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Abstract 

Fire pumps are considered to be a primary component of the fire protection water supply and they 

are connected to a reliable driver of either an electric motor or a diesel engine and are designed to start 

automatically and operate under the most demanding conditions.This paper affirms the prime importance 

of centrifugal pumps and their selection for fixed automatic fire water systems and the importance of 

ensuring proper power supply from drivers to operate effectively.A pump manufacturer has different 

classifications and types of pumps with a variety of efficiency.  Pump curves demonstrate the strong 

relationship between pump life, pump reliability, and where the pump operates on its curve.  The most 

suitable pump can identified through the study of pump group curve, then pump family curve finally will 

arrived the individual pump performance curve considering with the best efficiency point, NPSHR and 

maximum shut off head.  The individual pump performance curve and system demand curve will be 

clubbed in one graph sheet, and it will prove the proposed pump meets the required fire water demand 

and pressure.After selection of pump, the next task is selection of drivers.  A mathematical equation helps 

to find the required shaft power / driver power in the unit of kW or hp.  The selection of the pump drivers 

shall be governed by the requirement of maximum reliability of the overall system. After the capacity of 

the pump and driver has been carefully chosen, to match each other perfectly, installation of the pumps in 

the pump house should be done with utmost care.Finally this paper introduces a case study featuring 

system demand, identifying proper pump from a group of pumps, considering of pump efficiency, speed, 

fix the NPSHR based on NPSHA, fix the maximum shut off head and find the required driver power.  The 

selection of the best design has been carried out through reliability evaluation process and through the 

cost of failure.Proper fire pump selections is more important than ever, with drastic consequences on 

maintenance, reliability, efficiency and avoidoversizing pumpsas well as reduce the project cost and the 

power consumption. 

Keywords:Fire pump, Centrifugal pump, cavitation, System demand curve, pump performance curve, best 

efficiency point, NPSHA, NPSHR, shutoff head. 

1. Introduction 

Millions of unexpected fires occur every year and cause damage amounts to several billions of 

money and fatalities. Fortunately most fires are small and easily suppressed. Water is the universal agent 

to control and suppress unwanted fires, be it a small incident or a large industrial conflagration.The main 

purpose of fire water pumps is to pump water from the supply source into the fire water distribution 

system such as fire sprinkler system, fire water spray system, fire hose reel system, stand pipe system, fire 

hydrant system, fire monitor system and foam system… with the water is delivered at the specific point 

and time, and at the required quantity and pressure with allowable velocity.The design of the fire 

protection system shall be based on the assumption that there shall be one major fire at a time at any 

designated fire zone plus supplementary hose stream allowance.  
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The fire water pumps rated pressure shall be based on a minimum pressure of 10 barg at the 

furthest take off point on the distribution system, with the highest water flow demand.  Based on a steady 

state hydraulic analysis, the maximum firewater demand with maximum required pressure shall be arrived 

at.  This flow and pressure plotted in a graph sheet and it is known as “System Demand Curve”. 

Water and/or foam solution is the most commonly used agent for cooling equipment and 

controlling and/or extinguishing the fire. Fire-water shall always be able to be provided at the required 

flow rate with required pressure in all plant sections under all circumstances.Fire water is considered a 

vital utility for a plant. Fire-water should be provided by at least two an identical pump from separate 

power sources either electric motor driven and diesel engine driven, each of which is able to supply the 

largest required flow rate to the fire-water ring mains system.For fire pumps, the primary power 

customarily used is either a diesel engine or an electrical motor.  Both drivers need a mechanism to 

transmit their produced power to the pump impeller.  The selection of the pump drivers shall be governed 

by the requirement of maximum reliability of the overall system. 

2. Classification of Pumps 

There are wide varieties of pumps designed for various specific applications. However, most of 

them can be broadly classified into two categories; dynamic and positive displacement. The following 

below picture illustrates the different classifications of pumps. 

 

Figure 1 - Classification of Pumps 

According to IS 15301:2003 and NFPA 20:2018 specified that, the firefighting pumps are almost 

invariably centrifugal types; single-stage and multistage pumps of the horizontal or vertical shaft turbine 

design.  Hence it is considered that, centrifugal pumps must use for firefighting water application purpose. 

3. Types of Centrifugal Pumps 

A pump in which the pressure is developed principally by the action of centrifugal force. 

