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Con el objeto de mejorar los servicios que la División de Educación Continua 
ofrece, al final del curso deberán requisitar y entregar la evaluación a través de un 
cuestionario diseñado para emitir juicios anónimos. 

Se recomiendi llenar dicha evaluación conforme los profesores impartan sus 
clases, a efecto de llenar en la última sesión las evaluaciones y con esto sean más 
fehacientes sus apreciaciones. 

Atentamente 
División de Educación Continua 

Palacio de Mineña, Calle de Tacuba No. 5. Primer piso. Delegación Cuauhtémoc. CP 06000, Centro Histórico, México D.F., 
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CURSO EN LA DIVISIÓN DE EDUCACIÓN CONTINUA DE LA FACUL TAO DE 
INGENIERiA DE LA UNAM. 

QUE PRESENTA: 

M en 1 Francisco Orduña Bustamante 

TEMA PROPUESTO: 

DISEÑO DE CÁRCAMOS DE BOMBEO 

DURACIÓN: 20 hrs. (5 sesiones) 

PROGRAMA: 

1.- ANTECEDENTES. 

11.- SELECCIÓN DE EQUIPOS CENTRÍFUGOS DE BOMBEO. 

111.- DESCRIPCIÓN Y SELECCIÓN DE VÁLVULAS. 

IV.- DISEÑO GEOMÉTRICO. 

V.- DISEÑO FUNCIONAL. 

VI.- EJEMPLOS DE APLICACIÓN. 

(1 hr.) 

(5 hr.) 

(6 hr.) 

(2 hr.) 

(2 hr.) 

(4 hr.) 



·" 

DIRIGIDO A: 

-Involucrados en la toma de decisiones en el diseño y operación de cárcamos y 
estaciones de bombeo. 

-Interesados en el ahorro de energía eléctrica. ' 

-Ingenieros involucrados en la selección de equipos de bombeo y válvulas. 

PROBLEMÁTICA: 

El diseño de cárcamos y estaciones de bombeo para manejo de aguas pluviales y 
municipales presenta un amplio espectro de problemas por resolver; Partiendo de 
la selección de los equipos de bombeo, gobernada muchas veces por su 
disponibilidad en el mercado, su facilidad de instalación o simplemente su haber, 
En México, el consumo de energía eléctrica empleado para alimentar equipos de 
bombeo representa el 21.5 % del total consumido en el país; Las condiciones de 
operación de instalaciones de bombeo pequeñas, lleva muchas veces al uso de 
válvulas de control, despreciándose en ocasiones su función como disipadoras de 
energía. 

La normatividad aplicable para el diseño ·geométrico de los cárcamos de las 
cámaras de succión, queda muchas veces rebasada; Por ejemplo, en la República 
Mexicana, las normas aplicadas de manera típica a nivel internacional quedan 
generalmente rebasadas, debido a que las importantes elevaciones topográficas 
de nuestro país, 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 modelaciones tendientes al diseño, lo que redunda en problemas durante la 
fase operativa. 

OBJETIVOS: 

Participar de la conciencia del ahorro de energía eléctrica. 

Exponer de manera sucinta aspectos importantes en el diseño geométricos de los 
cárcamos de bombeo, así como recomendaciones para la selección e instalación 
de equipos.de bombeo y válvulas. 
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1.- ANTECEDENTES. 

En México, el 21.5 % del total consumo de energía eléctrica se destina para 
activar motobombas. De la energía destinada al bombeo, el 85 % se destina a 
máquinas centrífugas, mientras que el 15 % restante se destina a máquinas 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 uso de máquinas centrífugas para el manejo de líquidos está ampliamente 
difundido, de manera que es posible encontrar equipos de este tipo en una amplia 
gama de potencias y materiales de fabricación, desde acero inoxidable y plástico, 
hasta vidrio. El sector agrícola requiere de una gran cantidad de agua, por lo que 
es un importante ámbito para la adecuada selección de equipos de este tipo. Las 
industria química y metalúrgica 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 turbomáquinas son artificios muy generosos, y altamente confiables, Así 
mismo, la responsabilidad de los ingenieros encargados de su selección y correcta 
instalación. · 

11.- DESCRIPCIÓN Y SELECCIÓN DE EQUIPOS DE BOMBEO. 

La bomba centrífuga está constituida por un rotor dentro de una carcasa. El fluido 
entra axialmente en la carcasa en la dirección del eje de rotación del rotor; Los 
álabes del rotor impulsan al líquido para adquirir un movimiento tangencial y radial 
hacia el exterior del rotor donde es recogido por la carcasa. El fluido aumenta su 
velocidad y presión cuando transita a lo largo del álabe del rotor. La parte de la 
carcasa de forma toroidal llamada voluta, decelera el flujo y aumenta aún más la 
presión. 

Normalmente los álabes están curvados hacia atrás, pero existen también diseños 
de álabes radiales y curvados hacia adelante, con lo cual se cambia ligeramente la 
presión de salida de la bomba. Los álabes pueden ser abiertos o cerrados, en este 
último caso los álabes están confinados entre dos discos y el conducto formado 
entre dos álabes está cerrado propiamente. El difusor puede tener álabes fijos o 
carecer de ellos. 
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figura l. Comaración del comportamiento de bombas del tipo centríjitgas, respecto a 
equipos de desplazamiento positivo. 
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figura 2. Partes constitutivas básicas de una bomba centrifuga. 
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Las curvas características se ·trazan generalmente para velocidades de giro N 
constantes. El caudal Q se toma como variable independiente básica. Como 
variable dependiente se toma la altura manométrica H, la potencia al freno P1 y el 

rendimiento r¡. La altura manométrica (Carga Dinámica Total), permanece 
prácticamente constante con caudales bajos y después desciende ligeramente 
para alcanzar el punto de máxima eficiencia y cae súbitamente para alcanzar 
H=O. 

Un punto que a menudo no se tiene en cuenta, es que las curvas características 
que se obtienen para una máquina, 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 al freno debería ser unas trece 
veces más alta, mientras que Q y r¡ apenas cambiarían, incluso el valor de 
H ser'ía igual, con la salvedad de que se estaría interpretando como metros de 
columna de mercurio y no metros de columna de agua. Si la misma máquina se 
utilizara para bombear aceite SAE 30, todos los valores (potencia al freno, Q, r¡, 

H) cambiarían debido a la gran diferencia de viscosidades (número de Reynolds). 

Otra curva que se obtiene para las máquinas hidráulicas, es la Carga de succión 
Positiva Neta CSPN en castellano o NPSH por sus siglas en inglés, que es la 
presión que debe presentarse en el ojo del impulsor para evitar que la bomba 
cavite. La CSPN se define como: 

2 

CSPN =fl.._+~_p, 
' y 2g y 

Donde p, y v, son respectivamente la presión y la velocidad a la entrada de la 

bomba, y p, es la presión de vaporización del líquido. 

En una instalación particular, la máquina se instala a una altura z, sobre el nivel 
estático del agua en la succión, así mismo, en el trayecto del conducto de succión, 
puede calcularse el valor de la carga disipada en el conducto hfi en función de v,, 

de este modo, la instalación tendrá un valor de CSPN disponible, que se 
denominará CSPNd, y se estimará como: 

CSPN =pª-z -h _P, 
d 1 fi y y 

donde p ª es el valor de la presión atmosférica en el sitio donde se hará la 
instalación. 

REGLAS DE SEMEJANZA. 
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Las reglas de semejanza pueden utilizarse para estimar el efecto de cambio de 
fluido, velocidad o tamaño de cualquier turbomáquina dinámica, bomba o turbina, 
dentro de una familia geométricamente semejante. De acuerdo a lo expresado 
podría esperarse que para dos máquinas semejantes r¡2 = r¡, , pero esto no ocurre 
así. Las máquinas más grandes son más eficientes debido a que los efectos de la 
viscosidad se van reduciendo con el tamaño de la máquina, una fórmula empírica 
para estimar el cambio en el rendimiento debido al tamaño es: 

I-r¡ ( D ))~ __ 2"' _I 

I-r¡1 D, 

Esta fórmula, primero desarrollada para turbinas, es l!IUY usada tanto en bombas 
como en turbinas cuando se carece de datos de rendimiento. 

LA VELOCIDAD ESPECÍFICA. 

En muchas aplicaciones de las bombas, se conoce la Carga Dinámica Total H, y 
el caudal Q para el sistema en particular más un rango de velocidades de giro del 
motor eléctrico N. El proyectista selecciona el mejor tamaño y forma (centrífuga, 
helicocentrífuga, axial) de la bomba. Para ayudar a esta selección necesiatamos 
un parámetro adimensional que relacione la velocidad, caudal y Carga Dinámica 
Total. Esto se consigue eliminando el diámetro en los parámetros adimensionales 
obteniéndose una relación conocida como velocidad específica, que de manera 
estricta debería corresponder a un parámetro adimensional, pero que se maneja 
comúnmente en unidades inglesas: 

Forma estricta: 

N = Nj{j 
, (gH)Y. 
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Forma común: 

N =NjQ 
' 31 HI• 

N = [rev / min Jga// min ]Yi 
' [ft ]Y. 

La velocidad específica es útil para la selección del equipo más eficiente. 
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figura 3. Selección del tipo de bomba dinámica, enjimción de su velocidad específica. 
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VELOCIDAD ESPECIFICA DE SUCCIÓN. 

Si usamos la CSPN en lugar de H en la expresión de la velocidad específica, 
hallaremos la velocidad específica de succión. Donde el valor necesario es el de la 
CSPNd, es· decir la carga de succión positiva neta disponible en el sistema. Se 

sabe que la cavitación puede existir cuando N ~ 2'. 8100. En ausencia de datos, 
puede utilizarse este parámetro para saber si existe riesgo de cavitación en la 
instalación. 

CAVITACIÓN. 

Existen tres requerimientos fundamentales para que ocurra cavitación. La primera, 
la existencia de pequeñas. partículas gaseosas que generen la posibilidad de que 
el líquido pueda volatilizarse y formar cavidades llenas de vapor; La segunda, una 
caída de presión aún breve en el tiempo en el seno del fluido que provoque 
vaporización del fluido; Tercera, la presión ambiental del fluido alrededor de la 
cavidad debe ser mayor que la presión de vapor del líquido, provocando el colapso 
súbito de las burbujas. 

La cavitación no es un fenómeno exclusivo para los impulsores de las bombas, 
ocurre también de manera común en la cara posterior de válvulas cuyo diferencial 
de presión aguas arriba aguas abajo, es demasiado grande. Puede llegar a 
presentarse en codos y derivaciones de tuberías donde la velocidad del flujo es 
excesivamente grande. 

La cavitación es un serio problema de operación en bombas y válvulas; Es un gran 
problema financiero ya que implica importantes costos en las reparaciones; 
Muchas bombas operan en condiciones de cavitación; Un propósito fundamental 
de la correcta selección de bombas y válvulas, así como su correcta instalación es 
reducir al mínimo los efectos de la cavitación. 

Un factor fundamental que contribuye a los daños erosivos de la cavitación, es la 
tolerancia de las normas de utilizar equipos de bombeo solo ligeramente arriba se 
su valor de CSPN, 

La cavitación, tal como ocurre en impulsores, válvulas o placas de orificio, genera 
ruido, fluctuaciones en la presión, vibraciones y eventualmente, llega a reducir la 
eficiencia del dispositivo. La relación entre CSPN,, erosión y generación de ruido 
debidos a la cavitación, ha sido investigado por Deeprose, King, McNulty, 
Pearshall y Grist. La referencia de Deeprose muestra que el máximo ruido y 
erosión en bombas ocurre desde antes que la eficiencia de la máquina comienza a 
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decrecer. La referencia de Grist sugiere que, en promedio, el valor de la CSPNd 

debe ser alrededor de tres veces el valor de la CSPN, del fabricante, para evitar 
daños por cavitación, esta última recomendación es también sustentada en el 
trabajo de Deeprose, y se menciona que el Instituto de Ingeniería de la UNAM 
sugiere considerar CSPNd > 2.SCSPNR. Los mayores daños por cavitación, ruido y 

·vibraciones ocurren antes de que los dispositivos muestren detrimento en sus 
funciones hidráulicas. 

(a) 

Vapor bubbles collapse 
in high-pressure regían 

I 

(b) 

figura 4. Ilustración del problema de cavitación en los impulsores de una bomba 
centrífaga. 
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111.- VÁLVULAS. 

Las válvulas son importantes en los sistemas de bombeo y líneas de conducción. 
Se utilizan para regular presión y caudal, protegen a la tubería por sobrepresiones 
estacionarias o derivadas de efectos transitorios, igualmente protegen a la bomba 
y sirven para disminuir los efectos de los fenómenos transitorios, evitan el retorno 
de caudal en la línea de conducción remueven el aire atrapado en el conducto y 
desarrollas ·otras varias funciones. Si las válvulas no se seleccionan de manera 
adecuada pueden convertirse en causa de problemas por ejemplo: Cierre súbito 
de una válvula, el uso de una válvula de no retorno inadecuada o el llenado 
demasiado rápido de una línea de conducción. Si una válvula está sujeta a 
cavitación, sufrirá un rápido desgaste, tendrá . fallas en los sellos y requerirá 
reemplazo. 

Por sus funciones en la línea de conducción, las válvulas se clasifican en las 
siguientes categorías: 

1) Control 
2) Reguladoras de presión 
3) No retorno 
4) Control de aire 

Esta clasificación no es estricta, debido a que una válvula puede llevar a cabo más 
de una de las funciones mencionadas, sin embargo, debe verificarse que su 
eficiencia y posibilidades de cavitación no obren en menoscabo del buen 
funcionamiento de la instalación. Una buena referencia para la correcta selección 
de válvulas es el libro de Tullis. 

1) Las válvulas de control se utilizan principalmente para permitir o impedir el 
flujo por alguna línea, en el caso de una red de tuberías pueden utilizarse 
para aislar una parte de la red que deba sujetarse a trabajos de 
mantenimiento o reparación; Sirven también, corno su nombre lo indica, 
para controlar el caudal que transita en un conducto. En este tipo de 
válvulas se cuenta con las válvulas de compuerta, que se recomiendan 
para ser usadas completamente abiertas o cerradas, ya que sus 
características corno disipadoras de energía no son muy buenas, para un 
servicio semejante pero con mayor economía, se encuentran la válvulas de 
mariposa que, con las debidas precauciones pueden utilizarse para regular 
caudal. Otro tipo de válvulas de este tipo cuyo costo es mayor a las dos ya 
mencionadas son las de bola o esfera. 

2) Para regular presión, se recomienda el uso de válvulas tipo globo. Este tipo 
de válvulas puede usarse para flujo en ambos sentidos. Tienen un patrón 
de flujo bastante complicado, por lo que no se recomienda su uso para 
trabajar completamente abiertas. Su desempeño ante los efectos de 
cavitación puede mejorarse bastante haciendo correr el sello en el interior 
de una camisa perforada. Los orificios disipan la energía y reducen la 
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cavitación; Utilizando múltiples camisas concéntricas logrando disipar la 
energía en varias etapas, la cavilación puede llevarse al mínimo, debe 
tenerse en cuenta que la camisa perforada afecta bastante el desempeño 
de la válvula. 

3) Las válvulas de no retomo se utilizan principalmente para evitar el retorno 
de caudal hacia los equipos de bombeo, lo cual podría llegar a generar 
severos daños en las componentes mecánicas y en los motores y sistema 
eléctrico. Para muchos estilos, la orientación de la instalación es 
importante, dado que el peso actúa en el cierre de la válvula. Estas válvulas 
deben instalarse en tramos rectos de tubería, 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 diseños de válvulas de no retomo en el 
mercado, de modo que el proyectista tiene la responsabilidad de buscar la 
más adecuada al caso particular. Entre las menos recomendables se 
cuentan las "check tipo bola" ya que disipan demasiada energía y su 
condición de cierre puede ser muy súbita; La válvula tipo columpio es de las 
más comunes, sin embargo, la clapeta tiene una masa muy grande por lo 
que la repetición de ciclos de cierre puede dañarla; Además puede 
presentar condiciones de cierre perniciosos para el caso en que se busque 
minimizar los efectos de los transitorios de presión. Para equipos de 
bombeo donde se han instalado cámaras de aire cerca de la bomba, 
ocurren retornos de caudal hacia la bomba. Válvulas de no retorno 
convencionales (ej. Tipo columpio), no se recomiendan. Para instalaciones 
importantes, es necesario contar con un análisis detallado de los efectos 
transitorios en el conducto, lamentablemente, no se cuenta con información 
experimental abundante respecto a las condiciones de cierre de los 
diferentes tipos de válvulas de no retorno. 

4) Control de aire. Para el correcto funcionamiento de una línea de 
conducción, debe permitirse la salida lenta del aire atrapado, ya que de lo 
contrario, pueden presentarse problemas graves. En el caso contrario, 
cuando el conducto está siendo vaciado, debe permitirse la entrada de aire. 
Generalmente estas funciones son llevadas a cabo de manera automática 
por válvulas de admisión, y válvulas de expulsión de aire. 
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IV.- DISEÑO GEOMÉTRICO Y FUNCIONAL. 

A menos que se conozca a detalle una geometría funcional con la que puedan 
manejarse criterios de semejanza para una nueva propuesta geométrica de una 
estructura para instalar la succión de los equipos de bombeo, se hace necesaria la 
construcción de un modelo . físico a escala. Aquellas cubetas para manejar 
caudales mayores a 3.0 m3/s o con restricciones geométricas severas en la 
conducción de llegada, SIEMPRE deberán probarse en un modelo físico a escala. 
Lo anterior debido a que las recomendaciones de diseño publicadas, por ejemplo, 
por el BHRA, el HIS, o Dicmas, están referidas al diseño geométrico de 
estructuras pequeñas o medianas. 

La prerotación en la succión de los equipos de bombeo, es la principal 
responsable de los problemas de verticidad y entrada de aire, que 
consecuentemente reduce la capacidad neta de bombeo de líquido y genera 
vibración y ruido en las bombas. El más leve de los inconvenientes producidos por 
la prerotación, es la reducción de eficiencia de la máquina hidráulica derivada de 
la desviación del ángulo de ataque de los álabes debidos al patrón de flujo 
condicionado. 

La velocidad promedio en la campana de succión no debe superar 1.1 mis para 
evitar problemas de cavitación y vibración excesiva, del mismo modo, la velocidad 
promedio en el mismo conducto debe ser siempre menor que 1.5 mis. 

