, = 0.2. For larger values of x), 2 somewhat larger uncenainity can be expected.
Equation 3-D-13 may be used over arangeof 0.1 £ 8 < 0.7.
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Table 3-D-4—Values of K to Be Used in Determining
R, for Calculation of F; Factor
B X (pipe)
0.100 0.607
0.125 0.608
- 0.130 0.611
0.175 . 0.614
0.200 0.618
0.225 0.623
0.250 0.628
0.275 0.634
0300 . ) 0.641
0.325 ’ 0.650
0.350 0.658
0,375 0.668
0.400 0.680
0.425 0.692
0450 0.707
0.475 0724
0.500 0.742
0.525 0.763
, T 0550 0.785
Q.575 0.810
0.600 0.837
0.625 0.869
0.650 0.904
0.675 0.943
0.700 0.988
3-D.4.7.2 Expansion Factor Based on Downstream Static Pressure (Y;)
If the static pressurc 1s measured at the downstream pressure tap, the caiculations for the
expansion factor, Y, use the following equations:
— 2 X
Y, = I+ x, —{0.333 + LI5(° + 0.78° + 128" 2 3-D-15)
SR AR Prr 0T8T BN,
FE - K h
x. = & L= = (3-D-16)
* g, 21.707F,
Tablc 3-D-6 was deveioped 11sing Equations 3-D-15 and 3-D-16 with a valuc of & = 1.3.
Fnst- or second-order linear interpolation of Table 3-D-6 is permissible.
3-D.4.8 OTHER C'FACTORS
The remaining onfice fow constant C’ factors (namely. F,,. F,., Fy. F,..and F,) are calcy-
Lued exactly as desenbed in the body of this standard. Computations using equations or 1a-
blzs are permussibie with these factors when calculating the fiow of natural gas through
arince meters equipped with pipe taps.
3-D.4.9 EXAMPLES
3-D.4.89.1 Example
Given the tollowing physical parameters and flowing conditions, calculate the flow rate
for a pipe tap onfice meter through one meter tube:
) Tube diameter  2.067 in
Orifice diameter 1in
Static pressure 500 psig {mcasured upstream)
Differential pressure 50 inches of water at 60°F
i PETRCLEUM INSTITUTE (ADD)
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Base pressure  14.73 psia
Atmospheric pressure  14.7 psia (baromerric)
Flowing temperature 100°F i
Base temperature  60°F
Relative density (specific gravity) 0.600
Carbon dioxide 0.5 mole percent
Nitrogen 0.5 mole percent
Differential pressure device Bellows (recorder, dry)
The solution is calculated as follows: _
Diameter ratio (8) = 0.483793
Extension = 160.421
Basic orifice factor (7) = 243.279
(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and
3-D-7; or Table 3-D-2)
Table 3-D-5—Expansion Faclors for Pipe Taps (¥;): Static Pressure Taken From Upstream Taps
B = diD
hoiF, 0.1 0.2 0.3 0.4 0.45 0.50 0.52 0.54 0.56 0.58 0.60
no 1.004) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.9990 0.9989 0.9988 0.9985 0.9984 0.9982 0.9981 0.9980 0.997¢ 0.9978 0.9977
0?2 0.9981 0.9979 0.9976 0997: 0.5968 0.9964 0.9962 0.9961 0995y 0.9957 0.9954
0.3 0.9971 0.9968 0.9964 09956 0.9952 0.9944 0.9944 0.9941 0.9538 0.9935 0.993}
04 09962 0.5958 0.9951 0.9942 0.9936 0.5928 0.9925 09921 0.9517 0.9913 0.9908
05 0.9952 0.9947 0.9939 0.9927 0.9919 09910 0.9906 0.9902 0.9897 0.9891 0.9885
0.6 0.9943 0.9937 0.9927 0.9913 0.9903 0.9892 09887 0.9882 0.9876 0.9870 0.9862
07 0.9933 0.9926 0.9915 0.9898 0.9887 0.9874 0.9869 0.9862 0.9856 0.0848 0.9840
oe 0.9923 0.9916 0.990% 0.9883 0.987i 0.9557 0.9850 09843 09835 0.9826 09817
0.0 0.9914 0.9%05 0.9891 09869 0.9355 0.9839 09831 0.9823 09814 0.9805 0.9794
1.0 0.9904 0.9895 0.9878 0 9RS4 0.9839 0.982i 09812 0.9803 09794 0.9783 0.5771
11 0.9895 0.9884 0.9865 0.9840 0.9823 0.9803 0.9794 0.9784 0977 0.9761 0.9748
1.2 0.9885 0.9874 0.9854 09825 0.9807 D.9785 0.9775 0.9764 09752 09739 0.9725
1.2 0.9876 09863 0.9K42 09811 0.5791 09767 09756 0.9744 09732 0Y71K 0.9702
14 0.9866 0.9853 0.9830 09796 09775 0.9749 05737 09725 09711 0.9696 0.9679
1S 0.9857 0.9842 0.9818 09782 09758 © 097 05719 0.9705 0.9690 0.9674 0.9656
1.6 0.9847 09832 0.9805 09767 0.9742 09713 0.9700 0.968S 09670 0.9652 0.9633
17 0.9837 0.9821 0.9793 09752 0.9726 0.9695 09681 0.9666 09649 0.9631 0.9610
18 0.9828 0.9811 0.9781 09738 09710 0.9677 0.9662 0.9646 09628 0.9600 0.9587
19 0.9818 09800 09765 0.9723 0.9694 09459 0.964% 0.9626 N.9608 09587 0.9565
2.0 0.9800 09790 ¢ 757 09709 0.967€ 0.9641 09625 09607 09587 0.9566 0.9542
2.1 0.979% 09779 09745 09694 0.9662 09623 0 9A06 0.95R7 N 9566 0.9544 0.9519
22 0.9790 0.9768 0.9732 0.9680 0.9646 0.9605 0.9587 0.9567 0.9546 0.9522 0.9496
23 0.5780 0.9758 0.9720 0.9665 0.9630C 0.9587 09568 0.9548 0.9525 0.9500 0.9473
2.4 09770 09747 (1.9708 09650 09617 0.9570 09550 09524 09505 0.9479 0.9450
25 0.9761 09137 0969 09636 09547 09552 09531 0.9508 09484 09457 0.9427
26 0.9751 09726 0 AR | 09621 05581 (1,954 119512 0 94K9 09463 0.9435 0.9404
27 0.9742 0.9716 09672 0.9607 09565 09516 0 9493 0.9469 09443 09414 0.9381
28 0.9732 0.9705 0.9656 09592 0931 0 9498 0.9475 0.9449 09422 0.9392 0.9358
29 09723 09695 U 9647 DYS5TR 0.9532 0 94380 0.9456 0.9430 094 09370 0.9335
in 0.9712 0.3684 09635 09563 09517 09462 9437 0.9410 0.9381 0.9348 09312
kN 09704 09674 09621 09549 0.95m 0.9444 9418 09390 09360 09327 0.9290
32 0.9694 0.9663 0961t 09534 0.948% 0 9426 0 9400 05371 0.9335 0.9305 0.9267
33 0.9684 0.9653 0.9555 0.9519 09469 0.5408 09381 0.9351 0.9319 09283 0.9244
34 0.9678 0.9642 09587 0.9505 0.9452 09390 09362 0.9331 0.9298 09261 0.9221
35 0.9665 0.9632 09574 0.9490 no943a 09372 09343 09312 09277 09240 0.9198
16 0.9656 09621 .  0.9562 0.9476 09420 09354 7 09324 0.9292 0.9257 0.9218 0.9175
17 09640 0961t~ 0.9550 0.946i 09404 0.9336 0.9306 0.9272 09216 09196 0.9152
18 0.9637 0.9600 0.953% 0.9447 0.9388 09318 0.9287 0.9253 09216 09175 0.9129
1.9 0.9627 0.9590 09526 0.9432 090372 0.9301 0.9263 05233 09195 0.9153 0.9106
4.0 09617 0.9579 09514 0.9417 09356 0.9283 0.924% 0.9213 09174 09531 0.9083
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Tabie 3-D-5—Continued
B =diD
hiF, 0.61 0.62 0.63 064 0.65 0.66 0.67 0.68 0.6% .70
0.0 1.000 1.000 1,000 1.00Q 1.000 1.000 1,000 1.000 1.000 1.000
0.1 0.9976 0.9976 0.9975 0.9974 0.9973 09972 0.9971 0.9970 0.9969 09968
0.2 0.9953 0.9951 0.9950 0.9948 0.9947 0.9945 0.9943 0.9941 09938 0.9935
Q.3 0.9929 0.9927 0.9925 0.9923 0.9920 0.9917 0.9914 0.9911 09907 0.9903
04 0.9906 0.9903 0.9500 0.9897 0.9893 0.9890 0.9986 0.9831 0.9876 0.9871
0.5 0.9882 0.9879 0.9875 05871 0.9867 0.9862 0.9857 0.9851 0.9845 0.9389
0.6 0.9859 0.9854 0.0850 0.9845 0.9840 0.9834 0.9828 0.9822 0.9814 0.9806
0.7 0.9835 0.9830 0.9825 0.9819 0.9813 0.9807 0.9800 0.9792 09784 0.9774
038 09811 0.9806 0.9800 0.9794 0.9787 09779 0.9 0.9762 0.9753 0.9742
0% 05788 0.9782 0.9775 0976k 0.9760 09752 0.9742 0.9733 05722 0.9710
1.0 0.9764 0.9757 0.9750 0.9742 0.9733 0.9724 09714 0.¥703 09691 0.9677
1.1 09741 0.9733 0.9725 0.9713 0.9707 0.9696 0.9685 0.9673 0.9660 0.9645
1.2 0.9717 0.9709 19700 0.9690 0.9680 0.9669 0.9657 0.9643 0.9629 0.9613
.3 0.9694 0.9685 19675 0.9664 0.9653 09641 0.9628 0.9614 0.9598 0.9581
1.4 0.9670 0.9660 09650 0.9639 0.9627 09614 0.9599 0.9584 0.9567 0.9548
1.5 0.9644 0.9636 0.9625 09613 0.9600 0.9586 0.9571 0.9554 09536 0.9516
1.6 09673 0.9612 0.9600 0.9587 0.9573 0.9558 0.9542 0.9525 0.9505 0.9484
1.7 0.9559 0.9587 0.9575 0.9561 0.9547 09531 0.9514 0.9495 0.59474 09452
1.8 0.9576 0.9563 09550 0.9535 0.9520 0.9503 0.9485 0.9465 0.9443 0.9419
1.9 0.9552 0.953% 0.9525 0.9510 0.9493 0.9476 0.9456 0.9435 0.9412 0.9387
2.0 0.9526 0.9515 09500 0.9484 0.9467 0.9448 0.9428 0.9406 0.9381 0.9355
2.1 09505 0.9490 09475 0.0458 0.9440 0.5420 0.939% 0.9376 0.9351 0.9323
22 0.9481 .9466 0.9450 (.9432 0.9413 0.9393 0.9371 09346 0.9320 0.9290
2.3 0.9458 (1.9342 3425 05406 093187 0.5355 0.9342 09317 0.9289 0.9238
24 09434 09418 09400 09.81 09360 09338 0.9313 0.9287 0.9258 0.9226 -
25 0.541] 0.9353 0.9375 0.9355 09333 0.9310 0.9285 0.9257 0.9227 0.9194
2.6 0.9387 0.9369 09350 ¢.9329 0.9307 0.9282 0.9256 0.9227 0.9196 0.916.
27 0.9364 0.9345 0.9325 0933 09280 0.9255 0.9227 0.9198 0.9165 0.9129
2.8 0.9340 0.9321 09300 0.9277 09253 0.9227 0919y 09168 09134 0.9097
29 0.9316 0.929n 0.9275 0.9252 09227 0.9200 09170 0.9138 0.9103 0.9064
10 09203 0.9272 09250 0.9226 0.9200 0.9172 0.9142 0.9108 0.9072 0.9032
3. 0.9269 0 9248 0.627= 09200 09173 09144 0.9113 0.9079 0.904) 0.9000 ¥
12 09246 0.9223 09200 09174 09147 09117 0.9084 0.9049 0.9010 0.8968 -
33 0.9222 0.9199 09175 0.9148 09120 0.9089 0.9056 0.8019 0 B979 08935
34 0.9199 0.917s 09150 09122 0 6093 0.9062 0.9027 -0.8990 0.8948 0.8903
a5 09175 09151 0.912: 09097 L 9087 0.5034 0.8999 0.8960 0.8918 0.8817
36 0 915! 09126 09100 09071 09040 09006 0.8970 0.8930 0.8887 0.883%
a3 09128 09102 09075 0.9045 0.5013 0,8979 0.8941 0.8900 0.8856 0.8806
38 0.9104 D 9678 0.9050 0.9019 0.8987 0.8951 0.8913 0.8871 0.8825 0.8774
3v 0.9081 {9054 U.9025 i) 8993 0 RG6N 08924 08884 0 8841 0.3794 0.8742
40 19057 09029 09000 0.8965 (3.8933 0.8896 0.8856 0.8811 0.8763 0.8710
Reynolds number factor (£,) = 1.0004

Base pressure factor (£,,)

Base temperature factor (F,)
klowing temperature factor (F)
Relative.density factor (£}
Supcmompréssibillty factor (K

Expansion factor (¥;) =

(from Equations 3-D-5, 3-D-8, 3-D-9, and 3-D-10;
or Table 3-D- | and Equanon 3-D-11; or Table 3-1>-3
and Equations 3-D-5, 3-D-11, and 3-D-12)

