FACULTAD DE INGENIERIiA UNAM
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del Jefe de la Division
de Educacion Continua, otorgan una constancia de asistencia a quienes cumplan
con los requisitos establecidos para cada curso.

El control de, a51stenc1a se llevara a cabo a través de la persona que le entrego el
material dldactlco y sera registrada por las autoridades de la Division, con el fin
de entregarle constanma a los alumnos que cumplan como minimo el 80% de
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Con el objeto de mejorar los servicios que la Division de Educaciéon Continua
ofrece, al final del curso deberan requisitar y entregar la evaluacion a través de un
cuestionario disefiado para emitir juicios andnimos.

Se recomienda llenar dicha evaluacion conforme los profesores impartan sus
clases, a efecto de Henar en la iltima sesion las evaluaciones y con esto sean mas
fehacientes sus apreciaciones.

Atentamente
Division de Educacion Continua

Palacio de Mineria, Calle de Tacuba No. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Centro Histdrico, México DF,

APDO Postal M-2285 ® Tels: 5521.4021 ol 24, 5623.2910 y 5623.2971 ® Fax: 5510.0573
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CURSO EN LA DiVISION DE EDUCACION CONTINUA DE LA FACULTAD DE

INGENIERIA DE LA UNAM.

QUE PRESENTA:

M en | Francisco Orduiia Bustamante

TEMA PROPUESTO:

DISENO DE CARCAMOS DE BOMBEO

DURACION: 20 hrs. (5 sesiones)

PROGRAMA:

|.- ANTECEDENTES.

II.- SELECCION DE EQUIPOS CENTRIFUGOS DE BOMBEO.

lil.- DESCRIPCION Y SELECCION DE VALVULAS.
IV.- DISENO GEOMETRICO.
V.- DISENO FUNCIONAL.

VI.- EJEMPLOS DE APLICACION.

(1hr))

(5 hr.)

(6 hr.)

(2 hr.)
(2 hr.)

(4 hr)



DIRIGIDO A: ' - S

-Involucrados en la toma de decisiones en el dlseno y operacién de carcamos y
estaciones de bombeo.

-Interesados en el ahorro de energia electrica. -

-Ingenieros involucrados en la seleccién de equipos de bombeo y valvulas.

PROBLEMATICA:

El disefio de carcamos y estaciones de bombeo para manejo de aguas: pluviales y
municipales presenta un amplio espectro de problemas por resolver; Partiendo de
la seleccion de los equipos de bombeo, gobernada muchas veces por su
disponibilidad en el mercado, su facilidad de instalacién o simplemente su haber,
En México, el consumo de energia eléctrica empleado para alimentar equipos de
bombeo representa el 21.5 % del total consumido en el pais; Las condiciones de
operacién de instalaciones de bombeo pequefias, lleva muchas veces al uso de
valvulas de control, despreciandose en ocasiones su funcidn como disipadoras de
energia.

La nommatividad aplicable para el disefo.geométrico de los carcamos de las
camaras de succion, queda muchas veces rebasada; Por ejemplo, en la Republica
Mexicana, las normas aplicadas de manera tipica a nivel internacional quedan
generalmente rebasadas, debido a que las importantes elevaciones topograficas
de nuestro pais, no corresponden con las de los sitios donde se realizan las
pruebas experimentales que dan sustento a las normas.

Aspectos como el contenido de gases disueltos, son muchas veces omitidos en
las modeiaciones tendientes al diseiio, lo que redunda en problemas durante la
fase operativa.

OBJETIVOS:

Participar de la conciencia del ahorro de energia eléctrica.

Exponer de manera sucinta aspectos importantes en el disefic geométricos de los

carcamos de bombeo, asi como recomendaciones para la seleccion e instalacion
de equipos.de bombeo y valvulas.

)



FACULTAD DE ENGENIERIA UNANM
DIVISION DE EDUCACION CONTINUA

i 5
FACIATAD O DG IR

n
0

BOMBEO
CA 387

TEMA
ANTECEDENTES

EXPOSITORES: M. EN I. FRANCISCO ORDUNA BUSTAMANTE
DEL 09 AL 30 DE JUNIO DE 2007
PALACIO DE MINERIA

ISENO DE CARCAMOS DE

Palacio de Mineria, Calle de Tacuba No. 5, Primer piso. Delegacion Cuauhtémoc, CP 06000, Cenfro Histérico, México DF,
APDO Postal M-2285 e Tels: 5521.4021 al 24, 5623.2910 y.5623.2971 @ Fax: 5510.0573



|.- ANTECEDENTES.

En México, el 21.5 % del total consumo de energia eléctrica se destina para
activar motobombas. De la energia destinada al bombeo, el 85 % se destina a
magquinas centrifugas, mientras que el 15 % restante se destina a maquinas de
otro tipo (desplazamiento positivo). La eficiencia promedio con la que trabajan los
equipos de bombeo en México se estima entre el 45 y el 60 %.

El usoc de maquinas centrifugas para el manejo de liquidos esta ampliamente
difundido, de manera que es posible encontrar equipos de este tipo en una amplia
gama de potencias y materiales de fabricacion, desde acero inoxidable y plastico,
hasta vidrio. El sector agricola requiere de una gran cantidad de agua, por lo que
es un importante ambito para la adecuada seleccién de equipos de este tipo. Las
industria quimica y metalurgica utilizan también una gran cantidad de equipos de
este tipo. Las instalaciones de mayor responsabilidad se encuentran en el
abastecimiento de agua potable, y el enfriamiento de termoeléctricas y
nucleoeléctricas; donde el funcionamiento continuo y eficiente de los sistemas de
bombeo son de importancia vital.

Las turbomaquinas son artificios muy generosos, y altamente confiables, Asi
mismo, la responsabilidad de los ingenieros encargados de su seleccién y correcta
instalacion.

Il.- DESCRIPCION Y SELECCION DE EQUIPOS DE BOMBEO.

La bomba centrifuga esta constituida por un rotor dentro de una carcasa. El fluido
entra axialmente en la carcasa en la direccion del eje de rotacion del rotor; Los
alabes del rotor impulsan al liquido para adquirir un movimiento tangencial y radial
hacia el exterior del rotor donde es recogido por la carcasa. E! fluido aumenta su
velocidad y presion cuando transita a lo largo del alabe del rotor. La parte de la
carcasa de forma toroidal llamada voluta, decelera el flujo y aumenta ain mas la
presion.

Normalmente los alabes estian curvados hacia afras, pero existen también disefios
de alabes radiales y curvados hacia adelante, con lo cual se cambia ligeramente la
presion de salida de fa bomba. Los alabes pueden ser abiertos o cerrados, en este
dltimo caso los alabes estan confinados entre dos discos y el conducto formado
entre dos alabes esta cerrado propiamente. El difusor puede tener alabes fijos o
carecer de ellos.
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figura 1. Comaracion del comportamiento de bombas del tipo centrifugas, respecto a
equipos de desplazamiento positivo.
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Sfigura 2. Partes constitutivas bdsicas de una bomba centrifuga.



Las curvas caracteristicas se trazan generalmente para velocidades de giro N
constantes. El caudal ¢ se toma como variable independiente basica. Como

variable dependiente se toma la altura manometrica H , la potencia al freno P, y el

rendimiento n. La altura manométrica (Carga Dinamica Total), permanece
practicamente constante con caudales bajos y después desciende ligeramente
para alcanzar el punto de maxima eficiencia y cae subitamente para alcanzar
H=0.

Un punto que a menudo no se tiene en cuenta, es que las curvas caracteristicas
que se obtienen para una maquina, son solo aplicables estrictamente a un fluido
de una cierta densidad y viscosidad, generalmente agua. Si la bomba se usara
para bombear por ejemplo, mercurio, la potencia ai freno deberia ser unas trece
veces mas alta, mientras que ¢ y » apenas cambiarian, incluso el valor de
H seria igual, con la salvedad de que se estaria interpretando como metros de
columna de mercurio y no metros de columna de agua. Si la misma maquina se
utilizara para bombear aceite SAE 30, todos los valores (potencia at freno, Q, 7,

H') cambiarian debido a la gran diferencia de viscosidades (numero de Reynoids).

-

Otra curva que se obtiene para las maquinas hidraulicas, es la Carga de succion
Positiva Neta CSPN en castellano o NPSH por sus siglas en inglés, que es la
presion que debe presentarse en el ojo del impuisor para evitar que la bomba
cavite. La CSPN se define como:

2
cspN, =Py e Py
Yy 28 vy

Donde p, y v, son respectivamente la presion y la velocidad a la entrada de la
bomba, y p, es la presion de vaporizacion del liquido.

En una instalacién particular, la maquina se instala a una altura z, sobre el nivel

estatico del agua en la succién, asi mismo, en el trayecto del conducto de succién,
puede calcularse el valor de la carga disipada en el conducto 4, en funcion de v,,

de este modo, la instalacion tendra un valor de CSPN disponible, que se
denominara CSPN,, y se estimara como:

cSPN, = Loz —p, L

Y 4

donde p, es el valor de la presion atmosférica en el sitio donde se hara la
instalacion.

REGLAS DE SEMEJANZA.
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Las reglas de semejanza pueden utilizarse para estimar el efecto de cambio de
fluido, velocidad o tamaro de cuaiquier turbomaquina dinamica, bomba o turbina,
dentro de una familia geométricamente semejante. De acuerdo a lo expresado
podria esperarse que para dos maquinas semejantes 5, =n,, pero esto no ocurre
asi. Las maquinas mas grandes son mas eficientes debido a que los efectos de la

viscosidad se van reduciendo con el tamano de la maquina, una férmula empirica
para estimar el cambio en el rendimiento debido al tamario es:

1
1-n, (2}
1, D,
Esta féormula, primero desarrollada para turbinas, es muy usada tanto en bombas
como en turbinas cuando se carece de datos de rendimiento.

/
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LA VELOCIDAD ESPECIFICA.

En muchas aplicaciones de las bombas, se conoce la Carga Dinamica Total H,y
el caudal Q para el sistema en particular mas un rango de veiocidades de giro del
motor eléctrico N . El proyectista selecciona el mejor tamafo y forma (centrifuga,
helicocentrifuga, axial) de la bomba. Para ayudar a esta seleccidon necesiatamos
un parametro adimensional que relacione la velocidad, caudal y Carga Dinamica
Total. Esto se consigue eliminando el diametro en los parametros adimensionales
obteniéndose una relacion conocida como velocidad especifica, que de manera
estricta deberia corresponder a un parametro adimensional, pero que se maneja
comunmente en unidades inglesas:

Forma estricta:

g
" (gH YA




Formma comun:

NyQ

N, = .
s H% -
N = [rev/ minlgal/ min]%

’ [P

La velocidad especifica es (til para la seleccion del equipo mas eficiente.
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figura 3. Seleccioén del tipo de bomba dindmica, en funcion de su velocidad especifica.



VELOCIDAD ESPECIFICA DE SUCCION.

Si usamos la CSPN en lugar de H en la expresion de la velocidad especifica,
hallaremos la velocidad especifica de succion. Donde el valor necesario es el de la
CSPN,, es decir la carga de succion positiva neta disponible en el sistema. Se

sabe que la cavitacién puede existir cuando N_ > 8100. En ausencia de datos,

puede utilizarse este parametro para saber si existe riesgo de cavitacidn en la
instalacion.

CAVITACION.

Existen tres requerimientos fundamentales para que ocurra cavitacién. La primera,
la existencia de pequenas. particulas gaseosas que generen la posibilidad de que
el liquido pueda volatilizarse y formar cavidades llenas de vapor; La segunda, una
caida de presion aun breve en el tiempo en el seno del fluido que provoque
vaporizacion del fluido; Tercera, la presion ambiental del fluido alrededor de la
cavidad debe ser mayor que la presion de vapor del liquido, provocando el colapso
subito de las burbujas.

La cavitacion no es un fenébmeno exclusivo para los impulsores de las bombas,
ocurre también de manera comun en la cara posterior de valvulas cuyo diferencial
de presiébn aguas arriba aguas abajo, es demasiado grande. Puede llegar a
presentarse en codos y derivaciones de tuberias donde la velocidad del flujo es
excesivamente grande.

La cavitacion es un serio problema de operacion en bombas y valvulas; Es un gran
probtema financiero ya que implica importantes costos en las reparaciones;
Muchas bombas operan en condiciones de cavitacion; Un proposito fundamental
de la correcta seleccion de bombas y valvulas, asi como su correcta instalacion es
reducir al minimo los efectos de la cavitacion.

Un factor fundamental que contribuye a los dafios erosivos de la cavitacion, es la
tolerancia de las normas de utilizar equipos de bombeo solo ligeramente arriba se

su valor de CSPN, -

La cavitacion, tal como ocurre en impulsores, valvulas o placas de orificio, genera
ruido, fluctuaciones en la presion, vibraciones y eventualmente, llega a reducir la
eficiencia del dispositivo. La relacion entre CSPN_, erosion y generacion de ruido
debidos a la cavitacidon, ha sido investigado por Deeprose, King, McNulty,
Pearshall y Grist. La referencia de Deeprose muestra que el maximo ruido y
erosion en bombas ocurre desde antes que la eficiencia de la maquina comienza a



decrecer. La referencia de Grist sugiere que, en promedio, el valor de la CSPN,

debe ser alrededor de tres veces el valor de ia CSPN, del fabricante, para evitar

dafios por cavitacion, esta Uitima recomendacion es también sustentada en el
trabajo de Deeprose, y se menciona que el Instituto de Ingenieria de la UNAM
sugiere considerar CSPN, > 2.5CSPN, . Los mayores dafios por cavitacion, ruido y

-vibraciones ocurren antes de que los dispositivos muestren detrimento en sus

funciones hidraulicas.
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figura 4. Ilustracion del problema de cavitacion en los impulsores de una bomba

centrifuga.



lI.- VALVULAS. )

Las valvulas son importantes en los sistemas de bombeo y lineas de conduccion.
Se utilizan para reguiar presidén y caudal, protegen a la tuberia por sobrepresiones
estacionarias 0 derivadas de efectos transitorios, igualmente protegen a la bomba
y sirven para disminuir los efectos de los fendmenos transitorios, evitan el retorno
de caudal en la linea de conduccién remueven el aire atrapado en el conducto y
desarrollas otras varias funciones. Si las valvulas no se seleccionan de manera
adecuada pueden convertirse en causa de problemas por ejemplo: Cierre sdbito
de una valvula, el uso de una valvula de no retorno inadecuada o el llenado
demasiado rapido de una linea de conduccidon. Si una valvula esta sujeta a
cavitacion, sufrira un rapido desgaste, tendra fallas en los sellos y requerira
reemplazo.

Por sus funciones en la linea de conduccion, las valvulas se clasifican en las
siguientes categorias:

1) Control

2) Reguladoras de presion
3) No retorno

4) Control de aire

Esta clasificacion no es estricta, debido a que una valvula puede llevar a cabo mas
de una de las funciones mencionadas, sin embargo, debe verificarse gue su
eficiencia y posibilidades de cavitacion no obren en menoscabo del buen
funcionamiento de la instalacion. Una buena referencia para la correcta seleccion
de valvulas es el libro de Tuliis.

1) Las valvulas de control se utilizan principalmente para permitir o impedir el
flujo por alguna linea, en el caso de una red de tuberias pueden utilizarse
para aislar una parie de i{a red que deba sujetarse a trabajos de
mantenimiento o reparacién; Sirven también, como su nombre lo indica,
para controlar el caudal que transita en un conducto. En este tipo de
valvulas se cuenta con las valvulas de compuerta, que se recomiendan
para ser usadas completamente abietas o cerradas, ya que sus
caracteristicas como disipadoras de energia no son muy buenas, para un
servicio semejante pero con mayor economia, se encuentran la valvulas de
mariposa gue, con las debidas precauciones pueden utilizarse para regular
caudal. Otro tipo de valvulas de este tipo cuyo costo es mayor a las dos ya
mencionadas son las de bola o esfera.

