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Section 2.1 Introduction 

Introduction 
An item of fire fighting equipment that is used at almost every fire is the water 
pump. A pump is a machine, powered by an external source, which imparts 
energy to a fluid or gas. A pump may be driven by hand, by an electric motor, 
by an internal combustion engine, or by hydraulic or pneumatic means. 

They come in many different sizes and designs and a firefighter needs to 
know how to operate the pump efficiently at all times.  A skilled pump 
operator has a vital part to play in the safety of branch operators by supplying 
a reliable and usable supply of water.  An understanding of the principle of 
pumps will assist in developing the required skills. 

This section explores the centrifugal pump in detail, including: 

 principles of operation 
 centrifugal pumps 
 multi-stage pumps 
 peripheral pumps 

Fire Fighting Pumps 
The main extinguishing medium is water, applied as near as possible to the 
seat of a fire in either a jet or spray form according to requirements.  To 
achieve this, water must possess sufficient energy to discharge from the 
branch and nozzle in a clean jet, spray or fog, as required to the target area.  
For this reason pumps are provided on appliances to increase low pressure 
supplies to suitable delivery pressures for fire fighting purposes. 

The most common type of pump used on fire appliances is the centrifugal 
pump. The Fire and Rescue Service uses both single stage and multi stage 
centrifugal pumps on fire appliances for fire attack. 

The most common types are: 

PUMP APPLIANCE TYPE RATED CAPACITY 

Single stage light 
duty 

Mazda Light pump up to 2250l/min 

2 stage medium 
duty 

Scania Medium Pump 3500 l/min 

3 stage heavy duty Scania Heavy pump 4500 l/min 
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Section 2.2 Centrifugal Pumps 

Principles of operation 
In a centrifugal pump, energy is imparted by centrifugal force – that is, the 
force generated by the rotation of an object. This force drives outwards from 
the centre of rotation. 

The pump consists of an impeller  rotating inside a pump casing.  Water 
enters at the centre, or eye, of the impeller and is flung out to the periphery 
(the outer edge of the casing) by centrifugal force as the impeller rotates. The 
water is collected inside the pump casing and discharged from the pump 
outlet. 

 

A typical centrifugal pump 

A centrifugal pump is ideally suited for fire fighting work because it: 

 gives a steady flow 
 operates at variable pressure depending on need 
 is simple in construction and operation 
 is easily maintained and less likely to be damaged by bad pump 

operation 
 is able to pump dirty or gritty water with minimal damage to the pump 
 is small and compact 
 allows flow to be interrupted without stopping the engine 
 can be connected to an internal combustion engine by direct drive 
 They have no valves, pistons or plungers 

The only limitation is that they only function when primed full of water. For 
this reason a separate primer pump is also fitted. Priming is discussed in 
future sessions. 
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  Note: 
Continuous pumping of contaminated water will result in damage to 
valves, seals, impeller and water passage surfaces. 

Component Functions 

Impeller 

A centrifugal pump has no valves, pistons or plungers. It makes use of an 
impeller that consists of a number of curved radial vanes fitted between 
circular side plates to generate centrifugal force when the impeller is rotated. 

The impeller is the spinning part of a centrifugal pump that imparts energy to 
the water. It is attached to a central rotating shaft. 

Water received at its eye (inlet) is thrown outwards at high velocity by the 
radial vanes as the impeller rotates, and is discharged at its periphery (outer 
edge). The flow through the impeller passages causes a partial vacuum to be 
created at its inlet. This causes more water to be forced into the impeller from 
the supply source. 

 

Typical impeller 

Casing 

The casing in a single stage pump incorporates the volute and the chamber in 
which the impeller rotates. It has inlet and outlet openings and provision for 
attachment of other components such as delivery valves and threaded 
adaptors for suction hose. 