0.9983

(from Egquanons 3-D-13 and 3-D-14 or Tai)lc 3-D-4)

1.0000
1.0000
0.9636
1.2910
1.0299

Orifice flow constant (C7) = 31)1.284
{from Equation 3-D-2)

yvr1gnt by the AMERICAN PETROLEUM INSTITUTE (AP}
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Flow rate (Q,) = 49.9367 MSCFH
= 1.19848 MMSCFD
(from Equation 3-D-1)

3-D.4.9.2 Example2

Given the following physical parameters and flowing conditions, calculate the flow rate
from a pipe tap orifice mever through one meter tube:

Tube diameter 10.020 in
Orifice diameter 4.5 in
Static pressure 350 psig {(measured upstream)
Difterential pressure 40 inches of water at 60°F
Base pressure 14,73 psia
Atmospheric pressure  [4.7 psia (barometric)

Table 3-D-6—Expansion Factors for Pipe Taps (Y;): Static Pressure Taken From Downstream Taps

B =dD
hotFy, 0.1 02 0.3 04 0.45 0.50 0.52 034 0.56 0.58 0.60

0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1 000 1.000 1.000
0.1 1.0008 1.0008 1.0006 1.0003 1.0002 1.000G 0.9999 0.9998 0.9997 0.9996 0.9995
0.2 1.0017 1.0013 10U12 1.0607 1.0004 1.0000 0.9999 0.9997 0.9995 0.9993 0.99%0
0.3 1.0025 1.0023 1.0018 1.0010 1.0006 1.0000 0.9998 0.9995 0.9992 0.9989 0.9986
0.4 1.0034 1.0030 1.0024 1.00.4 1.0008 1.0001 0.9997 0.9994 0.9590 0.9986 0.9981
0.5 1.0042 1.0038 1.0030 1.0018 1.0010 £.0001 0.9997 0.9992 0.9988 0.9982 0.9976
0.6 1.0051 1.0045 1,036 10021 10012 1.0001 0.999¢6 0.999] 0.9985 0.997% 0.9972
n.7 1.0059 1.0053 10041 1.0025 1.0014 £.0002 0.9996 0.9990 0.9983 0.9975 0.9967
0.8 1.0068 1.0060 1.0047 1.0028 10016 1.0002 0.9595 0.9988 0.9580 0.9972 0.9962
0L 1.0076 1.006% 1.0053 1.0032 1.001LB 1.0002 0.9995 0.9987 0.9978 0.996% 0.9958
L0 1.0085 1.0075 1.005% 1.0036 10021 1.0003 0.9994 0.9986 0.9976 0.9965 0.9954
L.t 1.0093 £.0083 1.0063 L0039 1.0023 1.0003 0.59%34 0.9984 0.9974 0.9962 0.9949
.2 1.0102 1.0091 1.0071 L0043 1.0023 L0004 0.9994 0.9983 09972 0.9959 0.9945
1.3 1.0110 1.0098 1.0077 1.0047 1.0027 1.0004 0.9994 0.9982 0.9970 0.9956 0.9941
1.4 1.0119 1.0106 1 0083 Z.0051 1.0030 1.0004 0.9993 0.9981 09968 0.9953 0.9936
1.5 1.0127 1.0113 10089 1.0054 1.0032 1.0005 0.9993 0.9980 0.9966 0.9950 0.9932
1.6 1.0136 1.012] | 009G 1 0058 1.0034 1.0006 0.9993 0.9979 0.9964 0.9947 0.9928
1.7 1.0142 1.0128 1.0102 1.0062 10036 1.0006 0.9992 0.9978 09962 0.9944 0.9924
1.8 1.0153 1.0136 1.0108 1.0066 1.0039 1.0007 0.9992 09977 0.9960 0.9941 0.9920
1.9 1.0161] 1.014¢ 1011 1.0070 10041 1.0008 0.9992 0.9976 0.9958 0.9938 0.9916
20 1.0170 1.0151 1.0120 1.0073 1.0044 1.0008 0.9992 0.9975 09956 0.9925 09912
2.1 1.0178 1.0159 1.0126 1.0077 1.0046 1.0009 0.9992 0.9974 0.9954 0.9932 0.9908
12 10187 L0167 1.0132 1.N081 1.0048 10010 0.9992 0.9973 0.9952 0.9929 0.9904
21 10195 L7 10133 « D085 1 005 1.0010 0.9992 0.9972 0.9950 0.9927 0.9900
24 1020 1.01R2 10144 1.008% I 0053 1.0011 0.9992 0.9971 0.9949 0.9924 0.9896
2.5 1.0212 1.OIRG 10130 1.0093 1.0056 1.0012 09992 09971 0.5947 0.9921 09893 .
26 1.0221 1.6197 10150 1.0097 i DOSR 1.0013 0.9992 0.9970 0.994s5 0.9919 0.9889
27 1.0229 1.020¢ 10162 1010, 1,006 1.0014 09992 0.9969 0.9944 09916 09885
2.8 1.0238 1.0212 10169 10104 1.0063. 1.0014 0.9992 0.9968 0.9942 09914 0.9382
9 1.0246 + 1.0220 10175 t.0108 1.0066 1.0015 0.9992 0.9968 0.9941 0.9911 0.9878
30 10255 1.0228 1 C1R) 10142 1.0068 1.0016 0.9993 0.9967 0.9939 0.9908 0.9874
LR 10264 1.0235 1.0187 1.0116 1.0071 1.0017 0.9993 0.9966 0.9938 0.9906 0.9871
32 1.0272 1.0243 1.0192 1.0120 1.0074 1.0018 0.9993 0.9966 0.9936 0.9904 0.9367
A3 1.0250 1.0250 1.0193 10:24 1.0076 1.0015 0.9993 0.9965 0.9935 0.9901 0.9864
3.4 1.0289 1.0258 1.0206G 1.017R 1.0079 1.0020 0.9994 09965 0.9933 0.9899 0.9860
3.5 1.0298 1.0266 1.0212 /10133 1.0082 1.0021 0.9994 0.5964 (19932 0.9896 0.9857
36 1.0306 £.0273 1.0218 1.0137 1.0OR4 1.0022 0.9994 0.9964 0.9931 0.9894 0.9854
3.7 1.0314 1028 1.0224 1.0141 1.0087 1.0024 0.9994 0.9963 0.9929 0.9892 0.9850
38 1.0323 1.0289 1.0230 1.0185 1.0090 1.0025 0.9995 0.9943 0.9928 0.9890 0.9847
39 1.0332 1.0296 1.0237 1.014% 1.0093 1.0026 0.9995 0.9943 0.9927 0.9888 0.9844
4.0 1.0340 1.030= 1.0243 1.0133 1.0095 1.0027 0.9996 0.9962 0.9926 0.9885 0.9840
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ga
Table 3-D-6—Continued
B =dpD
hotF, 0.61 062 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70
0.0 1.000 1.000 1.000 1.000 1.000 "1.000 1.000 1.000 1.000 1.000
0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 0.9989 0.9988 0.9987 0.9986
0.2 0.9989 0.9988 0.9986 09985 0.9983 0.9981 0.9979 09977 0.9974 0.9972
03 0.9984 0.9982 0.9979 . a9y 0.9974 0.9972 0.9969 09965 0.9962 0.9958
0.4 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 0.9954 0.9949 0.9944
0.3 0.9973 0.9970 0.9966 0.9962 0.9958 0.9953 0.9948 0.9942 0.9936 09930 |
0.6 G.9968 0.9964 0.9959 05954 0.9949 0.9544 0.9938 0.9931 0.9924 0.9916
0.7 0.9962 0.9958 0.9953 0.0047 0.994] {9935 09928 0.9920 0.9912 0.9902
0.8 0.9957 0.9952 0.5946 09940 0.9933 0.9926 05918 0.9909 0.9899 0.9889
0.9 0.9952 0.9946 0.9940 0.9932 0.9925 0.9917 0.9%08 . 09898 0.9887 0.987%
1.0 0.9947 0.9940 0.9933 09925 0.9917 0.9908 0.9893 09887 0.9875 0.9862
1.1 0.9942 0.9935 0.9927 09918 0.9509 0.9899 0.9888 0.9876 0.9863 0.9848
1.2 0.9937 0.9929 0.9520 0.9911 09901 0.98%0 0.9878 09865 0.9851 0.9835
.3 0.9932 0.9924 0.9914 0.990¢ 0.9893 0.9881 0.9868 0.9854 0.983% 0.9822
1.4 0.9928 0.9918 0.9908 0.9897 0.9885 0.9872 0.9859 0.9844 0.9827 0.9809
1.5 09923 0.9912 0.9902 09890 0.9877 0.9864 0.9849 0.9833 0.9815 0.9796
1.6 0.9918 0.9907 0.9896 0.9883 0.9870 0.9855 0.9840 0.9822 0.9804 09783
.7 0.9913 0.9902 0.988Y 09876 0.9862 0.9847 0.9830 09812 0.9792 0.9770
1.8 0.9908 0.9896 0.9883 09870 0.9854 0.9828 0.9821 0.9801 0.9780 0.9757
1.9 0.9904 0.9891 0.9877 0.0863 0.9847 0.9830 0.9811 0.979¢ 09769 0.9744
2.0 0.9899 3.9886 09872 0.9856 0.9840 0.9822 0.9802 0.9781 0.9757 0.9732
21 0.9895 0.9881 0.9866 0.9849 0.9832 0.9813 0.9793 0.9770 09746 09719
22 €.9890 0.9876 0 986G 0.9843 0.9825 0.9805 0.9784 0.9760 0.9734 0.9706
23 0.9886 0.9870 0.9854 0.9836 0.9817 0.9757 0.9774 09750 09723 0.96%4*
24 0.9881 0.9865 0.9948 J.9830 0.9810 (.9789 0.9765 0.9740 09712 0.9681
25 C.9877 0.9860 0.9842 0.9823 0.9803 0.9780 0.9756 0.9730 0.9701 0.9669
26 0.9873 098355 0.9837 04817 0.9796 09772 0.9747 09720 0.9690 09657
27 0.9568 0.9850 0.98%) 0.9811 09788 0.9764 0.9738 0.9710 09679 0.9644
2.8 0 9864 0.9846 0.9826 0.9804 0.9781 0.9757 0.9730 0.9700 0.9668 0.9632
.9 0.9860 0.984] 09820 0.9798 0.5774 09749 0.9721 0.9690 09657 09620~
30 0.9856 .9836 0.93!5 09792 9767 1.974] 0.9712 N.9681 09646 0.9608
3t 09852 0.9831 0.9809 09786 09760 0.9733 0.9703 0.9671 09635 0.9596'
3.2 0.9848 0.9826 0 9802 09780 09754 0.9725 0.9695 0.9661 09623 0.9584"
33 0.9843 0.9822 0.9798 0.07'4 09747 0.9718 0.9686 0.9652 09614 0.9572
34 0.9839 0.9817 0.9793 0.Y768 09740 0.97t0 0.9678 0.9642 0.9603 0.9561
3.5 0.9835 0.9812 0.9788 0.9762 05733 0.9702 0.9669 0.9633 0.9593 0.9549
36 0.9832 0.9808 Q978> 09756 9727 0.9695 0.9661 09623 0.9582 09537
EN 09828 09803 09778 09750 048720 0.9688 0.9652 0.9614 0.9572 0.9526
8 0.9824 0.59799 09771 09744 D97{3 0 D680 0 9644 0.9605 09562 0.9514
19 09820 0.9794 09767 09738 0977 09673 09636 0.9596 0 as51 0.9503
40 09816 0.9790 09762 09732 0.9700 0.9665 0.9628 0.9586 0.9541 0.9491
Flowing temperatine  G60°F
Hase temperawre  60°F
Rclalive densuy (specific gruvity) 0.620

Carbon dioxide
Nitrogen
Dufferenual pressure device

The solution 1s caiculated as follows:

D.ameter ratio (§)
Extension

2 mole percent
3 mole percent

Bellows (recorder, dry)

0.449102
120.781

) Rasic crifice factor (f) = 4776.30

Reynelds number fector (F,)
Expansion factor (1)
Basc pressure factor (F,)

1.0002
0.9982
1.0000

]

1

vriges Dy th= AMERICAN DETROLEUM INSTITUTE (AF])

- Jct 05 14 17:1B 199¢



API HPHS*L“:S-B 92 W 0732290 0503937 5L5 WM

SECTION 3— CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 3—NATURAL GAS APPLICATIONS

ap

Base temperature factor (F) = 1.0000
Flowing temperature factor (F) = 1.0000
Relative density factor (F,,) = 1.2700
Supercompressibility factor (F,) = 1.0273
Orifice flow constant {C*) = 6221.53
Flow rate {Q,) = 751.441 MSCFH
18.0346 MMSCFD

3-D.4.10 ADJUSTMENTS FOR INSTRUMENTATION
CALIBRATION AND USE

Other multiplying factors may be applied to the orifice flow constant, C, as a function of
the type of instrumentation applied, the method of calibration, the meter environment, or
any combination of these. These factors are discussed in the body of the standard and in
other appendixes to the standard. These factors are calculated and applied independently of
tap type. With these factors, the orifice flow rate is calculated using the following equation:

0 =CREREEE R, JhE (3-D-17)
Where
F, = mercury manometss: factor (formerly F,).
F, = orifice thermal expansion factor.
F,.. = correction for air o 7er water in a water manometer during differential instrument
calibration .
F.; = local gravitational correcuon for water column calibration.
F., = water density correction {temperature or composition) for water column calibra-
tion. ‘
F.; = local gravitationa! correction for deadwetght tester static pressure calibration.
I = correction for gas column in a mercury manomcter.
F,.. = mercury manometer span comrection far instrument temperature change after cal-

ibration.
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APPENDIX 3—E—SI CONVERSIONS

This appendix contains tables of SI conversions that are pertinent to the information in
this part of Chapter 14, Section 3, For additional information on SI units, refer to Chapter

15.