2) Para regular presion, se recomienda el uso de valvulas tipo globo. Este tipo
de valvulas puede usarse para flujo en ambos sentidos. Tienen un patron
de flujo bastante complicado, por lo que no se recomienda su uso para
trabajar completamente abiertas. Su desempefio ante los efectos de
cavitacion puede mejorarse bastante haciendo correr el sello en ef interior
de una camisa perforada. Los orificios disipan la energia y reducen la



3)

cavitacion, Utilizando multiples camisas conceéntricas logrando disipar la
energia en varias etapas, la cavitacién puede llevarse al minimo, debe
tenerse en cuenta que la camisa perforada afecta bastante el desempefio
de la valvula. :

Las valvulas de no retomo se utilizan principalmente para evitar el retorno
de caudal hacia los equipos de bombeo, lo cual podria llegar a generar
severos dafios en las componentes mecanicas y en los motores y sistema
eléctrico. Para muchos estilos, la orientacion de la instalacion es
importante, dado que el peso actia en el cierre de la valvula. Estas valvulas
deben instalarse en tramos rectos de tuberia, ya que la influencia en el flujo
de codos y otras piezas especiales, puede generar oscilaciones en la
clapeta y reducir su capacidad de cierre en el mediano o largo plazos.
Existen una gran cantidad de disefios de valvulas de no retorno en el
mercado, de modo que el proyectista tiene ia responsabilidad de buscar la
mas adecuada al caso particular. Entre las mencs recomendables se
cuentan las “check tipo bola” ya que disipan demasiada energia y su
condicién de cierre puede ser muy subita; La valvula tipo columpio es de las
mas comunes, sin embargo, la clapeta tiene una masa muy grande por lo
que la repeticion de ciclos de cierre puede dafarla; Ademas puede
presentar condiciones de cierre perniciosos para el caso en que se busque
minimizar los efectos de los transitorios de presion. Para equipos de
bombeo donde se han instaladc camaras de aire cerca de la bomba,
ocurren retornos de caudal hacia la bomba. Valvulas de no retorno

" convencionales (e]. Tipo columpio), no se recomiendan. Para instalaciones

4)

importantes, es necesario contar con un analisis detaliado de los efectos
transitorios en el conducto, lamentablemente, no se cuenta con informacion
experimental abundante respecto a las condiciones de cierre de los
diferentes tipos de valvulas de no retorno.

Control de aire. Para el correcto funcionamiento de una linea de
conduccion, debe permitirse la salida lenta del aire atrapado, ya que de lo
contrario, pueden presentarse problemas graves. En el caso contrario,
cuando el conducto esta siendo vaciado, debe permitirse la entrada de aire.
Generalmente estas funciones son llevadas a cabo de manera automatica
por valvulas de admisidn, y valvulas de expulsion de aire.



IV.- DISENO GEOMETRICO Y FUNCIONAL.

A menos que se conozca a detalle una geometria funcional con ia que puedan
manejarse criterios de semejanza para una nueva propuesta geométrica de una
estructura para instalar la succién de los equipos de bombeo, se hace necesaria la
construccion de un modelo -fisico a escala. Aquellas cubetas para manejar
caudales mayores a 3.0 m*s o con restricciones geométricas severas en la
conduccién de llegada, SIEMPRE deberan probarse en un modelo fisico a escala.
Lo anterior debido a que las recomendaciones de disefo publicadas, por ejemplo,
por el BHRA, el HIS, o Dicmas, estan referidas al disefioc geométrico de
estructuras pequefias o medianas.

La prerotacibn en la succidon de los equipos de bombeo, es la principal
responsable de los problemas de vorticidad y entrada de aire, que
consecuentemente reduce la capacidad neta de bombeo de liquido y genera
vibracién y ruido en las bombas. El més leve de los inconvenientes producidos por
la prerotacién, es la reduccion de eficiencia de la maquina hidraulica derivada de
la desviacion del angulo de ataque de los alabes debidos al patron de flujo
condicionado. “

La velocidad promedio en la campana de succién no debe superar 1.1 m/s para
evitar problemas de cavitacion y vibraciéon excesiva, del mismo modo, la velocidad
promedio en el mismo conducto debe ser siempre menor que 1.5 m/s.

La prerotacidon y vorticidad estan asociadas generalmente a la falta de
sumergencia de la succién. Siempre debe procurarse que la voluta de la bomba
permanezca por debajo del nivel minimo estatico de agua en la camara de succion
y, de manera mas conservadora, aun ios sellos mecanicos de la maquina deber
permanecer bajo el nivel de agua en el carcamo. La sumergencia no debe ser
nunca menor a 1.5 veces el diametro de la campana de succion. La acumulacién
de arenas en el fondo de la camara de succién puede incrementar la velocidad del
liquido al ingresar al conducto de succidn, con lo que la sumergencia requerida
tenderia a incrementarse. Esquemas con 1.2-1.5 m/s en el conducto de succion
deben respetar una sumergencia minima de 0.8-1.1 m respectivamente.

A propdsito de la sumergencia en el conducto de succion, debe tenerse en cuenta
que la rugosidad de la conduccién a presion puede sobreestimarse
voluntariamente para prever las condiciones de operacion del sistema de bombeo
al cabo de una o dos decenas de afios de operacion, principalmente en zonas
costeras donde pueden alojarse organismos adherentes o el contenido de sales
disueltas posibiliten la incrustacion de las tuberias metdlicas; Sobreestimar el
coeficiente de disipacion en la tuberia de presion en el disefio implica que en los
-primeros afnos de operacion del sistema, la maquina trabajara con un caudal
superior al de disefio, generando en primer jugar un decremento en la eficiencia
operativa de la bomba, y respecto a la geometria de la camara de succidon, una
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tendencia a abatir el nivel estatico en la succion con los problemas consecuentes
sobre la sumergencia de la campana de succién, prerotacién, vorticidad, etc.

En el manual de disefio de la Comision Nacional del Agua se describen {as partes
constitutivas de un carcamo de bombeo:

Canal o Tubo de Llegada: Cuando el agua se capta de una fuente superficial como
el mar, un lago o una corriente superficial y el caudal de bombeo es considerable,
es conveniente disefiar un canal de llamada que conduzca al liguido hasta el
carcamo. La llegada puede hacerse con un canal o una tuberia.

Transicion de Llegada: Ya en la proximidad del carcamo, el canal de llegada
debera adecuarse gradualmente en forma y dimensiones a la secciéon de entrada
al carcamo. En ocasiones, esta transicion no existe.

Zona de Control y Cribado: Normalmente se necesita disponer de dispositivos de
control, como compuertas, para aislar al carcamo de la fuente en casos de
limpieza, reparaciéon o mantenimiento ademas, debe cribarse ei agua para evitar ef
paso de solidos flotantes, malezas animales acuaticos.

Pantalla: En ocasiones, se coloca un muro vertical (pantalla o mampara) en la
entrada de la zona de control y cribado, de manera que penetre hasta una
profundidad inferior al nivel del espejo del agua. Su funcién principal es retener los
objetos flotantes y los aceites que pudieran llegar hasta alli.

Rejillas Primarias: Estos elementos fijos constituyen la primera linea de proteccidn
contra la entrada de soélidos acarreados por el agua. Consisten en una rejilla
gruesa ya que su funcion es retener objetos de tamafio grande.

Desarenador y Bomba de Lodos: El desarenador o trampa de arena es una
cavidad en el fondo, al final de la zona de transicion o al inicio de la zona de
desbaste, que detiene a ios sedimentos arrastrados para evitar sullegada a las
bombas. La bomba de lodos extrae del desarenador los sélidos atrapados para su
transporte a lugares de tiro convenientes.

Rejillas Secundarias: Estos elementos, con aberturas menores que las rejillas
primarias retienen soélidos de tamafo pequefio (del orden de 1 c¢m). Debe
asegurarse que el claro entre barras sea menor que el paso de esfera de las
bombas. Normalmente cuentan con limpiadores mecanicos accionados de manera
automatica,

Camara de Bombeo: En la zona inmediata a la bomba, se encauza el flujo hacia
ella. En esta zona deben cuidarse ios aspectos asentados en las
recomendaciones de disefio. La mayor parte de los vortices, tanto superficiales
como sumergidos, se presentan alli. La camara puede ser aislada por medio de
una compuerta. ’
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Lineamientos generales de las obras auxiliares:

En virtud de que un carcamo tiene dos partes auxiliares, es necesario indicar los
lineamientos generales de estas obras.

a) Velocidad de llegada. La Asociacion Britanica de Investigaciones
Hidromecanicas recomienda que la velocidad en el canal o tubo de llegada
sea como maximo 1.2 m/s. Esta velocidad es a la entrada del carcamo, NO
a la llegada de la campana de succién, la cual debe ser como maximo 0.30
m/s.

b) Transicion. En el caso de que la llegada sea con un tubo de diametro menor
(que produzca una velocidad mayor a 1.2 m/s), debe hacerse una transicion
para reducir la velocidad. La transicion no debe tener angulos mayores de
20° de acuerdo con la Asociacidon Britanica de Investigaciones
Hidromecanicas. -

La longitud de transicion puede obtenerse utitizando la siguiente expresion:

VvV, - V.

(_l ;——?—sz

V, N
L= -

2tané
L,  :Llongitud total de la zona de transicion.
Vi y V,: Velocidad maxima a |a entrada y a la salida de la zona de transicion
(m/s}
b, y b,: Ancho a la entrada y salida de la zona de transicion.
] : Angulo maximo.

c) Rejillas: Se pueden colocar rejillas en dos zonas: antes de que entre el
agua al canal de flamada, denominadas rejillas primarias o troncos, cuya
caracteristica es que la apertura entre barras es grande y sirven para
detener objetos grandes arrastrados por el flujo como troncos, Hantas o
cadaveres de animales. Otras rejillas pueden colocarse dentro del carcamo
para detener objetos pequefios, pero de menor diametro que el paso de
esfera de la bomba. Estas rejillas se denominan secundarias o finas.

VOLUMEN MINIMO DE UN CARCAMO.
En el caso de aguas negras, la retencion de éstas en un carcamo no se
recomienda que sea mayor a 30 minutos. Por otro lado es conveniente disefiar un

carcamo cuyo volumen sea el minimo posible, perc compatible con una buena
operacion.
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Ello plantea la necesidad de establecer una relacién conveniente volumen, caudal
y tiempo de retencién, asi como las caracteristicas del equipo de bombeg y el
programa de operacién (tiempos de arranque y paro) de dicho equipo.

Et volumen de un carcamo para una bomba, entre las elevaciones
correspondientes al arranque y la parada, se puede calcular con la siguiente
expresién: ~

y 9T
4
donde:
V:  Es el volumen del carcamo en m®
Q:  Gasto de la bomba en m/s
T: la duracién minima de un ciclo de bombeo en segundos.

La duracidbn minima de un ciclo de bombeo se presenta cuando el caudal de
entrada es exactamente igual a la mitad de la capacidad de la bomba.; En estas
condiciones, el tiempo que permanece encendida ta bomba es igual al tiempo que
permanece apagada. Si el caudal es mayor, la bomba permanecera encendida por
mas tiempo y viceversa; en ambos casos, la duracién del ciclo es mayor que el
minimo.

Para bombas y motores grandes, T no debe ser menor que 20 minutos. Para
bombas menores, T puede ser reducida a 10 minutos, aunque lo recomendable es
15 minutos. Si esto conduce a un volumen excesivo de una estaciéon de bombeo
pequefa que tiene dos bombas idénticas, una de las cuaies es de reserva, se
puede reducir a la mitad del volumen del carcamo, operando las bombas en forma
alternada, ya que de este modo se logra que el valor de T asociado al carcamo,
sea igual a la mitad del valor efectivo de T asociado al equipo.

DIMENSIONAMIENTO DEL CARCAMO DE BOMBEO

Los parametros geomeétricos fundamentales para el disefio exitoso de camaras de
succion para manejar caudales de hasta 1.3 m’/s, e incluso mayores, se
presentan a continuacion:

Para una campana de succién contenida en un plano paralelo al fondo del
carcamo, la literatura recomienda respetar una distancia entre D/4 y D/2. De
manera mas precisa puede recomendarse una distancia del orden de 0.33D a
0.4D [ver Dicmas] para diametros de succion ¢_<355.6mm (14"). Conductos de

succion de diametro superior a 508 mm (207), no se recomiendan debido al costo
de la tuberia. Para instalaciones maycres debe considerarse la succion de ios
equipcs como una parte de la estructura de concreto, utilizando solamente tuberia

14



metalica de espesor minimo a modo de molde. En este caso se recomienda el uso
de placas supresoras de vortices.

Velocidad de entrada en la campana de succion menor a 1.1 m/s.
Velocidad en el conducto de succién menora 1.5 m/s.

Velocidades horizontales en la zona de aproximacion a la campana de succion
menores a 0.3 m/s.

La sumergencia de la succién debe afectarse de un factor de seguridad generoso
debido a que la formacion de vortices depende de un gran namero de factores.

La geometria de la camara de succiéon no debe inducir rotacion del fluido.

ARREGLO DEL CUARTO DE MAQUINAS.
-Utilice los muros para soportar las pesadas valvulas y las tuberias.

-Evite arreglos de tuberias gue impidan las maniobras de mantenimiento y el
acceso del personal hacia fas motobombas, controles, alimentadosres, etc.

-El arrancador, e instrumentos intrinsecos para la operacion de una motobomba,
deben instalarse de manera adyacente, de manera evidente, para facilitar las
operaciones de mantenimiento.

-Nunca conecte la descarga de un equipo de bombeo a un multiple, sin instalar
una valvula-de no retorno.

-Cuando se esta manejando agua con soélidos o aguas residuales, nunca instale
una valvula de no retorno en un conducto vertical, ya que puede atascarse la
valvula, convirtiéndose rapidamente en un tapon.

-Garantice una distancia respetable de las juntas bridadas con cualquier muro,
digamos de 0.6 a 1.2 m, para facilitar las maniobras de montaje y desmontaje de
tuberias.

-Debe garantizarse el transito del personal entre los equipos de bombeo, sin
obstrucciones u objetos que representen un riesgo de trabajo.

-No debe olvidarse la ventilacion. Para garantizar la seguridad del personal, deben
hacerse 12 cambios por hora del 100% del aire contenido en los recintos propios
de la instalacion de bombeo, e incluso 30 cambios por hora cuando se estan
manejando motores de combustion interna para impulsar los equipos de bombeo o
existen gases combustibles o téxicos, tales como el suifuro de hidrogeno. Deben



instalarse detectores a bajo nivel para el sulfuro de hidrbgeno mientras su
funcionamiento debe revisarse cada semana. La condicidn de alarma para el
detector de gases combustibles ocurre cuando la concentracion del gas, excede el
20 % del limite inferior explosivo (L.E.L. por sus siglas en inglés), o a 10 ppm de
sulfuro de hidrogeno. Los detectores de gases combustibies deben revisarse y
calibrarse cada 6 meses.
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v

Net Pesitive Suction Head (NPSH)

N 12
NPSH = [— ] » NPSH,
Ny

where
NPSH} =Net positive suction head at test speed
in feat
MPSH =Met positive suction head at rated speed
in feet

Note Refer to page 77, "NPSH-Exparimental Da-
viation from the Square Law™ for discussion of other
factors which may af{ect this relationstup

PLOTTING RESULTS

The total haad, efficiency, and Brare horsepower
are usually plotted as ordinates on the same sheet
with rapacity as the abscissa as shown on Fig 03
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SUMMARY OF NECESSARY DATA ON
PUMPS TO BE TESTED

The followmng information shauld be furrished on
pumps (o be tested-

General:

~ 1. Owner's nama

2 Plantlacation

o 3 Elevationaboves=alevel
4. Type of service

1 wManufacturedby __

2 Manufacturer's designation

3 Marnufactures’s senal number
4 Arrangement  henizontal
5

3]

7

vertical
Inlet ______ single double
Number of stages
S1ze suchion,  nomunad —_——n
actual n.