Centrifugal Pumps are the most widely used type of pump for the transfer of liquids.  An increase in the 

fluid pressure from the pump inlet to its outlet is created when the pump is in operation. This pressure 
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difference drives the fluid through the system.  The following below picture illustrates the different types 

of centrifugal pumps. 

 

 

Figure 2 - Types of Centrifugal Pumps 

Based on cost, availability, maintenance and user friendly; common used fire pumps are: 

a. End suction type (overhung impeller-Separately coupled-single stage-frame mounted); 

b. Split case type (impeller between bearings-Separately mounted-single stage-horizontal); 

c. Vertical shaft multi stage type. 

End suction type centrifugal fire pump 

An end suction pump is the most basic type of centrifugal pump typically designed with a casing. 

A single suction is present on one end (perpendicular to the longitudinal axis of the shaft) and the 

discharge is placed at the top.  Hence, the name end-suction pump is given. 
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Figure 3 - End suction type centrifugal fire pump 

Horizontal split-case double suction centrifugal fire pump 

A type of centrifugal pump, in which the casing is split into two separate chambers. It's different 

from an end suction pump in which the casing, the suction nozzle, and the discharge nozzle are all 

included in a single chamber. The pump characterized by a housing that is split parallel to the shaft. 

 

Figure 4 - Horizontal split-case double suction centrifugal fire pump 

Vertical shaft turbine multi-stage centrifugal fire pump 

Specialized centrifugal pumps designed to move water from a sea or reservoir that is below 

ground.   A vertical shaft centrifugal pump with rotating impeller or impellers and with discharge from 

the pumping element coaxial with the shaft. The pumping element is suspended by the conductor system, 

which encloses a system of vertical shafting used to transmit power to the impellers, the prime mover 

being external to the flow stream. 
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Figure 5 - Vertical shaft turbine multi

4. Pump Performance Curve 

When a pump manufacturer develops a new pump, the new pump is tested for performance under 

controlled conditions, the results are plotted to show flow rate vs head, efficiency, and power 

consumption. These graphs are known as performance curves.  The p

least used, least consulted, least appreciated, and least understood aspect of the world of industrial pumps.

The Pump group curve shows the range of different deliverable capacities and different range of 

pressure that can show all pumps of a manufacturer with the same rpm in a single graph

They’re normally presented asvarious parallel H

capacities. 

Figure 6

The impeller shape and speed is the primary determinant of pump performance. Fig. 

generalized centrifugal-pump curve. Head, NPSHR, efficiency

requirements are vary with flow rate.  The 

head) and then falls off with increasing flow rates. The horsepower curve starts out at some small value at 

zero flow, increases moderately up to a maximum point, and then tapers off slightly. The pump efficiency 

 

Vertical shaft turbine multi-stage centrifugal fire pump 

When a pump manufacturer develops a new pump, the new pump is tested for performance under 

controlled conditions, the results are plotted to show flow rate vs head, efficiency, and power 

consumption. These graphs are known as performance curves.  The pump performance curves are the 

least used, least consulted, least appreciated, and least understood aspect of the world of industrial pumps.

The Pump group curve shows the range of different deliverable capacities and different range of 

all pumps of a manufacturer with the same rpm in a single graph

They’re normally presented asvarious parallel H-Q curves corresponding to small capacities to higher 

Figure 6–A typical Pump Group Curve 

The impeller shape and speed is the primary determinant of pump performance. Fig. 

pump curve. Head, NPSHR, efficiency and brake-horsepower (BHP) 

vary with flow rate.  The Total Dynamic head (TDH) is greatest at zero capacity (shutoff 

head) and then falls off with increasing flow rates. The horsepower curve starts out at some small value at 

zero flow, increases moderately up to a maximum point, and then tapers off slightly. The pump efficiency 

When a pump manufacturer develops a new pump, the new pump is tested for performance under 

controlled conditions, the results are plotted to show flow rate vs head, efficiency, and power 

performance curves are the 

least used, least consulted, least appreciated, and least understood aspect of the world of industrial pumps. 

The Pump group curve shows the range of different deliverable capacities and different range of 

all pumps of a manufacturer with the same rpm in a single graph (see Fig. 6). 