9N
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Table 3-E-1—Volume Reterence Conditions for Custody Transfer Operations:

Naturai Gas Voiume

Common Reference
Conditions {ft%) To Convert From
Pressure Temperature f* tom?, m? o f?,
(psia) CF Multiply by Muldiply by
14.4 &« 0.02769321 36.10994
14.65 60 0.02817399 3549373
14.696 &0 0.02826245 " 35.38263
14.7 60 0.02827015 35.37300
1473 &) 0.02832784 35.30096
14,7347 &0 0.02833688 35.28970
14.735 60 0.02833746 35.28898
14.9 &0 0.02865478 34.89819%
15025 &0 0.02B89517 34.60786

Note: The following standard conditions were used for inch-pound units—a temperature of 60°F and a pressure
of 14.73 pounds per square inch absolute, The foliowing standard conditions were used for SE units—a

temperature of 15°C and an absolute pressure of 101,325 kPa. The following values were assimmed: 1 fi

m, 1 psi

6.894757 kPa. The following methodology was used to obtain the conversion factors:

ft_’ T_"" _PL = facior
m' AT, B,

Table 3-E-2—Energy Reference Conditions

0.3048

To Convert Buto J,

Unit Used in Drefinuion Multiply by

Btu~ Intemauonal 1 Drulbm = 2326 Jkg 1055.056
stcam tables

Table 3-E-3—HMeating Value Refarence Conditicns

Keference Conduions (ft%;

Pressure Temperaure To Convert From Brup/ft! 10
) (°F) MIint. Multiply by
. - 144 60 0.0360980!
) 14.65 &0 0.03744787
114,696 60 0.03733066
-7 60 0.03732050
1472 &0 0.03724449
13,7347 o0 0.03723261
14,735 60 0.03723185
149 60 0.03681955
15025 60 0.03651323

Note: The following srandard conditions were used for inch-pound units—a temperature of 60°F and a pressure
of 14.73 pounds per square inch absolute The following standard condihons were used for S1 unus—a
temperature cf 15°C and an absolute pressure of 101.325 kPe The following values were assumed: | fi = 0.3048
m; | ps) =~6 4824757 kbe: | Blugr = 1055.056 J, The folowing mcthodology was used 10 obtaimn the conversion

factors:

hY 1
(2 A2 =) ) - e
BuAlx 10" JAm | T, AP,
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APPENDIX F—HEATING VALUE CALCULATION

3-F.1 General

Heating value is a pas propeny evaluated on a per-unit mass basis (/). This property is
technicalty termed an “ideal propeny™ (H.4'). From a practical standpoint, in mass measare-
ment there is no dittercnce between tite “ideal™ and the “real.” The vaiue is converted to a
heating value per cubic foot (HV) using the following rclationships. The more common

convention hias been applied in this appendix.

wo= 1P Hp
” Z (3] JI

(g

(3-F-1)

The value of AV is used ae a Tactor in calculating the enerpy flow rate, or the total cnergy
passing through the flo'w meter. HV is also used for product specitications,
It is ulso convenient to «Jefine the following:

nd
HV = A {3-F-2)
'
3—F.2 Heating Value Symbols
Symbol  Desopion Unit~
H,, Heuting value per pound mass Btu/lbm
I Tdeal heating value per pound mass Buw/lbm
M. Ideal heating value per cubic foot Brustt'
HV  Gioss heaung value Buy/ft}
Mr. Molar mass of component lbm/1b-mol
F, Basc pressuic 1bffin® {ubs)
B, Flowing pressure (upstream tap) 1btfin® (abs)
P Vupor pressure of water Ibffin® (abx)
R Absolute temperature —
1, Bose wemperiture ‘R
7., Gus compressibility a1 base conditions (P.. T,) —
£, Density at base condivons (P. 75) lbmyit’
pr hdeal density at buse conditions lbmy/tt’
¢ Mole fraction G /100
¢o.  Mole fr:ction winer ‘ /100
3-F.3 Heating Value
The gross heating value is anideal gus propenty based on the deal reaction:
Fuel" + Q' - COY + H.0, - SO {3-F-3)

Wihere:

Supesenpt vi = ddeal gus,
Subsaiptl = lyuid,
{Each tuel regnires dilferant stoichiometric coetticicnts.t This gross ideal heating value in-
cludes the energy oblained G the condensaiion of thie water vapor (formed by the ideal .
reitction eapressed in the cquation) to the hiquid phase.

Tt sitoukl be noted that the gross heatng value is expressed per unit (pound mass or cubie
foot) of dry gas. Although water 1s a product of combustion, it is not indicated on the iett-
e side of Egnation 3-F-3 1 cither the tuel or the oxygen; water is a result, not a part. of
the weaction

Heatmyge valoe nwy be deternined directly by a calorimeter, either on line or {rom o sam-
ple eylinder. Heatng value may also be caleulated from gas analysis.

95
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3-F.4 Physical Proparties

Table 3-F-1 lists physical properties of many of the compounds present in natural gas in
various hydrocarbon mixtures. The data in Table 3-F-1 have been adjusted to base or stan-
dard condiuons, as defined in 3.2.3.4.

Table 3-F-1 provides the best currently available data on physical properties and is taken
from GPA 2145-91. These data are subject to modification yearly as additional research is
accomplished, Future revisicns to GPA 2145 may include updated values. The values of the
most recent edition of GPA 2145 should be used. The user of the GPA tables is cautioned
that the information presented in them is calculated from different base conditions and that
conversion is required when the information is used with Part 3 (see 3.5.2).

3-F.5 Heating Value Betermined on a Volume Basis

A calculation of a mixture's gross ideal heating value, using H, values from Table 3-F-
1 and using mole fractions of the go= composition, involves determining the heating vaiue
per unit volume of real gas. AV can be determined by using Equation 3-F-2 and the follow-
ing rclalionshtp;

Table 3-F-1—Physical Properties of Gases at Exactly 14.73 Pounds Force per Square inch Absolute and 60°F

{See Note 1)

Thermal Encrpy
Idesal

P, T. Density Viscosiry H HM
M: {psia) °R} G, (Ibm/ay (cp) (Blw/lbm) (Bru/fty)
Compound Formuta (Note 2) {Noxe 3) {Nate 3) (Noee 4) {Notz 5) {Note 6) (Nme 7) (Note 7)
Hydropen H, 20059 167.5 59.36 006960 0.00532 0.o0aT1 61.025 3249

H:hum He 4.0026 329 9.34 0.13820 0.01057 0.01927 o ¢}
Weater H,0 180157 3,200.1 1,164.85 0.62202 0.04758 1,059.8 30.4
Carbon monoxide co 280M0 515 239.26 0.96711 0.07398 0.01725 4,342 4 3213

Nitrogen N, 28.0134 4931 27.16 0.96723 0.07399 0.01735 0 0

Oxygen O, 31.998E 7314 278.24 1.10484 0.08452 0.02006 0 0
Hydrogen sulfide H.S 34.08 1306 672.12 1.17669 0.09001 0.01240 70942 638.6

Argon Ar 315,948 7104 271.55 1.37930 0.10551] 0.02201 1] 0

Cuabon dioaide cO, 44.010 1.071.0 547 .42 151935 0.11624 0.01439 ) 0

AT {Noie §) 28.9625 546.9 23536 1.00000 0.07650 0.01790 0 0
Weihane CH, 16.043 667.0 343.00 055392 0.04237 0.01078 23,891 10123
Ethane CH, 30.070 T07.8 549.76 1.03824 0.07942 0.00501 22,333 1.773.7
Propane CyH, 44,097 6150 665.68 1 52256 0.11647 0.00788 21,653 25219
o-Butanc CHy, 56 12z 5279 734.13 200684 0.15351 0.00732 21,232 32594
n-Buwene Cule Sk.123 548 8 70528 2.00684 0.15351 0.00724 21,300 3,269.8
1se-Lentane Cky, T8 w4 B28.70 249118 0.19057 21,043 4.010.2
n-Peniane CiH,. TIS0 488.1 845 ad 249115 0.19057 21,085 4,012
a-Hexane C.H,. 86 177 459.5 911 &3 297547 021762 20,943 4,766
n-Heprane C,H,, 10 204 197 4 970.57 3145978 0.26466 20,839 5515.2
n-Octinz Ciliy, 114.251 a6l 1 1.017.67 3194410 0,30172 20,759 62634
r-Nonane Cokyp 12k25E 3307 1.070.5% 4.42842 033876 20,70t 70127
n-Decane C.H,, 142,285 304.6 1,111 87 491273 0.37581 20,651 7.760.8

Notes-

i The source for the dura in (s 1able 1y Gas Processers Associa un 2145-95, The accuracy of the experimental numbers is esnmated (o be 1 1 1000; the
additzonal figures are for calculanion consistency.

2. The following molecuiar weights were used' € = 12,0110 H = 1.00794: O = 159994; N = 140067 and 5 = 32.06(1979).
2 ‘The detain Mrese columns come trom the [ hermodvnamics Research Center, Texas A&M Unaversity, IUPAC and Nanonal Burcau of Standards selections.
~ Thedeal relauve density 15 the rauo of the molecuiar weight of the gas to that of air (Mr/Mr,;.
£. ldeal aenstiy = 0 0026413Mr a1 60°F and 14 73 pounds torce per squere inch absolure.

G. The data in thas column are from N B Virgaluk, Tebles 0.1 Thermodynanue Properties of Liguids and Gazes (2nd ed.), New York, Wiley, 1975.

7 SeeLauanon 3-T-3, Depending on the fuel, the reacuon has vanous stoiciometnic coefficients. The H,¥ column comes fiom data, whereas the H, % comes
trom multiplying H, * by the 1deal gas density The weal energy released as heatis /7, multiplied by the real gas flow rate (in cubic feet per hour) divided by

Z. Water has pross vaiues tor M, * snd 4 (the ideal enthaipy of condensatton)
£ The data n tinis row are from T E. Jones, Nunonai Hiwveau of Standards Journal of Research, 1978, Volume B3, p, 491.



"API MPNMS%}4.3.3 92 BN D?732290 0503942 922 &N

SecTion 3—ConceNTRIC, Souans-EogeD OrFice METERS, Pant 3—NaTuRaL GAS APPLICATIONS

Y = o (H, + 9(H), + o+ 0 (HD, (3-F4)
Or
HY = ¥ ¢, (3-F-5)
1! _ .
When
!
nv = 2o (3-F-2)
Z,
Where:

¢ = mole fraction (percent/100).

3-F.6 Heating Value Determined on a Mass Basis

The guestion of compressibility factor disappears when the ideal heating value per pound
mass is used with the mass flow rate. The following equation is applicable for using /{,, and
My vatues from Tuble 3-F-1 to calculute the heating value:

OME(H™), + o,Mi(HS), + ...+ ¢ Mr(HY),

m' = (3-F-6)
oMy + ¢ ML+ o+ 9 M
Or
2. oM (H,
HY = e {3-F-7)

2 o M,

L]

The result trom Liguation 3-F-7 can be converted to the gross heating value per cubic foot
of rcal gas at buse conditions Yy using Equation 3-F-1:

HY = P o gy
Z

h

3-F.7 Heating Value of a Natural Gas Mixture
Containing Water

To detme heating value on a dry basts for gus containing water. the relationships in Equa-
tions 3-F-1 aml 3-F-2 are valid if the mole fractons of the components are corrected tor wa-
ter content by usmy Equatien 3-F-8 and the compressibility (Z) reflects the water content

o = oli- @) (3-F-R)

Where the gas 15 water saturated under flowing conditions. Raoult’s law may be used 1o
estinate the mole rrction of wasern:

o, = % (3-F-9)
Wiiere:
P, = abolute vapor pressure of water at Hlowing conditions or 7,
Therefore,
¢ = ¢,[l - —i—J (3-F-10)

5. the AMERICAN PETROLEUM INSTITUTE (AP])
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APPENDIX G—DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS
3-G.1 General

The practical orifice flow equation used in Part 3 is given in Part | of this standard as
FEquation 1-2:
4. = NCIYd p, AP T2
Where:
CAITE) = confiieient of discharge at a specific pipe Reynolds number for a flunge-

tapped orifice neter.
d = vritice plate bore diameter caleulated at flowing temperuture.

AP = urifive differential pressure. :
E = velacity of approach factor.
g, = mass flow rate,
£,. = density of fluie at flowing conditions (K. 1,).
And
N, = fuctor that incorporates the “constants” from Eguation 1-1 and the required
nuncric conversions, including the tollowing:
331415y ] .
— = constant in Equation 1-1.

\12(32.1740) = constant in Fquation 1-1.

162.3663
T2

converts JSifferential pressure (AP) from pounds force per syuare 100t ey
inches of water at 60°F.

converts the diquneter of the orifice bore (o ) from teet to mches.

2|~

[Re]

Thereloie,

14159 5o i62.3663( 1 )
N o= (22 ’J\-zm.mmﬁ—-—-—f‘ 106 (LJ
4 voo12

. 0.0097424
Cllas s <hiown s the tactor tor ULS, umits in Part 1, Table §-2.)