La prerotación y verticidad están asociadas generalmente a la falta de 
sumergencia de la succión. Siempre debe procurarse que la voluta de la bomba 
permanezca por debajo del nivel mínimo estático de agua en la cámara de succión 
y, de manera más conservadora, aún los sellos mecánicos de la máquina deber 
permanecer bajo el nivel de agua en el cárcamo. La sumergencia no debe ser 
nunca menor a 1.5 veces el diámetro de la campana de succión. La acumulación 
de arenas en el fondo de la cámara de succión puede incrementar la velocidad del 
líquido al ingresar al conducto de succión, con lo que la sumergencia requerida 
tendería a incrementarse. Esquemas con 1.2-1.5 mis en el conducto de succión 
deben respetar una sumergencia mínima de 0.9-1.1 m respectivamente. 

A propósito de la sumergencia en el conducto de succión, debe tenerse en cuenta 
que la rugosidad de la conducción a presión puede sobreestimarse 
voluntariamente para prever las condiciones de operación del sistema de bombeo 
al cabo de una o dos decenas de años de operación, principalmente en zonas 
costeras donde pueden alojarse organismos adherentes o el contenido de sales 
disueltas posibiliten la incrustación de las tuberías metálicas; Sobreestimar el 
coeficiente de disipación en la tubería de presión en el diseño implica que en los 
primeros años de operación del sistema, la máquina trabajará con un caudal 
superior al de diseño, generando en primer lugar un decremento en la eficiencia 
operativa de la bomba, y respecto a la geometría de la cámara de succión, una 
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tendencia a abatir el nivel estático en la succión con los problemas consecuentes 
sobre la sumergencia de la campana de succión, prerotación, vorticidad, etc. 

En el manual de diseño de la Comisión Nacional del Agua se describen las partes 
constitutivas de un cárcamo 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 diseñar un canal de llamada que conduzca al líquido hasta el 
cárcamo. La llegada puede hacerse con un canal o una tubería. 

Transición de Llegada: Ya en la proximidad del cárcamo, el canal de llegada 
deberá adecuarse gradualmente en forma y dimensiones a la sección de entrada 
al cárcamo. En ocasiones, esta transición no ·existe. 

Zona de Control y Cribado: Normalmente se necesita disponer de dispositivos de 
control, como compuertas, para aislar al cárcamo de la fuente en casos de 
limpieza, reparación o mantenimiento además, debe cribarse el agua para evitar el 
paso de sólidos flotantes, malezas animales acuáticos. 

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 función principal es retener los 
objetos flotantes y los aceites que pudieran llegar hasta allí. 

Rejillas Primarias: Estos elementos fijos constituyen la primera línea de protección 
contra la entrada de sólidos acarreados por el agua. Consisten en una rejilla 
gruesa ya que su función es retener objetos de tamaño grande. 

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

Rejillas Secundarias: Estos elementos, con aberturas menores que las rejillas 
primarias retienen sólidos de tamaño pequeño (del orden de 1 cm). Debe 
asegurarse que el claro entre barras sea menor que el paso de esfera de las 
bombas. Normalmente cuentan con limpiadores mecánicos accionados de manera 
automática, 

Cámara de Bombeo: En la zona inmediata a la bomba, se encauza el flujo hacia 
ella. En esta zona deben cuidarse los aspectos asentados en las 
recomendaciones de diseño. La mayor parte de los vórtices, tanto superficiales 
como sumergidos, se presentan allí. La cámara puede ser aislada por medio de 
una compuerta. 
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Lineamientos generales de las obras auxiliares: 

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

a) Velocidad de llegada. La Asociación Británica de Investigaciones 
Hidromecánicas recomienda que la velocidad en el canal o tubo de llegada 
sea como máximo 1.2 mis. Esta velocidad es a la entrada del cárcamo, NO 
a la llegada de la campana de succión, la cual debe ser como máximo 0.30 
mis. 

b) Transición. En el caso de que la llegada sea con un tubo de diámetro menor 
(que produzca una velocidad mayor a 1.2 mis), debe hacerse una transición 
para reducir la velocidad. La transición no debe tener ángulos mayores de 
20º de acuerdo con la Asociación Británica de Investigaciones 
Hidromecánicas. •· 

La longitud de transición puede obtenerse utilizando la siguiente expresión: 

(v;¡;_V,bJ 
V 1 V: 2 

L _ 2 • 1 

T - 2tan8 

Lr : Longitud total de la zona de transición. 

v; y v, : Velocidad máxima a la entrada y a la salida de la zona de transición 
(mis) 
b1 y b,: Ancho a la entrada y salida de la zona de transición. 
B : Ángulo máximo. 

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

VOLUMEN MINIMO DE UN CÁRCAMO. 

En el caso de aguas negras, la retención de éstas en un cárcamo no se 
recomienda que sea mayor a 30 minutos. Por otro lado es conveniente diseñar un 
cárcamo cuyo volumen sea el mínimo posible, pero compatible con una buena 
operación. 
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Ello plantea la necesidad de establecer una relación conveniente volumen, caudal 
y tiempo de retención, así como las características del equipo de bombeo y el 
programa de operación (tiempos de arranque y" paro) de dicho equipo. 

El volumen de un cárcamo para una bomba, entre las elevaciones 
correspondientes al arranque y la parada, se puede calcular con la siguiente 
expresión: 

V=QT 
4 

donde: 

V: Es el volumen del cárcamo en m3 

Q: Gasto de la bomba en m3/s 
T: la duración mínima de un ciclo de bombeo en segundos. 

La duración mínima 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 la bomba es igual al tiempo que 
permanece apagada. Si el caudal es mayor, la bomba permanecerá encendida por 
más tiempo y viceversa; en ambos casos, la duración del ciclo es mayor que el 
mínimo. 

Para bombas y motores grandes, T no debe ser menor que 20 minutos. Para 
bombas menores, T puede ser reducida a 1 O minutos, aunque lo recomendable es 
15 minutos. Si esto conduce a un volumen excesivo de una estación de bombeo 
pequeña que tiene dos bombas idénticas, una de las cuales es de reserva, se 
puede reducir a la mitad del volumen del cárcamo, operando las bombas en forma 
alternada, ya que de este modo se logra que el valor de T asociado al cárcamo, 
sea igual a la mitad del valor efectivo de T asociado al equipo. 

DIMENSIONAMIENTO DEL CÁRCAMO DE BOMBEO 

Los parámetros geométricos fundamentales para el diseño exitoso de cámaras de 
succión para manejar caudales de hasta 1.3 m3/s, e incluso mayores, se 
presentan a continuación: 

Para una campana de succión contenida en un plano paralelo al fondo del 
cárcamo, la literatura recomienda respetar una distancia entre D/4 y D/2. De 
manera más precisa puede recomendarse una distancia del orden de 0.33D a 
0.4D [ver Dicmas] para diámetros de succión r/J, s; 355.6mm (14"). Conductos de 
succión de diámetro superior a 508 mm (20"), no se recomiendan debido al costo 
de la tubería. Para instalaciones mayores debe considerarse la succión de los 
equipos como una parte de la estructura de concreto, utilizando solamente tubería 
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metálica de espesor mínimo a modo de molde. En este caso se recomienda el uso 
de placas supresoras de vórtices. 

Velocidad de entrada en la campana de succión menor a 1.1 mis. 

Velocidad en el conducto de succión menor a 1.5 m/s. 

Velocidades horizontales en la zona de aproximación a la campana de succión 
menores a 0.3 m/s. 

La sumergencia de la succión debe afectarse de un factor de seguridad generoso 
debido a que la formación de vórtices depende de un gran número de factores. 

La geometría de la cámara de succión no debe inducir rotación del fluido. 

ARREGLO DEL CUARTO DE MÁQUINAS. 

-Utilice los muros para soportar las pesadas válvulas y las tuberías. 

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

-El arrancador, e instrumentos intrínsecos para la operación 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 múltiple, sin instalar 
una válvula-de no retorno. 

-Cuando se está manejando agua con sólidos o aguas residuales, nunca instale 
una válvula de no retorno en un conducto vertical, ya que puede atascarse la 
válvula, convirtiéndose rápidamente en un tapón. 

-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 
tuberías. 

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

-No debe olvidarse la ventilación. Para garantizar la seguridad del personal, deben 
hacerse 12 cambios por hora del 100% del aire contenido en los recintos propios 
de la instalación de bombeo, e incluso 30 cambios por hora cuando se están 
manejando motores de combustión interna para impulsar los equipos de bombeo o 
existen gases combustibles o tóxicos, tales como el sulfuro de hidrógeno. Deben 
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instalarse detectores a bajo nivel para el sulfuro de hidrógeno mientras su 
funcionamiento debe revisarse cada semana. La condición de alarma para el 
detector de gases combustibles ocurre cuando la concentración del gas, excede el 
20 % del límite inferior explosivo (L.E.L. por sus siglas en inglés), o a 10 ppm de 
sulfuro de hidrógeno. Los detectores de gases combustibles deben revisarse y 
calibrarse cada 6 meses. 
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Net Pos1t1ve Suct1on Head (NPSHJ 

NPSH = [ *l ]' x NPSH: 

where 

NPSH1 = Net pos1t1ve suct1on head at test speed 
in !eet 

NPSH = ~let pos1t1ve suct1on head at rated speed 
in feet 

Note Refer to page 77, "NPSH-Experimental De
v1at1on lrom the Square Law'' for d1scussion ofother 
factors wh1ch may alfect this relationsh1p 

PLOTTING RESULTS 

The total head. eff1c1ency. and bra:...e horsepower 
dre usuatly plotted as ordinales on the sanie st1eet 
w1th r:ipaclty as the absc1ssa as shown on F1g ó3_ 
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SUMMARY OF NECESSARY DATA ON 
PUMPS TO BE TESTEO 

The following informat1on should be furnished on 
pumps to be tested· 

General: 

l. Owner's name 
2 Plan! location ------
3 Elevat1on above sea leve!-------
4. Type al serv1ce _____ _ 

Pump. 

1 Manufactured by-------------
2 Manufacturer's des1gnatmn _____ _ 
3 Manutacturer'sserial number -------
4 Arrangement horizontal _ vertical __ 
5 lnlet ___ single __ doubte __ 
6 Number or stages 
7 S1ze suct1on. nommal _______ 1n 

actual------- " 
8 Size d1scnarge nomina! ______ m. 

actual _______ 1n 

lntermed1ate Transm1ss1on· 

l Manufactured by 
2 Type _____________ _ 

3 Serial number 
4 Speed ratio --------
5 Eff1c1ency 

Driver: 

l. Manufactured b~ ------------
2. Serial number -----
3 Type_ motor __ turb1ne ___ other _ 

4. Rated horsepower --------
5. Rated speed ------
6 Character1st1cs (voltage, frequency, etc l _ 

7 Caltbrat1on data------

Spec1fying Rated Cond1t1ons 

The following informat10n 1s nec.essary m spec1fy
mg rated cond1t1ons. 

l L1qu1d pumped (water, oil, etc)~---

2 Spec1f1c we1ght ---------
3 Viscos1ty at pumpmg temperature 
4 Temperature ___ F 
5 Vapor pressure ps1a 

6 Capac1ty ------------ gpm 

7. Total suct1on l1ft Ch~) . ft 
head {h,) ft 

8 Net pos1t1ve suct1on head (NPSH) ___ ft 
9. Total d1scharge head (hdl ft 

10 Total head (H) ft 
11 L1qu1d horsepower (whp) hp 
12 Efflc1ency (~p) _________ percent 
13 Brake horsepower (bhp) hp 

14 Speed ------------ 'Pm 

TEST INFORMAT10N 

Test information should be listed substant1ally as 
íollows 

Genera!: 

l Wheretested ________ _ 

2 Date--------
3 Tested by ---------
4 Test w1tnessed by 

Capacity. 

Method of measurement _______ _ 

2. Meter-Make and senal number ____ _ 
3. Callbrat1on data---------

Head: 

Suct1on gauge-Make and senal number _ 

2 Callbrat1on curve _ 

3 D1scharge gauge-Make and serial number 

4. Cal1brat1ondata _____ _ 

Power: 

l. Method al measurement 

2. Make and serial number o! mstrumenl __ 

3 Cal1brat1on data 

Speed: 

l. Method of measurement 

2. Make and serial number of mstrument __ 

3. Cahbration data---------
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J1! centrltugal oumos 
~ tes! slandílrds 
Test Performance Corrected to Specified Con
ditions 

Test performance of pumas handling non-v1scous 
l1qu1ds shall be corrected to rated speed and rated 
spec1f1c "'e1ght For correct1on valvas applymg to 
centrifuga! pumps handling v1scous llqu1d, refer to 
page 111. 

Model Tests 

In many installations 1nvolv1ng units of large s1ze, 
model tests are of great utol1ty Even when 11 m1ght 
be feas1ble to test the large unit 1n the factory, a 
model may citen be tested w1th greater accuracy 
and thoroughness By adoptmg a standard s1ze of 
model for var1ous pumps. properly comparable per
formances can be obtamed The model 1mpeller 
should be not less than 12 1nches outs1de d1ameter 
The exact model to prototype ratio shall be selected 
by the pump builder Compa11sons between mode\ 
tests are val1d only when the 'TlOdel to prototype 
rat1os are substant1ally the same 

Testing models 1n advance of final des1gn and 1n
stallat1on o! a 1arge un1t not only pro'l1des advance 
assurance of performance but makes alterat1ons pos
s1ble m tune far 1ncorporat1on 111 the orototype unit 

Not ali installat1ons lend themsel•1es to a practica\ 
model mvest1gat1on The pump1n5 of water carry1ng 
considerable ouant1:1es of sand or other fore1gn ma
terial is not read1ly reproduced 1n model operatron 
This st<>ndard, therefore, 1s lomoted to the pumping. 
of clear water, free trom abnormal quant1t1es of a1r 
or sollds, both m foeld installatoons and factory tests 
The effects of wear and deter1orat1on, the effects al 
free surface d1sturbances m open channel sumps. 
interference between ne1ghboring units. and pecu
liar problems caused by abnormal sett1ngs are cov
ered by model sump tests (See page 129) 

lt rs recommended that when model tests are to 
be conducted, the performance character1st1cs be 
specil1ed for the model lt rs not, m general. essen
t1al that the model test head be the same as that of 
the prototype A model pump shou!d be tested at 
such cond1tmns that complete turbulent flow w1ll be 
mamtained in a\t flow passages 31 all times In gen
eral, this means that the model head w1I\ be the 
same as that of the proto\ype. 

The model should have complete geometroc sim1-
lanty w1th the prototype, not only 1n the pump 
proper, but also m the mtake and d1scharge con
du1ts as spec1!1ed abo•1e far tests on full s1zed 
pumps The model should be run at such speed that 
the spec1f1c speed rema1ris the same as that of the 
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prototype unit lf cav1tat1on tests are riot available, 
the suct1on head or lift should be su ch as to g1ve the 
same sigma value as in the prototype As prev1ously 
expla1ned. if the prototype sigma is kriown to be 
safely in excess of the critica! sigma. then a h1gher 
sigma can be used lor the model tests, although 1\ is 
preierable to mam:a1n the same value 

There is danger of a1r separat1on destroying s1m1-
larity relat1onsh1ps 11 the absolute pressure os re
duced too low Consequently, condensate pumps 
should not be modeled 

11 corresponding d1ameters of model and proto

type are (D¡) and (Dl respect1vely, then the model 
speed (N¡) and model capac1ty {01L under the test 
head (H 1J, must agree w1th the relat1onsh1ps 

and 

lf a model vertical wet p1t pump is tested m 1ts 

correspondmg model mtake structure, 1\ should be 
remembered that the cond1trons to sattsly the pump 
model relat1onsh1p and the Fraude sump model re
lat1onsh1p (see page 129) cannot ex1st s1multane
ously The veloc1t1es der1ved by the Fraude law w1ll 
be cons1derably less The model system should be 
des1gned so that performance can be observed and 
measured through the ent1re range o! veloc1t1es 

The e1!1ciency of the model should not, m general, 
be assumed to be e(actly equal to that of the proto
type In test1ng a model of reduced-soze. the abo'le 
cond1t1ons bemg observed, complete hydraul1c s1m
llarity may no\ be attamed because of certa1n influ
ences For example, complete geornetr1c srmilanty 
woll not be obtamed unless the relat1ve roughness al 
\he ompeller and pump casing surfaces are the 
same W1th \he same surface te(ture 1n both model 
and prototype, \he model eff1c1ency w111 be lower 
than that o! the larger un1t Further, 1t 1s generally 
not pract1cal to rnodel runrnng clearances or bear· 
1ng s1zes When such 1s the case, the model elfl
c1ency w1ll be reduced. To approx1mate prototype 
effic1ency w1th a model, the 1mpe!1er and d1ffuser 
surtaces must be cons1derably smoother on the 
model than on the prototype 

When a h1gh degree of understand1ng ex1sts be
t .... een manufacturer and user relat1ve to the com
par1son l1m1tat1ons encountered going !mm model 
to prototype, thought may be g1ven to the pract1ca
biilty of 1ncreas1ng the prototype eff1ciency on the 
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basis of model test results However, th1s shou1d be 
done only by mutual agreement befare the job is let, 
on the basis of ali the available test data of a s1m1lar 
nature 

Numerous compansons of prototype and model 
efflcienc1es, w1th cons1stent surface f1nish of models 
and prototypes, are necessary for a g1ven factory t:i 
establish a bas1s for stepping up model performance 
to !1eld performance Th1s stepomg up can be ap· 
p!ied convernently according to the lormu!a m use 
for turb1nes, namely 

:=:\ ~ (~]~ 
The exponen\ (n) os to be determ1ned from actual 
data as descr1bed above. 