Q curves corresponding to small capacities to higher 

 

The impeller shape and speed is the primary determinant of pump performance. Fig. 7 illustrates a 

horsepower (BHP) 

greatest at zero capacity (shutoff 

head) and then falls off with increasing flow rates. The horsepower curve starts out at some small value at 

zero flow, increases moderately up to a maximum point, and then tapers off slightly. The pump efficiency 
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curve starts out at zero, increases rapidly as flow increases, levels off at the best efficiency point (BEP), 

and decreases thereafter. The Net Positive Suction Head required (NPSHR) is a finite value at zero flow 

and increases as the square of the increase in flow rate.The performance curve is actually four curves 

relating with each other on a common graph. These four curves are: 

1. The Head-Flow Curve: The matrix of the pump curve graph is the same as the mathematical ‘x-y’ 

graph. On the horizontal line, the flow is shown normally in gallons per minute or cubic meters per 

second. The vertical line shows the head in feet or meters. See Figure 7. 

2. The Efficiency Curve:  

3. The Energy Curve (BHP curve).  

4. The Pump’s Minimum Requirement Net Positive Suction Head required, NPSHr Curve.  

5. The size of impeller. 

 

Figure 7 – Centrifugal Pump Curve 

No Flow (Churn, Shutoff) means that, the condition of zero flow when the fire pump is running 

but the only water passing through the pump is a small flow that is discharged through the pump 

circulation relief valve or supplies the cooling for a diesel engine driver. 

5. Fire Protection System Curve 

All pumps must be designed to comply with or meet the needs of the system. The needs of the 

system are recognized using the term ‘Total Dynamic Head’, TDH. The pump reacts to a change in the 

system.  The fire water system curves allow correct selection of pumps and are invaluable in 

troubleshooting of pump problems.   

The purpose of the system curve is to graphically show the elements of the TDH imposed on the 

pump curve. The system curve shows the complete picture of the dynamic system. This permits the 

purchase, installation, and maintenance of the best pump for the system.  

In fact, the fire protection system governs the fire pump(s).  This being the case, the pump always 

operates at the intersection of the system demand curve and the pump curve. Fig. 8 illustrates a 

generalized system demand curve clubbed with pump curve. 
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The goal of the engineer is to do everything possible to assure that this point of intersection 

coincides with the pump’s BEP.The system curve is most useful when mated with the pump family curve. 

This is why the family curves are the most useful to the des

purchasing personnel. 

6. Requirements of Fire Pumps 

Current fire engineering codes and standards

couple of mandatory requirements, and these points are 

more suitable for use as Fire Pumps.  First, they meet the stringent requirements for reliability and 

unfailing service under the most difficult and demanding circumstances.  

Pumps shall furnish not less than 150 perce

rated head.  Further, the shutoff head shall not exceed 140 percent of rated head for any type 

pump.Centrifugal pumps shall be of the overhung impeller design and the impeller between bearings 

design.  A centrifugal fire pump for fire protection shall be selected so that the greatest single demand for 

any fire protection system connected to the pump is less than or equal to 150 percent of the rated capacity 

(flow) of the pump.Figure 9 illustrates the

Shutoff head will range from a minimum of 101 percent to a maximum of 140 percent of rated head. At 

150 percent of rated capacity, head will range from a minimum of 65 percent to a maximum of j

rated head.  

Figure 9 – 

The selection and application of the fire pump should not be confused with pump operating 

conditions. With proper suction conditions, the pump can operate at any point on its 

from shutoff to 150% of its rated capacity.  The performance of the pump when applied at capacities over 

140 percent of rated capacity can be adversely affected by the suction conditions. Application of the 

pump at capacities less than 90 percent of the rated capacity is not recommended.

Figure 8 – System Demand Curve  

he goal of the engineer is to do everything possible to assure that this point of intersection 

EP.The system curve is most useful when mated with the pump family curve. 

This is why the family curves are the most useful to the design engineer, the maintenance engineer, and 

 

Current fire engineering codes and standards - IS 15301 and NFPA 20 (Ref 11 

couple of mandatory requirements, and these points are differing in a few subtle ways that make them 

more suitable for use as Fire Pumps.  First, they meet the stringent requirements for reliability and 

unfailing service under the most difficult and demanding circumstances.   

Pumps shall furnish not less than 150 percent of rated capacity at not less than 65 percent of total 

rated head.  Further, the shutoff head shall not exceed 140 percent of rated head for any type 

Centrifugal pumps shall be of the overhung impeller design and the impeller between bearings 

A centrifugal fire pump for fire protection shall be selected so that the greatest single demand for 

any fire protection system connected to the pump is less than or equal to 150 percent of the rated capacity 

illustrates the above requirements and the extremes of probable curve shapes. 