Volute 

The volute has three main tasks: 

 To channel water from the periphery of the impeller to the outlet 
 To reduce the velocity of the water as it passes through the volute 
 To reduce the turbulence of the water leaving the impeller 

Curved radial vane 

                     Eye 

Direction of rotation 

Side plates
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Guide Vanes 

Fixed guide vanes in the casing may be used to guide the water along its 
correct path and to reduce turbulence. Together, the vanes are sometimes 
known as a guide ring or diffuser. In many pumps both guide vanes and a 
volute may be used. 

 

Guide vanes and volute 

Passage of Water 

In a single stage pump water is thrown outwards by centrifugal force and is 
discharged at the periphery of the impeller.  The water is collected in the 
volute and directed to the discharge outlet.  As the water is thrown outwards 
a low pressure area develops at the inlet of the pump and more water is forced 
in to the impeller from the supply. 

 

Passage of water in a single stage pump 

Impeller 

Guide vanes on 
casing 

Water inlet 

Volute 

Discharge Outlet 
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Multi-Stage Pumps 
The output pressure of a centrifugal pump can be raised by increasing the 
speed of rotation or the diameter of the impeller. The first method is limited 
by the power of the engine and the second is relatively inefficient. Better 
results are obtained by using a multi-stage pump which imparts energy to the 
water through two or more impellers. 

Multi-stage pumps allow flexibility where a variation in capacity and pressure 
is required and provide an appropriate option where delivery pressures 
exceeding those available from the single stage centrifugal pump are 
necessary. 

The main advantage of multi stage pumps is that they achieve higher delivery 
pressures while maintaining moderate engine speeds. Examples of where 
higher delivery pressure could be required are in high-rise building incidents, 
or where it is desirable to deliver water through high pressure hose reels. The 
Scania appliances are fitted with these pumps. 

Series Pumps 
When two or more single-stage centrifugal pumps are arranged so that the 
discharge from the first pump is connected directly to the inlet of the second 
pump, the pumping arrangement is said to be ‘in series’. 

A series pump is like having two or more separate single stage pumps back to 
back, each one supplying the next with pressurised water. 

Many multi-stage pumps used for firefighting are series pumps, for example 
in the Scania Heavy Pump. The impellers of a multi-stage pump are mounted 
on a common shaft, but in a divided casing, with each impeller representing 
an additional stage of pumping. 

The effect is similar to having one pump supplying water under pressure 
through to the inlet of another pump. When the second pump is operating, the 
water pressure is further increased. 

The amount of water passing through the second pump is the same as that 
passing through the first pump. Neglecting friction loss and assuming the 
pump impellers are equal, each pump will add an equal amount of pressure.   

There may be a number of different stages and some variations in design for 
special uses. In some types of pumps, the first two stages provide water for 
the normal delivery outlets. Some of the flow, however, is passed to further 
stages where the pressure is again increased. The output from the final stage is 
at high pressure. 
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Figure shows the flow of water through a typical two-stage series pump. 

Series/Parallel Pumps 
This type of multi-stage pump incorporates transfer or changeover valves 
between the various stages. Depending on the position of the valves, the 
pump may either be operated in series mode (the first impeller passing water 
to the second to build up pressure, see Figure below), or parallel mode (each 
impeller feeding directly to the pump outlet to produce high volume) 

In series mode, the transfer valve is closed and the discharge from the first 
impeller is directed to the inlet of the second impeller, then to the pump 
discharge. 

 

Series/parallel pump operating in series (or pressure) mode 

In the parallel mode, water from the source enters the eyes of both impellers 
together at the same pressure, and is discharged from both impellers together, 
into a common delivery. 

Water 
inlet 

First impeller 

Outlet 

Second impeller 

Low pressure 
High pressure 

Outlet 

Discharge 
2000 L/min at 2100kPa

2000 L/min at 1050kPa 

1 stage impeller 

Intake 

Clapper valve 

Transfer valve

Plus 1050kPa 

2nd stage impeller 
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Series/parallel pump operating in parallel (or volume) mode 

The series mode is selected when higher pressure is required, such as for a 
high pressure hose reel, and the parallel mode is selected when a high volume 
is required, such as for a water relay or general pumping duties. 