The values for the exponen! (n) have been found 
to vary between zero and O 26, dependmg on rela
t1ve surface roughness of model and prototype and 
other factors 

For poss1ble adjustment of a cold water test to hot 
water cond1t1ons see page 77 

Typical Example of Model Test 

A single stage oump des1gned to de!1ver 90,000 
gpm agamst a head of 400 feet at 450 rpm and w1th 
a total suct1on head ol 10 feet has an 1mpeller 
d1ameter of 6 8 lee\ Thos pump is too large far a 
factory test and, in place al such test on the actual 
pump, a model IS to be tested ata reduced head of 
320 lee! The model 1mpeller is to be 18 1nches, or 
l.5 f~et in diameter 

EXAMPLE: Determine speed. capac1ty and suct1on 
head for !he above model test 

" 

Apply1ng the above re!at1onsh1ps: 

N,= N [5: l Yfi 
450 1 ~ J - filo Lt.s V40a 

= 1825 rorro 

§1= [%1 ]2 Yfi 

º' 

centr11uua1 pumos m 
tesl standards ~ 

a,.a ¡gi r Yfi 
= 90,000 [ ~.~ ] 

2 

= 3920 gpm 

_ mo 
V40o 

The model pump should therefore be run at a 
speed of 1825 rpm dellvering 3920 gpm against a 
head of 320 feet 

To check these results 1t wrn be noted that the 
spec1f1c speed or the prototype is 

N,,.N .JO =450 .J 90.000,,,1510 •-¡::¡r.- ~ 

and the spec1f1c speed of the model w1ll be 

N _ ..J 3920 _ 
,-1825 {3ZDl"' -1510 

Therefore, the spec1f1c speeds are the same as re
qu1red 

The cavitat1on factor sigma far the f1eld mstalla
t1on, wh1ch should be the same as 1n the test. as
sum1ng the usual water temperature of 80 F as a 
max1mum probable value, will be 

where 

NPSHA= 1 ~4 Cp.-p,,p)+h, 

144 
"'623(14.7- 5)+10 

=328+10 .. 42 8 feet 

therefore 

a= ~~6 "'0.107 

W1th the water temperature o! model and proto
type approximately the same 

Thus 

NPSHA1 •=---
H, 

NPSHA1=aH1 

=Ü 107 X 320 

"'34.25 feet 
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h,=34.25-32 80 

=145ieet 

The model should therefore be tested w1th a total 
$UCt1on head of 1 45 feet to reproduce the field 
cond1t1on 

Test of Modefs at lncreased Head 

Under spec1al and ~nusua! c1rcumstances. 11 may 
be des1rable to carry out factor¡ tests at h1gher heads 
than the prototype head Th1s may be due, for ex
ample. to the lim1tat1ons of available test motors or 
electr1cal trequency In th1s case, all of the above 
cons1derat1ons contmue to apply. 

lt should be polnted out, however, that w1th a re
duced s•ze rnodel. coupled wllh an mcrease 1n 
head. the increase in speed correspondmg to the 
head 1ncrease tends to rn1nrm1ze the change m Rey
nolds number. that 1s, the product of !low veloc1ty 
and linear d1mens1ons of the model tends to ap
proach equal1ty w1th the same product in the proto
type This effect tends to restare dynam1c s1m1!ar1ty 
in rnodel and prototype and to approach equality of 
efl1c1enc1es and other performance factors. W1th 1n
creased head. however. the preservat1on o! the 
sarne sigma value 1n the model as 1n the prototype 
must st1ll be otJserved, and th1s !actor w1ll assume 
mcreased 1mportance. requ1rmg an mcrease m sub
rnergence or reduct1on 1n suctmn 1111 in the factory 
test ' 

The las! mentioned requ1rement may result 1n 
another reason for the use of an increased head in 
the lactory test Cases may ar1se in wh1ch the l1m1-
tat1ons of the factory test set-up may preclude the 
obtam1ng ot sutl1cient suct1on lift to reproduce the 
prototype sigma In such cases, the required sigma 
can be obta1ned by an 1ncrease 1n the pumpmghead 
mstead of by a reduct1on in suctlon head or mcreaSe 
m suct1on l1lt 

Testing of Self-Primlng Pumps 

In add1t1on to the standard performance tests, as 
outlined in precedmg paragraphs, 1t 1s recornmended 
that self-p11mmg pumps be tested to determine the 
pr1mmg time For this test. the suct1on line shall be 
substant1ally the same as that shown 1n Fig 64 
Stat1c l1ft between the eye ol the 1mpeller and the 
l1qu1d level shal! not be less than ten feet. No check 
or foot valve shall be installed 1n the suct1on p1pmg 

In makmg th1s test, proceed as fol!ows1 
F1ll pnmmg chamber w1th l1quid, or tum on the 
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Fig 64 SUCTION LINE FOR STATIC 
LIFT TEST 

sealing water lme to !he vacuum pump 1f a wet-type 
vacuum purnp 1s used 

Start the urnt The priming time then shall be the 
total elapsed time between startmg the unlt and the 
time requ1red to obtam a steady d1scharge gauge 
read1ng, or full flow through the d1scharge nozzle. 
During th1s phase of the test, the d1scharge prpe 
must be vented 11 the pnm1ng system is of the recir
culating type Th1s w1ll preven! a back pressure 
be1ng developed as the result of the accumulat1on 
of gas. !f the unit 1s equipped w1th a priming pump 
of the separate type, 1t w1ll be necessary that the 
d1scharge pipe be sealed w1th a column of water_ 
that w1I\ preven! air bemg drawn from the d1scharge 
s1de of the un1t ' 

Determination of Maximum Oeveloped Vacuum 
by Means of Dry Vacuum Test 

The test procedure is 
With the uní! in operat1on and dehvermg full flow, 

close gate valve in the suct1on lme. 
The read1ng on the vacuum gauge w1ll then be the 

maximum developed vacuum 

Priming Time Conversion Factors 

!f a suct1on l1ne is used wh1ch 1s larger in s1ze 
than is normal for the pump bemg tested, 1t 1s nec
essary to compute the performance for the normal 
s1ze of pipe Refemng to Table 6, select the s1ze of 
suct1on pipe actually used in !he test. Follow this 
lme horizontally to the r1ght, to the vertical column 

1 __.___ 

cenlriluoal ~; 
IBSI Sla!r< , 'i'°"--~ 

under the headmg represent1ng the normal suctron the resultant by the total length o! empty test suc-
pipe s1ze of the pump The figure shown at the po1nt t1on lme m feet The resultant w11l then be the aver-
of mtersect1on is the convers1on factor Divide the age time in seconds for a11 removal lrom a suct1on 
test time (in secondsJ by th1s factor and then divide lme of normal s1ze, per toot of length. 

TABLE 6 

Priming Time Conversion Table 
Sue ot 

Std. Pipe 
Actual!y Used 318" 112. 314" 1' 1-1/4" 1-112" 2· 2-112" 3" 

1/2 159 
3/4 2 79 1.75 

1 4.53 285 1-52 
1-114 7 65 4 93 2.81 173 
1·112 10 7 5.70 3 62 235 1 36 
2 175 ll.O 5 29, 3.88 2.24 l.64 
2-112 25 1 15.8 6 96 5.53 320 235 1.42 
3 38-7 24 3 13 9 6 55 4 94 3 62 220 1 54 
3-112 32.6 18.6 11 4 661 4 65 2.95 2 07 134 4 41.8 23.9 14 7 6 50 6 25 3.79 2.66 1.72 
5 66.0 37 5 23 2 13 4 9 83 5 96 4 16 270 
6 54 2 33.4 193 142 8.51 6 03 3.90 
7 72 6 44 6 25 9 19.0 11 5 6 10 5.24 
6 93 6 57.9 33 4 24 5 14.9 104 6. 77 
9 72 6 419 30_8 16 7 131 8 49 

10 91.3 52.7 38 7 23 5 16 5 10 7 
11 63 5 46 6 26 3 19.8 12.9 
12 75 5 55 5 33 7 23 6 '" 
S1ie ol 

Std. Pipe 
Actually U5ed 3-112" 4" 5· 6" ,. 3· 9'. 10" 11" 

112 
314 

1 
1-114 
1-112 
2 
2-112 
3 
3-1.'2 
4 129 
5 2 02 l.57 
6 292 2 27 144 
7 3 92 3 04 194 134 
6 5 06 3.93 2 50 173 1.29 
9 6 34 493 3 14 217 1.62 125 

10 796 6 20 394 2.73 2 04 1.58 126 
11 9.62 7.46 475 3.29 2.45 1.90 151 1.20 
12 11 4 668 5 65 3 91 2 92 226 1 60 1.43 1 19 
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~ centrilugal pumps 
~ app11ca11011s 
Object 

The purpose of th1s sect1on 1s to prov1de a gu1de 
for the applrcat1on of centr1fugal pumps far vanous 
serv1ces No attempt has been made to cover all 
phases of centrifuga! pump appl1cat1on, but an ~n
deavor has been rnade to po1nt out sorne of the pr1n
c1pal features of pumps and the precaut1ons wh1ch 
should be taKen 1n the1r use 

Minimum Flow Limitat1on 

All Centrifuga! pumps have lim1tat1ons on the 
min1murn ftow at which they should be operated. 
The most common lim1tat1on 1s to avo1d excess1ve 
temperature bulld up in the pump because ol ab
sorpt1on of the input power into !he pumped fluid 
Other reasons far restrictions are 

lncreased radial react1on at low flows 
lncreased NPSHR at low f!O'NS resulting in cav1ta

t1on 
No1sy, rough operat1on and poss1ble phys1cal dam

age due to interna! recirculat1on 
lncreased suct1on and d1scharge pulsat1on levels 
lncreased axial reaction affecting thrust beanng 

1oad1ng 

The slze al the pump, !he ene1gy absorbed, and 
the l1qu1d pumped, are among cons1derat1ons 1n de
termming these min1mum \1m1tat1ons Far example. 
most small pumps on ordinary appl1cat1ons wlth 
good suct1on cond1t1ons such as domest1c home c1r
cutators, service water pumps and chem1cal pumps 
have no l1m1tat1ons except lar temperature bu1ldup 
cons1derat1ons. Far small pumps, when NPSH 1s crit-
1cal, 11m1tat1ons of about 25% of the capac1ty at the 
best ett1c1ency point should be imposed Many !arge, 
h1gh horsepower pumps have !imitations as high as 
70% of the best efflc1ency po1nt capac1ty The man
ufacturer should be consulted in al! cases where 
doubt exists regarding the allowable m1nimum flow 

Boiler Feed Pump Applications 

The boiler leed pump usua1ly takes suct1on d1-
rectly !mm the condensate pump, deaeratmg heater 
or leed booster pump. There rnay be leed water 
heaters m the suction !me. The boi\er feed pump 
d1scharges through a feedwater regulating valve to 
the boller 

lt 1s extremely 1mportant for sat1slactory operation 
that suff1clent net positive suct1on head {NPSHJ 
be available at the pump suction flange As a gu1de 
for determinmg the necessary NPSH, !he values 
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from F1gs ó8 and 69 are recommended (Pages 107 
and 108) 

In add1t1on to prov1ding suff1c1ent NPSH when 
operating at rated cond1t1ons, precautions should 
be taken 1n the des1gn of the leed system to prevent 
ffuctuat1on;, of the pump suct1on pres;,ure resulting 
frorn sudden stat1on load changes and consequent 
reduction 1n the feed water heater pressure on the 
suct1on s1de o! the pump In cases where 1t is not 
poss1ble to ma1ntam the heater p1essure under these 
cond1t1ons, cold water should be mtroduced mto 
the system to preven! flash1ng, preferably at the 
suct1on of the pump, or steam mto the heater to 
preven! too rap1d a rate of pressure decay 

Prov1s1on mus! be made far rec1rculatmg a portian 
of the pump capac1ty from the d1scha1ge line back 
to the top of the heater on the suct1on s1de of the 
pump Th1s by-pass should be opened w1de during 
start1ng and stoppmg and dur1ng per1ods of low 
pump capac1ty operation m order to prevent over· 
heating o! the pump 

Mater1als used 1n the construct1on ol bmler leed 
pumps must be carefully selected to w1thstand the 
conos1ve and eros1ve act1on o! the feedwater Un
less exper1ence has shown that cast 1ron, bronle or 
steel are sat1sfactory far a particular mstallat10n, 
corros1on-eros1on res1st1ng matenals such as the 
chrome or chrorne mckel alloy types should be used 

Far temperatures above 300 F. the pac~1ng boxes 
should be provided w1th cool1ng 1ackets Smothering 
type glands are usually recommended In the larger 
horsepower apphcat1ons, labynnth type sea Is employ
mg cold condensate 1n1ection are frequently used 

lt ís 1mportant that suct1on and d1scharge p1p1ng 
be properly supported to avoid undue pipe strains 
on the ¡:'Ump and that the umt be a\1gned al the op
erat1ng ternperature 

Chemical Pump Applications 

Pumps u sed for handling corros1ve l1qu1ds or slur· 
ries are comrnonly termed chem1ca! pumps The 
mate11als of construction far the parts in contact 
w1th the llqu1d, mcluding stuffmg boxes or sea1s, 
must be selected to offer max1mum res1stance to 
corros1on and abras1on at the pumpmg temperature, 
with due consideration to the economy of such use 

Each applicat1on must be carefully scrut1nized to 
determine the severity ot corroSmn ar abras1on. the 
v1scos1t1es at the extreme purPping temperatures, 
the hazard 1nvolved 111 the rnatenal to be P1Jmped, 
changes in the compos1t1on of the l1quid, vapor 
pressure, NPSH, prolonged operat1on at or near 

shut-otf, or any other pert1nent character1st1cs of 
the !1qu1d or the applicat1on 

The phys1cal and chemical propert1es of mater1als, 
!he available forms. and methods of fabr1cat1on, 
mus! be considered in the design o! sat1sfactory 
equ1pment D1ss1m1lar materia Is 1n contact w1th the 
llqu1d pumped should be avo1ded unless the comb1-
nat1on 1s one wh1ch is known to be sat1sfactory far 
the particular serv1ce. 

Spec1al seals ar deep stuffmg boxes, w1th prov1-
s1on for lubncat1on or seal1ng by clear cold water, 
are freQuently necessary. Large unobstructed llqu1d 
passages are des1rable. The umt should be des1gned 
for easy and qu1ck d1sassemb!y far inspect1on, 
cfeamng or repa1r Water jack'ets. steam iackets, or 
smothermg type glands, may be mandatory The 
need far these features can be determ1ned only after 
careful considerat1on of applicat1on requ1rements 

The manufacturer's 111st1uctmns w1th reference to 
msta!!at1on should be strictly followed. In many 
cases. such 1nstallat1on may be rad1cally d1fferent 
from those for clear water pumps. 

Regularly establ1shed schedules ior penod1c ex
aminat1on and maintenance are essent1al 

Condensate Pump Applications 

Pumps handling condensed steam from a con
denser, ·or other rorm of surface heat exchange 
eqU1pment, are commonly termed condensate 
pumps. 

Most condensate pumps have spec1al des1gn rm
pellers w1th low 1nlet veloc1t1es Th1s spec1at des1gn 
feature al!ows small values al h..., resultmg m lower 

. elevat1ons and shorter pump sett1ngs and excava
t1ons. · 

Suction p1plng should be of ample s1ze to prov1de 
low veloc1t1es lt should be short and as d1rect as 
poss1ble, with a min1mum of f1tt1ngs and horizontal 
runs 

To preven! the accumula!mn of vapor at lhe im
peller inlet, !he !1rst stage 1mpe!ler eye should be 
vented back to the vapor space m tlle condenser. 
Vent p1pmg shou!d have a contlnuous upward slope 
toward the condenser D1scharge check valves 
should always be located below hot well levels to 
prevent overpressure fa1lure on startup. 

Stuffmg boxes operatmg under vacuum should be 
provlded with lantern r1ngs connected to a depend
able supply of seal water Prov1s1on should be made 
to preven! air ieakage between the shalt sleev~ and 
the shaft. Lantem rings are not required 1n stuff1ng 
boxes wh1ch are under pressure at all !oads. 

centrnuual pumps ~ 
applicalions ~ 

Condensate pumps handle unbuflered water. but 
due to the low temperatures involved, the use of 
bronze f1tted pumps 1s usually satisfactory, 

Heater dr1p and dra1n pumps usually handle con· 
densed steam at h1gh pressures and temperatures 
and, therefore, may be cons1dered as condensate 
pumps Material selection 1s s1ml!ar to bo1!er feed 
pumps far equ1valent water cond1t1ons. 

Slurry Handling Pump Applicat1on 

Centrifuga! slurry pumps rnay be used for both in· 
plant process and pipeline applicat1ons where heads 
are not high enough to warrant the use ol rec1pro
cating ar rotary un1ts 

The other factors wh1ch a!fect the use of centnru
gal slurry pumps are· 

Capac1ty 
Abras1veness 
Part1cle S1ze and Shape 
Pressure 

Centnfugal pumps are commonly appl1ed íor 
capac1t1es frorn 10 GPM to 20,000 GPM w1th 11eads 
up to 350 leet per stage Sorne purnps may be m
stalled m series for h1gh head applicat1ons Sol1ds 
content of the slurr1es handled var1es tmrn J trace to 
approxlmate!y 70 per cent by we1ght The percent· 
age depends upan the s1ze ol the sol1d, 1ts werght 
and the carrying med1um 

There are many d1fferent slurry pump des1gns 
ava1lable to accommodate various 1ndustr1a1 appl1-
cal1ons. Those appl.cat1ons include the pumping of 

'sol1ds encountered 1n mineral ore treatment, dredg
ing, sewage handling, land reclamat1on. paper 
manufacture, solids transportat1on and chemical 
processmg The carrymg med1um IS generally water, 
though other liqu1ds, such as brine and ali, are 
somet1mes used 

The pumps are normally made of e1ther hard 
metals (abrasion resistan! casi irons and steels) or 
elastomers, and are des1gned to res1st abras1on 
These pumps may have replaceable l1ners or covers. 

In operat1on, because the abras1ve nature oi the 
slurry tends to open up !he runn1ng clearance be
tween the lmpeller and the suct1011 cover or l.ner. 
means may be pmv1ded to ad1ust the clearance 
w1thout d1smantrlng the pump !f the proper clear
ance 1s not maintamed, excess1ve u;ternal leakage 
w1ll take place, caus1ng considerable wear and ai
tering the head·capaclty characteristics of the unit. 
Qu1ck d1sassembly features may be des1gned 1nto 
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Requ1rernent 

F1g 65 POWER VERSUS CAPACITY FOR A NON-NEWTONIAN SLURRY PUMP SYSTEM 

\he pump lar ease o! malntenance when 1\ becomes 
necessary to replace worn parts 

Hydraullc passages in centnfugal slurry pumps 
are usually larger than 1n a clear l•qu1d pump far the 
sarne head and capacity. Such construct1on leads 
to h1gher radial loads requ1ring larger shafts and 
beanngs lt also tends to change the shape of the 
head-capac1ty curve, making it flatter and movmg 
\he peak efflc1ency to a capac1ty lhat 1s greater than 
cons1dered normal far a water purnp. 