8 SBize discnarge nomunat
actwal . n

—_——in

Intermediate Transmission-

Manufactured by
Type
Serlalnumbear . . . ..
Speed ratio
Efficiency _

U W~

L. Manutactured by _—

2. Senal number

3 Type. motor turbine —__ other
4. Rated harsepower -
5
3]

- Rated speed
Characleristics (voltage, frequency, etc )

7 Calbraton data

Specifying Rated Conditions

The following information 1s necessary (n specify-
Ing rated conditions.
Liquid pumped (water, o1l, ete ) ___

2 Specihic waight

3 Viscosity al pumping lemperature __
4 Temperature F
5 Vaporpressure __  psia
6 Capacity Bpm

g pggs &3

1oS1 Slaneems i

7. Total suction hit (hg) it
headfng _____ _  _~ h

8 Net positwe suction head {(NPSH)____
9. Total discharge head (hy) ft
10 Total head (H) — . ft
11 Liguid horsepower bwhp) ___hp
12 Efficiency {n,) _ — ——— percent
13 Brake harsepower{bhpl_____ ____ hp
14 Speed pm

TEST INFORMATION

Test information should be listed substantially as
failows

Generaé:
1 Where tested
2 Date

3 Tested by
4 Testwitnessed by

Capacity.

1 Method of measurement

2. Meter—Make and senal number
3. Calibration data

1 Suttion gauge—Make and serial number __

2 Calwbrationcurve oo .

3 Discharge gauge—Make and serial number

4. Calibration data

1. Method of measurement

2. Make and senal number of snstrument

3 Calibration data

1. Method of measuremant ___.

2. Make and senzl number of instrument

3. Calibration data
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U centritugal pumps
L, ) (st Standards

Test Perfermance Corrected to Specified Con-
gitions

Test perfarmance of pumps handling non-viscous
fiquids sha!l be corrected to rated speed and rated
specific weight For correction values applying to
centrifugal pumps handhng viscous liquid, refer Lo
page 111,

Mode! Tests

In many fnstallations involving units of large size,
model tests are of great ubihity Even when 1t might
be feasizle to test the large unit in tha factory, 2
model may often be tested with greater accuracy
and thoroughness By adopling a standard size of
madel for various pumps, properly comparable per-
formances can be oblained The model impeller
should be not less than 12 inches ovtside diameter
The exact model 1o protolype ratio shall be selected
by the pump bunlder Compansons between madel
tests are vahid only when the modzl to prototype
ratios are substantially the same

Testing models \n advance of final design and in-
stallation ot 3 farge unit not only provides agvance
assurance of performance but makes alierations pos-
sible 1 Ume for incorporation 1n the orototype unit

Mot alt instaliabions lend themselves 1o a praciicat
madeli investigation The pumping of water carrying
consideratle guant:hies of sand or ¢ther loreign ma-
tenal 15 not readily reproduged in model operation

This standard, therefare, 1s hmuted to the pumping |

of ciear water, free trom abnarmal quantities of air
or solids, both in fietd nstallations and factory tests
The effects of wear and detenioration, the effects of
free surface disturbances in open channel sumps,
interference between reighboring umits, and pecu-
liar problems caused by abnormal ssttings are cov-
ered by model sump tesis (See page 129)

It 1s recormmended that when madel tests are 10
be conducted, the performance characteristics be
specified for the model 11 1s not, 1n general, essen-
tial that the model test head be the same as that of
the prototype A model pump should be tested at
such congitions that complete turbuleat flow will be
maintained in all flow passages at alt times In gen-
eral, this means that the madel head wilf be the
same as that of the prototype.

The moedel should have complete geometne simi-
larity with the prototype, not only in the purep
proper, but also in the intake and discharge con-
duits as specified above for tesis on full sized
pumps The model shou!d be run at such speed that
the specific speed remains the same as that of the
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prototype umt If cavitation tests are not avarlable,
tha suction head or hit should be such as to give the
same sigma value as In the prototype As prewiously
explained, if the prototype sigma is known to be
safely in excess of the ¢nitical sigma, thea a higher
sigma can be used for the model tests, although itis
preferable to matntain the same value

There 1s danger of air separation destroying sim-
Janty relationships 1f the absoiute pressure 15 re-
duced too low Consequently, condensate pumps
should not be modeleg

It corresponding diameters of model and proto-
type are (D)) and (D) respeclively, then the model
speed (N} and model capacity {Qy). under the test
nead (H,], must agree with the relationships

e (5 VE
2 (B]VE

If 2 model veruical wet pit pumgp 15 testad In its
corresponding model intake structure, 1t should be
remembered that the conditions to satssfy the pump
model relationship and the Froude sump model re-
lationship (see page 129) cannot eust simultane-
ously The velotities denved by the Froude law wiil
be consigerably less The model system shouid be
dasigned so that performance can be ohserved and
measured through the entire range of velocilies

Thea efficiency of the model should not, 1n general,
be assumed {0 D2 exactly equal to thal of the proto-
type In testing a model of reduced-size, Lhe above
conditians being observed, complete hydraulic sim-
ilarity may not be attained because of certan influ-
ences Far example, complete geometnc similarty
will nat be obtained unless the relative roughness of
the impeller and pump casing surfaces are the
same With the same surface texture in both mode!
and prototype, the modal efficiency will be lower
than that of the larger unit Further, it 1s generally
not practical to model runming ciearances or bear-
ing sizes When such is the case, the mode! effi-
cigncy will be reduced. To approximate prototype
efficiency with a maodel, the impefier and diffuser
surfaces must be considerably smoother on the
madel than on the prototype

When a high degree of understanding exists be-
tween manufacturer and user relative to the com-
panison Limitations encountered going from madel
to pratotype, thought may be given to the practica-
bility of increasing the prototype etficiency on the

ang

basis of modet test results However, s should be
done only by mutual agreement before the job 1s let,
on the basis of all the available test data af a similar
nature

Numergus compansons of prototype and model
etficiencies, with consistent surface fimsh of models
and prototypes, are necessary for a given tactory to
2stablish a basis for stepping up model performance
to field performance This stepping up can be ap-
plied conveniently according to the formula in use
for turbines, namely

l-m 0 "

1~y [ 0, J

The exponent (n) 1s to be determined from actual
data as described above.

The values for the exponznt {n) have been found
to vary between zero and O 26, depending on rela-
tive surface roughness of madel and prototype and
ather factors

For possible adjustment of a cold water test to hot
water conditions see page 77

Typical Example of Model Test

A single stage pump gesigned to deliver 90,000
gpm againsi a head of 400 ezt at 450 rpm and with
a fotai suction head of 10 feet has an imgeller
diameter of 6 8 feet This pump Ts toe large for a
factory test and, in place of such test on the actual
pump, a model IS to be tested at a reduced head of
320 teet The model impelier 15 to be 18 inches, ar
1.5 fget in diameter

EXAMPLE: Determine speed, capacity and suction
head for the above model test

Apphying the above retationships:
Mi_ D G4 /H
7 1o | VA
of

Ny

I
=
e
9ie
—
I|T

ceniriugal pumps s=< rE
1631 Standards s

cg [21F /M
=0 [0 ] H

57° /320
_90000{65] 100

= 3920 gpm

The rmode! pump should therefore be run at a
speed of 1825 rpm delivering 3920 gpm against a
head of 320 feet

To check these results it will be noted that the
specitic speed of the prototype 15

Ny =N {E« =450 "(30000 = 1510

and the specitic speed of the model will be

N,= 1825553980 - 1510

Therefore, the specific speeds are the same as re-
quireg

The cavitation facter sigma for the field installa-
tion, which shouid be the same as in the test, as-
suming the usual water temperature of BO F as a
maximum prabable value, will be

NPSHA
="

where
NesHA= 144 pyan,

144
=="(14.7 - +
623“ 7-9+10

=328+10=42 8 feet
therefore

A28
400

= 0,107
With the water temperature of model and proto-
type approximately the same

oo NPSHA;
H,
Thus
NPSHA; = gH1
=0 107 x 320
=34.25 feet



lugal pumps
~§lantards

hg=134,25-32 80
=145 feet

The model should therefore be tested with a total
suction head of 143 feet to reproduce the field
condstion

Test of Models at Increased Head

Under speciat 2nd unusuat circumstances, 1t may
be desirable o carry out factery tests at higher heads
than the prototype bead This may be due, for ex-
ample. to the limitations of available test motars or
electrical frequency In this case, all of the above
considerations continue to apply.

It should be pointed out, however, that with a re-
duced size model, coupled with an increase \n
head, tha increase in speed corresponding to the
head increase tends to minmmize the change in Ray-
nolds number, that 1s, the product of flow velocity
and linear dimensions of the mode! tends to ap-
proach equahty with the same product in the proio-
1ype This elfect tends 1o restore dynamic simitanty
in madel and prototype and te approach equality of
efficiencies and other performance factars. With -
creased head, however, the preservation of the
same sigma value in the model as :n the prototype
must stith be observed, and this factor will assume
increased IMPoriance, requInng an INgcrease in sub-
mergence or reduction 1n suction it in the factory
test '

Tha last mentioned requirement may resuvlt (n
another reason for the use of an increased head in
the factory test Cases may anse in which the hmi-
tations of the factory test set-up may preclude the
obtarming of sutficient suction lift to reproguce the
prototype sigma In such cases, the required sigma
can be obtained by an increase in the pumping head
instead of by 2 reduction in suction head or Increase
10 suction ift

Testing of Self-Priming Pumps

In agdition to the standard performance tests, as
outlined n preceding paragraphs, it 15 recommended
that self-prniming pumps be tested to determine the
priming time  For this test, the suction line shalt be
substantially the same as that shown in Fig 64
Static lift between the eye of the impelier and the
hiquid Sevel shalt not ba less than ten feet, No check
or foot valve shall be installed in the suction piping

In making this test, proceed as follows:

Fill priming chamber with liquid, or turn on the
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Fig 64 SUCTION LINE FOR STATIC
LIFT TEST

sealing water line to the vacuum pump if a wet-type
vacuum pump 15 used

Start the unit The priming time then shall be the
total etapsed time between starting the unit and the
time required to obtain a steady discharge gauge
reading, or full flow through the discharge nozzle.
During this phase of the test, the discharge pipe
must be vented if the priming system is of the recir-
culating type This will prevent a back pressure
teing developed as the result of the accumulation
of gas, if the unit 5 equipped with a priming pump
of the separate type, 1t will De necessary that the
discharge pipe be sealed with a cotumn of water.
that will prevent air being drawn from the duscha{ge
side of the unit

Determination of Maximum Developed Vacuum
by Means of Dry Vacuum Test

The test procedure i

With the unit 1n operation and dehvening full flow,
close gate valve in the suction line,

The reading on the vacuum gauge will then be the
maximum developed vacuum

Priming Tume Conversion Factors

If @ suction iine is used which 1s larger 1n size
than is normal for the pump being tested, It 1s nec-
essary {o compute the performance for the normal
size of pipe Refernng to Table 6, select the size of
suction prpe actually used in the test. Follow this
lina honzantalty to the right, to the vertical column

under the heading representing the normal suction
pipe size of the pump The figure shown at the peint
of intersection 15 the conversion factor Divide the
test Uime (in seconds) by this factor and then divide

the resultant by the total length of empty test suc-
tion line in feet The resultant will then be the aver-
age time n seconds for air removal from a suction
line of normal size, per foot of length.

JABLE 6
Priming Time Conversion Tatle
Size ot
Sid, Pipe
Actyally Used 3" 127 3i4" 1" 1344 1.1/2" 2" 2-1/2" 3
142 1 59 - - - - - - — —
3/4 279 1.75 — — - — — —
1 4.53 285 1.62 - - - - — -
i-1/4 785 493 2.81 173 — — — — —
1-142 107 6.70 382 235 136 - - - -
2 17 6 11.0 629 3.88 2.2¢ 1.64 - - -
2-1i2 251 15.8 B 98 5.53 320 235 1.42 - -
3 38.7 24 3 139 BES 494 362 220 154 —
3-1/2 - 326 18.6 114 661 485 2.95 207 134
4 - 41.8 23.9 147 B8 50 625 3.79 2.66 1.72
5 — 66.0 i7s 232 134 9831 596 418 270
6 - - 54 2 33.4 193 142 B.51 503 3.90
7 — — 726 44 8 259 100 115 810 5.24
8 - — 338 57.9 334 245 14,9 102 6.77
9 — — — 726 419 308 187 131 849
10 — - - 91.3 52.7 3B 7 235 16 5 107
11 - — — - 635 1566 283 19.8B 129
12 - — — - 756 555 337 236 153
Size of
Std, Pipe
Actually Used 312" 4" 5" 6" 7" 8" 9" 16° 11°
142 - - - — - — — - —
374 - — - - - - —_ - -
1 - . — — - - - - -
1-1/4 — — — — - _ —_ - ' -
1-1/2 - - - — - _ - — —
2 — - - - — — — — -
2-12 — - - - — - - - _
3 — — - . — — — — _
3142 — - - — — - - — -
4 12y - - — - - - - -
5 202 1.57 — — — - - -
6 292 2327 144 — — - — -
7 392 304 194 134 - — — - —
8 506 393 250 173 1.29 — - — -
9 634 493 314 217 1.62 12 - - =
10 798 6 20 394 2.73 204 1.58 1286 — —
11 9,62 7.46 a75 3.29 2.45 1.90 151 1.20 —
12 391 292 226 180 1.43 119
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Object

The purpose of this section is to provide a guide
for the apphication of centrifugal pumps for vanous
services No attempt has been made to cover all
phases of centrifugal pump application, but an en-
deaveor has been made to point out some of the prin-
cipal features of pumps and the precautions which
should be taken 0 their use

Minimum Flow Limitation

All Centnifugat pumps have hmitaions on the
minimum flow at which they should be operated.
The most common limitation 1s to avoid excessive
temperature build up 1n the pump because of ab-
sorption of the input power into the pumped fluid
Other reasans for restrictions are

Increased radial reaction at low flows

Increased NPSHR at low flows resulting in cavita-
tion

Noisy, rough operation and possible physical dam-
age due to internal recirculation

Increased suction and discharge pulsation levels

Increased axial réaction affecting thrust beanng
loading

The size of the pump, the energy absorbed, and
the liquid pumped, are among considerations In de-
termuning these mimimum hitations For example,
most small pumps on ordinary applicatons with
good suction conditions such as domestic home cir-
cutators, service water pumps and chemical pumps
have no limitations except for temperature buildup
considerations. For small pumps, when NPSH s crit-
ical, imitations of about 25% of the capacity at the
best efficiency point should be imposed Many large,
high horsepower pumps have Yimitations as hgh as
70% of the best efficiency point capacity The man-
ufacturer should be consulted 1n ail cases where
doubt exists regarding the allowable mumimum flow

Boiler Feed Pump Applications

The boiter feed pump usualiy takes suction di-
rectly from the condensate pump, deaerating heater
or feed booster pump. There may be feed waler
heaters in the suction hine. The boiter feed pump
discharges through a feedwater regulating valve to
the bailer

It1s extremely \mportant for satisfactory operation
that sufficient net positive suction head {NPSH)
be available at the pump suction flange As a guide
for determiming the necessary NPSH, the values
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from Figs ©8 and 69 are recommended (Pages 107
and 108)

In addition to proviging sufficient NPSH when
operating at rated condilions, precaulions shovld
be taken in the design of the feed system Lo prevent
ffuctuations of the pump suction pressure resulting
trom sudden station load changes and consequent
reduction 1n the feed water heater pressure on the
suction side of the pump In cases where it 15 not
possibie {0 maintain the heater pressure under these
conditions, coid water should be mtroduced into
the system to prevent flashing, preferably at the
suction of the pump, or steam into the heater to
prevent too rapid a rate of pressure decay

Provision must be made for recirculating a portion
of the pump cagacity from the discharge hine back
to the top of the heater on the suction side of the
pump This by-pass should be opened wide during
starting and stopping and during periods of low
pump capacity operation in order to prevent over-
heating of the pump

Matenais used in the construction of bailer feed
pumps must be carefully selected to withstand the
corrosive and erosive actien of the feedwater Un-
less expanience has shown that cast ron, bronze or
steel ara sabisfactory for 2 particular nstallation,
COrrosIon-erosion resisiing matenals such as the
chrome or chrome nickel alloy types should be vsed

For temperatures above 300 F, the packing boxes
should ba proviged with copling jackats Smothernng
type glands are usually recommended In the larger
horsepower applications, lagyninth type seals employ-
ing cold condensate injection are frequently used

It is rmportant that suction and thischarge piping
be preperly supported to avoid undue pipe strains
on the pump and that the unit be aligned at the op-
erating temperature

Chemical Pump Applications

Pumps used for handhing corrosive hiquids or slur-
ries are commonly termed chemical pumps The
matenals of construction for the parts in contact
with the hquid, including stuffing boxes or seais,
must be selected to offer maximum resistance to
corqos:0n and abrasion at the pumping temperature,
with gue consideration to the economy of such use

Each application must be carefully scrutinized to
deterrmine the severity of corrasson or abrasion, the
viscosities at the extreme pumping temperatures,
the hazard invelved in the matenal to be pumped,
changes in the comgosition of the liqwd, vapor
pressure, NPSH, profonged operation al or near
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shut-off, or any other pertinent charactenstics of
ke iquid or the application

Tha physical and chemical properties of matenals,
the available forms, and methods of fabrication,
must be considered in the design of satisfactory
equipment Dissimilar matertals in contact with the
ligu:d pumped should be avoided uniess the combi-
nation 1s one which is known to be salisfactory for
the particular sennce.