 

Discharge 
4000 L/min at 1050kPa 

2000 L/min at 1050kPa
 

1 stage impeller  

Intake 

Clapper valve 

Transfer valve 

2000 L/min at 1050kPa 
 

2nd stage impeller   
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Section 2.3 Pump Ratings 
One means of identifying a pump is by its rated capacity.  “Capacity” in this 
case means the volume of water that the pump can discharge from draught at 
a certain pressure each minute, e.g. the Mazda Light Pump is rated at 2,250 
litres per minute at 700 kPa (7 Bar), while the Scania Medium Pump is rated at 
3,500 litres per minute at 700 kPa (7 Bar). 

The rated capacity of a fire pump is not necessarily the maximum capacity of 
the pump. The actual capacity of a centrifugal pump is limited by (refer to the 
illustration on page 4): 

1. The intake diameter 
2. Impeller eye diameter 
3. Impeller outside diameter 
4. Width of the impeller 
5. Shape and number of vanes in impeller 
6. Design of volute chamber 

Pressure 
In operation, the pressure at the inlet of a centrifugal pump decreases as water 
is thrown outwards by centrifugal force, the pressure changes quite 
considerably in different parts of the pump.  The changes in pressure that 
occur as water travels through the suction hose, impeller, and volute before 
passing out through the delivery may be shown graphically: 
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Velocity 
The VELOCITY of the water also changes as it flows through the various 
stages of the pump.  The changes in velocity that occur can also be shown 
graphically as well as compared with the changes in pressure: 

 

Changes in Velocity Compared to Changes in Pressure 

It can be seen from the diagram that the impeller increases both the pressure 
and the velocity of water.  The volute decreases the velocity of the water thus 
increasing the pressure still further. 

Relationship Between Output & Pressure 
At any given speed the pressure and discharge vary inversely. Therefore, the 
pump will give either a low volume of water at a high pressure or a high 
volume at a low pressure.  This means that the pump can run at full throttle 
either with large output and low pressure, or with closed deliveries with no 
output and high pressure or at any intermediate point, without damage to the 
pump. 

The relationship between output and pressure can be shown graphically. The 
diagram below is an illustration of typical characteristic curves of any 
centrifugal fire pump. 



  Section 2.3 Pump Ratings 

PUAFIR309 Operate Pumps – Pump Principles V4.0 Jan 2012                 Review date Jan 2013 
   Uncontrolled when printed 

Page 12 of 17 

 

Curve A assumes that a pump is being operated with the engine running at a 
high speed.  The pump is delivering water through lines of delivery hose to 
hand-controlled branches. 

It will be seen from curve A that at this constant speed, the output of the 
pump can be controlled between nil quantity at 1,000 kPa (10 bar) and a 
maximum quantity of nearly 3400 litres / min at 100 kPa (1 bar). 

Curve B is again a constant speed curve, but with the pump running slower.  
It can be seen that at the lower speed the pump range is reduced; nil quantity 
at 800 kPa (8 bar) to approximately 3100 litres / min at 100 kPa (1 bar) when 
discharging through open ends. 

Curve C shows the conditions when the speed is considerably reduced.  

With nil flow the maximum pressure is 400 kPa (4 bar) and only 1900 litres / 
min is obtained through open ends at 50 kPa (0.5 bar). 

In other words, at constant engine speed, when delivery valves are opened, 
the flow increases but the pressure decreases.  This means simply that to 
maintain a flow rate at an increased pressure, the revs must be increased by 
adjusting the throttle. 

