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Section 1.1 

Pump construction

1.1.1 The centrifugal pump

In 1689 the physicist Denis Papin invented the centrifugal 

pump and today this kind of pump is the most used around 

the world. The centrifugal pump is built on a simple 

principle: Liquid is led to the impeller hub and by means 

of the centrifugal force it is flung towards the periphery of 

the impellers. 

The construction is fairly inexpensive, robust and simple 

and its high speed makes it possible to connect the pump 

directly to an asynchronous motor. The centrifugal pump 

provides a steady liquid flow, and it can easily be throttled 

without causing any damage to the pump. 

Now let us have a look at figure 1.1.1, which shows the 

liquid’s flow through the pump. The inlet of the pump 

leads the liquid to the centre of the rotating impeller from 

where it is flung towards the periphery. This construction 

gives a high efficiency and is suitable for handling pure 

liquids. Pumps, which have to handle impure liquids, such 

as wastewater pumps, are fitted with an impeller that is 

constructed especially to avoid that objects get stocked 

inside the pump, see section 1.2.5.

If a pressure difference occurs in the system while the 

centrifugal pump is not running, liquid can still pass 

through it due to its open design. 

As you can tell from figure 1.1.2, the centrifugal pump can 

be categorised in different groups: Radial flow pumps, 

mixed flow pumps and axial flow pumps.  Radial flow 

pumps and mixed flow pumps are the most common 

types used. Therefore, we will only concentrate on these 

types of pumps on the following pages.

However, we will briefly present the positive displacement 

pump in section 1.2.8.

The different demands on the centrifugal pump’s 

performance, especially with regard to head, flow, and 

installation, together with the demands for economical 

operation, are only a few of the reasons why so many types 

of pump exist. Figure 1.1.3 shows the different pump types 

with regard to flow and pressure.

Fig. 1.1.2: Different kinds of centrifugal pumps

Fig. 1.1.1: The liquid’s flow through the pump

Radial flow pump Mixed flow pump Axial flow pump

Fig. 1.1.3: Flow and head for different types of centrifugal pumps
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1.1.2 Pump curves

Before we dig any further into the world of pump 

construction and pump types, we will present the 

basic characteristics of pump performance curves. The 

performance of a centrifugal pump is shown by a set 

of performance curves. The performance curves for a 

centrifugal pump are shown in figure 1.1.4. Head, power 

consumption, efficiency and NPSH are shown as a function 

of the flow.

Normally, pump curves in data booklets only cover the 

pump part. Therefore, the power consumption, the P
2
-

value, which is listed in the data booklets as well, only 

covers the power going into the pump – see figure 1.1.4. 

The same goes for the efficiency value, which only covers 

the pump part (� = �
P
).

In some pump types with integrated motor and possibly 

integrated frequency converter, e.g. canned motor pumps 

(see section 1.2.3), the power consumption curve and the 

�-curve cover both the motor and the pump. In this case it 

is the P
1
-value that has to be taken into account.

In general, pump curves are designed according to ISO 

9906 Annex A, which specifies the tolerances of the 

curves: 

• Q +/- 9%, 

• H  +/-7%, 

• P +9% 

•  -7%.

What follows is a brief presentation of the different pump 

performance curves.

Head, the QH-curve

The QH-curve shows the head, which the pump is able 

to perform at a given flow. Head is measured in meter 

liquid column [mLC]; normally the unit meter [m] is 

applied. The advantage of using the unit [m] as the unit 

of measurement for a pump’s head is that the QH-curve is 

not affected by the type of liquid the pump has to handle,

see section 2.2 for more information. 
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Efficiency, the �-curve

The efficiency is the relation between the supplied power 

and the utilised amount of power. In the world of pumps, 

the efficiency �P is the relation between the power, which 

the pump delivers to the water (PH) and the power input 

to the shaft (P2 ):

where:

� is the density of the liquid in kg/m3,

g is the acceleration of gravity in m/s2,

Q is the flow in m3/h and H is the head in m.

For water at 20oC and with Q measured in m3/h and H in 

m, the hydraulic power can be calculated as :

As it appears from the efficiency curve, the efficiency 

depends on the duty point of the pump. Therefore, 

it is important to select a pump, which fits the flow 

requirements and ensures that the pump is working in the 

most efficient flow area.