Special seals or deep stuffing boxes, with provi-
sion for lubrication or sealing by clear colg water,
are frequently necessary. Large unobstructad hquid
passages are desrrable, The unit should be designed
for easy and quick disassembly for inspection,
cleaning or reparr Water jack'ets, steam jackets, or
smothening type glands, may be mandatory The
need for these features can be determined only after
careful consideration of apphication requirements

The manufacturer's instructions with reference to
installabion should be strctly followed, In many
cases, such installation may be radically different
from those for clear water pumps,

Regularly established schedules for penodic ex-
amination and maintenance are essential

Condensate Pump Applications

Pumps handling condensed steam from a con-
denser, -or other form of surface heat exchange
equipment, are commonly termed condensate
pumps,

Maost condensate pumps have specizl design im-
peliers with low wnlgt velociies This special design
feature allows small values of by, resulting in lawer

. elevations and shorter pump settings and excava-

tions. -

Suction piping should be of ample size to provide
low velocities It should be short ang as direct as
possibie, with a mimimum of fittings and horizontai
runs

To prevent the accumulation of vapor at the im-
peller inlet, the first stage smpeller eye should be
vented back to the vapor space n the condenser,
Vent piping shou!d have a continuous upward slope
toward the condenser Discharge check wvalves
should always be located below hot well levels to
prevent averpressure failure on startup,

Stuffing boxes operating under vacuum should be
provided with laniern rings connected to a depend-
able supply of seal water Provision should be made
to prevent air leakage between the shaft sleeve ang
the shatft. Lantern rings are not required in stuffing
boxes which are under pressure at all ipads.

ceniritioal pumes
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Condensate purnps handle unbuffered water, but
due to the low temperatures invaived, the use of
bronze fitted pumps 1s usually satisfactory.

Heater drip and drain pumps usually handle con-
densed steam at hugh pressures and temperatures
and, therefore, may be considered as condensate
pumps Material selection 15 similar 1o boier feed
pumps for equivalent water conditions.

Slurry Handling Pump Application

Centrifugal slurry pumps may be used for both in-
plant process and mipeline apphications whare heads
are nol high enough to warrant the use of recipro-
caling or rotary units

The other factors which atfec! the use of centnfu-
gal slurry pumps are-

Capacity

Abrasiveness

Particle Size and Shape
Pressure

Centnfugal pumps are commonly apphed for
capacities from 10 GPM to 20,000 GPM with heads
up 1o 350 feet per stage Some pumps may be 1n-
stalled in series for high head appfications Sohds
content of the slurnes handled varies from a trace to
approximatety 70 per cent by weight The percent.
age depends upon the size of the solid, its weight
2nd the carrying medium

There are many different slurry pump designs
available lo accommodate vartous industrnial apph-

cations. Yhose applcations include the pumping of

solids encountered i mineral ore treatment, dredg-
g, sewage handhng. land reclamation, paper
manufacture, solids transportation and chemical
processing The carnying medium 1s generally water,
though other hiquids, such as brine and ol ace
sometimes used

The pumps are normally made of either hard
metals {abrasion resistant cast irons and steels) or
elastomers, and are designed to resist abrasian
These pumps may have replaceable Iiners or covers.

In cperalion, because the abrasive nature of the
slurry tends ta open up the running clearance be-
tween the fmpeller and the suction cover or Lner,
means may be provided to adjust the clearznce
without dismantling the pump 1f the proper clear-
ance 1s not maintained, excessive (nternal leakage
will take place, causing considerable wear and a-
tering the head-capacity characteristics of the unit,
Qunck disassembly features may be designed into

99



Q) Pep—
3 gl pums
ﬁ malians

Typical Slurry
Pump H.Q Curve
AH
o ¥
E oy
T
| I Tymzal
| I MNan-iNewionian
i | Slurey System
! |
| t
| 1
| i
- | |
5 | |
: L
¥ Ahp I Puma hp
5 4 | | Requirement
t | |
| |
] 1
b A0 —
Cepacity

Fig 65 POWER VERSUS CAPACITY FOR A NON-NEWTONIAN SLURRY PUMP SYSTEM

tha pump far 2ase of maintenance when 1t becomes
necessary to replace worn parts

Hydrauhc passages 1n centnfugal slurry pumps
are usually larger than in a clear iquid pump for the
sama head and capacity. Such construction leads
to higher radial loads requiring larger shalis and
bearings i also tends to change the shape of the
head-capacity curve, making it flatter and moving
the peak efficiency to a capacity that (s greater than
considered normal for a water pump.

Clear figuids or greases are often used to seat the
stuffing box of cantnfugal sturry pumps, In addition
to lubricating the shaft sleeve, the hquid must have
sufficient pressure to keep solids from entering be-
tween the sleeve and the packing tn order to reduce
the required pressure, back vanes are frequently
used on the back of the impeller hub shroud Seme
pumps are constructed with the inlet an the stuffing
box side of the hiquid end to reduce the seal water
pressure requirernent In some hmeted applications,
machamca! seals 2re used in heu of conventional
packing Qther pumps may have Synamic seals,
which vse an auxihary set of vanes lo prevent leakage
through the box when the pump 15 operating Buring
shutdown, leakage 15 prevenied by a seal that 15
aither mechanically or hydraulically operated
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In applying centnifugal slurry pumps to handle
setthing slurries, one must be certain that the head
requirements of the system at the critical carrying
velocity would be met by the pump If the head de-
livered 15 insufficient, the capacity will Se reguced
and the solids will settle 1n the line, thus increasing
the system head. Since the head-capacity curve of
most slurry pumps has ittle siope, such an increase
can make a large reduction in the volume pumped,
turther reducing the flow velocity and teading to
elugging in the system pipa This situation can usu-
ally be avoided by using conservative vaiues for the
slurry critical carrying velocity. .

The ftatness of the centrifugal slurry pump head-
capacity curve needs to be considered when apply-
Ing the unit to a system handling a non-Newtomizn
slurry Such slurnias generally exintnit a flat system
curve Since the angle of intersection of these two
curves 15 small, a modest change in the total head
values selected {AH) would create a large deviation
iy the capacity being handled {aQ) See Fig 65
This could mean a corresponding increase in the
horsepower requiremants (3hp) This situation s
normally best handled by using a vanable speed
drive.

Large changes in power requirements could also
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be created by changing of pipe sizes when handling
non-Newtonian slurries Slurnes of this type with
modest to igh yield values have a resistance to flow
that 1s roughly inversely propartional to the pipe di-
ameter for a gwven velocity. An increase In pipe size
without a change in pump speed or iImpeller diam-
eter could easily lead to an over-capacity condibion.
Throtthng with a gata valve or simitar device is only
a temporary solubion, since the high velocities at
the point of restriction will cavse wear and thus re-
duce the artificial head created It 1s advisable to
use 2 smaller diameter pige for a portion of the sys-
tem rather than to attempt to increase the system
head with 8 valve.

A possible exception to this 15 a diaphragm or
pinch valve These devices do not wear as rapidly as
metaliic restriciions and could, on some gccasions,
offer a sabisfactary solution.

Valves are generally used on the drscharge side of
2 slurry pump. Mast slurry pumps have suction 1ift
capabiities, even though the majpenty of installa-

. tions are made with the suction sump hquid level

above the centerfine of the pump Throttling on the
suchon sice of a slurry pump can cause cavitation.
The naormal destructive effects et cavitation will be
greatly increased in a slurry application The vapor
bubbles that form wauld have fine particles as their
nucleus, and implosion against the internal surfaces
of the pump wili be considerably more damaging
than that expenenced with a clear hgusd

Fire Pump Applications

The National Fire Pratection Assaciation, NFPA,
1ssues standards for the Installation of Centrifugal
Fire Pumps. This standard 15 published 0 their
pamphlet No. 20 which is revised penocically Al-
ways refer to the latest editton of this standard NFPA
does not approve, Inspect or certify any installation,
procedures, equipment or materials.

The Faclory Mutual System {(FM) and Underwniters
Laboratories, Inc. (UL) approve and lisl {wre pumps
which must be desipned, manufactured and tested
in aecordance to their standards,

When appiying fire pumps it 1s necessary to deter-
ming the governing standards from the authority
having junsdichon. The use of hsted or approved fire
pumps 15 Jsually mandatory.

Hot Oil Pump Applications

Pumps for handling ails within the range of 300 F
to 850 F are commonly termed hot oil pumps
It 15 important that sufficient net postive suction
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nead (NPSH) be available, asin practically all cases
the liguid 1s near the boiling point

Provision should be made to allow self-venting of
vapors from the impeller eye by venting the suction
eye of the first stage excapt where the suction nozzle
15 Tn a vertical upward position.

The stuffing boxes and beanag housings should be
provided with cooling jackets The glands should
be of the smothering type If packing conditians re-
quire seal oil, fantern rings together with the nec-
essary pipe connections should be provided During
aperation, the seat ol pressure in the tantesn ring
should he held te a mintmum of 25 pst above stuff-
ing box pressure.

The matenals used for the construction of hot oil
pumnps sheuld have a uniform coeflicient of expan-
sion, and should be selected with particular refer-
ence 10 the corrosive nature of the oil, as well as the
actual pumping temperature

Cue to the high pumping temperature, the support
of the pump should be arranged 1n such manner as
{0 permit expansion of the pump ¢asing without ad-
versely affecting the coupling alignment

Itis important that the suction and discharge pip-
Ing be supported to awei! pipe strains being imposed
on pump nozzies The umit must be aligned at the
operating temperature.

Hydraulic Pressure Pump Applications

These pumps zre used for supplying water under
pressure for scale removal from steel products, for
operation of presses, leveltng tables, hydraulic
press service, elevators, etc.

The sugtion suppfy should be adequate 1o prevent
parting of the liquid column during sudden demands
for high capacity. Hf the suction line is long, a suc-
tion accumutatar may te required,

The demand s frequently intermittent and the
control valves are usually rapid i action. The sud-
den demand or cessation of demand causes accel-

erations and decelerations of water in the piping. -.

resulting in pressure waves of great intensity. These
waves are familiarly called 'shock'* or “‘water ham-
mer."” The waves onginate at the point of vaiving
and travel back through the line toward the pump

To pratect the pump against damage {rom shock,
2n air-ballasted alleviator s recommended The al-
leviator shoulg have a free liguid surface against
which the shock can dissipate, with separate inlet
and outlet connections so placed that shock waves
cannot by-pass the alleviator. Alieviators mounted
on side outiets of tees are of hitle value,
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Mine Pump Applications

Pumps used far handiing acid or gritty mine water
and/or abrasive mixtures, siush, etc , are commaonly
termed mine pumps

The pump should be liberally destgned, with heavy
casing wall having ample corrosion aliowance, and
with provisions to keep corrosive liquids frem pump
shatt The design should prowide for easy renewal of
parts subject to corrosion or wear

The matenals of construction for parts in contact
with the iguid pumped must be selected for maxi-
mum resistance to corrgsion and erosion

Non-Clog Pump Applications

Pumps designed Lo assure maximem freedom fram
clogging when handling liguids contaiming solids or
stringy materials are commonly called aon-clog
pumps, They are also designated as sewage or trash
pumps

Nan-clog pumps are recommended for handhing
raw Or unsettled sawage, activaled sludge, industrial
waste waters contaiming sohds, and similar liguids
where excessive clogging would otherwise be en-
countered The largest solid sizes that the pump widl
be required to handle 1n normal operation must be
specified The term “sphere size'’ denotes the larg-
est diameter ball which can be passed through the
pump. Commenution and/or adequate bar screens
must Ge provided to prevent larger solids from en-
tering the pump. When used, bar screen openings
should be sized to prevent clogging from irregular
shaped sohds

Storm water and/or dornestic sewage may be han-
dled successfully by mixed flow and awal flow
pumps, using the preceding guidelines.

For domestic sewage service, pumps tuilt to the
individual manufatturer's matenal specifications
are ordinanly used Corrosion and wear resistant
shaft sleeves are desirable for maximum hife, In-
spection openings in the casing or adjacent piping,

Ior access to the impeller, are recommendad Stuff- |

Ing boxes may be furmished with mechamical seals
or packing, either water or grease lubncated When
water 7s used for the stuffing box lubricant or flush,
the supply line must be 1solated from any potable
water system

it the pumpage 1s corrosive and/or abrasive, the
materials of construction for parts in contact with
the liguid should be selected for resistance to the
effects of the pumpage
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Paper Stock Pump Applications

Pumps handling paper stock with consistencies
over pne per cent By weight are commonly termed
stock pumps The pump should be designed to pre-
vent clogging and air binding

When installing stock pumps, the suction line
should be large and direct. Stock should flow freely
to the impeiler Friction head should be figured ib-
erally

Allowances should be made for reduction in head,
capacity and efliciency when handling heavy stock,
The rmanufacturer should be consulted for correction
values. It 1s important that drivers have ample
power

The stutfing boxes should be provided with an
outside seal connection to keep stock out of the
packing

Self-Priming Pump Applications

Pumps designed to have the abihty to pnme them-
selves automatically, after being iratially filled,
when operating under a suction Lift; to free them-
selves of entrained gas without losing their prime;
ang te cenlinue normal pumping witheut attention,
are commonly termed self-priming pumps Pumps
in this class usually have single inlel impellers
(Figs 66 and 67}

Seif-pnming pumps are used extensively by indus-
try and elsewhere for the intermrttent or continuous
transfer of liquids where the self-priming featyre 15
required The materials of construction vary with
the requirements of the liquig or liquids pumped.
Examples of such apphications are tank car unlpad-

Fig. 66 SELF-PRIMING PUMP

Fig 67 SELF-PRIMING PUMP

ing, bulk ol station service, bilge sermice, etc. The
majgrity of such pumps use electric motors as driv-
ers and may be close coupled or separately con-
nected, depending on the size andfor application
mnvolved

Contractars pumps are widely used for dewater-
ing constructron jobs and for other intermitient
service where 1t 15 desired to have a pump which
does not reguire manual pnming pnior to gperation
The materials of construction are usually cast iron,
sieel or bronze Examples of such applications are
general construction work, irngation, o field gath-
ering, etc The majonty of such pumps use internal
combusion engines for drivers and may be close
coupled or separately connected, depending upan
the physical size of the equipment, Some electrically
driven or belt driven modifications are used Many
manufacturers of this type pump build units te con-
form to the specifications established by the Con-
tractors Pump Bureau of the Associated Generai
Contractors of Amenca, Inc In these cases, the
pumps may carry an AGC rating plate and are built
and rated to conform o AGC specifications

Sanitary Pump Applications

Pumps designed to handle foodstuffs and bever-
ages are commonly called sanitary pumps. The
matenals of construction for parts in contact with
the hquid pumped, including the stuffing box or
shaft seal, are selected to prevent bacterial, chemi-
cal, color, or taste contamination Matenials such as
stainless steel, monel, porcelain, glass, etc . are
frequently used, Sanitary pumps are constructed to
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permit ready access for cleamng,' flushing, and
draining If the hquid to be pumped contains solids,
the maximum size sohd must be specified,

The user is cautioned that many states prescribe
regulations regarding sanitary pumnps, Adherence to
such reguiations is mandatory, The responsitility
for determiming these requirements rests with the
user

Volatile Liquid Pump Applications

Pumps for handiing volatile petraleum products,
or other iquids having simrlar properties, are com-
monly termed volatile hquid pumps.