Dotz Some e constints do not have absolote values tlor eanmple. 7and ¢ ). To eapress six signincant digis
dernnaely, i valiies were computed using doable preceaon 3o signitieant digits ). The resulbts were then roundad
o phe valtes show . thies appoidiy, ter eae of intd2nsindimg, i Commutaugns S shows o only ax siznilicast
viggties

Muass low can be madified to provide volume units by dividing the mass by the density
ut haese condhinons

g = &
P.
tWhirer
o - = mass low e, uy pounds ptss per second.
. = volime flow wite at base conditions, in cubice feet per second.
7. = density at base conditions, m pounds nass per cubic foot.

3-G.2 . Symbols and Units
3-G.2.1 GENERAL

Some of the symbols and units listed below are specitic to Appendin 3-B and were de-
veloped bused on e customary inch-pound system of units. Regular conversion fiuctors cim

99
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be used where applicable; however, if ST units are used, the more generic equations in Parnt

1 should be used for consistent resuits.

3-G.2.2 SYMBOLS AND UNITS

Symbo!  Description Units/Value
CAFT) Coefficient of discharpe at a specified pipe
Reynolds number for fianged-tapped orifice
meter _
d  Orifice plate bore diameter calculated at
flowing temperature, 7, in
D Meter tube internal diameter calculated at
flowing temperature, T; in
E,  Velocity of approach factor _
°F Temperature, in degrees Fahrenheit —_
°R  Temperature, in degrees Rankine 459.67 + °F
F, Numeric conversion factor (see Appendix
3-B) —_
g. Gravitational constant 32.1740 (lbm-ft)/(ibf-sec?)
G; Ideal gas relative density (specific gravity) —
G, Real gas relative density (specific gravity) —
h,. Orifice differential pressure inches of water column at 60°F
N, Numeric cunversion factor (see Part 1) — '
P Pressure tbffin® (abs)
P, Basc pressurc Ibffin? (abs)
£, Flowng pressure (upstream tap) lbfAn? (abs)
P Standard pressure 14.73 [bf/in? (abs)
Q. Mass flow rate per hour lbm/hr
. Volume flow rate per hour at standard
(basc) conditions ft’/hr
R Unversal gas constant 1545.35 (Ibf-ft)/(Ib-mol-°R)
T Temperature °R
T, Base temperature °R
1 Flowing temperature °R
7. Standard temperaturc 519.67°R
¥, Expansion factor (upstream tap) —_
Z, Compressibility at bast conditions —
Zoue Compressibility of arr at 14,73 psia and 60°F  0.999590
Z. Compressibility at upstream flowing
conditions —
Z. Compressibihty at standard conditions (B, T,) —
£ Ratio of oriiice plate bote diameter to meter -
tuhz internal ameter (4/0) calculated at
flowing temperature, T —
a2 Universal constant 3.14159
£,  Gas density at base conditons (P,. 7, and Z,)  1bm/f¢’
2., Density of air at base conditions (P, T,
and Z,) thm/ft?
P.. Density at lowing conditions (F. T, and Z)  Ibm/ft®
£.p  Density at lowing conditions (F,, T, and Z;)  lbm/ft?

3-G.3 éeneral Numeric Constant for Mass Flow

Equation 3-1 expresses flow in pounds mass per hour (,,) rather than pounds mass per
second (g, ) and requires an additional factor, 3600, to convert from seconds to hours.

v ignt T
- Oze OE 14.17 12

193
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101

Therefore, in Equation 3-1,

N, = 0.0997424(3600) —
= 359.072
And
Q, = 359.072CAFDEYd*\[p k. 3-1)

Equation 3-4a is Equation 3-1 divided by p,, as described above. The numeiic constant
is the same. —

359.072C(FT)E.Y,d*.] o P
0, = o 197 Prg, (343)
P

3-G.4 Numeric Constant for Mass Flow Developed From
ldeal Gas Relative Density

Equation 3-2 substiwtes Equation 3-55 for p,, in Equation 3-1,

B G,(28.9625)(144)h
0. = 359.072C(FT)E}Yd’ ’ 16 JA44)h,
¥ 4RI,
Where.
28.9625 = molecular weight of dry ait.
1545.35 = universal gas constant (R).
144 = factor to convert pressure from pounds force per squarc foot to pounds

fcrce per square inch.

In Equation 3-2, therefore,

! 144
N, = 359.072 [28.9625(—-———-)
\ 1545.35
= 589.885
And

1G.4h
Q. = 589.885C,(FT)E Y4’ \—Z'T— 3-2)

hor

3-G.5 Numeric Constant for Mass Flow Developed From
Real Gas Relative Density

Equation 3-3 substtutes G, for G, in Equation 3-2 through the use of Equation 3-48:
G, h,

V%27

0, = 589.885C,(FT)E Y,d*

And for standard condiuons,
Z, = Z_ = 0.999590 at 14.73 psia and 519.67°R (60°F)

In Equation 3-3, therefore,

_ 589.885
¥0.999550

590.006

Al'

ZG Pk
590.006C,(FT)E Y,d* | 1=

{777,

0
n

(3-3)
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3-G.6 Numeric Constant for Base Volume Developed From
Ideal Gas Relative Density
The constant 359.072 in Equation 34a was developed in 3-G.3. Equation 3-5a substi-
tutes Equatton 3-55 for p,, and Equation 3-56 for p, in Equation 3-4a.
359.072C(FVEY,d*./p, A,
= d NP (3-da)
b,
£ G (28.9625)(144
0, = 359.072C«(FT)EY,d* |-~ . Y144k, 4RI,
Z,RT, \ £ G(28.9625)(144)
Where:
154535 = universal gas constant (R).
28.9625 = molecular weight of dry air.
144 = factor to com ert flowing pressure (F;,) from pounds force per square foot
to pounds force per square inch.
144 = factor to convert base pressure (£,) from pounds force per square foot to
pounds fource per square inch.
In Equation 3-5a, theretore,
f
: 144
359.072,11545.35
\’ ( 28.9625 )
N =
144
= 118,573
And
Ph :
0, = 218.573C,(FT)EY,d’ Lz, 1 iz (3-5a)
5\ GZT,
For the following standard conditions:
P.=F
= 14.73 Ibffin* (abs)
T, =T,
= 519.67°R (60°F)
Z, = Z,
= compressibility of the gas at P and 7,
Inn Equadion 3-5b,
N = 218.573(5'9'67J -
14.73
= 7711.19
Therefore,
v Ph
0. = TTILI9C(FTE Y,d*2, i —L— (3-5h)
VGZT
3-G.7 Numeric Constant fcr Base Volume Developed From
Real Gas Relative Density
Equation 3-6a substitutes G, for (, tn Equation 3-5a through the use of Equation 3-48.
The inclusion of g, moves this co.Tection to the numcrator:
prrignt b he AMER[CAN PETFOLEUM INSTITUTE (AP

i7.12 18%¢
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N\

Z,Z, P h
0, = 218.573C,(FT)EYd* B | Lolaninl
Y GZT

In Equation 3-6a, thercfore,

N, = 218573
For the following standard conditions:
k=5 ;
= 14.73 1bf/in? (abs)
T, =1,
= 519.67°R (60°F)
Zh...— = ZS..,
= 0.999590
In Equation 3-6b,
N = 218.573(519'67 H0.999590
14.73
= 7709.61

, BZh
2, = T709.61CAFT)E,Y,d* 57 (3-6b)
[y A

3-G.8  Numeric Constant for Standard Volume Developed
From Real (Gas Relative Denslity

in Appendix 3-B, F,. as cxpressced in Equation 3-B-5, includes additional numeric ratios,
as stated in Equation 3-B-1, including the following:
519.67 = basc temperature at 60°F, expressed in degrees Rankine.
1
14.73
1
519.67

V0.999360 = cowmpressibility of air at the base pressure of 14.73 pounds force per
square inch absolute and the base temperature of 519.57°R.

basc pressure of 14.73 pounds force per square inch absotute.

NHowing temperature at 60°F, expressed in degrees Rankine.

In Equation 3-B-5, therelore,

N = 218'573(5114263?)\;51;67
= 338.196
And
£ = 338.196E 4’ (3-B-5a)
Or

f, = 338.196& D*p? (3-B-5b)
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SECTION 8—LIQUEFIED PETROLEUM GAS MEASUREMENT

14.8.0 Scope and Purpose

This publication describes dynami¢ and static metering systems used to mcasure
liquefied petroleum gas in the density range of 0.30 to 0.70 grams per cubic centimetre.
The physical properties of the components to be measured and the mixture composition of
liquefied petroleum gas should be reviewed to determine the mcasurement systzm to be
used Vanous systems and methods can be used in metering the product, and mutual
agreement on the system and method between the contracting parties is required.

This publication does not endorse or advocate the preferential use of any specific type of
meter or metering system. Further, this publication is not intended to restrict the future
development of meters or measuring devices nor to in any way affect metering equipment
already installed and 1n oper:tior.

This publication serves as a guide in the selection, installation, opemtion, and mainte-
nance of measuring systems applicable to liguefied petroteum gases and includes func-
tional descriptions for individual systems.

14.8.1 Application

This publicatton docs not set tolerances or accuracy limits. The application of the
mformation here should be adequate to achieve acceptable measurement performance
using good measurement practices, while in addition considering user requirements and
applicable codes and regulations.

Systems for measuring liquefied petroleurn gases use either volumetric or mass deter-
minzation methods, and both methods apply to either static or dynamic conditions.

Volumetric methods of measurement are generally used where physical property
changes in temperalure and pressure are known and correction factors can be applied to
correct the measurement to standard conditions.' Volumetric measurement ts applicabic to
most pure components and many commercial product grades.

Mass determinglion methods of measurement are most commonly used where cond:-
trons in addinion 1o temperature and pressure will affect the measurement. Such conditions
include cornpositional changes, intermolecular adhesion, and volumetric changes caused
by solution mixing. Mass measurement is opplicable to hquefied petroleum gas mxures
wherz accurate physical cormection factors have not been determined and in some man-
utacturing processes fur 4 mass balance.

Many of the measurement procedures pertaining to the measurement of other products
arc applicable to the measurement of liguetied petroleum gases. However, certain charac-
tenstics of liyuefied petroleum gas require extra precautions to 1mprove measurement
accuracy

Liquefied petroleun gas will remain in the liguid state only if a pressure sufficiently
greater than the equilibrium vapor pressure 1s maintained (see Chapters 5.3 and 6.6), In
liquid meter systems, adequate pressure must be maintained to prevent vaporization
caused by pressure drops attributed to piping, valves, and meter tubes. When hqucficd

' Stanctard tempzeature 18 60°F 1n the Eaglish (or customary) sysiem ard 15°C in the [nlernational Systern of
Unuts (S1) Standard pressure s thc vapor pressure at 60°F (15*C) or 14 696 pounds per square inch absolule
(101.325 klopascals), whichever s bigher Tins 13 not the same pressure bise standard as that used for gas.

1

A1i PLIRCLEUM INSTITUTE (API,
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petroleum gas 1s stored in tanks or contairers, a portion of the liquid will vaporize and fill
the space above the liquid. The amount vaporized will be related to the temperature and
the equilibrium constant for the mixture of components,

Liquefied petroleum gas is more compressible and has a greater coefficient of thermal
expansion than the heavier hydrocarbons. The application of appropriate compressibility
and temperature correction factors is required to correct measurements to standard
conditions, except when measurement for mass determination is from density and volume
at metering temperatures and pressurcs.

Meters should be proven on each product at or near the normal operating temnperature
and pressure. Should the product or operating conditions change so that a significant
change in the meter factor occurs, the meter should be proven again according to Chapters
4 and 5.

14.8.2 Retferenced Publications

To the extent specified in the text, the iatest edition or revision of the following
standards and publications form a part of this publication.

API
Manual of Petroleum Measuremeni Standards

Chapter 2, *“Tank Calibration™ (in preparation)

Chapter 4, *'Proving Systems”™

Chapter 5.2, “"Measurement of Liqud Hydrocarbons by Fositive Displacement
Meter™

Chapter 5.3, “Turbinc Meters"”

Chapter 5.4, “Instrumentation or Accessory Equipment for Liquid Hydrocarbon
Melering Systems™

Chapter 6 6, ""Pipeline Metering Systems"”

Chapter 9.1, “Hydrometer Test Method for Density, Relative Density, or API
Gravity of Crude Petroleum and Liquid Petrolcum Products™

Chapter 11,1, “Volume Correction Factors”

Chapter 12.2, “Calculation of Liquid Petroleum Quantities Measured by Turbine
ar Msplacement Meters™

Chapter 14.1, “Measunng, Sampling, Testing, and B: se Conditions for Natural
Gay Fluids™

Chapier 14.2, “Orifice Metering of Natural Gas”

Chapter 14.4, (in preparation}

Chapi-r 14.6. “Installing and Proving Density Meters”

Chapter 14.7, (in preparation)

ASTM!
DS 4A  Phvsical Constants of Hydrocarbons C, io C,,

GPA?