Power consumption, the P2-curve

The relation between the power consumption of the pump 

and the flow is shown in figure 1.1.8. The P2-curve of most 

centrifugal pumps is similar to the one in figure 1.1.8 

where the P2 value increases when the flow increases.

NPSH-curve (Net Positive Suction Head)

The NPSH-value of a pump is the minimum absolute 

pressure (see section 2.2.1) that has to be present at the 

suction side of the pump to avoid cavitation.

The NPSH-value is measured in [m] and depends on the 

flow; when the flow increases, the NPSH-value increases 

as well; figure 1.1.9. For more information concerning 

cavitation and NPSH, go to section 2.2.1.

 =
Q . H . g .�   

3600 x �
p

 P
2



1.1.3 Characteristics of the 
centrifugal pump

The centrifugal pump has several characteristics and in 

this section, we will present the most important ones.

Later on in this chapter we will give a more thorough 

description of the different pump types. 

• The number of stages

Depending on the number of impellers in the pump, a 

centrifugal pump can be either a single-stage pump or a 

multistage pump.

• The position of the pump shaft

Single-stage and multistage pumps come with horizontal 

or vertical pump shafts. These pumps are normally 

designated horizontal or vertical pumps. For more 

information, go to section 1.1.4.

• Single-suction or double-suction impellers

Depending on the construction of the impeller, a pump can 

be fitted with either a single-suction impeller or a double-

suction impeller. For more information, go to section 1.1.5.

• Coupling of stages

The pump stages can be arranged in two different ways: in 

series and in parallel, see figure 1.1.10.

• Construction of the pump casing

We distinguish between two types of pump casing: Volute 

casing and return channel casing with guide vanes. For 

more information, go to section 1.1.6. 
Fig 1.1.10: Twin pump with parallel-coupled impellers
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1.1.4 Most common end-suction and in-line pump types

End-suction pump = The liquid runs directly into the impeller. Inlet and outlet have a 
  90° angle. See section 1.1.9

In-line pump = The liquid runs directly through the pump in-line. The suction pipe and the discharge 
  pipe are placed opposite one another and can be mounted directly in the piping system

Split-case pump = Pump with an axially divided pump housing. See section 1.2.2

Horizontal pump = Pump with a horizontal pump shaft

Vertical pump = Pump with a vertical pump shaft

Single-stage pump = Pump with a single impeller. See section 1.1.7

Multistage pump = Pump with several series-coupled stages. See section 1.1.8

Long-coupled pump = Pump connected to the motor by means of a flexible coupling. The motor and 
  the pump have separate bearing constructions. See section 1.1.9

Close-coupled pump = A pump connected to the motor by means of a rigid coupling. See section 1.1.9

Horizontal               

Close-coupled Close-coupled

End-suction

Single-stage

Long-coupled

Multistage
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1.1.5 Impeller types (axial forces)

A centrifugal pump generates pressure that exerts forces 

on both stationary and rotating parts of the pump. 

Pump parts are made to withstand these forces. 

If axial and radial forces are not counterbalanced in the 

pump, the forces have to be taken into consideration when 

selecting the driving system for the pump (angular contact 

bearings in the motor). In pumps fitted with single-suction 

impeller, large axial forces may occur, figures 1.1.11 and 

1.1.12. These forces are balanced in one of the following 

ways:

• Mechanically by means of thrust bearings. These types  

 of bearings are specially designed to absorb the axial   

 forces from the impellers

• By means of balancing holes on the impeller,  

 see figure 1.1.13

• By means of throttle regulation from a seal ring 

 mounted on the back of the impellers, see figure 1.1.14

• Dynamic impact from the back of the impeller, see 

 figure 1.1.15

• The axial impact on the pump can be avoided by

   using double-suction impellers (see figure 1.1.16). 