Clear !iqu1ds or greases are citen used to seal the 
stuff1ng box o! centrifuga! sturry pumps. In add1t1on 
to lubricat.ng the shaft sleeve, the l1qu1d must have 
suff1c1ent pressure to keep sol1ds from entering be
tween the sleeve and the packmg !n order to reduce 
the requ1red pressure, back vanes are frequently 
used on the back of the 1mpeller hub shroud Sorne 
pumps are constructed w1th the inlet on the stuffing 
box s1de ol the l1quid end to reduce the seal water 
pressure requ1rement In sorne l1m1ted appl1cat1ons, 
mechanical seals are used in l1eu of convent1onal 
pack1ng Other pumps may have dynarn1c seals, 
wh1ch use an aux1t1ary set of vanes to preven! leakage 
through the box when the pump is operat1ng Durrng 
shutdown, !eakage 1s prevented by a seal that is 
e1ther mechanically ar hydraul1cally operated 
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In applying centr1fugal slurry pumps to handle 
settling slumes, one must be certa1n that the head 
requ1rements of the system at the critica! carrying 
veloc1ty would be met by the purnp lf the head de
l1vered 1s 1nsuff1cient, the capaclty w1ll be reduced 
and the solids ,,.,¡¡¡ settle in the line, thus 1ncreas1ng 
the system head. Since the head-capac1ty curve of 
most slurry pumps has l1ttle s:ope, such an increase 
can make 2 large reduct1on 1n the volume pumped, 
further reducmg the flow veloc1ty and teadmg to 
plugging in the system pipe Th1s s1tuat1on can usu
ally be avo1ded by using conservat1~e values far the 
slurry crit1cal carrying veloclty. 

The flatness of the centrifuga! slurry purnp head
capactty curve needs to be cons1dered when apply-
1ng the unrt to a system handling a non-Nev.tonran 
slurry Such slurries generally exh1b1t a flat system 
curve Since the angle of intersection of these two 
curves 1s small, a rnodest change in the total head 
values selected (.lHl would create a large dev1ation 
in the capac1ty be1ng l1andled {UQ) See F1g 65 

Th1s could mean a corresponding increase in the 
horsepower requorements (..'lhp) Th1s s1tuat1on is 
normally best handled by usmg a variable speed 
dnve. 

Large changes 1n power requirements could also 

be created by changmg al pipe sizes when handling 
non-Newtonian slurnes Slumes of th1s type with 
modest to h1gh y1eld values have a resistance to flow 
that 1s roughly mversely proportronal to the pipe d1-
ameter far a g1ven velocity. An increase m pipe s1ze 
w1thout a change m pump speed or 1mpeller d1am
eter could easlly lead toan over-capac1ty cond1t1on. 
Throttling w1th a gata valve or s1m1!ar dev1ce is only 
a tf:mporary solut1on, s1nce the h1gh veloc1t1es at 
the pomt of restrict1on w1\l cause wear and thus re
duce the art1f1c1al head created lt is adv1sable to 
use a smaller d1ameter pipe for a portian of the sys
tem rather than to attempt to increase the system 
head w1th a valve. 

A possible eJ1ception to th1s 1s a d1aphragm or 
p1nch valve These devices do not wear as rap1dly as 
metall1c restrictions and could, on sorne occas1ons. 
offer a sat1sfactory solution. 

Val ves are generally used on the drscharge s1de of 
a slurry pump. Most slurry pumps have suct1on lift 
capab1l1t1es, even though the ma1or1ty of 1nstalla

. t1ons are made w1th the suct1on sump hquid level 
above the centerline of the pump Throttling on the 
suct1on s1de of a slurry pump can cause cav1tation. 
The normal destructlve eHects of cavitat1on w1ll be 
greatly 1ncreased 1n a slurry appl1cat1on The vapor 
bubbles that form would have fine part1cles as the1r 
nucleus, and implos1on against the 1nternal surfaces 
of the pump wlll be cons1derably more damag1ng 
than that exper1enced with a clear l1qu1d 

Fire Pump Applications 

The Nat10nal Fire Protect1on Assoc1at1on, NFPA, 
1ssues standards far the lnstallat1on of Centnfugal 
F11e Pumps. Th1s standard is publ1shed in thelr 
pamphlet No. 20 wh1ch is revised perioCically Al
ways refer to the lates! ed1t1on of th1s standard NFPA 
does not approve, 1nspect or cert1fy any mstallat1on, 
procedures, equipment or materials. 

The Factory Mutual System (FMJ and Underwriters 
Laboratorles, lnc. (ULJ approve and lis\ hre pumps 
wh1ch 'must be designed, manufactured and tested 
m accordance to the1r standards. 

When applymg foe purnps 1t 1s necessary to deter
mine the governmg standards frorn the authority 
havmg ¡ur1sd1ct1on. The use of llsted or approved fire 
pumps 1s usua!!y mandatory. 

Hot Oíl Pump Applications 

Pumps far handl1ngoils w1thin the range of 300 F 
to 850 F are comrnonly termed hot oil pumps 

lt is 1rnportant that suff1c1ent net pos1t1ve suct1on 

m cen1r11uga1. ums rB 
aoouca•~ 

head (NPSH) be ava1lable, as 1n pract1cally ali cases 
the l1qu1d 1s near the boil1ng pomt 

Provislon shou!d be made to allow self-venting al 
vapors from the 1mpeller eye by vent1ng the suct1on 
eye of the f1rst stage except where the suction nozzle 
is in a vertical upward posit1on. 

The stuff1ng bo~es and beanng hous1ngs should be 
prov1ded with coo!ing 1ackets The glands should 
be of the smothermg type 11 packmg cond1t1ons re
qu1re sea! ali, tantern rings together with the nec
essary pipe connect1ons should be prov1ded During 
operat1on. the sea! 01! pressure m the !antem ring 
should be held to a minrrnum of 25 psi above stuff
mg box pressure_ 

The mater1als used far the construction o! hot oil 
pumps should have a un1forrn coeHic1ent of e~pan
s1on, and should be se!ected w1th particular refer
ence to the corros1ve nature of the 011, as well as the 
actual pumpmg temperature 

Dueto the h1gh pumping temperature. the support 
of !he purnp should be arranged m such manner as 
to perm1t e~pans1on of the purnp casing w1thout ad
versely affecting the coupl1ng allgnment 

lt is importan! that the suct1on and d1scharge p1p-
1ng be supported to avo1d pipe stra1ns being"1mposed 
on pump nozzles The unit must be al1gned at the 
operatmg temperature_ 

Hydraulic Pressure Pump Applicat1ons 

These pumps are used far supply1ng water under 
pressure for scale removal ftom steeJ products, far 
operat1on of presses, levelmg tables, hydraulic 
press serv1ce. elevators, etc. 

The suctmn supply should be adequate to preven! 
partlng of the ilqu1d column durmg sudden demands 
far h1gh capac1ty. !f the suct1on line is long, a suc
t1on accumulator may be required. 

The demand is frequently mtermittent and the 
control valves are usually rap1d 1n act1on. The sud
den demand or cessation of demand causes accel
erat1ons and dece!erat1ons of water ¡n the p1ping, 
result1ng 1n pressure waves of great 1ntens1ty. These 
waves are fam1liarty called ''shock'' or ''water ham
mer." The waves or1gmale at the pomt al valving 
and travel back through the lme toward !he pump 

To protect the pump aga1nst damage from shock, 
an air-ballasted alleviator 1s recommended The al
lev1ator should have a free llqu1d surface against 
wh1ch the shock can drss1pate. wrth separate inlet 
and outlet connect1ons so placed thal shock waves 
cannot by-pass the allev1ator. Allev1ators mounted 
on s1de outlets of tees are or llttle value. 
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Mine Pump Appl1cations 

Pumps used for handling ac1d or gntty mine water 
and/or abrasive mixtures, slush, etc , are commonly 
termed mine purnps 

The pump should be liberally des1gned, w1th heavy 
casmg wall hav1ng ample corros1on allowance, and 
w1th provrslons to keep corroslve l1quids from purnp 
shaft The des1gn should prov1de far easy renewal el 
parts sub1ect to corrosmn or wear 

The mater1als of construct1on far parts in contact 
w1th the hqu1d pumped must be selected for max1-
mum res1stance to corrosion and erosion 

Non-Clog Pump Applications 

Pumps des1gned to assure max1mum freedom from 
clogging when handling l1qu1ds conta1rnng sol1ds or 

stringy materials are comrnonly called non-clog 
pumps. They are also des1gnated as sewage or trash 
pumps 

Non-clog pumps are recommended far handling 
raw or unsettled sewage, acl!vated sludge, 1ndustnal 
waste waters conta1ning sol1ds. and s1m1lar liquids 
where excess1ve clogging would otherw1se be en
countered The largest sol1d slzes that the pumpw1!! 
be requ1red to handle in normal operat1on must be 
spec1f1ed The term "sphere s1ze" denotes the larg
est d1ameter ball which can be passed through the 
pump. Commmut1on andlor adequate bar screens 
must be prov1ded to preven! larger solids from en
tering the pump. When used. bar screen openmgs 
should be sized to preven! clogg1ng from irregular 
shaped sol1ds 

Storm water andlor domest1c sewage may be han
dled successfully by m1xed flow and axial flow 
pumps, using the preced1ng gu1delmes. 

Far domest1c sewage serv1ce, pumps bu1lt to the 
individual manufacturer's material spec1ficat1ons 
are ordmar1ly used Corros1on and wear resistan! 
shalt sleeves are des1rable far max1mum lile. Jn
spect10n openings 1n the casing or ad1acent p1pmg, 
far access to !he 1mpeller, are recommended Stuff
mg boxes may be furnished w1th mechan1cal seals. 
or pack1ng, either water or grease lubncated When 
water is used lar the stuff1ng box lubr1cant or flush, 
lhe supply line must be 1solated from any potable 
water system 

lf the pumpage is corros1•1e and/or abras1ve. the 
materials of construct1on far parts in contact w1th 
the liqu1d should be selected far res1stance to the 
elfects of the pumpage 

102 

' 

Paper Stock Pump Applications 

Pumps handling paper stock w1th conslstenc1es 
over one per cent by weight are commonly termed 
stock pumps The pump should be designed to pre
vent clogg1ng and a1r b1nding 

When mstallmg stock pumps, the suct1on l1ne 
should be large and direct. Stock should flow free!y 
to the 1mpeller Fnct1on head should be l1gured llb
erally 

Allowances should be made far reduct1on 1n head, 
capac1t~ and efflc1ency when handling heavy stock. 
The manufacturer should be consulted far correction 
values. lt 1s importan! that drivers have ample 
power 

The stuffmg bo(es should be prov1ded w1th an 
outs1de seal connectmn to keep stock out of the 
packmg 

Self-Priming Pump Applications 

Pumps des1gned to have the ab11ity to prime them
selves automat1cally, after bemg m1tially f1lled, 
when operatmg under a suct1on lltt; to free them
selves of entramed gas w1thout losmg the1r prime; 
and to continue normal pumpmg w1thout attent1on, 
are commonty termed self-pnming pumps Pumps 
1n th1s class usually have smgle 1nlet 1mpellers 
(F1gs 66 and 67) 

Self-primmg pumps are used e(tens1vely by mdus
try and elsewhere far the lntermrttent or continuous 
transfer of 11Qu1ds where the s-ell-prim1ng feature 1s 
requ1red The materials of construct1on vary w•th 
the requirements of the liqu1d or llquids pumped. 
E!lamples of such appllcat1ons are tank car unload-

Fig. 66 SELF-PRIMING PUMP 

Fig 67 SELF-PRIMlNG PUMP 

ing, bulk Oll station serv1ce, bilge serv1ce, etc. The 
ma¡ority of such pumps use electr1c motors as driv
ers and may be clase coupled or separately con
nected, depending on the s1ze and/or appllcat1on 
in volved 

Con!Íactors pumps are widely used for dewater
ing construct1on ¡obs and far other mterm1ttent 
serv1ce_ where 1t 1s des1red to have a pump wh1ch 
does not requ!re manual priming prior to operat1on 
The mater1als of construcl1on are usually cast 1ron, 
steel or bronze Examples of such appl1cat10ns are 
general construct1on work, irr1gat1on, 011 f1eld gath
er1ng, etc The ma¡or1ty of such pumps use interna! 
combus1on eng1nes for drivers and may be clase 
coupled or separately connected. depending upan 
the phys1ca! size of the equipment. Sorne electr1cally 
dr1ven or belt dr1ven mod1f1cat1ons are used Many 
rnanufacturers of th1s type pump build un1ts to con
form to the spec1f1cat1ons establlshed by the Con
tractors Pump Bureau of the Assoc1ated General 
Contractors of Amenca. lnc In these cases, the 
pumps may carry an AGC rat1ng plate and are built 
and rated to conlorm to AGC specHicat1ons 

Samtary Pump Applications 

Pumps des1gned to handle foodstuffs and bever
ages are commonly called sanitary pumps. The 
matenals of construct1on for parts in contact w1th 
the liqu1d pumped, mcludmg the stulf1ng box or 
shaft seal, are selected to preven! bacteria!, cheml
ca1, color, orlaste contam1nat1on Materials such as 
sta1n1ess steel, monel, porcelaln, glass. etc. are 
f1equently used. Sarntary pumps are conslructed to 

cenlrilugal numos ~ 
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perm1t ready access far cleanmg." flushmg, and 
draining 11 lhe l1qu1d to be pumped contaros solids, 
the max1mum size salid must be spec1f1ed. 

The user is caut1oned that many states prescribe 
regulat1ons regardmg sarntary pumps. Adherence to 
such regu!ations is mandatory. The responsib11ity 
far determ1nmg these requ1rements rests w1th the 
u ser 

Volatile Uqui~ Pump Applications 

Pumps far handling volatile petroleum products, 
or other liqu1ds havmg s1mrlar propert1es, are com
monly termed volat1le llquid pumps. 

The determmat1on of the net pos1t1ve suct1on head 
(NPSHJ al pumps handlmg volat1le. mutt1compo
nent l1qu1ds such as gasolme should be based, 
whenever poss1ble. on !he true vapor pressure of the 
particular llquld at the actual pump1ng temperature. 
The NPSH required by a pump ata g1ven flow 1s a 
function of the md1v1dua! pump oroport1ons, and of 
the llqu1d pumped The ava1lable NPSH must ex
ceed the NPSH requ1red by the pump and can be 
establ1shed correctly only when the true vapor pres
sure is known. 

Far refmery process appl1cat1ons. the true vapor 
pressure is usually available. Far the pumpmg o! 
fmished petroleum products, !he Reid vapor pres
sure 1s usually the only 1nformat1on ava1lable Th1s 
1s the vapor pressure determmed by the use of ap
paratus and procedure correspondmg to lhe ASTM 
Standard D-323 Because of certa1n 1nadequac1es 
ol !he test procedure, Reid vapor pressures are gen
erally signif1cantly lower than the true vapor pres
sures. Precaut1ons must therefore be taken when 
the available NPSH must be determmed on the bas1g 
of the Reíd vapor pressure 11 !he commercial grade 
of the llqu1d handled +s known, the use of one of the 
standard handbook correct1on charts far conversion 
of Re1d vapor pressure to true vapor pressure 1s md1-
cated. 

The suction p1pmg should be arranged to avo1d 
any accumulat1on of vapor and prov1smn should be 
made to allow self-venting of vapors by ventmg the 
f1rst stage 1mpe!ler suct1on eye, e!\cept where the 
suction nozzle is in a vert+cal pos1t1on and fac1ng 
upwards. 

S1nce the suct1on pressure may vary over a wide 
range and the l1quid pumped 1s frequently flamma
ble or toxic, the stufflng box may require the use o! 
a mechan!cal seal. or, 1f packed, the use of one or 
more ol the followmg elements· water ¡acketing, 
b!eed-off connectmn, lantern rmg lar an Oll or grease 
seal, or smothermg type gland 

103 

•' 



The materials of construct1on should be setected 
with due regard to any corrosive act1on of the l1qu1d 
pumped. 

Suction L1m1tations 

Among the more 1mportant factors affecting the 
operat1on of a centrifuga! pump are the suct1on con
d1t1ons Abnormally h1gh suct1on 1111, insulf1clent 
submergence, or !ow NPSH beyond the suct1on rat· 
ing of the pump (see follow1ng paragraphs) usually 
cause serious reduct1on in capac1ty and efflciency, 
often 1ead1ng to ser1ous trouble from v1brat1on and 
cav1tatmn 

Two other cond1tions should also be fulf1lled for 
adequate supply to the pump. First, the suction bell 
mus! be well below the water surface, and second, 
the 1ntake must be o! a funct1ona!lycorrect design. 
The requ1rements apply both to submerged purnps 
and to the suct1on pipe lor any type o! pump Th1s 1s 
true far all speclfic speeds 

Use of Suction Cond1tion Terms 

To avoid pump appl1cat1on errors, care must be 
e~erc1sed in the se!ection of terms to describe sys
tem cond1t1ons alfect1ng the pump suction. 

Total Sucrian Ldt ar Total Suct1on Head are the 
preferred terms when lhe llquid pumped is cold 
water and when the system 1s uncomplicated by e~
traneous factors such as an artif1c1ally produced 
vacuum 

Net Pos1t1ve Suct1on Head (NPSHJ is a useful 
term far more comphcated pumpmg problems usu
ally associated w1th handling l1qu1ds at ornear the11 
bo1ling pomts Examples m1ght be condensate return 
systems or the pumplng of 11qu1f1ed gases 

Submergence is a term used to relate l1qu1d level 
to the sett1ng of an irnmersed pump wrth a free a1r 
surface lt 1s a stat1c d1mens1on, part1ally descr1b1ng 
a system, and cannot be subst1tuted far a dynamic 
term such as NPSH 

NPSH cannot be used mterchangeably wíth the 
ter_m Suc/1on Head Suct10n Head refers to pressure 
above atmospheric wh1le NPSH is related to pres
sure above vapor pressure on the absolute scale 

Whene•1er practica!, the proper term shou!d be 
accompan1ed by· 

A p1ctonal description of the system to help in the 
determ1nat1on of suct1on losses 

Pert'1nent data concernmg the llqu1d, such as 1ts 
temperature, spec1f1c gravrty. v1scos1ty and vapor 
pressure 

The static l1ft (vacuuml or head to be imposed on 
the pump 
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Net Positive Suct1on Head Available (NPSHA) 

Net Pos1t1ve Suct1on Head Ava1lable (NPSHAJ is 
the total suct1on head 1n feet al llqu1d absolute cor
rected to datum (see F1g. 46, page 70) less lhe va
por pressure of the l1qu1d in feet absolute Therefore, 
N PSHA is the pressure or he ad avadable above vapor 
pressure to rnove and accelerate the fluid into the 
1mpeller 1nlet 

Thus 

NPSHA = h,. - h,P• 

where 

hsa =total suct1on head m feet atlsolute 
or "'h0 +h\e-h! 
NPSHA ~ h~ + h,,, - h· - h,01 

where 

h0 = Abso!ute pressure on the surface of the 
llqurd where the pump takes suct1on ex
pressed in feet of liqu1d In an open sys
tem, h0 equals atmospheric pressure, 
h,, e~pressed in feet absolute 

h.. = stat1c elevat1on of the llqu1d above the 
datum po1nt of the pump e~pressed in 
leet lf the l1qu1d leve! 1s below the 
purrip datum, h .. 1s a negat1ve value 

h 1 = fr1ct1on and entrance head losses rn the 
suction p1ping expressed In feeL lf suc
t1on pip1nE: 1s not used. h1 .. O. 

h,0 • =vapor pressure of the fluid at the pump
mg temperature expressed 1n feet of 
l1qu1d absolute 

When the absolute pressure and vapo¡ pressure 
are expressed in ps1a. the follow1ng formula may be 
u sed 

where 

p0 =Absolute pressure expressed in ps1a In an 
open system. Do equals atmospherlc 
pressure, p., expressed in ps1a. 

p...~· =vapor pressure expressed in psi a. 
w .,, spec1f1c we1ght of llqu1d at the pumping 

temperature in pounds per cubic loot 

11 a pump takes 1ts suct1on from a source where 
the absolute pressure on the surface of the llqu1d, 
pp, 1s equivalen! to the vapor pressure, P,p.a, the 
NPSHA 1s the difference in elevation between the 
l1qurd level and the datum. mmus the entrance and 
fnct1on losses 1n the suct1on piping. 