Meanwhile, the diagram below illustrates the fact that the greater the pressure 
the less volume in the same conditions. That is, the same amount of water 
flowing from an open hose end will deliver a greater volume of water than 
from a hose with a pressurised branch. In firefighting, the idea is to find the 
balance between pressure and flow. 
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Diagrammatical representation of relationship between volume & pressure 

 

• 200  
• litres 

• 200  
• litres 

200  
Litres 

200  
litres 

This tank will empty in 20 secs 

This tank will empty in 1 minute  200 l/m 
@ 7 bar 

600 l/m 
@ 1 bar 
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Section 2.4 Summary 
 A centrifugal pump consists of an impeller, or impellers, rotating inside 

a pump casing. 
 A centrifugal pump is ideally suited for fire fighting work. 
 A disadvantage of a centrifugal pump is that it needs to be primed. 
 The impeller consists of a number of curved radial vanes fitted between 

circular side plates.  When the impeller rotates, the vanes fling the water 
from the centre out to the periphery by centrifugal force. 

 The pump casing converts the kinetic (or velocity) energy of the water, 
when it leaves the impeller, to pressure energy. 

 A volute and/or guide vanes may be included in the pump casing to 
guide the water along its correct path and reduce turbulence. 

 Multi-stage series pumps use a series of impellers to increase the 
pressure of the water in the pump. 

 Series/parallel pumps have a transfer valve which allows water to pass 
through multiple impellers one after the other (giving high pressure); or 
to be drawn from a common inlet into each impeller at the same time 
and to discharge through a common outlet (giving high volume). 

 One means of identifying a pump is by its rated capacity.  “Capacity” 
in this case means the volume of water that the pump can discharge 
from draft at a certain pressure each minute 

 As water passes through a pump pressure changes depending on the 
stage of circulation and pump part. 

 The VELOCITY of the water also changes as it flows through the 
various stages of the pump. 

 The relationship between output and pressure means that to maintain 
a flow rate at an increased pressure, the throttle setting must be 
increased 
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Section 2.5 Activities 
 

 

Self Assessment 2 
Answer the following questions 

  a List the advantages of a centrifugal pump for firefighting. 

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

  b What is the advantage gained by using multi-stage series pumps? 

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

  c The actual capacity of a centrifugal pump is limited by six (6) 
factors; what are they? 

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

 _______________________________________________________________

 

 

Answer true or false to the following statements: 
Circle correct answer 

  1. A centrifugal pump does not need a primer. T F 

  2. Single stage pumps are a positive displacement 
pump. 

T F 

  3 A volute is a volume control on the vehicle radio. T F 

  4. Guide vanes in the volute reduce velocity and 
turbulence. 

T F 

  5. The impeller increases both pressure and velocity of 
the water. 

T F 

  6. Rated capacity of a pump is not its maximum output. T F 
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  7. The actual output of a pump is not affected by the 
design of the volute. 

T F 

  8. Centrifugal force is the power that turns the pump 
drive shaft. 

T F 

 

 

Self Assessment 3: Parts of a Centrifugal Pump  
Label the following diagram of a typical centrifugal pump. 

  

 

   

 

 

Self Assessment 4 
Fill in the blanks on the following statements 

 1 The _____________ is the spinning part of a centrifugal pump that 

imparts ___________ to the water.  

 2 The volute has three main tasks: 

To channel water from the periphery of the __________to the 

___________. 

To ____________ the velocity of the water as it passes through. 

To reduce the ____________ of the water leaving the _____________. 

 3 Fixed __________  _________ in the casing may be used to guide the 

water along its correct path and to reduce turbulence. 
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 4 Multi-stage pumps have the advantage of achieving ___________ 

delivery pressures while maintaining ____________ engine speeds.  

 5 When two or more single-stage _______________pumps are arranged 

so that the discharge from the first pump is connected directly to the 

inlet of the second pump, the pumping arrangement is said to be ‘___  

_______________’. 

 6 At any given speed the pressure and discharge vary inversely. 

Therefore, the pump will give either a low _____________ of water. at 

a high ______________ or a _________ volume at a _______ pressure. 

 7 The ___________  ______________ of a fire pump is not necessarily the 

maximum capacity of the pump. 

 8 Complete the following diagram 

 

   

 

 

Drills  
During pump drills you will be assessed via observation & some 
verbal questioning to ascertain your knowledge of pump principles. 

 