Fig. 1.1.11: Single-suction 
impeller

Fig. 1.1.12: Standard pump with 
single-suction impeller

Fig. 1.1.13: Balancing the axial forces 
in a single-stage centrifugal pump 
with balancing holes only

Fig. 1.1.14: Balancing the axial forces 
in a single-stage centrifugal pump 
with sealing gap at discharge side and 
balancing holes

Fig. 1.1.15: Balancing the axial forces in 
a single-stage centrifugal pump with 
blades on the back of the impellers

Fig. 1.1.16: Balancing the axial 
forces in a double-suction 
impeller arrangement

Axial forces
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1.1.6 Casing types (radial forces)

Radial forces are a result of the static pressure in the 

casing. Therefore, axial deflections may occur and lead 

to interference between the impeller and the casing. The 

magnitude and the direction of the radial force depend on 

the flow rate and the head.

When designing the casing for the pump, it is possible 

to control the hydraulic radial forces. Two casing types 

are worth mentioning: the single-volute casing and the 

double-volute casing. As you can tell from figure 1.1.18, 

both casings are shaped as a volute. The difference between 

them is that the double-volute has an guide vane. 

The single-volute pump is characterised by a symmetric 

pressure in the volute at the optimum efficiency point, 

which leads to zero radial load. At all other points, 

the pressure around the impeller is not regular and 

consequently a radial force is present. 

As you can tell from figure 1.1.19, the double-volute casing 

develops a constant low radial reaction force at any capacity.

Return channels (figure 1.1.20) are used in multistage pumps 

and have the same basic function as volute casings. The 

liquid is led from one impeller to the next and at the same 

time, the rotation of water is reduced and the dynamic 

pressure is transformed into static pressure. Because of the 

return channel casing’s circular design, no radial forces are 

present. 

1.1.7 Single-stage pumps

Generally, single-stage pumps are used in applications, 

which do not require a total head of more than 150 m. 

Normally, single-stage pumps operate in the interval of 

2-100 m.

Single-stage pumps are characterised by providing a low 

head relative to the flow, see figure 1.1.3. The single-stage 

pump comes in both a vertical and a horizontal design, see 

figures 1.1.21 and 1.1.22.
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Fig. 1.1.18: Single-volute casing                  Double-volute casing

Fig. 1.1.22: Vertical single-stage 
in-line close-coupled pump

Fig. 1.1.21: Horizontal single-stage 
end-suction close-coupled pump

Radial forcesFig. 1.1.17:  Single-suction 
impeller

Fig. 1.1.19: Radial force for single and double-volute casing

Fig. 1.1.20: Vertical multistage
in-line pump with return 
channel casing

Return channel



Fig. 1.1.25: Long-coupled pump 
with basic coupling

Fig. 1.1.26: Long-coupled pump with spacer coupling  
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1.1.8 Multistage pumps

Multistage pumps are used in installations where a high 

head is needed. Several stages are connected in series and 

the flow is guided from the outlet of one stage to the inlet 

of the next. The final head that a multistage pump can 

deliver is equal to the sum of pressure each of the stages 

can provide.

The advantage of multistage pumps is that they provide 

high head relative to the flow. Like the single-stage pump, 

the multistage pump is available in both a vertical and a  

horizontal version, see figures 1.1.23 and 1.1.24.

1.1.9 Long-coupled and close-coupled 
pumps

Long-coupled pumps

Long-coupled pumps are pumps with a flexible coupling 

that connects the pump and the motor. This kind of 

coupling is available either as a basic coupling or as a 

spacer coupling.

If the pump is connected to the motor by a basic coupling, 

it is necessary to dismount the motor when the pump 

needs service. Therefore, it is necessary to align the pump 

upon mounting, see figure 1.1.25.

On the other hand, if the pump is fitted with a spacer 

coupling, it is possible to service the pump without 

dismounting the motor. Alignment is thus not an issue, 

see figure 1.1.26.

Close-coupled pumps

Close-coupled pumps can be constructed in the following 

two ways: Either the pump has the impeller mounted 

directly on the extended motor shaft or the pump has a  

standard motor and a rigid or a spacer coupling, see figures 

1.1.27 and 1.1.28.  

Fig. 1.1.24: Horizontal multistage 
end-suction pump

Fig. 1.1.23: Vertical 
multistage in-line pump

Fig. 1.1.27: Close-coupled pump with 
rigid coupling

Basic coupling 
type

Long-coupled 
pump with 
flexible coupling

Close-coupled 
pump with 
rigid coupling

Spacer coupling 
(option)

Fig. 1.1.28: Different coupling types
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