Thus 

NPSHA = hse - ht 

The formulas shown above are commonly used lor 
determrrnng the NPSHA far proposed installat1ons 
and far measuring the NPSHA 1n existing installa
t1ons wlthoutsuctmn piping. The formula commonly 
used for measur1ng the NPSHA in ex1sting mstalla
t1ons w1th suct1on piping 1s as fo!lows. 

w~ere 

h. =atmospheric pressure, expressed 1n feet 
absolute 

h11 =gauge pressure at the suctmn flange of the 
pump corrected to datum and expressed 
in feel of liqu1d h8 Is a negative value 11 
1t 1s below atmospheric pressure. 

'J!... =veloc1ty head at the point of measurement 
2 & of h~. (Th1s 1s necessaiy since gauge read

mgs do not mclude the veloc1ty head ) 

Corrections far H1gher Temperature and 
Elevat1on 

Apphcat1ons w1th water m an open system at sea 
level w1th a pump1ng temperature of 85 F are com· 
mon. G1ven W=624 lbs per cu ft, p ... 14 7 psi, 
p,P• =O 6 ps1a, h,e = 10 O ft, and hr= O, we f1nd· 

144 . 
NPSHA .. W (p.-P,,p.l+hse-hr 

144 
.. 62.4{14.7-0.6)+10.0-0.0 

=42 5 ft 

To find the NPSHA far water of 180 F tempera
ture (P,p.o"' 7 51 ps1a and w"' 60.53 lbs per cu ft), 
p-oceed as follows 

NPSHA= 
1~4 (pa-Q..p,)+hse-ht 

= 6~~~3 (14.7 - 7 .51) + 10 0-0.0 

=27.1 ft 

To fmd the NPSHA far water of 180 F tempera
ture al 5,000 feet elevation (p1 = 12 25 psi). pro
ceed as foltows· 

cenlrilugal_ pis~ 
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144 
NPSHA e W {p.-p,,p.1)+hw-h1 

144 
e 

60
,
53

(12.25-7_51)+ 10.0-0 O 

=21.3 ft 

The correct1on for elevat1on is approx1mately one 
foot per 1,000 feet of elevatmn 

Net Positive Suction Head Required {NPSHR) 

The net pos1tive suct1on head requ1red (NPSHR) 
1s a performance character1st1c of the pump, and 1s 
establ1shed by test (see Cavitat1on Tests, pages 73 
to 75) 

Any system must be designed such that the net 
pos1five suction head avallable (NPSHA) 1s equal to, 
or exceeds, the net pos1tive suct1on head requ1red 
(NPSHRJ by the pump through the range ol opera
t1on to prevent detr1mental cav1tat1on 

Suction Specific Speed Required 

Suct1on Spec1fic Speed Required, S, is an 1ndex 
number descr1pt1ve of the suct1on characteristics of 
a g1ven pump lt 1s defined as: 

where 

N \''Q 
S= (NPSHRJ 14 

S .. Suct1on Specif1c Speed Required 
N =Rotat1ve Speed 1n Revolut1ons Per 

Minute 
Q ... Flow 1n Gallons Por Minute (use half o! 

the total flow for double suction 
pumpsJ 

NPSHR ""Net Pos1tive Suctmn Head Required 1n 
fe et 

Norma!ly, the h1ghest value of Sis at, ornear, the 
capacity corresponding to the optimum efflc1ency. 
However, spec1al des1gns may cause !he h1ghest 
value of Sto shift away from the pomt of opt1mum 
efficiency 

Hlgher numerical values of S are associated w1th 
better suct1on capab111t1es The numerical value of 
S 1s mamly a funct1on of the 1mpeller miel and suc
tron m!et design. For pumps of normal des1gn, 
values of S vary from 6,000 to 12,000 In special 
des1gns, 1ncluding mducers, higher values can t>e 
obla1ned. however, spec1al mater1als may be re
quired for contmuous operat1on. These standards 
are not intended to cover such spec1al destE:ns. 
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Suction Specific Speed Avallable 

Suct1on Spec1fic Speed Available, SA, 15 an 1ndex 
number descnpt1ve of the ava1lable suct1on condi
t1ons of the system from wh1ch the pump 15 rece1v
ing suct1on 11 1s defmed as. 

where 

SA 
N 

SA=~~b 
{NPSH~ 

.. Suct1on Soec1f1c Speed Ava1lable 
= Rotat1ve Speed 1n Revolutions Per Mm-

"'' Q = Flow m Gal!ons Per Minute Requ1red of 
the purnp (use hall of the total flow 
tor double suct1on pumps) 

NPSHA =Net Pos1t1ve Suct1on Head Ava1lable 1n 
feet 

The Suct1on Specd1c Soeed Requ1red, S, rnust 
equal or exceed the Suct1on Soec1f1c Speed Ava1l
able, SA, to prevent cav1tation The d1fference be
tween S and SA 1s the salety rnarg1n Sorne of tt1e 
factors that alfect the degree of margm necessary 
are pump s1ze, pawer cansurnpt1an. 1ntake des1gn, 
range and rnade al apera11on, type of serv1ce and 
matenals al construction 

Rotat1ve Speed L1mttations 

lncreased pump spe,;ds w1thout proper suct1on 
cond1t1ons can result in abnormal wear and poss1ble 
failure from excess•ve v•bration, noose and cav1ta
t1on damage. Suct1on Spec1l1c Speed Ava1lable, SA. 
has been found to be a valuable cr1ter1on m deter
m1ning the rnaximurn perm1ss1ble speed The curves 
presented in th1s standard are based on a Suct1on 
Spec1l1c Speed Available 01 8500. th1s represents a 
pract1cal value Obvlously, values rnay be lower 

On spec1al appl1c:at1ons. 1t is ooss1ble that sorne 
pumps rnay exceed 8,500 In such cases where the 
character1st1cs of the pump are based on the manu
facturer's experience and test data. the values may 
be exceeded 

G1ven the amount of NPSHA and subst1tuting 
8,500 for SA, one can salve far the Ratat1ve Speed, 
N; far a g1ven capac1ty, O: by rearrangmg the for
mula for SA as follows 

N "'8,50oJNPS~Ar.._ 
VQ 

The curves (F1gs 68 and 69) are a graph1cal rep
resentat1on of lhe SA formula. The curves show 
speeds lor normal operatmg cond1t1ons and are 
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based u pon the prem1se that the pump 1s operat1ng 
at, or near, 1ts po1nt of optlmum efficiency 

The curve. (F1g_ 68) covers single suct1on centr1f
uga1 purnps 

The curve, (F1g. 69) covers double suct1an pumps 

EXAMPLE: Single Suctian Pumps 

G1ven a caoac1ty of 90,000 GPM, and NPSHA of 
50 feet, what 1s the RPM llm1t far 8,500 Suct1an 
Spec1!1c Speed Ava1lable? 

therefore 

'"' 

N ,., SA(NPSHA)"' 

N 

N 

'º 
8,500(50)" 
(90,000)'' 

8,500(18.8) 
300 

N ""533 

Therefore, the recommended max1mum operating 
RPM is 533 

From F1g 68, note that the intersect1on al the 
vertical lme for 90,000 GPM, and the horlzonta! 
lme tor 50 feet of NPSHA corresponds to 533 RPM 

EXAMPLE: Double Suct1on Pumps 

Given a capac•ty of 20.000 GPM and NPSHA of 
17 leet. what 1s the RPM l1m1t ter 8.500 Suct1on 
Spec1f1c Speed Ava1!able' 

therefore. 

OL 

N 
SA(NPSHA)'"-

Yf 
N =-ª1500(17)"' 

( 20,~00) ,, 

N "'8,500 (8 371 
IDO 

N = 711 

Refemng to the curve, F1g 69, the intersect1on of 
the vertical l1ne for 20,000GPM. and the horizontal 
line for 17 feet of NPSHA corresponds toan RPM 
o! 711 l UJ ltHSdN 
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EXAMPLE Single Suct1on Pumps 

G1ven a capac1ty o! 3,000 GPM, and NPSHA of 
30 feet. what is the RPM limit for 8,500 Suct1on 
Specific Speed A•1a1lable? 

therefore 

N = SA(NPSHA}1o< 

.fá 

N 

N 

8,500(30)1" 
(3000)"' 

8,500(12 82) 
54 77 

N = 1990 

Theretore, the recommended max1rnurn operating 
RPM IS 1990 

From Fig. 68, note that the mtersection of the 
vertical lme far 3.000 GPM, and the horizontal line 
lor 30 feet al NPSHA corresponds to 1990 RPM. 

Net Posit1ve Suct1on Head for Pumps Handling 
Hydrocarbon Liquids and Water at Elevated 
Temperatures 

The NPSH requirements ol centnfugal pumps are 
normally determmed on the basls of handling water 
at ornear normal room temperatures Operating ex
perience in !he lie!d has 1nd1cated, and a llmited 
number of carefully controlled laboratory tests have 
conf1rmed, that pumps handling certam hydrocar
bon fluids, or water at slgrnf1cantly h1gher than room 
temperatures, will operate sat1sfactorily w1th less 
NPSH ava1lable than would be required for cold 
water 

Figure 70 is a compos1te chart of NPSH reduc
t1ons wh1ch may be expected lor hydrocarbon liq
u1ds and h1gh temperature water, based on ava1lable 
laboratory data from tests conducted Oíl thc flu1ds 
showri, plotted as a functlon of fluid temperature 
and vapor pressure at that temperature 

Ltmitations far Use of Chart for Net Positive 
Suction Head Reduction (F1g. 70) 

The follow1ng llm1tat1ons and precaut1ons should 
be observed in the use of F1g. 70 

Unt1I soec1hc expenence has been gamed w1th 
operat1on of pumps under cond1t1ons where this 
chart appl1es, NPSH reduction should be l1m1ted to 

l.'..UI centrilugal 9 ~ 
appl~"' ; ~~ 

50% of the NPSH requ1red by the pump lor cold 
water 

Th1s chart rs based on pumps handlmg pure llq
u1ds Where entramed a1r ar other noncondensable 
gases are present in a 11qu1d, pump performance 
may be adversely affected even w1th normal NPSH 
available (see below) and wou!d suffer further w1th 
reduct1on in NPSH ava1lable Where d1ssolved a1r or 
other noncondensables are present; and where the 
absolute pressure at the pump inlet would be low 
enoug~, to release such noncondensables from solu
t1on. the NPSH ava1lable may have to be mcreased 
above that requ1red for cold water to avo1d deterio
ration of pump performance due to such release 

For hydrocarbon mixtures. vapor pressure may 
vary s1gn1f1cant1y w1th temperature and spec1f1c 
vapor pressure determ1nat1ons should be made for 
actual pumpmg temperatures. 

In the use of the chart for h1gh temperature liq
u1ds, and part1cularly w1th water. due cons1derat1on 
must be g1ven to the suscept1bility of the suct1on 
system to trans1ent changes m temperature and ab
solute pressure. wh1ch m1ght necess1tate prov1sion 
of a margin of safety of NPSH far exceedmg the re
duct1on otherw1se available for steady state opera-
t1on. 

Because of the absence of avai!able data demon
strat1ng NPSH reduct1on greater than ten feet, the 
chart has been lim1ted to that extent and extrapola
tlon beyond that llm1t 1s not recoffimended 

lnstruction for Using Chart for Net Pos1tive 
Suction Head Reduct1on (Fig. 70) 

Enter F1g 70 at the bottom of the chart with 
pumpmg temperature 1n degrees F and proceed ver
t1cally upward to the vapor pressure 1n psra From 
this point follow alongor parallel to the sloping Jrnes 
to the nght s1de of the chart, where the NPSH re
duct1on 1n feet of l1qwd may be read on the scale 
provided 11 this value is greater than one hall ot the 
NPSH requ1red on cold water, deduct one hall of 
the cold water NPSH to obtam corrected NPSH re
quirEd 11 the value read on the chart is less than 
one hall of the cold water NPSH, deduct th1s chart 
value from the cold water NPSH to obtam corrected 
NPSH required 

EXAMPLE: A pump that has been selected for a 
g1ven capacity ano head requires a m1nimum of 16 
feet NPSH to pump that capac1ty wtien handling 
co!d water In th1s case the pump 1s to handle pro
pane at 55 F, wh1ch has a vapor pressure of 100 
ps1a Followmg the procedure md1cated above, the 
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chart y1elds an NPSH reduct1on of 9 5 feet, wh1ch 
1s greater than one half al the cold water NPSH re
qu1red The corrected value o! NPSH required 1s 
therefore one hall the cold water NPSH required or 
8 feet 

EXAMPLE: The pump of example above has also 
been selected for another appllcation to handte pro
pane at 14 F, where 1t has a vapor pressure of 50 
psia In th1s case the chart shows an NPSH reduc
t1on of 6 feet, whlch 1s less than one hall the cold 
water NPSH The corrected value of NPSH is there
fore 16 feet less 6 feet, or 10 feet. 

Use of Chart for Net Positlve Suct1on Head 
Reduction {Fig. 701 for Uquids Other Than 
Hydrocarbons or Water 

The cons1stency of resu!ts wh1ch have been ob
ta1ned on tests wh1ch have been conducted w1th both 
water and hydrocarbon flu1ds suggests that NPSH 
requ1red by a centr1fugal pump may be reduced 
when handling any l1qu1d having relat1vely high 
Vapor pressure al pumping temperature However, 
smce available data are limited to the l1qu1ds for 
wh1ch temperature and vapor pressure relationsh1ps 
are shown on F1g 70, applicat1on o! th1s chart to 
l1qu1ds other than hydrocarbons and water is not 
recommended ex:cept where 1t 1s understood that 
such usage can be accepted on an experimental 
basis: 

Ceninfugal Pumps Handling Entramed Air or 
G" 

Under a number of d1!ferent c1rcurnstances, cen
trifuga! pumps may be requ1red to handle a mixture 
Q¡ air and water or similar mixtures !t 1s known lhat 
th1s reduces the head. capac1ty and ellic1ency of a 
centrifuga! pump, even when re!at1vely small per
centages of a1r ar gas are presenl. 

Deteriorat1on of performance for a g1ven percent
age of a1r or gas varies from pump to pump depend
mg on rotating speed, spec1fic speed, purnp s1ze, 
suct1on pressure, d1scharge pr~ssure. nurnber of 
stages and various spec1al deslgn features. These 
mixtures may a!so have a detrimental eflect on the 
mechanica! operat1on of the pump. An explanat1on 
and evaluat1on of the effect of these lactors IS 

beyond the scope of this Standard 

Oeterminat1or. of Pump Performance When 
ttandling Viscous L1quids 

The performance o! centrifuga! pumps is affected 
when handling v1scous liqu1ds A marked increase 

llA 
centrilu al. ou~ s ~I 

app11catmns !>;!:.,_,,, 

1n brake horsepower, a reduct1on in head, and sorne 
reduct1on in capac1ty occur w1th moderate and high 
v1scos1t1es. 

Figures 71 and 72 provide a means of determmmg 
!he performance of a conventlonat centrifugal pump 
handling a v1scous liqu1d when its performance on 
water 1s known F1gs. 71 and 72 can also be u sed as 
an a1d in selectmg a pump fer a g1ven appl1catton 
The values shown in F1g 72 are averaged from tests 
of convent1onal single stage pumps of 2-mch to 8-
mch s1ze, handling petroleum Olls. The values shown 
in Fig 71 were prepared from other tests on several 
smal!er pumps (l mch and be!ow) The correct1on 
curves are, therefore, not exact for any particular 
pump. 

When accurate mformat1on is essent1al, perfor
mance tests should be conducted w1th the particu· 
lar v1scous liquid to be handled. 

Limitations on Use of Viscous Liquid Perfor
mance Correction Chart 

Reference is made to F1g. 71 and F1g 72. Smce 
these charts are based on empmcal rather than the
oret1cal cons1derat1ons, extrapolat1on beyond the 
llm1ts shown would go outs1de the experience r3nge 
wh1ch these charts cover and is not recomrnended 

Use only for pumps of conventlonal hydraullc 
design, in the normal operatmg range, with open ar 
closed 1mpellers Do not use for mixed flow or axial 
flow pumps, ar far pumps of special hydraulic design 
far e1ther v1scous or non-uniform !1qu1ds. 

Use only wherc adcquate NPSH is ava1lable m 
arder to avo1d cav1tation. 

Use only on Newtonian (uniform) llqu1ds. Gels, 
slumes, paper stock and other non-umform l1qu1ds 
may produce w1dely varymg results, dependmg on 
the particular characteristics of the hqu1ds. 

Symbols and Oefinitions U sed in Oetermination 
of Pump Performance When Handling Viscous 
Liqulds 

These symbols and def1mtions are· 

Q,,, "'VISCOUS capac1ty in gpm-The capac1ty 
when pumping a viscous hqu1d. 

H,,, = V1scous head m feet-The head when 
pumpmg a vlscous l1quid. 

11,,,. ,,,viscous efflciency in per cent -The effi-
ciency when pumping a viscous t1qu1d 

bhp.,.~Viscous brake horsepower-The horse
power requ1red by the pump far !he 
VISCOUS cond1t1ons. 
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~~'!4 appllcanons 

O,, =Water capac1ty in gpm -The capac1ty 
when pump1ng water 

H., =Water head in feet-The head when 
pump1ng water 

11.. =Water efflclency in ~er cent-The eff1-
c1ency when pumping water 

s = Specd1c grav1ty 
Ca = Capacl!y correct1on factor 
Cn -= Head correct1on factor 
C, = Eff1c1ency correct1on factor 
a~w .. Water capac1ty at wh1ch ma~1mum elt1-

c1ency is obtamed 

The follow1ng equat1ons are used fer determ1ning 
the v1scous performance when the water perfor
mance o! the purnp 1s known. 