Shutoff head will range from a minimum of 101 percent to a maximum of 140 percent of rated head. At 

150 percent of rated capacity, head will range from a minimum of 65 percent to a maximum of j

 Generalized fire pump Characteristics Curves 

The selection and application of the fire pump should not be confused with pump operating 

conditions. With proper suction conditions, the pump can operate at any point on its characteristic curve 

from shutoff to 150% of its rated capacity.  The performance of the pump when applied at capacities over 

140 percent of rated capacity can be adversely affected by the suction conditions. Application of the 

90 percent of the rated capacity is not recommended.  In other words, the fire 

 

he goal of the engineer is to do everything possible to assure that this point of intersection 

EP.The system curve is most useful when mated with the pump family curve. 

ign engineer, the maintenance engineer, and 

1 and12) specify a 

in a few subtle ways that make them 

more suitable for use as Fire Pumps.  First, they meet the stringent requirements for reliability and 

nt of rated capacity at not less than 65 percent of total 

rated head.  Further, the shutoff head shall not exceed 140 percent of rated head for any type 

Centrifugal pumps shall be of the overhung impeller design and the impeller between bearings 

A centrifugal fire pump for fire protection shall be selected so that the greatest single demand for 

any fire protection system connected to the pump is less than or equal to 150 percent of the rated capacity 

above requirements and the extremes of probable curve shapes. 

Shutoff head will range from a minimum of 101 percent to a maximum of 140 percent of rated head. At 

150 percent of rated capacity, head will range from a minimum of 65 percent to a maximum of just below 

 

The selection and application of the fire pump should not be confused with pump operating 

characteristic curve 

from shutoff to 150% of its rated capacity.  The performance of the pump when applied at capacities over 

140 percent of rated capacity can be adversely affected by the suction conditions. Application of the 

In other words, the fire 
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water pump can select from 90% to 140% of its rated capacity if the pressure and system demand curve 

meet in between this range. 

Fig. 10 illustrates a fire pump performance curve from the “Xylem brand AC fire pump”.  The 

pump rated / listed for 3000 GPM.  Based on the above statement, the proposed fire water pump curve is 

suitable for 2700 GPM to 4200 GPM with respect to pressure and system demand curve followed with 

NPSHr.In other words, the fire pump is suitable in any capacity which is limited inside the red 

highlighted zone of the curve. 

 

Figure10 – 3000 GPM Rated Fire Pump Performance Curve from the “Xylem brand AC fire pump”.  

The fire-water mains network pipe sizes shall be calculated using an approved state-of-the art 

computer program. The calculations shall be based on the design rates at a pressure of 145 psi (g) at the 

furthest take-off point under the most unfavorable water supply conditions.Selection procedure of a fire 

water pump or the methodology of selection of a pump for fire water system explained simply as below: 

a. First  collect the pump manufactures group curves (see figure 6); 

b. Select the types of pumps from verity types of pumps as per Bureau of Indian Standard 15301 

and NFPA 20. 

c. Then select a pump which is in the range of system demand and pressure/ Select the type of 

centrifugal pump from pump manufacturer’s group curve as per fire water system 

requirement(see figure 10); 

d. Then select the proper size of impeller which is meets standards requirements (see figure 10); 

e. Apply system demand curve in the pump curve (Green curve as per figure 11); 

f. Verify the demand and pressure with draw parallel lines of x and y (dotted green curve as per 

figure 11). 

g. Determine / Calculate the BHP; 

h. Then select the drivers from deferent power sources. 

7. Selection of Drivers for Fire Pumps 

In general for all industrial purpose, the driver shall be sized for and have enough power to 

operate the pump and drive train at all design points.  The selection of the appropriate fire pump driver is 

one of the most important decisions that is made as a part of the design package. 
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However for fire water pumps, the head available from a water supply shall be figured on the 

basis of a flow of 150 percent of rated capacity of the fire pump. The capacity of a fi re pump should be 

selected based upon the anticipated system demand. However, consideration of power should be given to 

performance of the pump whenoperating at overload (150 percent of rated capacity). Also important to 

note is thatfailure to operate a pump at 150 percent of rated capacity during the acceptance test does 

notconstitute an unacceptable installation, provided that the pump meets the system demand.  Acceptable 

drivers for pumps at a single installation shall be electric motors, diesel engines, steam turbines, or a 

combination thereof.  Moreover, an alternate power source that is normally inactive but becomes active 

whenever the primary power is lost.An alternate power source that is normally inactive but becomes 

active whenever the primary power is lost. 