2140 Liguchied Petrolewn Gas Specificanons and Test Methods (ASTM D 1265,
ANST Z11 41)

2145 Physical Consiants for the Paraffin Hydrocarbons and Other Components of
Narural Gas

2165 Method for Analysis of Natural Gas Liguid Mixtures by Gas Chromatography

2174 Method for Obraining Hvdrocarbon Fluid Sumples Using a Floating Piston
Lyhnder

? amenican Saciety for Testing and Matenals, 1916 Race Street, Philadeiphia, Pennsylvania 19103
' Gas Processors Assocuaner, 1812 First Place, Tuisa, Okiahoma 74103
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2177 Tentative Method for the Analysis of Demethanized Hydrocarbon Liguid
Mixtures Containing Nitrogen and Carbon Dioxide by Gas Chromatography

2261 Method of Analysis for Natural Gas and Similar Gaseows Mixtures by Gas
Chromatography

8173 A Standard for Converting Natural Gas Liquids and Vapors to Equivalent
Ligquid Volumes

GPSA*Y
Engineering Data Book

14.8.3 Requirements for All Measurement Methods

The following general requirements apply to dynamic measurement systems using
either volumetric or mass determination methods of measuring liquefied petroleum gases.

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIQUID
PHASE

Provisions shall be made to ensure that Jiquefied petroleum gas measurement conditions
of temperature and pressure will be adequate to keep the fluid totally in the liquid phasc.
Measurement 1n the liquid phase must occur at a pressurc at least 1.25 times the
equilibrium vapor pressure at measurement temperature, plus twice the pressure drop
across the meter at maximum operating flow rate, or at a pressure 125 pounds per squarc
rch higher than the vapor pressure at a maximum operating temperature, whichever is
lower (see Chapters 5.3 and 6.6)

14.8.3.2 ELIMINATION OF SWIRL

To prevent swirl through the measuring device when using turbine or orificc meters, "
straightening vancs or adequate unrestricted straight lengths of piping should be used in
the upstream and downstream metering tube.

14.8.3.3 TEMPERATURE MEASUREMENT

Temperature measurements, where required, should be made at a point that indicates
conditions 1n the mecasurinrg device. The accuracy of instruments and the type of measure-
ment used arc speeified 1n Chapters 5.2, 5.3, 5 4, and 14.6.

14.8.3.4 PRESSURE MEASUREMENT

Pressure measurements, where required, should Lz made at a point that will be
responsive to varving pressure condittons n the measuring device. The accuracy of
instruments and the type of measurement used should be as described in Chaptets 5.2 and
14.6. '

14.8.3.5 DENSITY OR RELATIVE DENSITY MEASUREMENT
aacenm TEs 8 SR roe nid, XIRHRAT ARty ko A BT T Btk SRR ) T TAGR e G <Cow Loxtax

should be sensitive to varying conditions 1n the measuring device. Densities to be used for
mass measurcment determination must be obtained at the same flowing conditions that
exist at the meter. The accuracy of instruments and the type of measurement used shouid
be as described in Chapters 9 and 14.6.

* Gas Processors Suppliers Assoctauon, Order from Gas Processors Azsociation, 1812 First Place, Tilsa,
UkJahoma 74103

tne AMERICAN PETRGLEUM INSTITUTE (AR
5:25:E2 1996
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14.8.3.6 LOCATION OF MEASURING AND SAMPLING EQUIPMENT

Measuring and sampling equipment must be located to minimize or eliminate the
influence of pulsation or mechanicsl vibration cavsed by pump or control valve generated
noise. Special precautions shouid be taken to minimize or eliminate the effects of
eiectrical interference that may be induced in the flow meter pick-up coil circnit.

14.8.4 Volumetric Deiermination in Dynamic Systems

Measurement of liquefied petroleum gas (liquid phase) in a dynamic condition can be
performed using several measurement devices. The use of a specific type of measuring
device is dependent upon mutual agreement between the contracting parties.

14.8.4.1 MEASUREMENT BY ORIFICE METER

Measurement of liquefied petroleum gases by orifice meter shall conform to Chapter
14.3, using orifice and [ine internal diameter ratios and appropriate coefficients for flow as
agreed upon between the parties. Location factors, F,, and orifice thermal expansion
factor, F,, should be used where applicable according to the procedure in Chapter 14.3,
Appendix B.14 and B.15 respectively. Manometer factors, F,,, must be calculated accord-
ing to the procedure in this section for recorders utilizing mercury manometers. (F, =
1 000 for bellows type differential pressure instruments.)

Measurement of liquefied petroleum gas having a high vapor pressure is simplified
where deliveries are obtained in mass units, by multiplying the volume at flowing
conditions times the density or relative density (measured within prescribed hmits at the
same flowing temperature and pressure that exists at the meter) times an appropriate
constant. Calculation of the vo'ume at standard conditionis ¢an then be made using 14.8.6
or GPA Standard 8173.

The following cquations can be uscd to determine flow rate:

1. Flow rate in cubic feet per hour at flowing conditions.

Q= 9134452 F,F.Y F,F.F, (|
\ N9
0. = 1.0618 F,F.Y F.F,F, ‘} k.
P

2. Flow rate in pounds neass per hout

Q. = 5.3853 F.F.Y F.F.F, ‘\}h. G,
Q. = 1.0618 F.FY F_F,F.\f k. pr

3 Flow ratwe in cubie feet per hour at base conditions.

g = 013452 pryr i JiG
G,

¢ = LOSE rryr rF gfhop
L

VWhere
F. = basic orifice factor from Chapter 14.3 (F, = 338,17 47K,).
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SECTION B—LICUEFIED PETROLEUM GAS MEASUREMENT 5
F., = manometer factor for mercury menometers only.
Y = expansion factor, calculated using a specific heat ratio for flowing conditions as
determined frorn data or an equation of state.
_F, = Reynolds number factor.

“The Reynolds number factor may be caiculated using b values from Table 5 or Tabie 9 of
Chapter 14.3. CauTion: Do not use the equations for F, in Tables 5 or 9, but use the b
values only in the following equations to obtain the Reynolds number factor

F o= | 4 b84Bu. = ; 4 _b 1067, =

o= 1+ 52711000 - | 4 _b34.316u
v h. pr V k, G,
Fo= 1 + b566p, = | 4 bO0T7167p,
\VEp h, G
b =__E
12.835dK
The Reynolds number factor also may be calculated from the following:
F =1 + EIR, \
Where: .
R, = Vidp
12,

d = dumeter of orifice, in inches.
p = density, i pounds per cubic foot.
V. = velocity of jet in ontce, n feet per second.
Mn = absolute viscosity, i pounds per foot per second.
R, =_22608aKk Nho . 17509 dk Vi G.

'J'W ul'
R, = _00¢736 ak Vhyp - 037405 dk N h, G,

H, e
R, = _1508dk Vig - 1203 ak Vi G,

“‘;! p“v(l
K, can abo be determined by (il and crror as follows: Set F, = 1.000 in the flow

eguation to get an approximate (. or (3., and usc this result to calculate F. With this
calculated vatue of /,, obtain a new vatue of F, and of (.. or Q.. Repeat this process until
the value of G, or O, is within the limus desired.

R, = R/B
R, = _6300. .- _ 294300,
Dy, Du,,
: R, = __LU001319Q. . _ 0.004244 Q,
D}.l.‘ Dp‘pl‘!

v the AMERICAN PETFDLEUM INSTITUTE (API}
15:25: 82 1996
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F, o= 1| + OI5828ED = 1 + _0.0025398 £ Dp.,
Q. 0.G.
F.o= 1| +_15815BEDu, = | 4+ __23563BED
O. Q.
Where:

M = absolute viscosity, in pounds per foot per second. = gu,

TR = absolute viscosity, in pounds per square foot per second.

f., = absolutc viscosity, in centipoises.

#, = 0.03108p,, = 0.00002089,,

p. = density of liquid, in pounds per cubic foot at base conditions.

P = density of hiquid, in pounds per cubic foot at flowing temperature and pres-
sure.

D = diameter (inside) of meter tube, in inches.

d = diameter of arifice bore, in inches.

e = d/D (commonly calied the beta ratio),

G, = relative density at flowing conditions. Ratio of the denmsity of the liquid at
flowing conditions tv the density of water at 60°E (The U.S. National Bureau
of Standards has eciablished 0.999012 gram per cubic centimetre as the
density of air-free pure water in a vacuum at a temperature of 60°F and a
pressure of 14.696 pounds per square snch and standard gravitational accelera-
tion of 980.665 centimetres per second per second. )

G, = rclative density of Liquid at base conditions.

K = cozfficient of discharge for a sharp edge orifice.

K = K. (l + E/IR)

K, = K,

1+ 15E -
1,000,0004
Where: .

K, = coefficicnt of discharge for infinitc Reynolds number

K. = coefficient of discharge when the Reynolds number is equal to

1,000,000d !
15

E = J(830 — 350008 + 9000p° - 42008 + _320 3 for fiange taps
D

E = d(905 - SO000B + 9000p: — 42008 + _873 ) for pipe taps.
D

For fiange taps

3
05993 - l036s - 0076]5* .04 l:,(, ! (0.07 05, I’
. O - . -3 S
( VD D P

') 13
- {o.009 + 0.034 05 —g| ¢ [65 + 3[|p - 0.7 + _0.007
D oy D
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Far pipe taps :
K = 05925 + 80182 4 loag0 - 006 g + loo35 + 0.225 | pr
D b D

+ 135 B + _143 (25— p)*
B o B)

Note: When any of the terms in X, is negative, that term is get equal to zero.
F, = location factor.

The location factor 1s used to correct for the change in specific weight of (a)
the mercury in mercury manometer type differential gages, (b) the calibrating
Liquid in the test manometer, and (c) the weights for a deadweight gape used in
calibrating the instruments. See Chapter 14,3, Appendix B, B. 34 for equa-
1ons.

F_ = manometer facter

The manomete: factor is required only in mercury manometer typc gages to
cortect for the error in differential pressure indication caused by the weight of
the liquid column above the mercury and the change in the density of the
mercury at temperatures other than the base temperature of 60°F

F. = 0.034374 Vp, - f
Where.

p. = density of mercury at ambient temperature, in pounds per cubic
foot.

p. = 846,324 [1 - 0.000101(7, — 60))
T, = ambient temperature, in degrees Fahrenheit.

p, = density of liquid on mercury at ambient temperature, in pounds per
cubic fool. See Chapter 11.1, Tables 6, for density correction.

F, = orifice thermal expansion factor.

This factor 15 used to correct for the error resulting from the expansion or
contracuan of the orifice bore at operating remperatures different from the
temperature of the plate when bored, usually assumed to be 68°F.

F, = 1 + 0.0000185 (°F — 68) for Type 304 and 3i6 stanless steels.

F, = 1 + 0.0000159 (°F — 68) for Mounel.

14.8.4.2 MEASUREMENT BY POSITIVE DISPLACEMENT METER

The manufacturer’s recommendations should be carcfully considered in sizing turbine
and positive displacement meters (see Chapters 5.2 and 5.3).

Air ehiminators should be used with caution, particularly where the line in which they
arc installed could be shut-in oceasionatly, and where complcte vaporization could occur

Vapor formation, resulung from the effects of ambient temperature or heat tracing on
the line ahead of the meter, could cause inaccuracies and damage, which are most likely to
be encountered duning startup Caution must be exercised.

+ tne AMERICAN PETRGLEUM TNSTITUTE [APR1}
5:25:82 199
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

14.8.4.2.1 Volume at Standard or Base Conditions

Liquid measurement by positive displacement meters should conform to the procedures—
in Chapter 5.2. Appropriate correction factors should be used to adjust the measured
volume to standard conditions by correcting for temperature, pressure, and meter factor.
Factors to be applied will be found in Chapters 11 and 12.

The positive displacement measutement equation is:

V.=V, X ME X C, X C,

Where: -
V., = volume at hase or standard conditions.
V, volume at flowing cenditions, indicated by a measuring device.
M.FE meter factor, obtained by proving the meter according to Chapters 4 and 12.2.

C, = correction factor for temperature to correct the volurne at flowing temperature
to standard temperature. See Chapter 11,1, Tables 24, or other agreed-upon
tabies.

C, = correction factor for pressure to correct the volume at flowing pressure to
standard conditions. See Chapter 1.1, Tables 24, or other agreed-upon
tables. .

14.8.4.2.2 Volume at Flowing Conditions for Mass Determination

The volume measured at flowing conditions (V,) times the meter factor equals the
volume at flowing conditions. Displacement meters used for velumetric measurement in
deriving total mass shali conform to the standards described tn Chapter 5.2 for the service
intended, Temperature or pressure compensation devices are not to be used on these
meters and the accessories used shall conform to Chapter 5.4.

14.8.4.3 MEASUREMENT BY TURBINE METER

Sce 14.8.4.2 for cautions about air climinaters and vapor formation in lincs. Alse
carefully consider the manufacturer's recommendations about sizing of meters.

Liquid mcasurcment by turbine meter should conform 10 the procedurcs described in
Chapter 5.3, Appropriale correction factors should be used that will adjust the measmed
volume to standard conditions by correcting for temperature, pressure, and meter foctor,
[actors to be applied will be found in Chapters 4, 11, and 12,

The following cquation 1s used when measuring by turbine meter,

V.=V, x M.F. x C, x C,

Where:
V, = volumc at base or standard conditions
Vi = volume at flowing condinons, indicated by a measuring device.
M.F. = meter fector, obtaincd by proving the meter according to Chapters 4 and 12.2.

C, = carrcction tactor for temperature to corrcct the volume at flowing temperature
to standard temperature. See Chapter 1.1, Tubles 24, or other agreed-upon
tahles

C,. = conection factor for pressure to correct the volume at flowing pressure to
standard conditions. See Chapter 11.1, Tables 24, or other agreed-upon
tables

Turbine meters used for volumelric measurement in deriving total mass shall conform to
Chapter 5.3.for the scrvice intended. Temperature or pressure compensating devices shall
not be used on these meters and accessones shali conform to Chapter 5.4. The mass
delivered and the volume of each component at standard conditions may be determined
according to Chapter 14.7.
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14.8.4.4 MEASUREMENT BY OTHER DEVICES

Dynamic measurement of liqueficd petrolenm gas can be accomplished using other
types of equipment by mutual agreement of the contracting parties.