The determunation of the aet positive suction head
[NPSH) of pumps handhkng votatile, multicompo-
nent hquids such as gascline should be based,
whenever possible, on the true vapor pressure of the
particular hquid at the actual pumping temperature.
The NPSH required by a pump at a given flow 15 3
function of the individual pump propertsons, and of
the hauid pumped The available NPSH must ex-
ceed the NPSH required by the pump and can be
established correctly only when the true vapor pres-
sure is known.

For refinery process applications, the true vapor
pressure is usually available. For the pumping of
finished petroleum products, the Reid vapor pres-
sure 15 usually the only information available This
15 the vapor pressure determined by the use of ap-
paratus and procedure correspending to the ASTM
Standard D-323 Because of certain inadequacies
of the test procedure, Reid vapor pressures are gen-
erally significantly lower than the true vapor pres-
sures. Precautions must therefore be laken when
the available NPSH must be determined on the basi2
of the Reid vapor pressure 1 the commercial grade
of the liquid handled 15 known, the use of one of the
standard handbook carrection charts for conversion
of Reid vapor pressure to true vapor pressure 1s indi-
cated.

The suction piping should be arranged to avod
any accumulation of vapor and provision should be
made to allow self-venting of vapors by venting the
first stage impelier suction eye, except where the
suction nozzle is in a vertscal position and facing
upwards.

Since the suction pressure may vary over a wide
range and the liquid pumped 15 frequently flamma-
ble or toxic, the stuffing box may require the use of
a mechanical seal, or, if packed, the use of one or
more of the following elements: water jacketing,
bieed-aff connection, lantern nng for an ail or grease
seal, or smothering type gland
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The matenals of construction should be setected
with due regard to any corrosive action of the liquid
pumped.

Suction Limitations

Amang the more important factors affecting the
operaticn of a centrifugal pump are the suctian con-
ditions  Abnormally high suctien Iift, insufficient
submergence, or tow NPSH beyend the sucthon rat-
ing of the pump {see follow ng paragraphs) usually
cause serious reduction in capacily and efficiency,
often leading 10 serious trouble fram wibration and
cavitation

Two other conditions should also be fulfilled for
adequate supply to the pump. First, the suction bell
must be well below the water surface, and second,
the (ntake must be of a functionally carrect design.
The requirements apply both {o submerged pumps
and to the suction pipe for any type of pump Thisis
true for all specific spaeds

Use of Suction Condition Terms

To avoid pump apphcation errors, care must be
exercised in the sefection of lerms to describe sys-
tem conditions affecting the pump suction,

Totai Suction Left or Total Suction Head are the
preferred terms when the higuid pumped is cold
water and when the system 15 uncomplicated by ex-
traneous factars such as an artificially produced
vacuum

Net Posttrve Suction Head (NPSH) 15 a useful
term for more complhcated pumping problems usu-
ally associated with handling iquids at or near therr
beiling points Examples might be condensate return
systems or the pumping of lquified gases

Submergence 15 a term used to relate higuid jevel
to the setting of an immersed pump with a free air
surface 115 a static dimension, partially descrnibing
a system, and cannot be substituted for a dynamic
term such as NPSH

NPSH cannot be used nterchangeably with the
term Suction Head Suetion Head refers to pressure
above atmospheric while NPSH is related to pres-
sure abaove vapor pressure on the absolute scale

Whenever practical, the proper ferm should be
accampanied by

& pictonal descniption of the system ta help in the
determination of suction losses

Pertinent data concerning the hquid, such as its
temperature, speciiic gravity. viscosity and vapor
pressure

The static Nift (vacuum) or head to be imposed on
the pump
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HNet Positive Suction Head Available (NPSHA)

Net Positive Suction Head Available (NPFSHA) 15
the total suction head in feet of figud absolute cor-
rected to datum (see Fig. 46, page 70) less the va-
por pressure of the hquid in feet absolute Therefore,
NPSHA 15 the pressure or head avaitable above vapor
pressure 1o move and accelerate the fluid inte the
impeller inlet

Thus
NPSHA=hy, ~ hyy,
where
hey =1{otal suction head in feet absclute
or =hp +hge =N
NPSHA =hy +hge —hv —hyg,
where
by =Absclute pressure on the surface of the

hgutd where the pump takes suction ex-
pressed in feet of hquid 1n 2n open sys-
tem, hy equals atmospheric pressure,
h,, expressed in feet adsolute

h,. =stauc elevation of the liquid above the
datum point of the pump expressed in
feet If the hguid level !5 below the
pump datum, hy, 15 3 negative value

hy  =fnclion and entrance head losses m the
suction piping expressed in feet_ If suc-
tion piping 1s not used. he=0,

Nepa =vapor pressure of the fluid at the pump-
ing temperature expressed in feet of
liquid absolute

When the absolutz pressure and vapog pressure
are expressed 10 psia, the follewing formula may be
used

NPSHA= 22800 L p) +hy -
where

e =Absolule pressure expressed in psia In an
open system, p, equals atmospheric
pressure, pa, expressed in psia.

Pvpa = vapor pressure expressed in psia.

w =specific weight of figuid at the pumgping
temperature in pounds per cubic foot

it a pump takes 1ts suction from a source where
the absolute pressure on the surface of the hquig,
Pp. 15 equivalent to the vapor pressure, pu,, the
NPSHA 1s the difference in elavation between the
liquid level and the datum, minus the entrance and
fnction losses 10 the suction piping,

Thus
NPSHA = hg, — by

The formulas shown above are commonly used for
determming the NPSHA for proposed installations
and for measuning the NPSHA i existing installa-
tions without suction piping. The formula commonly
usad for measuning the NPSHA 1n existing installa-
trons with suction piping 15 as foilows,

yve
NPSHA=h, +hg + z—g—hm

where

h, =atmospheric pressure, expressed in feet
absolute

hy =gauge pressure at the suction flange of the
pump corrected to datum ang expressed
in feet of liquid hy is a negative value if
it 1s below atmaspheric pressure.

V—z =velocity head at the point of measurement

ce of hg. {This is necessary since gauge read-
1ngs do not include the velocity head )

Corrections for Higher Temperature and
Elevation

Applications with water 1n an apen systern at sea
level with a pumping temperature of 85 F are com-
mon. Given W==62 4 ibs per cu ft, p,=14 7 psi,
P.pa=0 6 psia, h,, =10 0 ft, and hy=0, we find-

NPSHA = 232 (p, — pug) 4 e -ty

514"‘(147 —0.6)+10.0-0.0

=425 ft

Yo find the NPSHA for water of 18C F tempera-
ture (pypa =7 51 psia and w=60.53 Ibs per cu ft),
proceed as follows

NPSHA = 133 (o, p bty -y
144
- 4.7-7.500+100-0.0
6053(1 Y+
=271t

To find the NPSHA for water of 180 F tempera-
ture at 5,000 feet elevation {p,=12 25 psi}, pio-
ceed as follows-

cenrugel puggs =2

s L

NPSHA = o (D5 — Pupa) +hee —hy
144

~'60.53
=21.31t

The correction for elevabion 1s approxmately one
foot per 1,000 feet of elevation

———(12.25-7.51)+1i0.0-00

Net Positive Suction Head Required (NPSHR)

The net positive suction head required (NPSHR)
15 a performance charactenstic of the pump, and 15
established by test (see Cavitation Tests, pages 73
to 75}

Any system must be designed such that the net
positive suction head available (NPSHA) 1s equal to,
or exceeds, the net positive suction head required
{MPSHR) by the pump through the range of opera-
tion to prevent detrimental cavitation

Suction Specific Speed Required

Suction Specific Speed Required, S, /s an index
number descriptive of the suction charactenstics of
a gwven pump It s defined as:

__N el
T INPSHRI®
where
S = Suchion Specific Speed Raquired
N =Rotative Speed in Revolutions Per
Minute
Q = Flow 1n Gallons Far Minute (use half of
the total {low for double suction
pumps)
MPSHR = Net Pasitive Suction Head Required 1n
feet

MNormally, the highest value of § is at, or near, the
capatity corresponding to the optimum efficiency.
However, special designs may cause the highest
value of S to shift away from the paint of optimum
efficiency

Higher numencai values of $ are associated with
better suction capabilities The numerical value of
S 1s mainly a function of the impeller inlet and suc-
tion intet design, For pumps of normal design,
values of S vary from 6,000 to 12,000 In special
designs, inctuding inducers, higher values can pe
obtzined, however, special matenals may be re-
quired for continuous opesation. These siandards
are not intendad to cover such special designs,
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Suction Specific Speed Available

Suctian Specific Speed Available, SA, s an index
number descreptive of the availlable suction condt-
tions of the system from which the pump s recery-
ing suction It as defined as,

As - RYe!
NPSHAY
where
SA = Suction Spacific Speed Available
N = Ratative Speed m Revolutions Per Min-
ute
Q = Flow in Galtons Per Minute Reguirad of

the pump {usa ha!f of the total flow
tor double suction pumps)

NPSHA =Met Positive Suction Head Available in
feat

The Suction Specific Speed Required, S, must
equa! or exceed the Suction Specific Speed Avail-
able, SA, o prevent cavitatign The difference be-
tween S and SA is the safety margin Some of the
factors that atiect the degree of margin necessary
are pump size, pawer consumption, intake design,
range and mode of operation, lype of service ang
matenals of construction

Rotative Speed Limitations

Increased pumgp spe2ds withoui proner suction
condstions can result in abnormal wear and possible
faillure from excesswe vibration, nose and cawita-
tion damage. Suction Specific Speed Available, 34,
has been found to be a valuable criterion 1n deter-
mimng the maximum permissible speed The curves
presented in this standard are based on a Suction
Specific Speed Avaitable o1 8500, this represents a
practical value Cbvigusly, valves may be lower

Cn special applications, it 1s possible that some
pumps may exceed 8,500 [n such cases where the
characteristics of the pump are based on the manu-
facturer's experience and test data, the values may
be exceeded

Given the amount of NPSHA and substituting
8,500 for SA, one can solve for the Rotative Spead,
N; for a given capacly, Q: by rearranging the for-
mula for SA as follows

N = 8,500-(NPSHAI®,
a
The curves {Figs 68 and £9) are a graphical rep-

resentation of the SA formula, The curves show
speeds for normal oparating conditions and are
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based upon the premuse that the pump s operating
at, or near, its point of optimum efficiency

The curve, (Fig. 68) covers single suction centrif-
ugal pumps

The curve, {Fig. 69} covers double suchon pumps

EXAMPLE: Single Suction Pumeps

Given a capacity of 90,000 GPM, and MPSHA of
50 feet, what 1s the RPM limit for 8, 500 Suction
Specific Speed Available?

N = SANPSHA)"

VO
therefore
N o .B.500(50)*
{90,000)"
or
{y = 8.500(18.8)
300
and
N =533

Therefore, the recommended maximurn operaling

RPM s 533

From Fig 58, note that the intersection of the
vertical line for 90,000 GPM, and the horizantal
line for 50 teet of NPSHA corresponds to 533 RPM

EXAMPLE: Double Suction Pumps

Given a capacity of 20,00CG GPM and NPSHA of
17 feet, what 15 the RFM imit for 8,500 Suction
Spectfic Speed Available?

_ BAINPSHA)M
4/ 8
2

N - .B.500117)%

(20.000)“'

N

therefore.

2
or.
- 8,500 (8 37
100

N

and
N =711

Referning to the curve, Fig 69, the intersection of
the vertical hine for 20,000 GPM, and the harnizontal
ling far 17 feet of NPSHA carresponds to an RPM
of 711

~ centrifugal numus“;“
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Fig. 69 RECOMMENDED MAXIMUM OPERATING SPEEDS FOR DOUSLE SUCTICN PUMPS

EXAMPLE Single Suction Pumps

Given a capacily ol 3,000 GPM, and NPSHA of
30 feet, what is the RPM himit for 8,500 Suction
Specific Speed Avallable?

N o SAINPSHAM

v
therefore
N = 8.500(30)*
(36001~
or
N = 8500012 82)
34 77
and
N =1890

Therefore, the recommended maximum operating
RPM s 1990

Fror Fig. 68, note that the niersectian of the
vertical hne for 3,000 GPM, and the honzontal line
for 30 feet of NPSHA corresponds to 1990 RPM.

Het Positive Suction Head for Pumps Handling

. Hydrocarbon Liquids and Water at Elevated

Temperatures

The NPSH requirements of centnfugal pumps are
normally determined on the basis of handling water
al or near normal room temperatures Operating ex-
perience n the fiesd bas indicated, and a limied
nember of carefully controlled laboratory tests have
canfirmed, that pumps handling certain hydrocar-
ben fluids, or water at significantly migher than room
termperatures, will operate satisfactorily with less
NPSH available than would be required for cold
water ¢

Figure 70 15 8 composite chart of NPSH reduc-
tions which may be expected for hydrocarbon fig-
uids and high temperature water, based on available
laboratory data from tests conducted on the fluids
shown, plotted as a function of {luid lemperature
and vaper pressure at that temperature

Limitations for Use of Chart for Net Positive
Suction Head Reduction (Fig. 70}

The following hmutations and precautions should
be observed 1n the use of Fig. 70

Until specific experience has been gatned with
operation of pumps under conditiens whare this
chart applies, NPSH reduction should be imited to

cenirilugal namas
L

50% of the NPSH required by the pump tor cold
water

This chart s based on pumps handling pure hg-
uids Where entrained aur or other nencondensable
gases are present in 2 liguid, pump performance
may be adversely affected even with normal NFSH
available (see below) and would suffer further with
reduction in NPSH available Where drssolved air or
other noncandensables are present, and where the
absolute pressure at the pump inlet would be low
enough to release such noncondensables from solu-
tion, the NP5SH avaslable may have to be increased
above that reguired for cold water to avold deterio-
ration of pump performance due to such release

For hydrocarbon mixtures, vapor pressuse may
vary significantly with temperature and specific
vapor pressure determinations shouid be made for
aciual pumping temperatures.

In the use of the chart for high temperature lig-
uids, and particularly with water, due consideration
must be given to the susceptibility of the suction
systemn to transient changes in temperature and ab-
solute pressure, which might necessitate provision
of a margin of safety of NPSH far exceeding the re-
duction otherwise avaiiable for steady state opera-
ton,

Because of the absence of available data demon-
strating NPSH reduction greater than ten feet, the
chart has been hmited to that extent and extrapola-
tion beyond that limit 1s not recommended

Instruction for Using Chart for Net Positive
Suction Head Reduction (Fig. 70)

Enter Fig 70 at the bottom of the chari with
pumping temperature in degrees F and proceed ver-
ticatly upward to the vaper pressure 1n psta From
this point faklow along or parallel io the sloping Irnes
te the night side of the chart, where the NPSH re-
duction in feet of Iguid may be read an the scale
provided If this value is greater than one half of the
NPSH required on cold water, deduct one half of
the cold water NPSH to obtain corrected NPSH re-
quired If the value reag an the chart is less than
one half of the cald water MPSH, deduct this chart
value from the cold water NPSH to obtain corrected
NPSH required

EXAMPLE: A pump thal has been selected for a
Eiven capacity ano head requires a mimimum of 16
feet NPSH to pump that capacity when handiing
cotd water In this case the pump 15 to handle pro-
pane at 55 F, which has a vapor pressure of 100
psia Following the procedure indicated above, the
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Mote This chart has been constructed from Lest daia obtanad ysing the hguds shown For apphcadility to other Niquigs sefer (o the text.
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chart yields an NPSH reduction of 9 5 feet, which
15 greater than one half of the cold water NPSH re-
quired The corrected value of NPSH required 1s
therefore one half the cold water NPSH required or
8 feet

EXAMPLE: The pump of exampie above has also
teen selected for another application to handte pro-
pane at 14 F, where 1t has a vapor pressure of 50
psia In this case the chart shows an NPSH redug-
tion of & feet, which is less than one half the cold
water NPSH The corrected value of NPSH 1s there-
fore 16 feet less 6 feet, or 10 feet.