According to these statements, a fire protection engineer must select the required BHP of 150% its rated 

capacity.To find the BHP of fire pump, the below equation shall apply: 

BHP=Q*P/E*76; 

Where, 

Q= Quantity of flow (L/s) 

P= Pressure required (m) 

e= Efficiency of pump in % 

8. Case Study 

The design of the fire protection system shall be based on the assumption that there shall be one 

major fire at a time at any designated Fire Zone plus supplementary hose stream allowance.  Many factors 

must be considered when planning fire water pumping system design:  

a. Required flow and pressure 

b. Availability of water 

c. Net Positive Suction Head Availability 

d. Available power supply 

e. General site conditions.   

The fire water pumps rated pressure shall be based on a minimum pressure of 145 psi (g) at the 

furthest take-off point on the distribution system, with the highest water flow demand.  This highest flow 

and pressure are verified in a steady state hydraulic analysis as 3500 US GPM at 175 psi (g).  Based on a 

steady state hydraulic analysis, the maximum firewater demand with maximum required pressure shall be 

arrived at.  See the “System Demand Curve” plotted on figure 11 below as green color. 
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Figure 11 - Fire water family pump curve plotted with system demand curve 

The above fire pump is rated 3000 US GPM at 123 - 199 psi with different types of impeller size.  

When it is plotted the required fire water demand in this family curve, the demand is met at best 

efficiency point and in between 90% to 140% of its rated capacity.  Therefore the fire pump is suitable for 

3500 US GPM at 175 psi fire water protection systemwith the impeller size of 21” (type B).The selection 

and application of the fire pump should not be confused with rated capacity and pump operating 

conditions /capability of delivery.  The rated capacity is to test and to identify a pump where the same fire 

pump is suitable for several fire water demand requirements of its best efficiency point. 

From this above 3000 US GPM rated fire water family pump curve plotted with system demand curve; 

we can determined that, 

a. Impeller size is 21” (type B) 

b. Maximum shut-off head is 205 psi  

c. BHP required 500 (for 150% rated flow) 

d. NPSHR is 11 feet 

e. Best Efficiency is 77% 

f. The fire pump is suitable for 3500 US GPM at 175 psi 

9. Conclusion 

This paper is intended to provide the reader with useful information regarding the design and 

selection of a fire pump.  A fire pump must be designed to comply with or meet the needs of the fire 

water system.  Proper pump selection is more important than ever, with drastic consequences on 

maintenance, reliability, efficiency and avoid oversizing pumps as well as reduce the project cost and the 

power consumption.  There are several types of criteria and/or approach to select a proper fire water 

pump;  

a. Select pumps from the end suction pumps if system demand and pressure is not too high 

b. Select the pump from high speed / high rpm e.g., 2900 & 3600 rpm if the protected area / plant is 

allows vibration and sound 

c. Select the Horizontal split-case double suction centrifugal fire pump where the system demand 

and pressure is higher than the range of end suction pumps 

d. Select the smaller impeller size from the pump’s family curve as minimum as possible 

e. Select the Vertical shaft turbine multi-stage centrifugal fire pump where the water source is 

located below ground and where it would be difficult to install any other type of pump below the 

minimum water level. 
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f. Where the required fire water demand is too high, apply the technique of “Pumps in Parallel” 

with multiple pumps instead of using high capacity of a single pump. For e.g., fire water system 

demand required is too high for petrochemical plant / oil and gas treatment plants. 

g. Where the required fire water pressure is too high, apply the technique of “Pumps in Series” with 

multiple pumps instead of using high capacity of a single pump. For eg., fire water system 

pressure required is too high for tallest buildings / multistory building more than 50m height. 

h. To comply the requirement of separate pumps from alternative power source, use electrical motor 

driven pump as duty pump and diesel driven pump as standby pump instead of two electrical fire 

pumps from separate power sources or two diesel engine pumps. 

The fire pump installation designer / engineer should perform the function of a system integrator, 

preparing technical specifications for the selection of properly sized and coordinated equipment, such as 

discharge pressure, impeller sizing, driveshaft, diesel engine or electric motor, pump cooling and/or driver 

cooling system, relief valves, test equipment, and so forth. 
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