14.8.4.5 METER PROVING

The primary measuring device must be compared to a known standard. Companson to a
standard is accomplished by proving displacernent and turbine meters using a pipe prover
calibrated in accordance with Chapter 4. Tank-type provers are not recommended because
liquefied petroleum gz. may vaporize in the tank, making accountability for these vapors
difficult. When a meter is used to measure more than onc product, the meter shall be
proved at the operating rates of flow, pressure, and temperature and the specification of the
liquid that it will measvre ‘n routine operation. Several meter factors may be required
where normul operations change significantly. The proving device should be installed so
that the temperatuie and pressure within the prover and meter coincide as closely as
possible. Should meter and prover temperatures or pressures vary, the prover volume shal!
be corrected 1o meter cperating conditions according to Chapters 4, 11, and 12 or as
agreed to by the cuntracting parties . Factors shall be adjusted as required between proving
dates as a result of significant changes in metering pressure and/or temperaturc since the
last proving.

14.8.4.6 SAMPLING

Szmpling shall be accomplished to yield a sample that 1s proportional to, and representa-
tive of, the flowiny stream dunag the measuning interval. Proportional samplers take smali
samples of the flowing stream proportional to the flow rate. Time incremental sampling
may be used only when the flow rate is constant.

The sample collecting system shall be designed 1o contain the collected sample in the
liquid statc. This may be done using a piston cylinder or a ¢ylinder with a blaider. Both
the piston cylinder and bladder cylinder normally use inert gas vapor, hydraulic oil, or
pipelinc fluid to oppose the liquid injcction and maintain a pressure level above the vapor
pressure of the sample A typical pruportional sampler is described in the appeadix Lo this
publication.

Prceautions shall be taken .o avoid vaporization in sample foop lines when operating
near the product vapor pressure. In some instances, insulating sample lines and sample
containers or controliing the pressure or temperature of sample containcrs contaning
volatile matertals may be necessary.

Sampie loops should be short and of small diamerter, sampling from the center of the
stream Adequatc sample loop flow rates should be maintained to keep fresh product at the
sampic valve and w reduce the ime lap between the meter and the sempler to 4 minimum

All sampte lings, pumps, and related equipment should be purged or bled down when
sample coliection cylinders ar< emptied to avoid contamination or distortion of the tlowing
sample Sampler systems should be destgned to minimize dead product areas, which
could distart samplcs.

Obtaiming a representative sample Jor transport to the laboratory shall be in accordance
with GPA 2174, Appendix B of Chapter 14.1, or other recognized safety procedurcs.
Sample containers must be adecuatcly sized. If samples are to be shipped by comimon
carrie:, containers must comply with the latest hazardous materials rcgutations of the
United.States Department of Transportation

Products or ruxtures the. have equilibrium vapor pressures above atinospheric pressure
shall be maintained at a pressure where vaporization cannot occur within the on-line
sample system or transfer contaners.

v the AMERICAN PETROLELM INSTITUTE (AP1}
15:25.32 1996
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Use of sample collection 2nd transportation containers equipped with floating pistons or
bladders {and equipped 1o maintain sample storage pressures above vapor pressure) is one
effective way to avoid liquid-vapor separation. When using this type of equipment,
adeguate precautions must be observed to allow for thermal expansion of the product so
that excessive pressure or release of product does not occur. Procedures described in the
appendix of this publication may be used.

Sample handling procedures outlined in API Chapter 14.1, Appendix B, using immisci-
ble fluid outage cylinders, may also be used. Water used with this method may result in
removal of carbon dioxide or other water-soluble components from the sample.

Sample injection pumps or devices that inject the sample into containets shall be
designed to deliver a constant volume per stroke over their normal operating pressure
range. Procedures as outlined in Chapter 14.1, the eppendix to this publication, and GPA
Publication 2174 shall be follcwed, as applicabie.

Samples tzken over a period of time using a proportional sampler must be mixed to be
truly representative hefore they are transferred to portable sampie containers. Product
mixing should not be attempted until the sampler has been isoltated from the source.
Procedures for thorough mixing of samples shall be provided to ensure that sampies
transferred to transportation cylinders and the analysis obtained are ropresentative of the
flowing stream during the measured interval,

* After mixing, thc sampied product is transfcrred to a portable piston cylinder or a
double valved sample cylinder, using the immiscible fluid displacement method. ‘Transfer
the sampler to the portable cylinder using the same procedure used to take spot samples.
When the required number of portable cylinders has been filled, the remaining product in
the sampler must be vented back into the pipeline or disposed of before the sampler is
rerurned to service.

Obtainng a representativ: sample of the stream liquid for transport to the iaboratory
shall be in accordance with GPA Publication 2174 or Appendix B of Chapter 14.1.
Provisions shall be made for thermal expansion. Department of Transportation approved
containers shall be used.

14.8.4.7 SAMPLE ANALYSIS

Depending upon the comnasition of the stream, liquid sample analysis shall follow the
chromatographic procedures described 10 GPA Publications 2165, 2177, and 2261, or
other methods agreed upon by the contracting parties.

Where applicablte. such as with liquefied petroleum gas mixtures, speciai efforts shall
be made to accurately determine the molecuiar weight and the density of the heptanes plus
fraction (or of the last significent fraction determined by agreement).

14.8.5 Mass Determination in Dynamic Systems (Density
Range 0.30 to 0.70 g/cm?®

Mass measurement is applicable to liquefied petroleum gas mixtures and to components
that are affected by compositional changes, intermolecular adhesions, solution mixing, or
extreme pressure and temperature condilions where aceurate physical correction factors
have not heen determined

Mass measurement 1n a dynamic state normally utilizes (1) a volumetric measuring
device ot flowing conditions, (2) a density or relative density (specific gravity) measuring
device for determining densitv or relative density at the same flowing conditions as the

measuring device, and (3) a represcntative sampie of the fluid flowing through the |

mcasuring system, cotlecied proportional to flow, as presented in Chapter 14.7,

Mass ineasurement s accomplished by multiplying the measured volume at flowing
conditions tumes flowing density measured at the same conditions, using consistent units.
The equivalent volume at stzndard conditions of each component in the mixture may be
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obtained by using a compusitional analysis of the representative sample and the density of
each component at 60°F and the equilibrium pressure at 60°F

Liguids with densities below 0.3 and above 0.7 grams per cubic centimetre and
cryogenic fluids are exciuded from the scope of this document. However, the principles
can apply to these fluids with modified application techniques.

Equipment exists which uses diverse principles for measuring volume, sampling the
product, and detcrmining the composition and density of the product. This pubtication
does not advocate the prefercntial use of any particular type of equipment. It is not the
intention of this publication to restrict future development or improvement of eguipment. —

14.8.5.1 BASE COND:TIONS

Density is defined as mass per unit volume;
Mass

Volume

Density =

Mass is an absolute measure of the quantity of matter. Weight is the force resulting from
an acceleiation due to gravity acting upon a mass. Changes of gravity acceleration from
one locality to another will affect the resulting weight force observed. Therefore, quan-
ties determuned 1n accordance with Chapter 14.7 shall be mass rather than weight. This
may be accomphished through procedures in Chapter 14,6 by referral to weighimg devices
used to calibrate density meters to test weights of known mass. This referral or cahibration
is done at or near the densitometer location, eliminating the need for further correction for
local gravitauonal force variances. .
Weight observations to d:temine fluid density shall be corrected for air houysncy :
{commonly called “weighed in vacuum™) and for local gravity, as necessay. Such
observations can be used in conjunction with the calibration of density meters or for
checking the performance of equation of state correlations. Procedures are outlined in
Chapter 14.6.
Yolumes and densities for mass measurement shall be determined ot operating tcmpera-
ture and pressuie (o elimivate temperature and compressibility corrections. However,
equivalent volumes of compenents are often computed for the determined mass flow.
These volumes will be stated as follows: temperature, 15°C (or 60°F); pressure, 101.325
kilopascals (14.696 pourds per syuare inch absolute}. or the product equilibrium vaper
pressurc at 15°C tar 60°F), whichever 1s higher,

14.8.5.2 MASS MEASUREMENT USING DISPLACEMENT TYPE OR TUR-
BINE METERS

The equation for determirung mass using displacement-type or turbine meters 1s:

Metered volume Meter factor Density per Densitometer
at meter at meter unit volume at

Mass = w . ol a « | correction
operating operaling meter operating factor (if
conditions concitions conditions apnlicahle}

14.8.5.3 MASS MEA3ZUREMENT USING ORIFICE METERS

The equation tor determinmg mass using orifice meters is:

Q. = C' yjk, p, = Tlow rate expressed in units of mass/units of time,

The terms tor this equation are detined and discussed in 14.8.5.1.

- the AMEZRICAN PETROLEUM INSTITUTE (AP[:
15:25 52 199e
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14.8.5.4 DENSITY DETERMINATION

14.8.5.4.1 Empirical Density

Liquid density may be calculated as a function of composition, temperature, and
pressure. It is preferred that the calculated or measured density be applied in real time to
the flow meter. This provides for the maximum mass measurement precision, that is, the
incremental volume of measured liquid is always in direct time relation to the density
measured or calculated. However, it is commeon practice to use the composition of a
sample taken continuously during the delivery period proportional to the volume deliv-
ered, and to use the average temperature and pressure for the delivery period.

Calculations may be made by means of cmpirical correlations or by generalized
equations of state, The empirical correlations are derived from fitting experimental data
covering specific ranges of compositions, temperatures, and pressures and can be inaccu-
rate outside these ranges. Gas Processors Association procedure TP-1 for ethane/propane
mix and TP-2 for high ethane raw make streams are examples, TR-3 is 2 more theorctical
procedure for application to iiquefied natural gas.

Generalized equations of state do not have strict limitations on ranges of compositions
and conditions and can be applied to a wide variety of systems; however, empirical
correlations are much more accurate when applied to the specific systems for which they
were derived. The Rackett equation, the Starling-Han modification of the BWR equation
of state, and several modified Reclich-Kwong equations of state (Soave, Mark V, Peng-
Robinson) are examples.

It 1s the responsibility of the contracting parties to verify the validity and limits of the
accuracy of methods considered for empirical density determination on the particular
fluids to be measured.

Significant errors can occur from inaccuracies in temperature and pressurc measurc-
ment, recording, or integration. Products with a density of less than 0.6 grams per cubic
mactre are particularly susceptible to errors and require a higher level of precision. See
Chapter 14.6 for recommended precision levels of temperature and pressure.

14.8.5.4.2 Measured Density

Measured density of products between 0.3 and 0.7 grams per cubic centimetre shall be
determined using density meters installed and calibrated in accordance with Chapter 14.6
or as otherwisc agreed between the contracting parties.

Density instruments or probes shall be installed as follows:

1. No intcraction that would adversely affect the flow or density measurement shall exist
between the flow meter and the dersity transducer or probe.

2. Temperature and pressure differences among the fluid in the flow meter, the density
measurning device, and the calibrating devices must be mumimized and must be within
specified hmits for the fluid being measured and the mass measurement accuracy expected
or required.

3. Density meters mav be installed either upstream or downstream of primary flow
devices in accordance with Chaptzr 14.6 but should not be located between flow straight-
cning devices and mcters and must not bypass the pnmery flow measurement device.

Densitometer accuracy will be seriously affected by the accumulation of foreign
material from the fiowing stream. The possibility of sccumulation should be considered in
selecting density incasurement equipment and in determining the frequency of density
cquipment calibration and maintenance. Accuracy of the data recording, transmission,
and computation equipment and methods should alse be considered in system selection.
See Chapter 14.6 for further comments. ‘
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14.8.5.5 CONVERSION OF MEASURED MASS TO VOLUME

Conversion from mass determined into equivalent volumes of components shall be tn
accordance with the lalest revision of GPA Publication 8173, as described below. In this
procedure, a chromatographic analysis representative of the delivered product is used to
determine the mass of each individual component that comprised the total mass. The
individual component masses are then converted to their respective equivalent liquid
volumes at 15°C (or 60°F) and equilibrium vapor pressure at 15°C (or 60°F), using
component density values from GPA Publication 2145.

The calculation of tota] mass flowing must be performed continuously on-line by a
suitable device or by off-line integration of charts en which metered volume and density
are continuously recorded so that at all times the density comesponds to the volume
measured.

Conversion of the determined mass into an equivalent volume of each component at
base or standard conditions at equilibrium vapor pressure at 15°C (60°F) or 101.325
kilopascals (14.696 pounds per square inch absolute), whichever is higher, shall be in
accordance with Chapter 14.4. In this procedure a chromatographic analysis, rcpresenta-
tive of the delivered product, is used to determine the mass of each individual component
comprising the total mass. The individual component masses are then converted to their
respective equivalent hiquid volumes at 15°C (or 60°F) and the equilibrium vapor pressure
at 15°C (or 60°F) using component density values in vacuum from Chapter 11 or GPA
Publication 2145. Example calculations, repeated from Chapter 14.4, sre provided in
14.8.5.6. }

14.8.5.6 CALCULATIONS FOR LIQUID-VAPOR CONVERSION

The density of pure hydrocarbons in pounds mass per galton (weight in vacuum) shalt
be as stated in GPA Stapdard 2145, Shouid constants be required for a hydrocarbon
component that is not presented 10 GPA Standard 2145, the constants contained in the
GPSA Engineering Data Book, Section 16, *“Physical Properties,” shall be used. If the
required constants arc not contamned in the GPSA Engineering Data Book, the ASTM
Data Scnes Publication, DS 4A, constants shall be used. The steps described in Figure |
are required

14.8.5.7 SPECIAL PRECAUTIONS FOR MASS MEASUREMENT

Volume measurement must be made at flowing conditions. The measuring device must
be proven at flowing conditions.