0.,s =Ca xO,. 
H,,,=C,..xH,, 
'),., = C, Xqw 

bh - O,,.xH,,,xs 
p_., 3960 Xi¡.,,. 

Ca. Cf, and C, are determ1ned from F1g 71 and 
F1g 72 wnich are based on water performance F1g 
71 1s to be used for small pump5 having capac1ty at 
best effic1ency pomt of less than 100 gpm (water 
performance) 

The followmg equations are used far approx1mat
ing !he water performance when the des1red v1scous 
capac1ty and head are g1vÍ!n and the values of Ca 
and C,. must be estimated lrom F1g 71 ar 72 us1ng 
a,, and H,., as. 

a,. (aporox ) "' ª"5 

e, 

H~ (appro~ ) "" rl,., 
e" 

lnstructlons for Preliminary Seled1on 
of a Pump far a Given Head-Capacity-V1scosity 
Condition 

G1ven the des1red capac1ty and head of the v1s
cous llquid to be pumped, and the v1scos1ty and 
spec1f1c grav1ty at the pumping temperature, F1gs 
71 ar 72 can be used to f1nd approx1male equ1va
lent capac1ty and head when pumpmg water 

Enter appropr1ate chart at the bottom w1th the de
sired viscous capac1ty, (0.,,) and proceed upward to 
the des1red v1scous head (H,,,) m feet al liqu1d For 
multistage pumps use h<:!ad per stage Proceed hori
zantally (either tell ar r1ght) to the fluid v1scosity, 
and then go upward to !he correction curves Divide 
the v1scous capac1ty (Q,,,J by the capac1ty correction 
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factor (Cq) to get the approximate equivalen! water 
capac1ty (Q,. appro~1matelyl 01v1de the v1scous 
head {H,,,) by the head correct1on factor {C,..) from 
the curve marked "l OxONw" to get the approx1-
mate equ1valent water head {H,. approx1mately) Us
ing this new equivalen! water head-capac1ty po1nt, 
selecta pump tn the usual manner The viscous ef
f1c1ency and the v1scous brake horsepower may then 
by calculated 

T~1s procedure 1s approximate as the scales for 
capac1ty and head on the lower hall of F1g. 71 ar 
F1g 72 are based-on water performance. However, 
the procedure has suff1c1ent accuracy far most pump 
select1on purposes Where !he correct1ons are ap
prec1able. 11 1s desirable to check the selectmn by 
the method descr1bed below 

EXAMPLE: Select a pump to del1'1er 750 gpm al 
100 feet total head o! a liqu1d hav1ng a v1scos1ty of 
1000 SSU and a spec1f1c grav1ty of O 90 at the 
pump1ng temperature 

Enter the chJrt {Fig 72) with 750 gpm, go up to 
100 feet head, over to 1000 SSU, and then up tu 
the correctlon factors 

Ca= O 95 
c,..-0.92 (fer 1 o ONwl 
e, =O 535 

750 
Q.,,.. 0.

95 
= 790 gpm 

Hw"" ~.~i"" 108 8 = 109 feet hea~ 
Selecta pump far a water capac1ty of 790 gpm at 

109 feet head The select1on should be atar clase 
to the ma.i;lmum eff1ciency po1nt for water perfor
mance lf the pump selected has an efflc1ency on 
water of Bl per cent at 790 gpm, then the eff1c1ency 
far the v1scous liqu1d w1ll be as follows 

>¡.,,~o 635x81% .. 5l 5 percent 

The brake horsepower for pumpmg the v1scous 
l1quid will be. 

bhp = 750x lOOx0.90 33 1 h 
"' 3950x0.515 · P 

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

lnstruct1ons for Oetermining Pump 
Performance on a Viscous L1qu1d When 
Performance on Water is Known 

Given the complete performance charactenstlc:s al 
a pump handling water, determine the performance 
when pumping a liqu1d for a spec1f1ed v1scos1ty. 

From the efficiency curve. locate the water ca
pac1ty (1,0 xO,~wl al wl11ch max1mum eff1c1ency 1s 
obtained 

From th1s capac1ty. determine the capaclties 
(O 6 X Ü~w), (0 8 X Oriw) arid (1 2 X ÜNwJ. 

Enter the chart at the bottom w1th the capac1ty at 
best eff1c1ency (l.OxONw} go upward to the head 
deve\oped {in one stage) {HM) at th1s capacity, then 
hor1zontally (e1ther left ar right) to the des1red v1s
cos1ty. and then proceed upward to the vanous cor
rect1on curves. 

Read the values of (C,) and !Col, and of (C"l for 
all tour capac1t1es 

Mult1ply each head by 1ts correspond1ng head 
correct1on factor to obtam the corrected heads. 
Mult1ply each eff1c1ency value by {C,l to obtain the 
corrected efl1c1ency values wh1ch apply al the corre· 
spond1ng corrected capac1ties 

Plot corrected head and corrected efflclency 
against corrected capac1ty Draw smooth curves 
through these points The head at shut-off can be 
taken as appro~1mately the same as that for water. 

Calculate the viscous brake horsepower (bhp.,,,J 
from the formula g1ven on page 114. 
· Plot these pomts and drav. a smooth curve through 
them wh1ch should be similar to and appro~1mately 
parallel to the brake horsepawer (bhpl curve for 
water 

EXAMPLE. G1ven the performance o! a pump (Flg. 
73) obta1ned by testan water, piel the performance 
of th1s pump when handling oll w1th a specd1c grav-
1ty of O 90 anda v1scos1ty of 1000 SSU at pump1ng 
temperature 

On the performance curve (F1g 73) locate the 
best eli1c1ency pmnt wh1ch determines O~w ln th1s 
example 1t 1s 750 gpm Tabulate capac1ty, head 
and eff1c1ency for (O 6 x 750). (O 8 x 750), (l O x 
7 50) and ( 1 2 x 7 50) {See Ta ble 7, Sample Catcu
lat1ons, on page 116) 

Using 750 gpm, 100 feet head and 1000 SSU, 
enter lhe chart and determine the correct1on factors. 
These are tabulated 1n Table 7. Sample Calcula
tlons Mult1ply each vatue of head, capac1ty and ef
f1c1ency by 1ts correct1on factor to get the corrected 
values Usmg the corrected values and the specif1c 
grav1ty, calculate brake horsepower These calcula
t1ons are shown on page 116. Calculated points are 
platted in Fig 73 and corrected performance 1s rep
resented by dashed curves. 

Figure 71 1s used in the same manner as F1g. 72 
except that only the best eff1c1ency pomt corre:ted 
performance is obtamed Through the corrected 

centr11uua1 numos ~ 
aoulicalions ~ 

head-eapacity point, draw a curve similar in shape 
to /he curve for water performance and havmg the 
same head at shut off. The corrected effic1ency point 
represents the peak of the corrected eff1c1ency curve, 
wh1ch 1s similar m shape to that far water The car
rected brake horsepower curves are general/y para/
le/ to that far water 

Radial Thrust in Singie Volute Punips 

Single volute pump casmgs in the specd1c speed 
range tietween 500 and 3500 may be des1gned far 
un1form pressure around the volute casing at the 
des1gn 1best eff1c1ency palnt) capac1ty Far pumps 
1n appl1cat1ans normally operating at ar near the 
best efl1c1ency point capac1ty, the thrust factor may 
approach zero On e1ther s1de of the best eff1c1ency 
point capac1ty, pressure distnbution is not neces
SM1iy constant, resulting 1n radial thrust The radial 
thrust at shutoff may be approx1mated, for th1s type 
of des1gn, using the fol!owing expression 

H.., xs 
R"'""K$0x 231- xD2xB2 

Thrust values R at capac1t1es ather than shut-off 
may be approx1mated by the follow1ng forrnul<1 

R ... !L xt!_xR 
K.., H"' $0 

where 

'º' 
R,,, =Radial thrust in pounds, at shutoff 
R =Radial thrust in pounds, at operatmg con-

d1t1on 
K,0 = Thrust factor al shutoff from F1g 74 
K = Thrust factor at operating cond1t1on 
H"' =Total head at shutol! m feet 
H =Total head at operat1ng cond1tmn 1n feet 
s = Spec1hc gravity of the l1qu1d 
D2 = lmpel\er d1ameter In inches 
62 = lmpeller w1dth at d1scharge inc!ud1ng 

shrouds in mches 
O ""Capacity at operat1ng cand1t1on, m gpm 
QN =Capac1ty at best efflc1ency point 1n gpm 

=Exponen!, varying between O. 7 and 3.3 
establlshed by test. In the absence of 
test data, the exponen! may generally 
be assumed to vary hnearly between 
0.7 at spec1f1c speed 500 and 3 3 at 
specd1c speed 3500 
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TABLE 7 

Sample Calculations 

Sampfe C<1lculal1ons 

o.s .:a~ .. o Bxa.,,. 

Water capacoty (0..) 450 600 
Water head 1n feet (Hwl l 14 108 
Water efhc1ency [~.) (%) 72 5 80 

V1scos1ty o! l1qu1d 1000 ssu 1000 ssu 

Ca-from chart o 95 o 95 
G,;-from chart. 0.96 o 94 
c,-from chart . o 635 0.635 

V1scous capac1ty O~xG.i 427 570 
V1scous head-Hw xCM 109.S 101 5 
V1scous efficiency-q~ x c. 46 o 50.8 

Spec1f1c grav1ty of l1qu1d o 90 o 90 

bhp VISCOUS 23 l 25 9 
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1 OxQ~,, 

750 
100 
82 

1000 ssu 

o 95 
o 92 
o 635 

712 
92 
52 l 

o 90 

286 

60 
~ 
u 

--,so~ 

'.4og 
-- -~30 t::i 
---·'20 ~ 

--- _:10 

. l - o 
1000 
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900 
86 
79 5 

1000 ssu 

o 95 
0.89 
o 635 

855 
76.5 
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o 90 
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F1g. 74 K.,, =RADIAL THRUST FACTOR 
AT SHUTOFF SINGLE VOLUTE 
(CONSTANT VELOCITY TYPE) 

Radial thrust factors (K,0 ) at shutolf are shown on 
F1g 74. Individual manu!acturers may have data en 
specif1c des1gns demonstratmg other values than 

those shown • 

Balancing of Centrifuga! Pump Rotors 

Unbalance of a pump's rotor exlsts whenever the 
center of mass is rad1ally displaced from the center 
of rotation m at leas! one plane wh1ch 1s at right 
angles to the shafi'ax1s Unless the edent of such 
unbalam.:e 1s kept w1thin spec1f1c llm1ts. (F1gs 75-
78) the pump may 111brate excess1vely and suffer 
premature fallure 

The establishment of realistic limits of residual 
unbalance for pump rotors 1s a complex problem 
wh1ch must take '1nto ciccount several factors, among 
which are max1mum operatmg speeds, ratio of rotor 
we1ght to pump weight. type of bearings w1th wh1ch 

rd- the unrt 1s to be equ1pped, dynam1c response char
actenstics of the rotor. mass and relat1ve r1g1d1ty of 
!he pump supportmg structure, ratio of operating to 
crit1cal speeds, and the nature of the envrronment 
m wh1ch the pump is to be mstalled. Smce these 
factors will vary over extreme ranges fo' pumps cov
ered by these standards, 1t is 1mpractica! to estab
l1sh here numer1cal l1mits of residual unbalance. 

Accordingly, methods al balanc1ng and llm1ts of 
residual unbalance are to be establlshed by the 

centriluoal_ u llllDS ~ 
BPPll: S~ 

pump manufacturer, sub1ect to the requ1rement 
that !he f1eld vibrat1on lim1ts specif1ed m the follow-
1ng sect1on oí these standards can be satisf1ed 

Radial Vibrat1on of Centnfugal Pumps 

V1brat1on of a centr1fugal pump 1s related to the 
r1grd1ty al the support structure lt 1s, therefore, 
necessary to d1scuss the sub1ect based on the type 
of structure in quest1on. 

R1g1d Structure 

A r1gid pump structure or mounting 1s defined as 
one far which the pump structure has a fundamental 
natural frequency h1gher than the shaft max1mum 
rotattve speed for the installat1on. H is posslble far 
any pump manutacturer to ca!culate or determine 
by test th1s natural frequency In a g1ven mstalla
t10n. the fundamental natural frequency of the base 
and foundat1on on which the pump is mounted 
must be well above the pump rotationa\ speed; 
otherw1se the cond1t1on of a ''rig1d structure'' is not 
sat1st•ed 

Assuming a rig1d structure. sorne of the sources 
of v1bration are 1mbatance of rotat1ng parts, hy
draulrc forces produced between th~ 1mpeller and 
casing volute or gu1de vane, and coupllng m1salign
ment Respons1b1lity for the el1minat1on of vibration 
due to the first two sources l1es w1th the pump 
manufacturer. whereas the th1rd one lles w1th the 
installer 

Experience shows that hydraullc forces rn low 
spec1!1c speed pumps runnmg near peak pomts of 
eff1c1ency, are not sufflc1ent to have a great effect 
on a r1g1d type structure. In a rig1d structure, there
íore, the principal cons1derat1on must be given to 
the proper balance of rotating parts 

Figures 75 and 76 show recommended upper 
lim1ts of vibrat10n far pumps that are class1fied as 
r1gid structure 

Non-R1gid Structure 

Non-rig1d or compllant pump structures herem 
det1ned are those for wh1ch the shaft rotational speed 
1s near the strncture's f1rst natural frequency The 
term "Reed Frequency" has been used to 1dentify 
the flrst natural lrequency al a un1t structure in a 
g1ven mstallat1on. This natural frequency 1s un1que 
to a g1ven mstallat1on and may not be measurable m 
any other mounting such as m a shop test. Nor
mally, a flex1bly supported pump urnt will have a 
lower "Reed Frequency" than when 1t is mstalled 
in a typical p~rmanent system. 

117 



z 
w 
~ 
w 
u 
5 
~ 
~ 

o 

~ cenlrilugal numos 
~ auoncallons 

,-
o 

" 
".) 

=f 
~ 

"' w 
~ 

2 
~ 

"' w 
~ 

8 o 

60 

4 o 

3 o 

20 

1 o 

08 ·--------~-

¡', 

~~· 
I""' ' 1 i 

1 1 1 

-~-·-+---- -1 
1 1 1 

'---l_ i .--:-----¡ 
' 
! 

l ".'.<J ~' i ' 
o 5 ~ --~------4 %-~--1-h-+- _____ !__:-:--

'-"' -i. ¡ 1 i ¡ i 1 ! 1 : 1 • ' 

i ! i ¡ ; ! ~ : : ' . 
1 1 1 i ; i 1 1 . : 

o 3 -·----¡-- -~------~ _ J __ ¡-~__µ_L;_ 1---·-~.-----;------:-l---T--· ,----··----+ ___ _ 
150 300 ! 500 700 1900 1200 2000 . 3000 4000:6000j8000 10, 

200 400 600 800 100015001800 2500 3600 5000 70009000 

V1bratmn Frequency Cycles Per Minute (Read1ngs F1ltered} 
Measure V1brat1an an Pump Beanng Housing 

20000 

F1g. 75 ACCEPTABLE FIELD VIBRATION LlMITS FOR HORIZONTAL PUMPS-CLEAR LICUID 
(RIGIO STRUCTURES) 
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V1brat1on Frequency Cycles Per Minute (Read1ngs Filtered) 
Measure V1brat1on on Pump Bearing Hous1ng 

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

"Reed Frequency" 1s bes\ deterrn1ned by exc1t1ng 
the structure w1th a variable speed frequency exclter. 
A 111brat1on p1ck~up such as a v1brat1on analyzer with 
t11tered input 1s used to determine the resonant fre
quency as exc1ter lrequency is vaned. Alternately, 
the _"Reed Frequency" may be obtamed appro)(1-
mately by the "bump" method. In this technique, 
the structure 1s exc1ted by str1king w1th a ''soft ham
mer" {a heavy p1ece of wood 1s ideal). This 11/111 
cause the structure to vibrate at 1ts "Reed Fre
quency' A v1brat1on analyzer w1th a "frequency 
l1nder" capab11ity or other more soph1st1cated 
equ1pment may be used to measure the frequency 
of th1s v1brat1on 

In a non-r1g1d system, urnts mayoperate below or 
above !he '' Reed Frequency.'' A manufacturer can 
des1gn or modlfy his structure to control the reso
nant frequency of h1s structure anly Accepted prac
tice 1s to avo1d the structure's natural frequency by 
approx1mately 25% above or below Smce resonance 
of the 1nstalled un1t 1s the respons1b1lity o! the 

system desogner. coord1nat1on between pump manu
facturer and system des1gner is necessary to avo1d 
operat1on at or near the "Reed Frequency" of the 
installed unit 

Figures 77 and 78 prov1de v1brat1on lim1ts !01 
non-1ig1d structure pumps V1brat1on limrts are not 
eas1ly class1!1ed for a !arge range of prooucts 
Forces on bearings and structural components of 
varymg st1ffness are the factors to be cons1dered 
rather than d1splacement levels. 

Other Factors Affecting Vibrat1on 

There are a number of factors bes1des phys:cal 
unbalance al the rotating parts which may cause v1-
brat1on Among these are· 

Resonance between the umt and 1ts faundatlan ar 
p1p1ng Rewnant v1brat1ans caused by driver or otlier 
equ1pment in aperat1on in the area 

Operat1on at ornear a cdt1cal speed (The amount 
of v1brat1on observed wlll depend an the degree af 
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F1g. 77 ACCEPTABLE FIELD VIBRATlON LIMITS FOR VERTICAL PUMPS &. HORIZONTAL PUMPS 
WITH PIGGYBACK MOUNTED MOTORS (NON RIGID STRUCTURESI ' 

unbalance and damping present. Normal design 
pract1ce is to avo1d a crltical speed by approxi
mately 25 per cent.) 

V1brat1ons due to hydraullc d1sturbances caused 
by improper des1gn of the suct1on pipmg or sump. 
Drsturbances may also be caused by 1mproperly de
s1gned valves. p1p1ng supports, p1p1ng and other 
components exterior to the pump (Such v1brat1ons 
are usually at random frequenciesJ 

Torsional v1brat1ons resultmg from a comb1nat1on 
of driver, couplmg, and pump wh1ch has a natural 
torsional frequency al, ornear, a harmon1c of the 
pump or or1ver rotating speed. 