Use of Chart for Net Positive Suction Head
Reduction {Fig. 70) for Liquids Other Than
Hydrecarboas or Water

The consistency of results which have been ab-
tained on tests which have been conducted with bath
water and hydrocarbon fluids suggests that NPSH

" required by a centniugal pump may be reduced

when handling any liqguid having relatively high
vapor pressure at pumping temperature However,
since available data are limited to the liquids for
which temperature and vapor pressure relatwonships
are shown on Fig 70, apphcation of this chart to
fiquids other than hydrocarpons and water is not
recommended except where 1t 15 understood that
such usage can be accepted on an experimental
basis:

Cenirlfugal Pumps Handling Entrained Air or
Gas

Under a number of different circumstances, cen-
trifugal pumps may be required to handle a mixture
of air and water or similar mixtures it 1s known that
this reduces the head, capacity and etficiency of a
centrifugal pump, even when relatively small per-
centages of air or gas are present.

Deterioration of performance for a given percent-
age of ar or gas varies trom pump to pump depend-
ing en rotating speed, specific speed, pump size,
suclion pressure, discharge prassure, number of
stages and vanous special design features. These
mixtyres may also have a detrimental efiect on the
mechanical operation of the pump. An explanation
and evaluation of the effect of these factors (s
beyond the scope of this Standard

Oeterminatiors of Fump Performance When
Handling Viscous Liquids

The performance of centnfugal pumps s affected
when handiing viscous hquids A marked increase

ol ol B 7%
amplicalions 122

n brake horsepower, a reduction in head, ang some
reduction in capacily occur with moderate and high
viscosities,

Figures 71 and 72 provide a means of determining
the performance of a conventional centrifuga! pump
handhng a viscous hquid when its performance on
water 15 known Figs. 71 and 72 can zlso be used as
an aid in selecting a pump for a given appfication
The values shown 1n Fig 72 are averaged from tests
of conventional single stage pumps of 2-inch to B-
nch size, handiing petroleum oils, The values shown
in Fig 71 were prepared from other fests on several
smaller pumps (1 inch and belaw) The correctian
curves are, therefore, not exact for any particular
pump.

When accurate information 15 essential, perfor-
mance tests should be conducted with the particu-
lar viscous liguid to be handled.

Limitations on Use of Viscous Liquid Perfor-
mance Correction Chart

Reference is made to Fig. 71 and Fig 72. Since
these charts are based on empincal rather than the-
oretical considerations, extrapojation beyond the
lirmits shown would go cutside the experience range
which these charts cover and 1s not recommended

Use only for pumps of conventional hydrauhic
design, in the normal operating range, with open or
closed impeliers Do not use for mixed flow or axial
flow pumps, or for pumps of special hydraulic design
for either viscous or non-uniform higuids.

Use only where adequate NPSH is avallable 1n
order to avoid cavitation. -

Use only on Newtonian (uniform} liquids. Gels,
slurries, paper stock and other non-uniform liquids
may produce widely varying resuits, depending on
the particular characteristics of the liquids.

Symbols and Definitions Used in Determination
of Pump Performance When Handling Viscous
Liquids

These symbols and definitions are-

Qs =Viscous capacity in gpm—The capacity
when prmping a viscous liquid.

R,y =Viscous head in feet—The head when
pumping a viscous liquid.

nn = Viscous efficiency in per cent —The effi-
ciency when purping a viscous liquid

bhpys =Viscous brake horsepower—The horse-
power required by the pump for the
viscaus conditions,
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Qu =Water capatily n gpm ~The capacity
when pumping water

H, =Waler nead in feet—The head when
pUMpINg water

0.  =Water efficiency i por cent—The effi-
ciency when pumping water
S =Spacific gravity
Co  =Capactnty correchion factor

Cy  =Head correction factor

c, = Efficiency correction facter

Q.w =Water capacity at which maximum efh.
ciency is obtameg

The following equatons are vsed for determining
the wiscous perigrmance when the water perfor-
mance of the pump s known,

Quy = Ca xQu
Hys = CrxHy
Moy = Cy iy

Qus»H,sxs
3960 x n,,,

Cq, Cw and C, are determined from Fig 71 ang
Fig 72 wnich are based on water performance Fig
71 s to e used for small pumps having capacity at
pest efficiency point of less than 100 gpm water
parformance)

The following equations are used for approximat-
ing the water performance when the desired viscous
capacity and head are given and the values of Gy
ard C. must be estimated lrom Fig 71 or 72 using
Q,, and H,,, as.

bhpy, =

Q. {approx ) = %‘;—’

Hag

H =
« (@pprox ) T

Instructions for Preliminary Selection
of a Pump for a Given Head-Capacity-Viscosity
Conditien

Given the desired capacity and head of the wis-
cous liquid to be pumped, and the wiscosity and
specrfic gravity at the pumping temperature, Figs
71 or 72 can be used to find approaimate equiva-
lent capacity and head when pumping water

Enter appropriate chart at the bottom with the de-
sired viscous capacity, (Q,.,) and proceed upward to
the desired viscous head (H, ) in feet of liquid For
multistage pumps use head per stage Proceed hori-
zontally (efther left or nght) to the fhuid wiscasity,
and then go upward 1o the correction curves Divide
the wiscous capacity {Q,,,) by the capacity correction
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factor (C;) to get the approximate equivalent water
capacity (Q. approximately) Diide the viscous
head (H,,;} by the head correction factor {C.) from
the curve marked "'1 O x Qnw'' to get the approxi-
mate equivalent water head (H.. approximately) Us-
ing this new equivalent water head-capacity paint,
select a pump tn the usual manner The wiscous ef-
ficiency and the wiscous brake horsepower may then
by cal¢culated

This procedure 15 approximate as the scales for
capacity and head on the lower half of Fig. 71 or
Fig 72 are based on water performance. Howaver,
the procedure has sufficient accuracy for most pumgp
selection purposes Where the corrections are ap-
preciable. 1t 1s desirable to check tha selectron by
the method described below

EXAMPLE: Select a pump to deliver 750 gpm at
100 feet total head of a liquid having a viscosity of
1000 SSU and a specific grawity of 0 80 at the
pumping temperature

Enter the chart {Frg 72) with 750 gpm. go up to
100 feet head, over to 1000 SSU, and then up tv
the corraction factors

Cqa=095

Cy=0.92 (for 1 O Quy)

C, =0 635 .
750

=7

Q. 995 80 gpm )
100

Ho= o = i h

“= tos 10B 8 =109 feel head

Select a pump far a water capactty of 790 gpm at
109 feet head The selection should be at or close
to the maximum efficiency paint for water perfor-
mance If the pumgp selected has an efficiency on
water of B1 per cent at 790 gpm, then the efficiency
for the viscous hquid will be as follows

=0 635xB1% =5} 5 percent

The brake horsepower for pumping the wiscous
hquid will be.

750 % 100 % 0.90
h === =133 1 h
By = 3066 %0.615 ~ ool P

For performance curves of the pump selected,
correct the water performance as discussed below,

instructions for Determining Pump
Performance on a Yiscous Liquid When
Performance cn Water is Known

Given the complete performance charactenstics of
a pump handling water, determing the performance
whan pumping a liguig for a specified wiscosity.

From the efficiency curve. locate the water ca-
pacity (1.0 x Quw) at which maximum efficiency s
cbtained

From this capacity. determine the capacities
(0 6 xQuwd, (08 xQuy) and {1 2 x Quwl.

Enter the chart at the bottom with the capacity at
best efficiency (1.0 x Quy) 20 upward to the head
developed (:n one stage} (H.) at this capacity, then
herizontally (either left or night) to the desired wis-
cosity. and then proceed upward to the various cor-
rection curves, .

Read the values of {C,) and (Cq), and of (C.y) for
all feus capacities

Multiply each head by 1ts corresponding head
correction factor to abtain the corrected heads,
Multiply each efficiency value by (C,) to oblan the
corrected efficiency values which apply at the corre-
sponding coerrected capaciit2s

Plot corrected head and corrected efficiency
against corrected capacity Draw smonth curves
through these points The head at shut-off can be
taken as approumately the sama as that for water.

Calculate the viscous brake horsepower (bhp,.)

from the formula given on page 114,
" Plot these points and drax a smooth curve through
them which should be similar to and approximately
paratiel to the brake horsepower {bhp) curve for
walter

EXAMPLE. Given the periormance of a pump (Fig.
73) obtained by test on water, piot the performance
of this pump when handling ol with a specific grav-
1ty of 0 90 and a viscosity of 1000 S8U at pumping
temperature

Qn the performance curve {Fig 73} locate the
pest efficiency paint which determires Q,,, In this
example 1t 15 750 gpm Tabulale capacity, head
and efficiency for (Q 6 x 750), (0 8 x 750), (1 O x
750) and (Y 2 x750) {See Table 7, Sampie Calcu-
lations, on page 116}

Using 750 gpm. 100 feet head and 1000 SSU,
enler the chart and determine the correction factors.
These are tabulated n Table 7, Sample Calcu'a-
uons Multiply each value of head, capacity and ef-
ficrency by its correction factor to get the corrected
values Using the corrected values and the specific
gravity, calculate brake horsepower These calcula-
tions are shown on page 116, Calculated points are
plotted in Fig 73 and corrected performance 1s rep-
resented by dashed curves.

Figure 71 15 used in the same manner as Fig. 72
except that only the best efficiency point corrected
performance 5 oblamed Through the corrected

cenirilugal pumps 2
anplicalions '

head-capacity point, draw a curve similar in shape
to the curve for water performance and having the
same head at shut ofl. The corrected efficiency point
represents the peak of the corrected efficiency curve,
wiuch 1s stmilar in shape to that for water The cor-
rected brake horsepower curves are generally paral-
ief to that for water

Radial Thrust in Single Volute Pumps

Single volute pump casings in the specific speed
range between 300 and 3500 may be designed for
uniform pressure around the volute casing at the
design ibest efficiency point) capactty For pumps
in applications normatly operating al or near the
best efficiency point capacity, the thrust factor may
approach 2ero On either side of the best efficiency
paint capacity, pressure gisinbution 1s not neces-
sanly constant, resulting in radhal thrust The radial
thrust at shutoif may be approximated, for this type
of design, using the {oliowing expression

Hy X5
Zal—xszBZ

Thrust values R af capacities other than shut-gff
may be approximated by the follovang formula

Reg = Keo X

K H
R Kmmewa
where
Q \x
K=K - (&%
«[+-(8)7]
and

R,, =Radial thrust i pounds, at shutoff

R =Radial thrust in pounds, at operating con-
dition

Kso =Thrust factor at shutoff from Fig 74

K =Thrust factor at operating condition

Hs. =Total head at shutoff in feet

H =Total head at operating condition in feet

s =Specific gravity of the hgud

D2 =Impeller diameter in inches

Bz =Impeller width at discharge including
shrouds in inches

Q =Capacity at operating condition, n gpm

Qn =Capacity at best efficigncy point 1 gpm

x =Expenent, varying between 0.7 and 3.3
established by tesl. In the absence of
test data, the exponent may penerally
be assumed to vary hnearly between
Q.7 3t specific speed 500 ang 3 3 at
speciftc speed 3500
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. TABLE 7
Sample Calculations
Sample Caleulations
0.6 <0y 0 8%y 1 OxQyy 1 2% Quw
Water capacity (Q,) R . N 450 7
Water head in feet (H,} . . . 114 Glgg 133 922
Watereticiency (p) (%) . . e 725 80 82 795
Yiscosity of iqud 1000 SSuU 1000 S5U 1000 Ssu 1000 S5U .
Co—from chart e e . 095 093 095 095
Cy—fromchart., .. . ... . - 0.96 Q94 092 0.89
C,—fromchatt . .. ceee e e 0635 0635 0635 0635
Viscous capacty—Q. x Cg 427 7 3
Viseous head—Ha. xCw e 109.5 ?0? 5 ?ég 8'72 5
Viscous efliciency—r. xC, ... . 460 50.8 52 1 50.5
Spectfic gravity of hiquid o .. 050 090 090 oS0
Ghp wiscous ... . . .. 231 259 28 6 29 4
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K—RADIAL THRUST FACTOR AT SHUTOFF
SINGLE VOLUTE {CONSTANT VELOCITY TYPE}

SPECIFIC SPEED Na

Fig. 74 K, =RADIAL THRUST FACTOR
AT SHUTQFE SINGLE VOLUTE
(CONSTANT VELOCITY TYPE)

Radial thrust factors [K,.) at shutotf are shown on
Fig 74. Individual manufacturers may have data on
specific designs demonstrating other values than
those shown :

Balancing of Centrifugal Pump Rotors

Unbatance of a pump's rotor exists whenever the
center of mass is radially digplaced from the center
of rotation in at least one plane which 1s at right
angles to the shaft axis Unless the ectent of such
unbalance s kept withia spectfic hmits, (Figs 75~
78) the pump may wibrate excessively 2nd suiler
premature failure

The estaplishment of realistic fimits of residual
unbatance for pump rotors 15 a compléx prablam
which must take into account several factors, arnong
which are maximum operating speeds, ratio of rotor
weight t¢ pump weight. type of bearings with which
the unrt 15 to be equipped, dynamic response char-
actenstics of the rotor, mass and relative ngidity of
the pump supporting structure, ratio of operating to
critical speeds, ang the nature of the environment
In which the pump 1s to be installed. Since these
factors will vary over extreme ranges for pumps cov-
ered by these standards, 1t is impracticat to estab-
\1sh here numerical limits of residual unbalance.

Accorgingly, methods of balancing and hmits of

resigual unbalance are to be established by the

cenlriugal o WS 25
al sk

pump manufacturer, subject to the requirement
that the field vibration limits specified n the follow-
Ing section of these standards can be satisfied

Radial Vibration of Centrifugal Pumps

Vibration of & centrifugal pump 15 related to the
rigidity of the support structure It (s, therefore,
necessary to discuss the subject based on the type
of structure 1n guestion.

Rigid Structure

A ngid pump structure or mounting 15 defined as
one for which the pump structure has a fundamental
natural frequency higher than the shaft maximum
rotatve speed for the installation. 1t «s possible for
any pump manuiaciurer to calculate or determine
by test this natural frequency In a given instaila-
tion, the fundamental natural frequency of the base
and foundation on which the pump is mounted
must be well above the pump rotational speed;
otherwise the condition of a "‘rgid structure’” 15 not
saushed

Assuming a figid structure, some of ihe Sources
of wibration are 1mbalance of rotating parts, hy-
draulre forces produced between the impelier and
casing volute or guide vane, and coupling misalign-
ment Responsibility for the enmination of vibration
due o the first two sources lies with the pump
manufacturer, whereas the third ene lies with the
installer

Experience shows that hydraulic ferces n low
specific speed pumps running near peak points of
efficiency, are not sufficient to have a great effect
on a rigid type structure. In a rigid structure, there-
fore, the pnincipal consideration must be given to
the proper balance of rotating parts

Figures 75 and 76 show recommended upper
lirmts of vibrahion for pumps that are classified as
rigid structure

Non-Rigid Structure

Non-rigid of comphant pump structures herein
defined are those for which the shatft rotational speed
\s near the structure's first natural frequency The
term “‘Reed Frequency™ has besn used to 1dentify
the first natural frequency of a8 umt structure in a
given installation. This natural frequency 1s umique
to a given installation and may not be measurable in
any other mounting such as 1n a shop test. Nor-
mally, a flexibly supporied pump umt will have a
jower *'Reed Frequency' than when it is installed
in a typical permanent system.
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500 800 1200 2000

3600 5000

Vibration Frequency Cycles Per Minute {Readings Filtered)
Measure Vibration on Pump Beanng Housing

Fig 76 ACCEPTABLE FIELD VIBRATION LIMITS FOR HORIZONTAL NON-CLOG PUMPS
(RIGID STRUCTURES)

“Reed Frequency' 15 best geterrmined by exciting
the structure with a vanable speed frequency exciter,
A vibration pick-up such as a vibration analyzer with
tiltered nput i1s used to determine the resorant fre-
quency as exciter freguency is vaned. Alternately,
the "Reed Frequency’’ may be obtaned approx-
mately by the “‘bump’’ method. In this techrique,
tha structure (5 excited by striking with a **soft ham-
mer'” {a heavy piece of wood 15 ideal). This will
cause the structure to vibrate at its "'Reed Fre-
quency "' A wibration analyzer with a '‘frequency
finder"' capability or other more sophisticated
equipment may be used to measure the frequency
of this vibration

In a non-ngid system, units may operate below or
above the ‘'Reed Frequency.'' A manufacturer can
testgn of madify his structure to control the reso-
nant frequency af his structure only Accepted prac-
tice 1s to avoid the structure's natural frequency by
approximately 25% above or below Since resonance
of the installed unit (s the responsibiity of the

sysiem designer, coordination between pump manu-
facturer and system designer is necessary to avold
operation at or near the **Reed Frequency'” of the
installed unit

Figures 77 and 78 provide vibration Iimits for
non-rigid structure pumps Vibration limits are not
easily classified for a large range of prooucts
Forces on bearings and structural components of
varying stiffness are the factors o be consdered
rather than displacement levels.