Density or relative density (specific gravity) measurements must be made at the same
flowing conditons as the volume measurements,

Temperature compensated metering devices shall not be used in the mass measurement
mcthod - .

14.8.6 Volumetric Measurement in Static Systems

The liguid volume of liquefied petroleum gas consists of the sum of the liquid volume
and the volume of the vapor above the liquid converted to its liquid equivaicnt

Voiumetric measurement is accomplished by using calibrated vessels or lanks with
gaging devices that can be read at the vessel operating pressures to determine the liquid
level. The volumce of vapor above the liquid 13 determined by using the ideal gas law (PV
= NRT) corrceted by the gas compressibility factor. The liquid and vapor are corrected for
temperaturc and pressure to standard or base conditions of temperature and the vapor
pressure of the product at standard or base temperatyre. The vapor volume can be
converted (o cquivalent liquid volume by using the appropriate factors.

3w the AMERTCAN PETROLEUM INSTITUTE (API)
15:25:32 1964
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Step 1—Convert to mass analysis. Given: 825,300 = Total pounds mass.

Mole Parcent Waeight of Fraction -——
Mole Mole x of
Camponent Percent Weight Mole Welght Componert

CcOo, 0.1 44.01 4.84 0.001107
C, 214 16.043 3433 0.007852
C, 38.97 30.069 1171.79 0.268010
C, 36.48 44.036 1608.62 0.367921
ic, 2.94 58.123 170.88 0.035083
nC, 8.77 58.123 509.74 0.116587
iC, 1.71 7215 123.387 0.028219
nC, 1.82 7215 131.31 0.030033
Cat 7.06 B87.436 617.30 0.141188
100.00 4372.19 1.000000

Step 2—Caiculate the mass of each component.as follows: Welght fraction times
total pounds mass equals pounds mass each component:

Welght Fraction Total Pounds Mass

Component of Componant Pounds Mass of Component
CO, 0.001107 825,300 94
C, 0.0078¢£2 825,300 6.480
C, 0 268010 825,300 221,189
C, 0.36792) 825,300 303,845
IC, 0.0335083 825,300 32,255
nC, 0 116587 825,300 96.219
iC, 0.028219 825,300 23,289
nC, 0.030033 825,300 24,786
Co+ 0.141188 825,300 116,523
825,300

Stgp 3—~Calculate the volume of each component at equillbrium pressure and

60°F as follows.

Density

Component Founds/Gallor u.s.
Component Pounds Mass {in vacuum) Gallons
co, 914 6.817 134
C. 5,480 2.50 2,592
C, 221,189 2.97 74,474
C, 303,645 423 71,767
IC, 32,255 4,694 6,872
nC, 86,219 4.871 19,785
IC, 23,209 5.206 4,472
nC, 24,788 5.262 4,710
Cy+ 116,623 5.951" 19,580
204,355

*From analysis

'Flgure 1—Calculations for Liquid Vapor Conversion

A pressure vessel or containcr must be able to safely withstand the vapor pressures of
the contained product at the maximum operating temperature.,

14.8.6.1 TANK CALIBRATION

Procedures for calibrating tanks and vessels are presented in Chapter 2.

14.86.2 TANK GAGING OF LIQUEFIED PETROLEUM GAS

Procedures ior gaging liquefied petroleum gas in storage tanks are presented in Chapter
3. Speccial precautions are necessary to accurately account for the vapors above the liquid.
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The composition and volume of the vapors are dependent upon the temperature and
pressure conditions of the liquid.

14.8.6.3 TEMPERATURE MEASUREMENT

Chapter 5.4 contains general requircments for temperature measurement. Procedures
for measuring the temperature of hiquefied petroleum gas in storage vesscls under static
conditions are presented in Chapter 7.

14.8.6.4 RELATIVE DENSITY MEASUREMENT

Procedures for deterinining relative density of liquefied petroleum gas are presented in
Chapters 9, 11, 12, 14.6. and 14.7. Observed relative densities (specific gravities) are
corrected to standard or base conditions by using tables in Chapter 11.1.

14.8.6.5 WATER AND FOREIGN MATERIAL

Water and sediment content is not as serious a probicm with liquefied petroleum gases
as with crude cil. Product specifications in contracts for custody transfer should contain a
scction on product quality to provide for testing propane by the freeze valve method
(ANSIYASTM D 2713-76), the cobal bromide method, or the Burean of Mines method.
Other mutually acceptable methods for determining dryness may be used for other
liquefied petroleurn gases having a high vapor pressure.

14.8.6.6 SAMPLING

The scope of Chapter B does not include sampling of liquefied petroicum gascs;
however, GPA Publication 2140 contains a section on sampling this type of product. GPA
Publication 2140 1s also designated as ASTM D 1265. Its scope covers the procedure for
obtaining representative samples of liquefied petroleum gases, such as propane, butanc, or
mixtures thercof, in containers other than those used in laboratory testing appuratus. A
liquid sample is transferred from the source intd a sample container by purging the
container and filling it with liguid to 80 percent of capacity.

Considerable effort may be required to obtain a representative sample, especially if the
matenial being sampled 15 a mixwre of liquefied petroleum gases. The following factors
must be considered.

I Samples must he obtained 1n the hiquid phase.

2. When 1 15 defuitely known that the material being sampled is composed predomi-
nantly of only one hquefied petroleum gas, a liquid sample may be taken from any part of
the vesscl.

3. When the matenat being sampled has been agitated until umform:ty is assured, a liguid
sample may bz taken from any par: of the vessel.

4. Beeause of wide varauons in the construction details of containers for liquefied
petroleum gases, it is difficul’ to specify a uniform method for obtaining representative
samples of heteropencous muxtures. If it is not pracuicable to agitate a mixture for
homogeneity, obtain liquid samples by a procedure that has been agreed upon by the
contracting partics

Ditrections for sampling canno' be explicit :nougl':l to cover all cases. They must be
supplemented by judgment, skil, and sampling experience. Extreme carc and good
Judgment are necessary to ensure that samples represent the general character and average
condition of the mauterial, Because of the hazards involved, liguefied petroleum gases
should be sampled by, or under the supervision of, persons famitiar w1th the necessary
safcly precautions.

the AMERICAN PETROLEUM INSTITUTE (AR,
5:25:5Z 1990
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT

14.8.6.,7 VOLUMETRIC CALCULATION

When product is removed froni or added to a tank, the beginning and ending liquid
levels are obtained along with corresponding temperatures and pressures. The volumes of
liquid and vapor are calculated for the beginning and ending conditions, and the difference
between the beginning and ending calculations of the total volume of the vapor and liguid
is the volume change in the vessel. N

- E - . ™ Volume of vapor
Total volume Volume of liguid above the liguid
at standard = ]at standard 4+ | in cquivalent
conditions conditions liquid units at

- - . pe

- | standard conditions

[ Volume of ] [Liquid volume 7| [ Volume correction

liquid at = | at tank X | factor for

standard conditions temperature and

| conditions | J L gravity
Yolume of vapor [Volumc of P, T, Factor -for liquid ]
above liquid in | _— vapor above x X — X | volume per vapor
equivalent liguid the liguid P o volume

units at basc
conditions

Where!

Total volume = (volume of product 1n the vessel as 2 liquid) + {vapor above the liquid
converted to 1its liquia volume equivalent) Volume measured at standard condi-
tions.

Volume of liquid at standard conditions = volume measured at standard temperature
and vapor pressure of the liqud at standard temperature.

Volume of Liquid at tank cunditions = volume of vessel at liquid level determined by
tank calibration and gaging devicc.

Volume of vapor above the liquid = volume of vesse! above the liquid level determned
by tank calibration and gaging device.

Volume correction factor = factor used to correct the liquid volume to standard
temperature. Reter to tables in Chapters 11 and 2.

Py = observed pressure, 1n absolute units.

P, = standard pressure, in absclute units.

7. = observed tempurature, in kelvins (K) or degrees Rankine (°R),
1, = standard tcmpzrature in kelvins (K) or degrees Rankine (°R).

Factor for liguid volume per vapor volume = standard conversion unit for product
being measured

14.8.6.8 MIXTURE CALCULATION

When mixturcs arc mcasured, the compostuion of the liquid and vapor will be different
for varying conditions ot temperature and pressure. The composition of each phase can be
determined by sampling and analysis of each. Refer to Chapter 14.4 for the procedure for
calculating Liquid cquivalent of the vapor volume above stored natural gas lquid mixtures,

14.8.7 Mass Measurement in Static Systems

Mass is determmed by weighing the container or vessel before and after product has
been added to, or removed from, the vessel. The difference in weight provides the basis
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for total mass of the product contained in the vessel. ST
To calculate the volume using mass units:
v, = Mass
Density
Where:
¥, = volume at standard temperature and vapor pressure of the product at
standard teriperature.
Mass = difference between befure and after mass determination. - o
Density = density in vacnum of liquid product at standard conditions in same units as
tnass. .

Refer to Chapter 11 to determine relative density at standard conditions.

o LN

. tne AMER[CAN PETROLEUM [NSTITUTE (API) u o
15:25 SI 199
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APPENDIX—INSTALLATION AND OPERATION OF FLOATING PISTON SAMPLERS

The procedures.included hers are prcséntcd to supplement other existing procedures,

specifications, and standards in sampling higher than atmospheric vapor pressure products
i, where flashing of lighter components within the container may cause distortion” of the
sample composition.

All samples should be obtained using some type of probe from the center of the flowing
stream. A bypass around a cevice that causes a differential pressure, such as an orifice
plate or small pump, is usea to supply fresh product to bypass-type sample injection
valves. See Figures A-1 and A-2. Bypass lines must not bypass primary volume measure-
ment devices. :

Figure A-3 provides an example of a typical proportional sampler.

FLO\:‘{-THROUGH SAMPLE FLOW-THROUGH SAMPLE
1NJECT|ON VALVE ' INJECTION VALVE PUMP (5 TO 10 POUNDS
1/4 TO 1/2-INCH TUBING ' \ PER SQUARE INCH &P

N

A f
!

4 . .
e 1/4 TO 1/2-INCH TUBING

R

rl

[ —
v

S CENTER-STREAM
6 ‘ g ) SAMPLE PROBE * %
% AN
CENTER-STREAM - |
SAMPLE PROBE
Figure A-1—Typical Sample Probe tnstaliation on an ‘ Figure A-2—Typical Sample Probe Instaliation
Orifice Flange ‘ for a Pump B
1 1w~
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PRODUCT )
FLOW CENTER-STREAM A B RSN §
METER SAMPLE PROBE
¥ .
gl ' ——
- i ‘ '
'T" =y -
t ORIFICE
bex- pPB FLANGE T
I .. il
l wrf .
: FILTER l 4 ,
METER i
TOTALIZER
T |- - = —ud  SOL
I
1 1 PPB i . S B / .
} 1 FLOW-THRU SAMPLE
PULSE h
DIVIDER : INJECTION VALVE . .
CIRCUIT | V4"10 U2 TUBING |
1 I : '
1 1 PULSE PER g
; “X" BARRELS | br f_
| !
SSWEH - —1 POWER | _ )
:INTERPOSER ;
. RELIEF VALVE ' ggg%%%%ﬁn

i SAMPLER I s
T —
b _ |
, IR i , Tee T
SAMPLE
PRESSURE
. TRANSFER
SUPPLY "'/TAP
/‘. l - BLEED VALVE

- T~ SAMPLE MIXING DEVICE

Figure A-3—Typical Proportional Sampler

.« tre AMERICAN PETROLEUM 'INSTITUTE (ARI} B v ; v '
15:25 52 195 : N
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SR
Para los gases reales se han desarrollado muchas ecuaciones de estado,
pero en general son complicadas y dificiles de aplicar. La ecuacién de

P . T 4 >
estado mas simple hace uso del factor de compresibilidad: ‘

Z = factor de compresibilidad
PV = nZRT K

Z(=) adimensional = ¢, ...

Esta ecuacion se usa para determinar ia densidad de los gases en cual-
quier condicién de temperatura y presién. Ei valor de'Z se puede obte-
ner de las grificas del factor de compresibitidad contra Ia presién y
temperatura reducidas. Una de {as ecuaciones mas famosas para prede-
cir el comportamiento de los gases reales es la llamada ecuacion de Van
der Waals:

, .
(P + %) (V. — ub) = nRT .

en donde a y b son constantes para cada gas (apéndice X).
Thye
Densidad de una mezcla de gases reales ’

Para la mezcla de gases reales s= puede usar también la grifica del faciar
de compresibilidad. st se usan en ver de.las prestones y temperaturas cri-
ticas Ias presiones v temperaturas seudocriticas, definidas por:

P'c = TPery

T'c = LTvri-ye,

e
-
I

presion seudocritica (=) MIT'8 —? = FL.™?