For the non-clog pumps, sudden 1ncreases in !he 
v1brat1on levels may be due to the passage of large 
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sol1ds through the pump (lf the v1bration cond1tion 
pers1sts, sol1ds may be lodged m the 1mpeller, and 
remedia! measures should be taken to clear it.J 

In using these curves, the following conditions 
apply: 

Pumps must be operatmg 1n a non-cavitating 
and non-separat1ng cond1t1on Suction piping 
should be arranged so as to provide a stra1ght, 
unirorm flow to the pump P1ping should be con
nected 10 such a way so as to avoid undo stra1ns 
on the pump. Shatt couplmgs are al1gned to w1thm 
the pump manufacturer's recommendat1ons 
Figures 75 and 76 shou!d be used as a general 

gu1de w1th recommendat1ons that v1brations m ex
cess of the curve values may require invest1gation 
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Fig. 78 ACCEPTABLE FIELD VIBRATION LIMlTS FOR VERTICAL NON-CLOG ,PUMPS 
lt:lON-RIGID STRUCTURES) 

and correct1on Often. more 1mportant than the ac
tual v1brat1on 1tself, 15 the change of v1brat1on overa 
period of time V'1brat1ons m excess of the curve 
values may be acceptable if they show no increase 
over long per1ods of time. and ¡¡ there 1s no other 
1nd1cat1on of damage, such as 1ncrease 1n bearing 
clearance or no1se level. 

Conversion Formulas 
Symbols 

D = Q1splacement Mils ( 001 "J, Peak to Peak 
V =Ve1oc1ty lnches per second, Peak 
A =Accelerat1on: G's, Peak 

CPM = Cycles per mm u te 

O ""(l 9!0x l04 lC~M 

' A V =(3696x10 JCPM 

A =(2.704 x ID-') (CPMJ {V) 

Mechanical Seal Flush Loops 

The purpose of a mechan1cal seal flush loop 
system 1s to provide lhe pump mechan1cal seal 
chamber wlth clean !1qu1d of the proper tempera
ture to establ1sh an env1ronment su1table forme
chanical seal operat1on 

The f!ush loops lflustrated (pages 122-124) rep
resent those most commonly used Other systems 
may be specified by the pump user, g1vmg flush1ng 
fluid characte11st1cs mcluding pressure, tempera
ture and v1scos1ty. 
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OOUBLE SUCTION, OOUBLE BEARING TYPE PUMP 

CLEAN PUMPAGE 

P!ug-Fu1ure 
ConnecPons 
f1f requored) 

PLAN 1 

Plu~-Fucure 

Connec11ons 
¡d reqwredl 

O e ad end seal bo•es w11h nocirculatoon 
or llush llu•d Waier cooleO bo< 1acke1s 
and lhroa1 bush•ngs required unless 
01herw1se soecof1ed • 

PLAN 2 

Rec>rculat•on from pump case through 
st1a111er and onhce lo seals 

PLAN J 

Recircu1at1on lrom pump case through 
stramer, onf1ce and cooler to seals 

PLAN 4 ¡BAS!C SYSTEMJ 

Recirculat1on from pump case tnruugh 
orofice to seals 

PLAN 5 

Rec1'CUlot1on lrom pump case through 
ord1ce ano cooler to seals 

PLAN 6 

Recirculat1on lrom seals w1th pump•ng 
nng through cooler and back to seals 

Fig. 79 (Part One) FLUSH LOOP SYSTEMS 

Notes 
These pi a ns are reprei.entllt1ve of commonly u sed systems vanat1ons m spec1f1c auangements and matenals as long as they meet the m
tent of the system ª'e perm1ss1ble. 
íor plans 8, 9, 10, and 12, purchaser Shall spec1!y the fluid cllaracterosucs and vendar sha11 specify the re<¡uored GPM and PSIG '."lhen 
supplemental seal fluid is prov1ded, vendor shall spec1fy the requlfecl G:'M and PSIG where these are factors (such as 1<>hen au .. 11ary seal 
•S outs•de mechamcal type) 
P1pmg mate.,als shall follow case metllllurgy unless otherw1se speaf1ed by \he customer 
The pumps dep1cted are representlltrre and not 1n1ended for any spec1f1c serv1ce 
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DOUBLE SUCTION, OOUBLE BEARtNG TYPE PUMP 
DlRTV 01l SPECIAL PUMPAGE 

PLAN 7 

Recrrculat1on from pump case throush 
cyclone separator dehvermg e lean tlu1d to 
seals, and fluid w1th sohds back to pump 
sect1on. 

PLAN 8 

Circulat•on of clean cool fluid \o doutJle 
>eals from an e<lernal Cl:Culat1on sys\em 
(See Notes) 

PLAN 10 

By Vender 

Recornmended 
By Purchaser 

ln1•ct1on to seals from e.ternal sourGe of 
cle•n cool flu•d (5ee Notes) 

PLAN 11 

Rec•rculat1on from pump case through 
cyclone separ~tor dehvering clean fluid 
th!ough cooler to i.eals and fluid wllh 
sol•ds. b•tk to pump suct1on 

PIPING FOR THROTTLE 8USHING OR AUXIUARY SEAL OEV!CE 
PLAN 9 PLAN 12 

VenL Connectton-._1 

Fil• Pluy--. 

..t....-vem ConMc"º" 

_-Ftll Plu~ 
or 1n1~1 

.-~-------, 

'-. ...------.,~' 
Plugged Ven1 

or lnlm 

Oead Ended 6liinket Usually Mettiano! 
lSee NotesJ 

Tapped connect1ons lor purchaser's use 
Shall apply wllen PU•thaser 1s to supply 
fluid (steJm, ~as water o:lle<) to au•1h
ary o;ealmg dev1te (See Notes) 

LEGEND 

~:!-- Orif1ce 

~ Y-Type Stra1ner 

-0- Cooler -ckJ- Valve-Regulat1ng 

-U-- Separator -{><}- Vafve-Block 

@-- Pressure Gauge W I cock -l..---1- Valve-Check 

fig. 79 (Part TwoJ FLUSH LOOP SYSTEMS 

@- Dial Thermometer 

@-- Pressure Switch 
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SINGLE SUCTION PUMP 

A-for crean Pumpa;;¡e 
Recorcula!lon from pump drscharge connection through 
an onl1ce to llush connect1on 

Terminal end of loop feeds to 
C Stuffing Box Connect1on 
:J Mechanical Seal Gland Conneciion 

C-For Clean Pumpage 

P•rt 
Tubin 
Orif1ce 

Rec1rculat1on flom pump d1scharge connection through a 
"Y .. strainer, through an onf1ce to flush connection. 

Terminal end ot loop feecls to 
;:J Stulfing Box Connectmn 
,:J Mechan1cal Seal Gland Connect1on 

1 

11 
!2 
13 

E-For Clean Pumpage 

P•rt 
Tubing 

Or1tice 
"Y" Stra1ner 

Recirculat1on from pump d1scharge connect1on through 
an or•f1ce. through a heat exchanger to flush connect1on 

2 
'L~:--¡--

i til:;-:, 
fl 1 : 1 ~ 1 

1 

1 1 : : 1 : 1-- ~ 
~ : ! 

1 
1 ~ r - ~ 

LJ --• 1 : ~tJ : 
c:: __ ;_l ;·:-= -~ 

•.'.": '.! 

3 

Terminal end of loop teeds to 
O Stuff1ng Box Connect1on 
O Mechan•cal Seal Gland Connect1on 

Par\ 
l Tub1ng 
2 Orif•ce 

3 Heat 
Exchanger 

B-For Clean Pumpage 
Rec1rculat1on from pump d1scharge connect1on through a 
"Y" strainer, the onlice, through a heat exchanger to seal 
flush connectiori 

(3) º'ºº~º; ~-•' 
! f11:;:-.,, 

: r-- -~ : : : ~-~ 
1 1 1 . 
1 :- - -: ! ' : ~ ;- : 
LJ ¡-: .: i [-~::. 

--,--._¡_ 

4 

Terminal end ol loop feeds to· 
O Stull1ng Box Connect1on 
C! Mechan1cal Sea\ Gland Connect1on 

P•rt 
l Tub1r1g 

2 Oriftce 

3 "Y" Stra1ner 

4 Heat 
Exchanger 

0-For D1rty or Spec1al Pumpage 
Rec1rculat1on from pump d1scharge conriectlon through 
cyclone separa!or dehvering clean pumpage to flush con
nect1on and pumpage w1th back to pump suctmn. 

Tubmg 
Separator 

T e1m1nal end of loop feeds to: 
O Stu ffmg Box Connectoon 
::::J Mechar11cal Seal Giand Connect1on 

F-For D1rty or Spec1al Pumpage 
ln1ect1on to seal llush connectton from externa/ s.ource 
through "Y" stralner, globe valve, past pressure gauge to 

flush connect1on a 
·r-,- --,-• ~ 4 3 

.-, f11¡; ,--2 
• r---1 : ; ; 1 1 : 

1 1 : 1 1 1- 1 
, 1 • r 

1 
' ¡ r --~ 

~-:---~ 1:•,1 : 
;-: : : r-::::.-:'_ 
--,-•,_¡, 

L.:::. 
Terminal end of loop feeds to· 
O Stufl1ng Bo~ Connect1on 
O Mechar11cal Seal G!and Connei:t1on 

P•rt 
l P1p1ng 

2 "Y" Stramer 
3 Globe Valve 

4 
Pressurt! 
Gauge 

F1g. 80 FLUSH LOOP SVSTEMS 
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lntake Design 

The tunction of the intake, whether lt be an open 
chanriel ora tunnel havmg 100 per cerit wetted pe
mneter, 1s to supply an evenly distnbuted flow o! 
water to the suct1on bel! An uneven d1str1but1on of 
flow, characterized by strong local currents, favors 
format1on o! vortices and w1th certam low values of 
submergence, w1ll 1ntroduce air into the pump w1th 
reduct1on of capac1ty, accompanied by no1se. Un
even distnbution can also mcrease or decrease the 
power consumpt1on w1th a change m total developed 
head There can be vort1ces wh1ch do not appear on 
the surface, and these also may have adverse effects 

U neven velocity distr1but1on leads to rotat1on of 
port1ons ot the mass of water about 3 center-lme 
called vortex mot1on Th1s centerllne may also be 
movmg. Urieven d1str1but1on ol flow 1s caused by 
the geometry of the rntake and the manner m wh1ch 
water 1s 1ntroduced mto the mtake frorn the pr1mary 
source 

Calculated low average velocity 1s .1ot always a 
proper basis for 1udg1nr the excellence of an 1ntake 
H1gh local veloc1ties 1n currents and in sw1rls may 
be present in intakes which have very low average 
velocity lndeed. the uneven d1stribut;on which they 
represen! occurs less m a h1gher veloc1ty flow w1th 
sufl1c•ent turbulence to d1scourage the gradual bu1 ld
up of a larger and larger vortex 1n any reg1on. Num
bers of small surface edd1es may be present without 
caus1ng any trouble 

The ideal approach is a straight channel commg 
directly to the pump. Turns arid obstructioris are 
detrimental smce they may cause eddy currents and 
tend to init1ate deep-cored vort1ces 

Water should not flow past one pump to reach the 
next 11 th1s can be avo1ded lf the purnps must be 
placed m lme of flow, 1t may prove necessary to con
struct an open front cell around each pump orto put 
turning vanes under the pump to defrect the water 
upward 

All poss1b!e streamlining should be used to reduce 
the tra1I of alternating vortices m the wake of the 
pump or of other obstruct1ons in the stream flow 

The amount of submergence far successful opera
t1ort will depend greatly on the approaches to the m
take and the s1ze of the pum p. Wh!le spec1f1c des1gn 
1s generaUy beyond lhe scope of the pump manu
facturer's respons1b1llty, he may comment while the 
mtake layout 1s still prel1mmary 11 he is prov1ded 
w1th the necessary intak'! draw1ngs reflectmg the 
phys1cal l1m1tations of the s1te. 

Complete ana!ys1s of intake structures 1s best ac
comp!ished by scale model tests 

cenlrilugal. pis; 
HPDllC S~ 

Subject to the qua!if1cat1onsof the foregoing state
ments, F1gs. 81, 82, & 83 have been constructed 
for sirtgle and simple mult1ple pump arrangements 
to show suggest1ons far bas1c sump d1mensions 
They are for pumps normally operatmg in the capac-
1ty range of approx1mately 3,000 to 300.000 gpm. 
Smce these values are compos1te averages from a 
great many pump types and cover the entrre range 
of spec1f1c speeds. they must not be thought of as 
absolute values but rather as basic guides sub¡ect 
to sorne poss1ble variat1ons For pumps normally op
erating at capacit1es below approx1mately 3,000 
gpm, refer to Sump or P1t Des1gns (small pumps) 
page 129. 

Ali of the d1mens1ons 1n F1gs 81, 82 & 83 are 
based Oíl the rated capac1ty o! the pump at the de
s1gn head Any mcrease m capac1ty above these val
ues should be momentary or very l1mited m time. 11 
operat1on at an mcreased capacity is to be under
taken for considerable per1ods of time, the maxlmum 
capac1ty should be used for the design value m ob
tammg sump d1mens10ns 

The D1mens10n C 1s an average, based on an anal
ys1s of many pumps. lts final value should be speci
f1ed by the pump manufacturer. 

D1mens1on B 1s a suggested maximum d1mens1on 
wh1ch may be less depend1ng on actual suct1on bell 
or bowl d1ameters 1n use by the pumpmanufacturer 
The edge of the bell should be c!ose to the back wall 
of the sump. When the positlDn o! the back wal1 1s 
determ1ned by the driv1ng equrpment or the d1s
charge p1pmg, 01mens1on B may become excess1ve 
anda "false" back wall should be mstalled. 

D1mension Sis a minimum for the sump width for 
a single pump mstal\at1on. This dimension can be 
mcreased, but 11it1s to be made smaller, the manu
facturer should be consulted or a sump model test 
should be run to determine its adequacy. 

01mens1on H 1s a mmimum va1ue based on the 
"normal low water level" at the pump suction bell, 
takmg mto cons1derat1on fnction losses through the 
miel screen and approach channe\. This d1mension 
can be considerably less momentarily or 1nfrequently 
without damage to the pump lt should be remem
bered, however. that th1s does not represent "sub
mergence." Submergence is normally quoted as 
d1mension H mmus C. Th1s represents the phys1cal 
he1ght of water leve! above the bottom of th"! suc
t1on mlet The actual submergence of the pump 1s 
somethmg less than th1s, smce the impeller eye is 
sorne dtstance above the bottom of the suct1on b~l 1, 
the magmtude bemg a funct1on of pump s1ze and 
style for the purposes of sump des1gn in connec-
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300.000 

200.000 

150.000 

100.000 
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~ 60,000 
~ 

~ 40 000 , , 
o 30.000 , 
, 

20 000 
~ 
o lS.000 u 

10.000 

8,000 

6.000 

4,000 

3.000 

Recom<nended Sump D•r:1ens1ons in lncnes 

Fig. 81 SUMP DIMENSIONS VERSUS FLOW 

Note: Recornmended value at Y equals appro~1mately 30 for most ~11 deS•~ns 

t1on w1th th1s chart, 1t rs understood that the pump 
has been selected in accordance with max1mum 
speeds charts. F1gs 68 and 69, the submergence 
referred to herein havlng to do only with vortexmg 
and eddy formations 
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Dirnens1ons Y and A are recommended mrrnmum 
values These d1mens1ons can be as 13rge as desrred 
but should be lim1ted to the restnct1ons 1nd1cated 
on the cuNe lf the des1gn does not include a screen, 

1 
! 

1 
· 1 

'-·. 

cemr11ug¡11 uumu~ G1i applicalions ~;;'. 

Single: -
l
S Pornp: : Srngl• 

5 1 
Pump 

- _ 1_ - ~~-'~"=~ -
1 ' 

Screen -il.~'--/-~~~~,'c-r'~A-.\--~~~~~~~~ 

:ii'E-¡iiOiiiCOiº Mult1ple 
+!<---Y-, Pornp 

1 111ustrat1on ~ 

1 
1 

Fig. 82 SUMP OIMENSIONS PLAN V1EW 

y 

1 

I 
Stream 
Flow 

Trash Rack 

15' Max.-10" or less preferred 

1 f 
Fig. 83 SUMP DtMENSIONS ELEVATION VIEW 
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~,w~ 'lmaunns 
or 1f the channel has a slopmg approach, d1mens1on 
A should be considerably longer, even as much as 
tw1ce the value shown 11 the channel approach has 
a downsrope, the angle should be not more than 15 
degrees and preferably 1 O degrees with the horizon
tal The channel floor should be level far at leas! d1s
tance Y upstream befare the slope begms. The screen 
or gate w1dths should not be substant1ally less than 
S, and he1ghls should not be less than H. lf the mam
stream veloc1ty 1s more !han 2 lee! per second, 11 
may be necessary to construct stra1ghtenmg vanes 
m the approach channel, mcrease d1mens1o'n A, con
duct a sump model test of the mstallat1on, ar work 
out sorne comb1nat1on of these íactors 

Dimens1on S becomes the w1dth o! an md1v1dual 
pump ceH or !he center-to-center d1stance of t"'º 
pumps if no d1v1s1on walls are used 

On mult1ple pump mstallat1ons, the recommended 
d1mens1ons in F1gs 81, 82 and 83 also apply as 
noted above. and the following add1t1onal determ1-
nants should be cons1dered. 

F1g 84A. Low veloc1ty and stra1ght-lme flow to all 
un1ts s1multaneously 1s the first recommended style 
ot p1t Veluc1t1es 111 pump area should be appro~1-
mately one foot per second. Sorne pumps w1th ve
loc1t1es of 2 feet per second and h1gher have g1ven 
good results. Th1s is partkularly true where \he de
s1gn resulted from a model study Not recommended 
would be abrupt change 1n size of miel pipe to sump 
or miel from one s1de 1ntroduc1ng eddymg 

Fig 846. A number of pumps m the same sump 
will operate best w1lhout separatmg waJ!s unless al! 
pumps are always 1n operat1on at the same time, m 
which case the use of separat111g walls may be bene
f1c1al lf walls must be used fer structural purposes, 
and pumps w1ll operate 1nterm1ttently, leave flow 
space beh111d each wall from the pi! !loor up to at 
leas! the minlmum water level. 

U walls are used, 111crease d1menslon S by the 
th1ckness of the wall fer corree! centerllne spac1ng 
Round or "og1ve" ends of walls NOT recommended 
is the placement al a number of pumps around the 
edge ol a sump w1th or without div1d111g walls 

Fig 84C. Abrupt changes in size from inlet pipe 
or channel to pump bay are not des1rable. A relat1vely 
small pipe empty111g 11110 a large pump pit should 
connect to the p1t wlth a gradually mcreasing taper 
sect1on The angle should be as small as poss1ble, 
preferabfy not more than 15 degrees W1th this ar
rangement. pit ve!oc1l!es much less than one foot, 
per second are des1rable Espec1aliy not recom
mended 1s a small pipe d1rectly connected toa large 
p1t w1th pumps close to the miel Flow w1ll have ex-
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cess1ve change of d1rect1on to get to most of the 
pumps Center111g pumps 1n the pit leaves large -
"vortex areas" behmd the pumps which w1ll cause 
operational trouble. 