Other Factors Affecting Vibration

Thare are a2 number of factors besides physical
unbalance of the rotating parts which may cause vi-
bratien Among these are-

Rescnance between the unit and its foundation or
mping Rescnant vibrations caused by driver or other
eguipment in operation m the area

Operation at of near a critical speed (The amount
of wibration ohserved wiil depend on the degree of
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Fig. 78 ACCEPTABLE FIELD VIBRATION LIMITS FOR VERTICAL NON.CLOG PUMPS
{NON-RIGID STRUCTURES)

unbalance and damping present. Normal design
practice 15 to avold a critical speed by approxi-
mately 25 per cent.}

Vibrations due to hydraulic disturbances caused
by improper design of the suction piping or sump.
Disturbances may alse be caused by improperly de-
signed valves, piping supports, piping and other
components exterior to the pump (Such wibrations
are usually at random frequencies.)

Torsional vibrations resulting from a combination
of driver, coupling, and pump which has a natural
tarsignal frequency at, or near, a harmonic of the
pump or arnver rotating speed.

For the non-clog pumps, sudden increases in the
vibration levels may be due to the passage of large
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solids through the pump (If the wibration condition
persists, solids may be ledged in the impeller, and
remedial measures should be taken to clear it)
In using these curves, the following conditions
apply: .
Pumps must be operating in @ non-cavitating
and nen-separating condition Suction piping
should be arranged so as to provide a straight,
uniform flow to the pump Piping should be can-
nected 1n such 2 way 50 as to avoid undo strains
on the pump, Shaft couplings are aligned te within
the pump manufacturer’s recommendations
Figures 75 and 76 should be used as a general
guide with recommendations that vibrations 10 8x-
cess of the curve values may require investigation

and cerrection Cften, more important than the ac-
tual vibration 1tself, 15 the change of vibration over a
period of time Vibrations 1n excess of the curve
values may be acceptable if they show no increase
over long periods of time, and if there Is no ather
indication of damage, such as increase In beanng
clearance ar noise level,

Conversion Farmulas
Symbofs
D = (isplacement Mis (0017), Peak to Peak
¥V =Velocity Inches per second, Peak
A =Acceleration: G's, Peak
CPM =Cycles per minute

Vi
- ﬂ___
D=(l910x10 )CPM

A
- I
V=3 696xlOJCPM

A ={2.704 x 107 (CPM) (V)

Mechanicat Seal Flush Loops

The purpese of a mechanical seal flush loop
system 1s to provide the pump mechanical seal
chamber with clean hguid of the proper tempera-
ture to establish an enwironment suitable for me-
chanical seal operztion

The flush loops illustrated (pages 122-124) rep-
resent those most commonly used Other systems
may be specified by the pump user, giving flushing
fluid characteristics inctuding pressure, tempera-
ture and viscosity,
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12071 applicalions

DOUBLE SUCTION, DOUBLE BEARING TYPE PUMP

Plug—Fulure
Conneciions
{1t required)

PLAN1

CLEAN FUMPAGE

Plug—Future
Connecnans
U required)

PLAN 4 [BASIC SYSTEM)

centitgal g m R

aniications

DOUBLE SUCTION, DOUBLE BEARING TYPE PUMP
DIATY OR SPECIAL PUMPAGE

PLAN 7

PLAN 10
8y Vendor

:

Qpuenal

Recommended
By Purchaser

Dead end $eal boxes wih no circulabon
ar Hush {lud Water cooled bax jackels
and thraat bushings required unless
atherwise specified :

Recirgulation from pump case thrpugh
onfice to seals

Rectreuiatien from purmp case through
cyclone separator gelivering clean Huid to
+  seals, and flusd with solids back 1o pump
section. N

PLAN 2 PLAN 5 PLAN 8

{njection to seals from external source of
clean cool flurd {See Naotes)

PLAN 11

Opuional Oprional

Retwrcutation fram pump case through
stramer and orfica to seals

Recircutation from pump case through
orifice ana cocler 1o seals Circulation of clean coal fluid {0 doubte
seals from an external cizculanon sysiem
{See Notes)

Recirculation from pump case through
cyclone sepatator delwering clean fluid
thipugh cooler to seals and flwd with

PLAN 3 PLAN & solids. back to pump suchan

PIRIKG FOR THROTTLE BUSHING OR AUXILIARY SEAL DEVICE

PLAN § PLAN 12
Opuenai

-
/ K Venl Connectian—y_ 4 § _-vent Conneciron

amFill Puy

Cotional Cpuignal

Plugged Vent
or Iniat

Plugged Vant
or Inlg1

FIll Plug g
Leval Glass Level Glass

Plugged Drain Plugged Drain

Recircwiation from pumo case through
strainer, anfice and cooler Lo seals

Recircylation frgm seals with pumping
nng ihrough coafer and back io seals

Pluggea Dran Plugged Drain

Tapped connections for purchaser's use
Sha!l apply when purchaser 15 10 supply

Dead Ended Blanket Usually Methano!

Fig. 79 {Part One} FLUSH LOOP SYSTEMS ISee Nates) Erl;a'ie‘:it:u"g":ief:e Eéi'f'n:?{é’ﬁ" to auxih
Notes
These plans are representative of commonly used systems Vanatwons 1 specific arrangements and matenals as long as they meet the - LEGEND i@- Cooler _[j[(}_ Valve-Regulating @_ Dial Thermometer
tent of the system dre permissible. ' onf
Tor plans B, 9, 10, and 12, purchaser shall specily the fluid charactenisucs and vendor shall specify the required GPM and PSIG ¥ihen — - thce Separator <} Valve-Block @- Pressure Swtch
supplemental sea! flutd 15 provided, vendor shall spectfy the required GPM and PS1G where these are facters {such as when auxihary seal
s outside mechanical type) - , gt Y-Type Strainer Pressure Gauge W / cock -+ Valve-Check
Prping matenials shall follow case metallurgy unless ctherwise specfied by the customer
The pumnps depicled are representabive aad not intended for any specrhe service Fig. 79 (Part Two) FLUSH LOOP SYSTEMS
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~Sallans

9’5@

1':.

SINGLE SUCTION PUMP

A~—Far Clean Pumpage

Recirculation from pump dischargs connection through

an onfice to flush connection

Part

Tubing

Orifice

bt
N

S

Terminal end of loop feeds to
C Stuffing Box Connection
T3 Mechamica! Seal Gland Connection

C—For Clean Pumpags
Recirculation from pump discharge connection through a
"Y' strainer, through an onfice to fush connection.

Farl

Tubing
Orifice

Y Strauner

™~

[m

Terminai end of loop feeds to
J Stuffing Box Connectian
3 Mechamcal Seal Gland Connection

.
E—For Clean Pumpage

Recirculation from pump discharge connection through

an onfice, through a heat exchanger to flush connectien

Part
1 [Tubing
Onfice

Heal
Exchanger

Termmal end of loop teeds to
O Stuffing Box Connection
1 Mechanical Seal Gland Conneclion

8-—For Clean Pumpage
Recirculation from pump discharge coanection through a

“¥" strainer, the onfice, through 2 heat exchanger to seal
flush connection

Part

Tubing
QOrifice

" Straer

Heat
Exchanger

ES ER L] L

= S

Termsnal end of loap feeds to-
3 Stulfing Box Connection
£ Mechanical Seat Gland Connection

D—For Dirty ar Specizl Pumpage
Recirculation from pump discharge connection through
cyclone separator defivering clean pumpage to flush con-
nectian and pumpage with back to pump suction.

Part
Tubing
Separator

|

n

e

Termunal end of loop feads to:
O Stuffing Box Connection
I Mechanical Seal Gland Connection

F—For Dirty or Specizl Pumpage
Injection ta seal flush conmection from external sgurce
through 'Y strainer, globe valve, past pressure gauge to
flush conngction

it
- Part

o 1 [Pipiag

' }___4 2 {*'Y" Stramner

|l 3 [Glabe valve

[ 4 |Pressure

[_. Gauge

Terminal end of loop feeds to-
(I Stuffing Box Connection
D Mechanca) Seal Gland Connection

fig. B0 FLUSH LOOP SYSTEMS
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intake Design

The function of the fntake, whether it be an open
channel or a tunnel having 100 per cent wetted pe-
nmeter, 1s to supply an evenly distributed flow of
water 10 the suction bell An unaven distribution of
flow, ¢haracterized by strong local cumrents, favors
formation of vortices and with certain low values of
submergence, will introduce air into the pump with
reducbion of capacity, accompanied by nomse. Un-
even distribution tan also increase or decrease the
power consumption with a change 1n total developed
head There can be vortices which do not appear on
the surface, and these also may have adverse effecis

Uneven velocity distnbution leads ta rotation of
portions of the mass of water about a center-line
cailed vortex motion This centerline may also be
moving, lineven distnbution of flow 1s caused by
the geometry of the mtake and the manner in which
water 15 Introduced nta the intake from the prnimary
S0UFCE

Calculated low average velocily 1s not always a
proper basis for judginr the excellence of an intake
High Jocal velcaities in currents and 1n swirls may
be present in intakes which have very low average
velocity Indeed, the uneven distribution which they
represent occurs less in a higher velocity fiow with
sufficient turbulence to discourage the gradual build-
up of a larger and larger vortax in any region. Num-
bers of small surface eddies may be present without
causing any trouble

The 1deal approach is a straight channel coming
diractly to the pump. Turns and obstructions are
detrimental since they may cause eddy currents and
tend to initiate deep-cored vortices

Water should not flow past one pump to reach the
next 1f this can be avasded If the pumps must be
placed in line of flow, it may prove necessary to cen-
struct an open front cell around each pump or to put
turning vanes under the pump to deilect the water
upward

All possible streamtining should be used to reduce
the trail of aiternating vortices 1n the wake of the
pump or of other obstructions in the stream flow

The amount of submergence for successful opera-
tion will depend greatly on the approaches to the in-
take and the size of the pump. While specific design
1s generally beyond the scope of the pump manu-
facturer's responsibility, he may comment while the
intake layout 1s still prehminary If he Ts provided
with the necessary intake drawings reflecting the
physical hmitations of the site.

Complete anatysis of intake structures i1s best ac-
complished by scale model tests

cenritugal pugps K2
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Subject to the quatifications of the foregoing state-
ments, figs, Bl, 82, & 83 have been constructed
for single and simpie muitipie pump arrangements
to show suggestions for basic sump dimensions
They are for pumps normally operating in the capac-
ity range of approximately 3,000 to 300,000 gpm.
Since these values are composite averages from a
great many pump types and cover the entire range
of specific speeds, they must not be thaught of as
absolute values but rather as basic guides subject
to some possible variations For pumps normally op-
erating at capacities below approximately 3,000
gpm, refer to Sump or Pit Designs (small pumps)
page 129.

All of the dimensions i Figs 81, 82 & 83 are
based an the rated capacity of the pump at the de-
sign head Any increase in capacity above these val-
ues should be momentary or very limited in time. If
operatior at an increased capacity 15 to be under-
taken for considerable penads of time, the maximum
capacity should te used for the design value in ob-
tarning sump dimensions

The Dimension C 15 an average, based on an anal-
ysis of many pumps. Its final value should be speci-
fied by the pump manufacturer.

Dimension B 15 a suggested maximum dimension
which may be less depending on actual suction bell
or bowl dizmeters in use by the pump manufacturer
The edge of the bell should be close to the back wall
of the sump. When the position of tha back wal 15
determined by the driving equipment or the dis-
charge piping, Dimension B may become excessive
and a "'false’’ back wall should be installed.

Dimension § is a minimum for the sump width for
a single pump nstaltation. This dimension can be
increased, but if it 15 to be made smaller, the manu-
facturer should be consulted or a sump model test
stiould be run to detesmine its adequacy.

Dimension H 15 a minimum value based on the
“normal fow water level” at the pump suctien bell,
taking into consideration friction losses through the
wnlet screen and apgroach channel. This dimension
can be considerably less momentarnly or infrequently
without damage to the pump It should be remem-
bered, however, that this does not represent ‘*'syb-
mergence,'' Submergence is normally queted as
dimension H minus C, This regresents the physical
height of water level above the bottom of the suc-
tien nlet The actuzl submergence of the pump 15
something less than this, since the impeller eye is
some distance above the bottomn of the suction ball,
the magnitude being a function of pump size and
style For the purposes of sump design in connec-
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Recommended Sump Dimensians in Ingnas

Fig. B1 SUMP DIMENSIGNS VERSUS FLOW

Note: Recommended value of Y equals approvimatety 30 for most bell designs

tion with this chart, 1t 1s understood that the pump Dimenasions ¥ and A are recommended minimum
has been selected 1n accordance with mawmum valugs These dimensions can be as large as destred
speeds charts. Figs 68 and 69, the submergence but should te imited te the restnctions indicated

referred to herein having 10 do only with vortexing on the curve |f the design does not include a screen,
and eddy formations
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or if the channef has a sloping approach, dimension
A should be considerably longer, even as much as
twica the vajue shown If the channel approach has
a downslope, the angle should be not more than 15
degrees and preferably 10 degrees with the horizen-
tal The channel fleor should be tevel for at least dis-
tance Y upstream before the slope begins. The screen
or gate widths should not be substantially tess than
5, ang heights should not be lass than H. If the main-
stream velocity 15 more than 2 {eet per second, it
may be necessary to construct straightening vanes
in the aporoach channel, increase dimension A, con-
duct a sump model test of the installation, or work
out some combinatian of these factors

Dimension § becomes the width of an indindual
pump cell or the center-to-center distance of two
pumps if no dvision walls are used

On multiple pump installations, the recommended
dimensions in Figs 81, 82 and B3 aise apply as
noled above. and the following additional determi-
nants should be considered,

Fig 84A. Low velocity and straight-line flow to all
umits simultaneously 1s the first recommendad style
of pit Velucities in pump area should be approsi-
mately one foot per second. Some pumps with ve-
locihies of 2 feet per second and higher have given
good results. This is particularly true where the de-
sign resuMted fram a mode! study Mot recommended
would be abrupt change in size of inlet pipe to sump
or inlet from one side Introducing eddying

Fig B4B. A pumber of pumps In the same sump
will operate best without separating walls unless a#
pumps are always in operation at the same time, In
which case the use of separating walls may be bena-
ficial If walls must be used for structural purposes,
and pumps will ooerate intermittently, ieave flow
space behind each wall from the pit floor up to at
least the minimum water level,

i walls are used, ncrease dimension S by the
thickness of the wail for correct centerline spacing
Round or ""ogive'’ ends of watls NOT recommended
is the placement of a number of pumps argund the
edge ot a sump with or without dividing walls

Fig B4C. Abrupt changes in size from inlet pipe
or channel to pump bay are not desirable. A relatively
smail pipe emptying into a large pump pit shouid
connect to the pit with a gradually increasing taper
section The angle should be as small as possible,
preferably not mare than 15 degrees With this ar-
rangement, pit vetacitses much lass than one foot,
per second are desirabte Especialiy not recom-
mended 15 a small pipe directly connected to a large
pit with pumps close to the inlet Flow will have ex-
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cessive change of direction to get to most of the

pumps Centering pumps in the pit leaves large -

“‘vortex areas” behund the pumps which will cause
operational trouble,

Fig 84D M the it velocity can be kept low encugh
(approximately one foot per second), an abrupt
change from inlet ptpe to pit can be accommodated
tf the length equals or exceeds the vaiues shown. As
ratio W/P increases, the inlet velocity at p may be
Increased up to an allowed maxsmum of eight feet
per secand at W/P=10 Pumps ‘“in line'" are not
recommended unlass the ratio of pit to pump size is
quite large, and pumps are separated by a genemus
margin longitudinally A pit can generally be con-
structed at much less cost by using a recommended
design

Fig B4E It is sometimes desirable to install
pumps in tunnels or pige ines A drop pipe or false
welf ta house the pump with vaned inlet elbow fac-
ng upstrearn will be satisfactory in flows up to eight
feet per second Without the inlet elbow. the pump
section bell should be positioned at least two pipe
{vertical) dizmeters above the top of the tunnel, not
hung inta the turnel flow, especially with tunnel ve-
locities of two feet per second or more. There should
be no sigas of air along the top of tunnel It may be
necessary to lower the scoop or insist on minimum
water {evel i vertical well

Note: The foregoing statements apply to sumps for
clear hquid. For fluid-salids mixtures refer to the
pump manufacturer

CORRECTION OF EXISTING SUMPS

It 15 well established that vortexing 10 pump sug-
tion prts is harmful to pumps and intake structures.
It 1s equally true that a very smail force will actually
begin generating a vortex. While this phenomenon
can be avoided 1n a new design, for existing strue-
tures where problems are already apparent or where
expansion is required, correclive measuras may be
necessary. Possible revisions to carrect particular
sump ereblemns are shown in Fig 85, In many cases,
field modifications are expensive with no guarantee
of success. I1 15 recommended that a sump model
test be considered to prove the effectiveness of the
proposed changes.