Per = presion critica del compuesto i (=)ML™ 6 —? < Fl.:""
lempemn'tr.n seudocritiza, (=) T B
temperatura critica de! componemte i (=) T ’

\ = [raccion mol

i

-
N

)
it

de manera que la presion v wensperatura seudocritica son las que se usa
rin en la grifica del factor de compresibilidad

(Ver apéndice VI

o

[ o

? 3T



Problema 1.6 -3-

B g il sllente de un pasn |u-||uh-|n c-'ml n 1O e ale praesiein

v RO"C y tiefic ks signiente composicion: '
metano 409, ert mol
etano 2% en mol
nitrogeno 58 % enmol

Calcule el volumen ocupado por 1000 kg de ese gas. ¢§Cudl serd su densi.
dad absoluta?



PROBLEMAS RESUELTOS" - B e AT L N .
3. CALCULOS

3.1 Dawos de los gases (apéndice VIII)

PM Te °C Pc am i v
Metano 16 - .825 458 0.4
Etano 30 32.1 48.8 _0.02
Nitrogeno 28 -147.1 335 T 0.58

3.2 Condiciones seudocriticas

PAM = 0.4(16) + 0.02(30) + 0.58(28) = 23.24 gigmol
P'e = 0.4(45.8) + 0.02(48.8) + 0.58(33.5) = 38.726 atm.
T'c = 0.4(190.5) + 0.02(305.1) + 0.58(125.9) = 155.28"K

3.3 Valor del factor de compresibilidad

100 atm
rr= ———— = 92hH82
38.726 anm

80 + 273
T1= — 4 = 297
15528

Del ciagrama 7 = 0.96

3.4 Volimen

1000 kg

——=—— = 4302 kgmuol
23.24 kglkgmoal

Moles de gas =

G = 096 (43 02) (0.082) (273 + 80 = 11.954 m"
2.5 Densidad

1000 kg R0 Lo’
p = ———— = RAGH hgm
'Il 951 m! F

1. RFSULTADOS

El volumen es de II.D{':A! m” v la densidad de 83.G5 kglm“.
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';'Apéndice VIIL. Valores criticos.

Acido acético

- Acide bromhidrico-

Acido clorhidrico
Acido sulfhidrico
Acetona '
Acetonitrilo

Aire

Agua

Alcohol metilico
Amoniaco
Benceno

Bromo

n-hutano

i-butano’
Ciclohexano
Cloro

Cloruro de metilo
Dioxilo de carbono
Frlano

Filileno

Fh'lnl‘

Helio

Heptano

Hexann
Hitlrogeno
Metano
AMondxido de carbono
Nirogenn
Meicurio

Octann
Oxigenn
n-pentano
i-pentanag
Propano
Propiieno
TJepacloruro de catbono
Toluenn

Vapor de anen

C4H,0,
HBr
HCI
H,S
GiHO
GyH,N
H,O
CH,OH
NH, :
By
C.,Hy,
CHyy
CeHys
cl,
CH,CI
Co,
Cyllg,
Gl

F

He
Gl
CeH,,
H,

CH,
CO

N,

Hg
Gl
G,
Cillyg
(AT
CaHg
Cally,
col,
CeHLCH,
H,0

Tec *C

3216
90
51.4

100 4

235

274.7

—140.7

374.15

240
1324
288.5
31
153
134
281
144
143.1
3L
32.1
a.7
—155
—2679
266.8
2348
2399
— 825
—139
—174.1
1550
296
—11R8.8
197.2
187.8
96.8
92.3
283.1
320.6
374

APENDICES

Pc atm

57.2
84
81.6
884
- 47
47.7
37.2
218.4
78.7
111.5
47.7
102
36
37
404
76.1
658
73
18.8
50.5
25
‘2.26
26.R
295
128
458
a5
335
200
24.6
49.7
33
328
12
45
45
416
. 2177
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Apéndice VIL. Valores de ia constante de los gases (R).

1.0872 callgmol®K

8.3144 joules (absiigmol°K
82.057 cm® ?llfl]l(ll;'K
0.082 1t atm/gmol”™K
0082 m® atmlkgmol”K
62361 It mmHglgmol®K
1.314 1% atmflbmnl"R
19872 BT bmal®R
0.7302 ft* atmflbmel*R
21.85 1t° inHg/tbhmol”R
555.0 {t° mmHlglhmel"R
1545.0 0" (I Hbmel*R
1073 1 (Ibin T Nbmol"R

R17.3 m* (kgim kg mal”R
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Metric Conversion Tables -

Multiply

mllimeters
malimeters
muhmeters
mulimeters
centunaers
cenfimelers
centmelers
centimeters
nches
nches
nches
nches

teel

teel

teel

teet

sq milhkmeter
sq mulbmeier
sq muihmetes
sq mulmneter
sqQ cenumeters
5Q Cenumeters
s5Q centmeters
5Q Cenlumaters
§q nches

5Q ncnes

sqQ Inches

s5Q Inches

sq lee!

sq leel

sq leel

sq lest

gavons USiminule
GPM

galions UStminute

pakons US/menuie

galions US/munute

galions US/minute

cubic leet/minule
cubic leermunute
cubic leglminute
cubit leelminute
cubic legt/minute
cubic leene
cubic leelhr
cubic leevhr
cubiC leel/hr
cubic melers/hi
cubic melers/ni
cubic melers/ni
cubic melers/hi
CuDIC Melers/hi

teel per second
teel per second
leel per seconc
leel pet secong
melers per second
meners per second
maters per second
malers per second

cubic cm
cubtccm
cubiccm
cubiccm
cubiccm
cubic melers
cubic meters
cubic meters
cubic meiers
cubic meters
cubic feel
cubic teel
cutuc teet

:

0010

104

000155

1 076x10°8
100

00001

0155

0001076
B45.2

6 452

0 000645

0 00694

g 2o9x10*
929

0 0929
144

FLOW RATES

3785
0133
8021
0227
34.29

7481
28232
600

1699

2565

01247

0472

0 01667

00283

4403
16 67

0 5886
AR

1509

VELOCITY

60
0 3048
1097
06818
aaeo
196 9
3 600
227

To Obtain

i%
]
[

gﬂ_gggﬁﬂss
g*ﬁ%gii
£’ 3

B%BB
i
P8

$Q cenwnelers

g
2
H

g nches

hiers

fidoun

1mr

m3mr
Basrels/day,
{42 US gals)
GPM

hters/munwne
e

m¥mny
Barrets/day
GiIM
hlersimun
thun
m¥hr

GPM
uers/minute
H3rmin

e
Barrels/day

tmin
melets/second
ke

nwesmnr

fusec

rmin

kv

milesmhe

VOLUME & CAPACITY

- 006102
353100
we
oo;m
2 642x10™
10¢
61,0230
BN
1000 0
264 2
28,3200
17280
00283

cubic inches
cubtic teel
Cubic meiers
hters

galions (US)
Culsc cm
CubsC NChes
cubic leet
lHers

galions
SubIC oMy
cubicinches
cubic melers

30

bar

kdogram/sg cm
logranvsq cm
kilogram'sq cm
WIogranvsq ¢m
kiogranvsg om
Kiogranvsg om
hilOgranvsq om
KHOQf BMVYED &M
kiogranvsq cm

uloPascal
koPascal
wioPascal
kiloPascal
ioPascal
loPascat
wioFascal
kioPascal

By To Obtain
YOLUME & CAPACITY
2032 Hars
74805 | gakons -
1,000 0 B cubet em
6102 culne inchas
00383 cubec loe!
oo cubec meters
-0 264 gabons
araso cubic om
2310 cutee nches
01337 cubic loet
37850107 cubcmelers | —
3785 hers
WEIGHT
00005 shonion
0.000446 iong lon
0453 KEOQAm
0 000453 metne lon
2000 0 pounds
0.8929 long 1on
907.2 KHOQram
09072 mednc ton
2240 pounds
1120 shon ton
1016 kuogram
1.016 melnc ton
2205 pounds
00011 shor lon
0 00098 Iong ton
0 001 meteic ton
2205 pounds
1102 short lon
0984 long lon
10000 kilogram
PRESSURE & HEAD
0 06895 bar -
0 06804 at L]
00703 kg):g
6895 kPa
2.307 ol H,0(40EGC)
0703 motH,0(4 DEGC)
51N cmotHg (0DEGC)
5171 106f (mmod HQ)
(0ODEGC)
2036 notHg (0DEGC)
14 69 ps!
1013 bas
1.033 Kg/om®
1013 kPa
s fo!H;0
1033 molH;0
76 OO cmol Hg
160 0 1oer (mm of Hg)
29 92 noiHg
14 50 psi
0 9869 stmosphera
1020 Kgicm?
1000 kPa
3345 rotHO
10 20 molH 0
7501 cmol Hg
750 1 torr (mm ol Hg)
2953 motHg
14 22 . ps
09807 bar
09678 atmoaphes
98 07 kPa
zm ftot H0
10 00 molH,0
7356 cmotHg
7356 torr (mm ot Hg)
28.96 nolHg
D145 psi
om bas
0 00986 e
000102 w::g
03%4 ol HO
0102 molH,0
o750 cmolHg
750 10¢r (e of Hg)
0295 nothHg
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Balance de masa y energia
en jlujo de fluidos

CAUDAL

Se denomina caudal al volumen del liquido o gas que atraviesa una sec-

cion en la unidad de tiempo. En México suele recibir también el nombre
de gasto volumétrico.

Ca = uA

Ca = caudal (=) LY 68—
u = Velocidad promedio del fluido (=) L 8~}
A = Seccidén transversal de flujo (-=)L?

Gasto masico !

Con mucha frecuencia se utiliza el términe de gasto o flujo méasico o gas-
to o flujo molar, el cuai indica la cantidad de masa 0 moles que pasan
por un punto dado.

M o= wAp = Cap MM

Gasta mdsico del fluido (=) A 6!

A= M p = Densidad del fluido (=) M.~
P AT = Gasto molar del fluido (=) moles 8=
PM = Peso molecular de] fluido

91
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Ecuacién de Bernoulli y ecnacién de continuidad

En Iamecameadclosﬂmdossecmocendosexpmﬂmmmmmﬁmdmmmls,a)h
ecuacion de continuidad, que es una expresién simplificada de la ley de conservacién de la matetia
(ecuacion 10) y b) Ia ecuacién de Bernoulli, que es una expresién simplificada de la ecuacién de
conservacion de la energm.

El principio de continuidad establece que e! flujo miswo es el mismo en todas las secciones
transversales de una tuberia. Esto es, la cantidad de materia que ingresa a la tuberia por un extremo

es la misma que sale por la tuberia en e] extremo de salida. Por supuesto, esa afirmacion asume que _
las paredes de la tuberia son suficientemente rigidas, y no existe acumulacién de materia en el

sistemna. Si el fluido es incompresible, entonces ¢l flujo volumétrico también es constante a lo largo

del sistema. Este principio es de grar. importancia al estudiar el funcionamiento de los medidores

de flujo puesto que significa que cuar do la seccion transversal disminuye, entonces la velocidad

del fluido se incrementa y viceversa.

2the = 21 _ | (10)
> (pvA), =X (pvA), ' (1

La ecuacion de Bernoulli expresa, en términos matematicos, que la energia que posee el fluido
permanece constante en cualquier seccion tranversal a lo largo una linea de corriente. Esta
expresion es sumamente (til porque relaciona los cambios de presion con los cambios de velocidad
y de nivel a lo largo de una linca de comiente. Sin embargo, mediante ella se consiguen resuitados
correctos sOlo cuando se aplica a aquellos casos donde las restricciones siguientes se satisfacen
razonablemente,

v Flujo estacionario

¥ Flujo incompresible

v Flujo sin rozamiento

v Flujo a lo largo de una linea de corriente

&+gz,+!‘—=&+g23+y—2 Co (12)
p 2 p 2
p Vi_P V3
2z e D2, 5+ V2 constante de Bemoulli (13)
gp gp 2g

P: presion de! fluido, [Pa)
p: densidad del fluido, fkg/m’]
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g aceleracion local de la gravedad, m/s’)
V:  velocidad del fluido, [m/s]
z altura respecto de un nivel de referencia, {m]

eii la ecuacion 12, cada uno de los términos representa energia por unidad de masa. E! término P/p
representa la energia de presion, el término gZ representa la energia potencial; mientras que el
tirmino Vz representa la energia cinética.
La ecuacién 12 indica que Is energia roti a
lo largo de una linea de comente es
constante. Lo que significa que pam
sistemnas en los cuales la energia potencial es
constante, entonces cualquier disminucién
en la encrgia de velocidad se verd
compensada por un incremento en la energia
de presion, y vice versa.

La combinacion de la ecuncion de
continuidad y de Bernoulii son usadas para
obtener los  modelos matemiticos de
funcionamiento de diferentes equipos de
medicion de fiujo de fluidos.

- ¢ Y nivel de ceferenca, 2=0
Cavitacion
De la ecuacidon de Bermnoulli se sabe que al Fig. 9 Formas de energia en un fluido a
incrementarse la  velocidad del fluido, traves de una tuberia recta.

debido a una reduccion en la seccion
transversal, entonces la presion que ei fuido
ejerce sobre las paredes de la tuberia
disminuira.

Si la caida de presion es sufictentemente grande entonces se presentara el fendmeno de cavitacion.
Este evento puede presentarse en dos formas basicas. En agua y en gases licuados, cuando la presion
del fluido se aproxima al valor de la presién de vapor correspondiente a la temperatura actual,
entonces se tnicia la formacion de pequefias burbujas o bolsas de vapor. Dichas burbujas se colapsarin
en cuanto se aproximen a una region de mayor presion. El colapso de las burbujas es conocido como
implosion, y los efectos de este fenomer.o son muy daiiinos para cualquier componente hidraulico. En
la Fig. 10 se ilustran los daiios por cavitacion en un material de acero inoxidable con dureza de 50
HRc.