F1g 840 11 the p1t veloc1ty can be kept lowenough 
(appro11mately one foot per second), an abrupt 
change lrom inlet pipe to p1t can be accommodated 
tf the length equals or exceeds the values shown. As 
ratio W/P mcreases, the 111let veloc1ty at p may be 
111creased up toan allowed max1mum of e1ght feet 
per secand al W/P= 10 Pumps "111 l1ne" are not 
recommended unless the ratio ol p1t to pump size is 
QU1te large, and pumps are separated by a generous 
marg111 long1lud111ally A p1t can genera!ly be con
structed at mue~ less cost by usmg a recommended 
des1gn 

F1g 84E lt is somet1mes des1rable to install 
pumps 111 tunnels or pipe lmes A drop pipe or false 
welf to house the pump w1th vaned in1et elbow fac-
111g upstream will be satislactory in flows up to e1ght 
feet per second W1thout the inlet elbow. the pump 
sect1on bell should be pos1t1oned at least two pipe 
(vertical) d1ameters above the top of the tunnel, not 
hung mto the tunnel flow, espec1afly w1th tunnel ve
loc1t1es of two feet per second or more. There should 
be no s1gns of air along the top of tunnel lt may be 
nece!';Sary to lower the scoop or ins1st on rnm1mum 
water level rn vertical well 

Note: The forego1ng statements apply to sumps for 
clear liqu1d_ Fer flu1d-solids m1~tures refer to the 
purnp manufacturer 

CORRECTION OF EXISTING SUMPS 

lt 1s well established that vortexing 111 pump suc
tmn prts is harmful to pumps and intake structures. 
lt is equally true that a very small force w1ll actually 
be¡¡1n generat111g a vortex_ While th1s phenomenon 
can be avo1ded 111 a new des1gn, far ex1sting struc
tures where problems are already apparent or where 
expansion is requ1red. correct1ve measures may be 
necessary. Poss1ble rev1s1ons to corree! particular 
sump prcblems are shown 111 F1g 85. In many cases, 
f1eld modifkations are expens1ve w1th no guarantee 
of success. lt 1s recommended that a sump model 
test be considered to preve the effectiveness of the 
proposed changes. 

Fig 85A-Reduce inlet velocity by spreadmg the 

1 
~ 

mflow over a larger area, or change the direct1on 
and veloc1ty ot 111flow by su1table baffhng (The battle 
may b"' !loor mounted, extend111g above the min1-
mum flow level, or may be hung from above, extend
mg close to the floor) 

F1g 858-Change the locat1on of pumps m rela
t1on to the mflow A su1table baffle may be necessary 
111 lront of 1nlet 

F1g BSC-A cone rnay be added to reduce the 
poss1b1l1ty of submerged vortex format1on 

F1g 850-Provide break-thru to "no-flow" bays 
1n mult1ple pump p1ts and round or "og1ve" ends of 
separat111g walls, or 

F1g. 85E-Eliminate separating walls. 
F1g. 85F-Eliminate sharp comers at gates. 

screens. etc . by f1lllng m fer smooth flow contour 
(fa1rmg) 

F1g 85G-Reduce the veloc1ty of llow and el1rn1-
nate vortexmg by add1ng bell extens1on suction plate 
and spl1tter to pump be11 Splltter must be 111 lme 
w1th the flow. 

F1g 85H-U se float1ng rafts around !he pumµ col
umn to preven! surface vort1ces 

F1g_ 851-Use large spheres to preven! surface 
vort1ces 

F1g. 85J-Reduce the clearance between the pump 
mlet and back wall Th1s w11l 1mprove veloc1ty pattern 
to the pump to reduce the poss1b1l1ty of vortex tor
mat1on 

F1g. 85K-Change 1nlet flow direct1on gradually by 
mea~s of paralle(turmng vanes. 

In General: 

Keep miel flow below two ft per second 
Keep How 111 ptl below one ft per second 
Avoid_ chang111g direct1on of flow from inlet to 

pump, ar 
Change direct1on gradually, smoothly, mdepen

dently 
In add1t1on to the above, other mod1l1cat1ons su ch 

as 1) Suct1on Cone, 2) Honzontal per!orated plate. 
or. gnds; 3) Horizontal beam w1th bottom flange 
submerged to control water surface. 2nd 4) other 
flow stra1ghteners may be used to corree! the ex-
1st111g sumps 

Any ol these alterat1ons, s1ngly or 111 corr.b1nat1on. 
may help to create a better t1ow pattern 1n thesump 
11 troubles pers1st, it may be necessary to limit the 
total flow or change purnp size and speed 

Model Tests of lntakes 

Often the analys1s of a proposed mtake des1gn 
can only be made by use o! a scale model of the m-

. lTJ 
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take The eng111eers responsible for the design of 
the pump1ng stabon should consult w1th pump man
ufacturers to establ1sh one or more 111take arrange
ments A sump model test can then be conducted 
by an mdependent laboratory ar by the pump manu
facturer The sump model test may show mod1f1ca
t1ons of structure or baffling arrangement to be 
necessary, and somet1mes sump model tests show 
how considerable savmgs can be made 1n the lntake 
structure The model should be extens1ve enough to 
111clude all parts of the channel likely to affect the 
flow near the pump, includ1ng screens and gates 

Oev1at1ons may occur between model and proto
type, smce all considerations of s1m1farity cannot be 
produced simultaneously Consequently, the range 
ol levels m veloc1t1es to be explored should be as 
broad as poss1ble 1n order to d1sclose any markedly 
unlavorable tendenc1es wh1ch m1ght only be mc1p1-
ent at mathemat1cally analogous cond1t1ons. 

Comparable flow 111 the model 1s generally cons1d
ered to be obtalned at equal Fraude numbers 

On th1s bas1s, 

where 

V m - Veloc1ty of water 1 n the rnodel 
VD .. Veloc1ty of water 1n the prototype 
R = Linear scale ratio of model to prototype 

'= L, 

where 

L.,.,'"' Any linear d1mens1on al the model 
l.¡, = The d1mens1on on the prototype correspond-

1ng to any d1mens1on L.,., on the model. 

Several 111vest1gators have found better agree
merit between model and prototype when veloc1ties 
are equal than when veloc1t1es are 111 accord w1th 
the Froude number. In !he present stage of the art, 
caut1on suggests that this entire range of veloc1t1es 
be explored 111 the model test 

Sump or Pit Design (Small Pumps) 

The des1gn of sumps far sma!l pumps {[ess than 
approx1mately 3,000 gpm, normal discharge capac-
1ty per pump) should be gu1ded by the same general 
pr111c1ples as outl111ed. 

However, s111ce there 1s a large variety of geometnc 
conliguratlons for these small units, recommended 
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limiting dimensions, such as shown 1n F1g. 81-83, 
cannot be sulflc1ently general1zed and so presented. 
Where spec1f1c p1t or sump d1mens1ons are required, 
!he manufacturer's recommendatrons should be 
requested 

In add1t1on to the gen~ral design principies out· 
lined, for single and mult1ple pump settings in large 
sump designs. the following factors are pertinent to 
the des1gn of sma!I sumps or p1ts 

lnlet Opening (Pit Type Sumps) 

The sump inlet should be below the min1mum liq
u1d level, andas far away from the pump as the sump 
geometry w1ll perm1t The influent should not 1m
p1nge agamst the pump, ¡et d1rect!y mto the pump 
mlet, oren ter the p1t in such a way as to cause rota
t1on of the llqurd in the pit Where requ1red. a d1s-

tribut1on nozzle can be used to prevent 1enmg, and 
bafflmg can be used to prevent rotat1on 

Sump Volume {Pit Type Sumps) 

The usable p1t volume should equal ar exceed the 
ma:>;1mum capacity to be pumped in two minutes lf 
units operate on float switch control. p1t !>hould be 
s1zed to allow no more !han three ar four starts per 
hour per pump. These gu1des generally msure p1ts al 
adequate s1ze to d1ss1pate the 1nflow turbulence and 
to assure reasonable llfe of thE! starting eQu1pment 

Minimum Liquid Level 

M1nimum l1quid level should be adequate to sat
isfy the particular pump des1gn The pump rnanu
facturer's spec1fic d1mens1ons should be used. 
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To minimiLc the viscous elfects in modeling pumps. thc Hvdraulic lns111u1c 
standards (6) recommcnd that thc size of the modd be such that the modcl 
impellcr is not less than 30 cm in diameter. Thcsc samc standards statc that 
""the model should have complete geometric similarity with the prototype. nnt 
only in the pump proper. but also in the intake and discharge conduits.--

Even with complete geometric similarit;. one can cxpect the model to he 
slightly less eflicient than the prototype. An emp1rical formula proposed h; 
Moody that is used for estimating prototype cfliciencies of radial- and mixed
ílow pumps and turbines from model efliciencies is 

~=('-e_)¡; 
J -e _D 1 

(8-361 

where e 1 is the efliciency of thc modeL and <' is the efliciency of thc prototype. 

E X A M PLE 8-1 1 A model having an impeller diameter of 45 cm is tested 
and found to ha re an efliciency of 85':. If a geometrically similar prototype has 
an impeller diamcter of 1.80 m. estima te its efliciency when it is operating under 
conditions dynamically s1n1ilar to those in lhc n1odcl lCSl (C t' mudcl = C Q prowi~p··'· 

SOL UTIO!\ We apply Eq. (8-361 with the condition that e,= 0.85 and 
D D, = 4. Then 

e=I 
1 - e 1 

ID D,) 1
' 

= 1 - O. l S = 1 - 0.11 = 0.89 
1.31 

The efliciency of the prototype is estimated to be 89':. 

8-14 Other Types of Pumps 

• 

The pumps and turbines we ha ve discussed so far in this chapter are 
all classified as turbomachines. In turbomachines. the exchange o[ energy 1s 
accomplished by means of hydrodynamic forces dc,·eloped between a movmg 
fluid and the rotating and stationary parts of thc machine. For example. in thc 
axial-flow pump. the lift force o[ the rotating bladcs of the impcller produces 
the pressure increase of the pum p. 

Another entirely dilferent class of pump is_ the positive displacement type. 
All positive displacement pumps have parts that interact in such a way that 
definite volumes of fluid are conveyed in the desired pumping direction essen
tially in proportion to the speed of operation oí the pump. One of the simplest 
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Figure 8-37 Reciprocating piston pump 

positive displacement pumps is the reciprocating p1ston pump shown in Fig. 
8-37. In this pump. as thé pump rod and piston are raised by the crank mech
anism. the \'alve in the pistan is closed so that the piston draws water 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 doses. but the 
rnlve in the pistan opens Thus one can see that for each cycle of the crank 
that drives the piston a definite volume of water will be .. lifted" from the well 
and through the outlet pipe. lf the speed of the crank is doubled. the rate of 
pumptng would also be doubled (neglecting leakage past seals of the piston). 
The work required to pump the water can be expressed in terms of the essen
tially static force applied to the pistan to lift the water times the distance 
through which the pistan acts when water 1s being lifted .. 

Many other types of posilive displacement pumps ha ve configurations dif
ferent from that of the simple pistan pump. Severa) of these pumps are the gear 
pun1p. 1n·n-/nhe rotar_r pu111p. and screu· pun1p. 

Besides the broad categories of turbomachines and positive dísplacement 
pumps.jer pwnps and hydra11/ic rams ha ve limited but important use in special 
situations. 
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Descriptions of the aforementioncd pumps are gi\"en undcr separa le head
ings below. 

Gear Pump 

Figure 8-38 is a section through a spur-gear pump. The gcars rotate 
111 Ihe direction indicatcd. and these gears have ,-ery clase clearance wi1h the 
casing of the pump. Where 1he gear 1eeth conlact. they form a tight liquid sea!. 
Thus as the gears rotalc. liquid ílows in beiween the gear 1ec1h on the suciion 
sidc in very much the same way that liquid is drawn in10 the cylinder of a pis10n 
pump when thc pistan is on the suction stroke. As the gears rotale. the liquid 
is lrapped between the 1eeth and the casing and is carried around 10 the dis
charge side of the pump. where the liquid is forced out as !he 1eeth of the gears 
mesh togethcr. 

Gear pumps are jusi onc class of rotary pumps that are uscd far pumping 
various kinds of liquids O\"er a wide range of pressure. viscosities. and tempera
tures. Severa! applica1iom of rotary pumps are 

l. 

3. 
4. 
5. 
6. 
7. 

Chemical processing 
F ood handling 
Tank truck loading and unloading 
Machine too! coolants 
Pressure lubrication 
Hydraulic power transmission 
General lransfer of liquids 

The efficiency depends on the viscosity of thc liquid being pumped. but it 
may be as high as 70";, for low viscosity liquids. Rotary pumps can be designed 
lO develop pressures up to 5000 psi. and sorne have capacities as high as 
5000 gpm. 

-~· 
0 11 K 0 

" " 

Figure 8-38 Spur-gear pump 
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1<11 T\\11-111~ rntary puntp <1'1 Thr~l!-lnh1..· rotary pu1nr 

Figure 8-39 Lobe pumps 

Lobe Pumps 

Figure 8-39 shows two-lobe and threc-lobc rotaf\· pumps. These pumps 
operate cxactly like gear pumps. Howcver. because of the smaller nurnber but 
larger \olurnc of ··chambers .. that produce the pumping: action. there may be 
more of a pulsating llow frorn the lobe pump than from the gear pump. 

Screw Pumps 

Screw purnps are similar to gear and lobe purnps in that pumping oc
curs as the elements ofthe pump rotate and mesh. In thc screw pump. the liquid 
is carried betwcen screw threads on one or more rotors and is displaced axially 
as the scre\\·s rolate. 

Disadvantages of Rotary Pumps 

The main disadvantages of rotary pumps are their cost 1s quite high 
beca use of the precise machining required to produce close tolerances, and they 
are not suited for pumping liquids 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 

Jer pu111ps derive their pumping action from a high velocity jet of fluid 
that thcn becomes entrained with the fluid it is pumping. The high momentum 
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Oiffu~r 

Jet pumr 
dist:har~t· 

of the jet is convened to pressure in a dilfuser. Liquid jet pumps are sometimes 
also called educcors. Figure 8-40 shows the essential features of a jet pump. 
There are many advantagcs of the jel pump. for example. it is self priming; it 
has no moving parts: and it can be made from any machinable materials. glass. 
and liberglass. The main disadvantage of the je! pump is its relatively low 
efficiency. The entrainment process inherent in its operation produces large 
head losses thal account for this low efficiency. Despite its low efficiency. it has 
severa! uses. including 

1. Deep-well pumping 
1 Bilgc pumping on ships 
3. Providing circulation in rearing tanks of fish hatcheries (abscnce of moving 

mechanical parts do not injure fish 1 
4. Chemical processmg mixing 
5. Pumping out wells. pits. sumps where there is an accumulation of sand or 

mud 

The deep well application is illustrated in Fig. 8-41. The jet pump and cen
trifuga] pump actas a two-stage pumping unit. In the pumping process. the je! 
pump near the bottom of the well produces enough pressure so tha1 the pressure 
on the suction side of 1he centrifuga! pump is well above the vapor pressure of 
the liquid. Thus the centrifuga! pump provides the rcmaining necessary head 
to yield the desired results. Without the jet pump. 1he centrifuga! pump alone 
at the surface of the ground would not be able to pump water from a well more 
than about JO ft deep beca use the water would vaponze when the suction pres
sure reaches the vapor pressure of the water (equi,·alent to about -33 ft of head 
at normal temperaturesl. The jet pump is well sui1ed for this kind of application 
because it can be designed to be a relatively compacl unit that can be easily 
installed in a well. A typical commercial deep well unll has a 1-in. pressure pipe 
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Figure 8-41 Jet pump in combinauon \\ ith a 
cen1nfugal pu1np for pumping \\·:.uer from a \\'Cll 

with a Il:-in. discharge pipe and. depending on the depth of the well, severa! 
arnilable nozzle and diffuser combinations 171. 

Hydraulic Ram 

The hydraulic ram was firsl developed in England in about 1800. It uses 
a relatively large ftow of water under low head to pump a much smaller amount 
of water to a much higher elevation. Figure 8-.f~ show' lhe essential features of 
a hydraulic ram. Valve W is the waste valw. and valve C is a check ,·ah·e. 
Assuming the cycle of operation starts with zero velocity in the drive pipe with 

Table 8-1 Data on Selected Hydraulic Ran1s in the Uni1cd Sta tes 

Discharge (cfs) Head (ft) Strokes 
to to drive pump per 

Location rarn reservoir pipe head rnínute 

LJ.S. Na\'al Coaling Station. 
Bradford. Rhode lsland l.~9 0.5~ 37 R4 130 

Sea1tle Water \Vorks. 
Sea1tle. Washington 1.63 O.SS 49 131 65 
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,·alve W open and rnh·e C closed. ftow starts past val ve W and. because oí con-· 
tinuity. water also starts moving in the drive pipe. The flow through valve Ir 
and the drive pipe will accelerate until the velocity past the rnh-c is so great 
that ,·ah·e W closes quickly. The ,·alve closure is initiated because the drag on 
the rnlve overcomes the weight oí the rnlve that tends to keep it open. Once 
val»e W closes. it produces a water hammer pressure in the drive pipe and in 
the body oí the ram. This pressure will be largc enough to open the check val ve 
C. and sorne water will be forced into the air chamber. The pressure in the air 
chamber increases and furlher compresses the air. l\.1ore \\'a ter goes into the air 
chamber and. because oí this increase oí pressure. ftow occurs in the discharge 
pipe. Aíter a short time. the water hammer pressure in the drive pipe and ram 
subs1des so that rnlve C doses. A short time later. the pressure in the drive 
pipe and ram is íunher relie,•ed (the relieí wave oí water hammer starts) and 
valve IV opens. Once rnlve W is opened. the cycle repcats itself. 

In the early !900s. man) hydraulic rams were used for municipal water sup
plies as well as for indi,·idual farms. Table 8-1 gi,·es data for two oí these early 

· rams. A study oí sorne oí these early rams ( 111 indicated that· ií the drive pipe 
was three times as long as the pumping head. it would be long enough to develop 
\Vater hammer pressures to operale satisfactorily. 

PROBLEMS 

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