Fig 85A—Reduce inlet velocity by spreading the

inflow over a larger area, or change the direction
and velocity of inflow by suitable balfing (The batle
may be flcor mounted, extending above the min)-
mum flow leve), or may be hung fram above, extend-
ng close to the floor }

Fig 858-—Change the location of pumgps in rela-
tion o the inflow A suitable baffle may be necessary
in front of inlet

Fig 85C—A cone may be added to reduce the
possibility of submerged vortex formation

Fig 85D—Provide break-thru to "'no-flow’’ bays
in multiple pump pits and round or 'ogive’’ ends of
separaling walls, or

Fig. 85E—Eliminate separating walls.

Fig. B3F—Eliminate sharp corners at gates,
screens, etc . by filing in for smooth flow contour
{fairing)

fig 85G—Reduce the velotity of flow and ehmi-
nate vortexing by adding bell extension suction plate
and sphitter to pump bell Sphtter must be in line
with the flow.

Fig 85H—Use floating rafts around the pump col-
umn to prevent surface vortices

Fig. B51—Use large spheres to prevent surface
vortices

Fig. 85)J—Reduce the clearance between the pump
inlet and back wall This will improve velocity pattern
lo the pump to reduce the possibility of vortex for-
mation

Fig. 85K —Change inlet flow direction gradually by
means of parallel turaing vanes.

tn General:

Keep inlet flow below two ft per second

Keep flow 1n pit below ene ft per second

Avoid changing direction of flow from inlet to
pump, or

Change direction gradually, smaothly, indepen-
dently

In addition to the above, other modifications such
as 1) Suction Cone, 2) Harszental periprated plate,
or.gnds; 3} Honzontal beam wiath battom flange
submerged to control water surface, and 4} other
flow straighteners may be used to correct the ex-
1sting sumps

Any of these zlterations, singly or 1n combination,
may help to create a better flov pattern in the sumgp
11 troubles persist, it may be necessary to limit the
totai flow or change pump size and speed

Model Tests of Intakes

Often the analysis of a proposed intzke design
can only be made by use of a scale model of the -

gaT2

centrilugal pugps =
aices =

take The engineers responsible for the design of
the pumping statean should consult with pump man-
ufacturers to estallish one ar mare intake arrange-
ments A sump model test can then be conducted
by an independent laberatory or by the pump manu-
facturer The sump medel test may show modifica-
tions of structure or baflling arrangement to be
necessary, and sometimes sumg model tests show
how considerable savings can be made in the intake
strugture The modef should be extensive enough to
include all parts of the channel likely to affect the
flow near the pump, including screens and gates
Deviations may accur between model and proto-
type, stnce all considerations af simifarity cannat be
produced simultansously Conseguently, the range
of levels i velocities to be expiored should be as
broad as possible in order to disclose any markedly
unfavorable tendencies which mught only be tncipr-
ent at mathematically analogous conditions.
Comparable flow in the model 15 generally consid-
ered to be obtained al egual Froude numbers

On this basis,
V=V sn R
where

VYo = Velooity of water in the modal
v, = Velocity of water tn the prototype
R = Linear scale ratio of model to prototype

or

Lm

Lo
where

L = Any linear dimension of the mogel
L, = The dimension on the prototype correspond-
Ing to any dimension Lo, on the model.

Several investigators have found better agree-
ment between madel and prototype when velocities
ara equal than when velocihes are i accord with
the Froude number, |n the present stage of the art,
caution suggests that this entire range of velocities
be explored in the model test

Sump or Pit Design (Smatl Pumps}

The design of sumps for small pumps {less than
approximately 3,000 gpm, normal discharge capac-
ity per pump) should be gurded by the same general
principles as outhned,

However, since there 15 a larga variety of geomelric
configurations for these small units, recommended
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limiting dimensions, such as shown in Fig. 81-83,
cannot be sufficiently generalized and so presented.
Wheve specific pit or sump dimensions are required,
the manufacturer's recommendations should be
requested

In addition to the genaral design principles out-
lined, for singlé and multiple pump settings in large
sump designs, the following facters are pertinent to
the design of smatl sumps or pits

Intet Opening (Pit Type Sumps}

The sump inlet should be below the minimum lig-
uid level, and as far away from the pump as the sump
geometry will permit The influent should not 1m-
pinge against the pump, jet directly inte the pump
inlet, or enter the pit in such a way as 1o cause rota-
ugn of the hgurd in the pit Where required, a dis-

centrilugal P Sl
-

trnbution nozzle can be used to prevent jetting, and
baffling can be used to prevent rotation

Sump Volume {Pit Type Sumps}

The usable pit volume should egual or exceed the
maximum capacity to be pumped 1n two minutes {f
units operate on float switch control, pit should be
sized to 2llow no more than three or four starts per
hour per pump. These guides generally insyre pits of
adeguale size to dissipate the inflow turbulence and
10 assure reasonable life of thé starting equipment

Minimum Liquid Level

Minimum hquid level should be adequale to sat-
15fy the particular pump design The pump manu-
facturer's speeific dimensions should be used.
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8-14  Odher Types of Pumps

To mintmize the viscous effects in modeling pumps. the Hvdraulic Institule
standards (6) recommend that the size of the model be such that the model
impeHer 1s not less than 30 cm in diameter. These same standards state that
“the model should have complete geometric similarity with the prototype. not
only in the pump proper. but also in the intake and discharge conduits.”™

Even with complete geometric similarity. one can expect the model 1o be
slightly less efficient than the prototype. An empirical formula proposed by
Moody that is used for estimating prototype efficiencies of radial- and mixed-
flow pumps and turbines from maodel efficiencies 1s

] —¢ ; |
“ =(£ . 18-36)
] —e D,

where ¢, is the efficiency of the model. and ¢ is the efficiency of the prototype.

EXAMPLE 8-11 A model having an impeller diameter of 45 cm 1s tested
and found to have an efficiency of 85%. If a geometrically similar prototype has
an impeller diameter of 1.80 m. estimate its efficiency when it is operating under
conditions dynamically similar to those in the model €5 (Cy g = €y proton pe)-

SOLUTION We apply Eq. (8-36) with the condition that ¢, = 083 and
DD, =4 Then

e = | = e
T DD
0.15
=l ———=1-011 =089
! 1.32
The efficiency of the prototype is estimated to be 89°%. |

v

8-14 Other Types of Pumps

The pumps and turbines we have discussed so far in this chapter arc
all classified as turbomachines. In turbomachines. the exchange of energy is
accomplished by means of hydrodynamic forces developed between a moving
fluid and the rotating and stationary parts of the machine. For example. in the
axial-flow pump. the lift force of the rotating blades of the impeller produces
the pressure increase of the pump.

Another entirely different class of pump is the positive displacement 1vpe.
All positive displacement pumps have parts that interact in such a way that
definite volumes of fluid are conveved in the desired pumping direction essen-
ually in proportion to the speed of operation of the pump. Onc of the simplest
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Figure 8-37 Reciprocating piston pump

positive displacement pumps is the reciprocating piston pump shown in Fig.
8-37. In this pump. as the pump rod and pisten are raised by the crank mech-
anism. the valve in the piston is closed so that the piston draws waler into the
well and up through the well pipe (well casing). On this upstroke. the foot valve
remains open. On the downstroke of the piston. the foot valve closes. but the
valve in the piston opens Thus one can see that for each cvcle of the crank
that drives the piston a definite volume of water will be “hfted™ from the well
and through the outlet pipe. If the speed of the crank is doubled. the rate of
pumping would also be doubled (neglecting leakage past seals of the piston),
The work required 10 pump the water can be expressed in terms of the essen-
tially static force applied to the piston o lift the water times the distance
through which the piston acts when water 1s being lifted. .

Many other types of positive displacement pumps have configurations dif-
ferent from that of the simple piston pump. Several of these pumps are the gear
purp, two-lobe rotary pump. and screw pump.

Besides the broad categories of turbomachines and positive displacement
pumps. jer pumps and hydraulic rams have limited but important use in special
situations.
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8-14  Other Types of Pumps

Descriptions of the aforementioned pumps ure given under separate head-
ings below.

Gear Pump

Figure 8-38 is a secuion through a spur-gear pump. The gears rolate
in the direction indicated. and these gears have very close clearance with the
casing of the pump. Where the gear teeth contact. they form 2 ught liquid seul.
Thus as the gears rotate. liquid flows in between the gear tecth on the suction
side in very much the same way that liquid is drawn into the cylinder of a pision
pump when the piston is on the suction stroke. As the gears rotate. the hquid
15 trapped beiween the teeth and the casing and is carried around to the dis-
charge side of the pump. where the liquid is forced out as the teeth of the gears
mesh together.

Gear pumps are just one class of rotary pumps that are used for pumping
various kinds of liquids over a wide range of pressure. viscosities. and tempera-
tures. Several applications of rotary pumps are

Chemical processing

Food handling

Tank truck loading and unloading
Machine tool coolants

Pressure lubrication

Hydraulic power transmission
General transfer of hiquids

Sl e

~ o w

The efficiency depends on the viscosity of the liquid being pumped. but it
may be as high as 70 for low viscosity liguids. Rotary pumps can be designed
to develop pressures up to 5000 psi. and some have capacities as high as
5000 gpm.

[echarge

Suction

Figure 8-38 Spur-gear pump
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Figure 8-39 Lobe pumps

Lobe Pumps

Figure 8-39 shows iwo-lobe and three-lobe rotary pumps. These pumps
operate exactly like eear pumps. However. because of the smaller number but
larger volume of “chambers™ that produce the pumping acuon. there may be
more of a pulsaung flow from the tobe pump than from the gear pump.

Screw Pumps

Screw pumps are similar o gear and lobe pumps 1n that pumping oc-
curs as the elements of the pump rotate and mesh. In the screw pump. the hquid
is carried between screw threads on one or more rotors and is displaced axialiv
as the screws rolate.

Disadvantages of Rotary Pumps

The main disadvantages of rotary pumps are their cost 1s quite high
because of the precisc machining required to produce close tolerances, and they
are not suited for pumping hiquids that have abrasives in them. Because of the
close clearances in rotary pumps. liquids containing abrasives (such as sand)
will usually cause rapid wear of the surfaces.

Jet Pumps

Jet pumps derive their pumping action from a high velocity jet of fluid
that then becomes entrained with the fluid it is pumping. The high momentum
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Figure 840 Jet pump

of the jet is converted to pressure in a diffuser. Liquid jet pumps are sometimes
also called eductors. Figure 8-40 shows the essential features of a jet pump.
There are many advantages of the jet pump, for example. it is self priming it
has no moving parts: and it can be made [rom any machinable materials, glass,
and fiberglass. The main disadvantage of the jet pump is its relatively low
cfficiency. The entrainment process inherent in its operation produces large
head losses that account for this low efficiency. Despite its low efficiency. it has
several uses. including

Deep-well pumping

Bilge pumping on ships

Providing circulation in rearing tanks of fish hatcheries {absence of moving
mechanical parts do not injure fish)

4. Chemical processing mixing

Pumping out wells. pits. sumps where there is an accumulation of sand or
mud

=

n

The deep well appiication 1s illustrated in Fig. 8-41. The jet pump and cen-
trifugal pump act as a two-stage pumping unit. In the pumping process. the jet
pump near the bottom of the well produces enough pressure so that the pressure
on the suction side of the centrifugal pump is well above the vapor pressure of
the hiquid. Thus the centrifugal pump provides the remaining necessary head
to yield the desired results. Without the jet pump. the centrifugal pump alone
at the surface of the ground would not be able to pump water from a well more
than about 30 ft deep because the water would vaporize when the suction pres-
sure reaches the vapor pressure of the water (equivalent to about — 33 ft of head
at normal temperatures). The jet pump is well suited for this kind of application
because it can be designed to be a relatively compact unit that can be easily
installed in a well. A typical commercial deep well unit has a |-in. pressure pipe
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Figure 8-41 Jet pump in combination with a
centrifugal pump for pumping water from a well

with a [i-in. discharge pipe and. depending on the depth of the well, several
" available nozzie and diffuser combinations (7).

Hydraulic Ram

The hvdraulic ram was first developed in England in about 1800. It uses
a relatively large flow of water under low head to pump a2 much smaller amount
of water to a much higher elevation. Figure 8-12 shows the essential features of
a hvdraulic ram. Valve W is the waste vaive. and valve C is a check valve.
Assuming the cvcle of operation starts with zero velocity in the drive pipe with

Table 8-1 Data on Selected Hydraulic Rams in the United States

- Discharge (cfs) Head (ft) Strokes
to to drive pump per
Location ram reservoir pipe head minute

U.S. Naval Coaling Station,

Bradford. Rhode Islund 1.29 0.5z 37 84 130
Seartie Water Works.

Seaitle. Washington 1.63 0.33 49 13t 635
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Figure 8-42 Hydraulic ram

vailve W open and valve C closed. flow starts past valve W and. because of con-
tinuity. water also starts moving in the drive pipe. The flow through valve H°
and the drive pipe will accelerate until the velocity past the valve is so great
that valve W closes quickly. The valve closure is initiated because the drag on
the valve overcomes the weight of the valve that tends to keep it open. Once
valve W closes. it produces a water hammer pressure in the drive pipe and in
the body of the ram. This pressure will be large enough 1o open the check valve
C. and some waler will be forced into the air chamber. The pressure in the air
chamber increases and further compresses the air. More water goes into the air
chamber and. because of this increase of pressure. flow occurs in the discharge
pipe. After a short time. the water hammer pressure in the drive pipe and ram
subsides so that valve C closes. A short time later. the pressure in the drive
pipe and ram is further relieved (the relief wave of water hammer starts) and
valve W opens. Once valve W' is opened. the cycle repeats itsell.
In the early 1900s. many hydraulic rams were used for municipal water sup-
plies as well as for individual farms. Table 8-1 gives data for two of these early
‘rams. A studv of some of these early rams (11} indicated that if the drive pipe
was three times as long as the pumping head. it would be long enough to deveiop
water hammer pressures to operate satisfactorily.

PROBLEMS

8-1 If the pump having the characteristics shown in Fig. 8-4, page 439, has
a diameter of 40 cm and is operated at a speed of 1000 rpm. what will be
the discharge when the head is 3 m?



