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Classification of pumps 
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General 
Pumps are the most widely used class of device 
in the industry worldwide and they account for 
nearly 25% of electrical energy in the world. 
Further, pumps being an important component of 
equipment in the manufacturing industry, the 
pump industry itself is commercially very 
important and vast in all parts of the world. A 
pump is a device that transfers energy to aid 
transportation of a liquid from one location to 
another, A typical example is the pumping of 
water from a well or a sump to an overhead 
reservoir. 4 
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Another related use of pumps is to circulate a Liquid 
in a closed system. Typical examples of this are the 
circulation of cooling waters in machines and 
circulation of lubricating oil to various moving parts 
of a machine. While in their vast range of usages, the 
sizes and shapes of pumps vary very widely. The 
pump types can be broadly classified as (a) 
rotodynamic pump, and (b) positive-displacement 
pump. 
In a rotodynamic type of pump, also called dynamic 
pump, a rotary element known as impeller, imparts 
energy to the liquid. The impeller itself is driven by a 
prime mover: electric motor, IC engine or steam 
engine.  



6 

COMPONENT PARTS OF A CENTRIFUGAL PUMP 
A centrifugal pump is a relatively simple machine and 
consists of one rotating part. Its main components are 
(a) impeller, (b) casing, (c) suction pipe. (d) delivery 
pipe, (e) delivery control valve, and (l) inlet sitrainer 
and foot valve. 
lmpeller 
An impeller is the equivalent of a rotor in a turbine. It 
is the main rotating component and consists of an 
assembly of a set of curved blades mounted on the 
main shaft. The shaft is driven by a prime mover, 
which in usual cases will be an electric motor or IC 
engine. The blades come in three types: 
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l. Shrouded/Fully 
Enclosed lmpellers 
Shrouded impellers are 
the most common type 
and in this, the blades are 
covered on both sides by 
shrouds (cover plates). 
2. Semi-enclosed 
lmpellers 
This type has a shroud on 
only one side; the side that 
is connected to the shaft. 
This type of impeller is 
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3. Fully open impeller 

used when the liquid to be pumped contains 
some solids in suspension. 

In this type the blade 
assembly is open in the 
sense that there are no 
shrouds. This type of 
open impeller is meant to 
handle highly solid-laden 
liquids like concrete, 
slurry, sewage and water 
containing sand and silt. 
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Definitions of Heads used in Pump Analysis 
l. Static Head 

Static head refers to the vertical distance from 
the water level of the sump to the water level of 
the receiving reservoir on the delivery side, (See 
attached Figure). Static head (𝐻𝑠𝑠𝑠𝑠 )is made up 
of static suction lift ℎ𝑠, and static delivery lift ℎ𝑑 
as: 
 
Thus, the static head represents the total vertical 
height 



11 Definition sketch of a pump set-up 



12 

Euler Head (Theoretical Head) of a Pump 
Euler head 𝐻𝑒 is the energy per unit weight of 
liquid supplied by the impeller in the pump. It is 
thus the work done by the impeller per second 
on unit weight of the liquid. By considering 
radial entry at the inlet, the Euler head is 
represented by If 
 
 
 there were no losses, 𝐻𝑒 would represent the 
total lift from the sump that could be achieved 
by the pump. 
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Manometric Head 
Manometric head (𝐻𝑚) is the actual total head that 
could be achieved by the pump. It is smaller than 
the Euler head 𝐻𝑒 by an extent of ℎ𝑓𝑓 representing 
the energy loss in the impeller and casing. These 
losses are known as hydraulic losses and include 
fluid frictional losses in the blade passage, 
circulatory flow between the blades due to finite 
number of blades in the impeller and shock losses 
at the entrance to the 
impeller. Manometric head 𝐻𝑚 is given by the 
relation: 
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Apply Bernouli's theorem to Section 1 and Section 4 
by taking the liquid level in the sump as datum. 
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or if the difference between the two 
velocity heads is negligibly. Small 
then 
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increase in Pressure Head for Real Pumps 

has been developed based on idealized  flow 
conditions and with the assumption of radial entry. 
The real-world pumps are obviously different from 
the ideal conditions in many ways. 





(a) Leakage Losses:  
Due to improper clearances between the 
impeller and the casing, some water after 
receiving the energy at the impeller may not 
exit from of the pump outlet. 
(b) Mechanical Losses: These include 
mechanical losses due to friction at bearings 
and packings. Also the friction loss due to 
interaction of the rotating impeller shroud with 
the fluid surrounding it (called disk-friction 
loss) is considered as mechanical friction. 





Efficiencies: Consider a pump unit with 
monomeric head 𝐻𝑚 and outlet discharge Q . 
The power supplied to the shaft from the prime 
mover is P. It is assumed that the entry to 
impeller at inlet is radial and as such, the Euler 
head is taken as: 
Volumetric Efficiency (η𝑣 ):It is possible that 
out of a total discharge of water discharged by 
the pump, some quantity of discharge (𝑄𝐿 ) 
might not have been delivered at the discharge 
end of the pump due to leaks in the clearances 
between the impeller and the casing. 
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EX 1:A centrifugal pump has an impeller of 30 
cm outer diameter The vane tips are radial at 
the outlet. For a rotation speed of 1450 rpm, 
calculate the manometric head developed. 
Assume a manometric efficiency of 82%. 
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EX 2:A centrifugal pump delivers water 
against a total head of 10 m at a design speed 
of 1000 rpm. The vanes are curved backward 
and make an angle of 30° with the tangent at 
the outer periphery of the impeller. The 
impeller diameter is 30 cm and has a width of 5 
cm at the outlet. (a) If the manometric 
efficiency is 0.95%, estimate the discharge of 
the pump. (b) Assuming an overall efficiency 
of 76%, estimate the power required to drive 
the pump. 
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EX 3:An impeller of an axial flow pump has a 
hub diameter of 150 mm and tip diameter of 
300 mm. At mid radius, the inlet blade angle is 
30° and the exit blade angle is 38°. The rotation 
speed of the impeller is 1500 rpm. Calculate the 
(a) discharge, 
(b) manometric head, 
(c) specific speed, and 
 (d) brake power of the pump. 
Assume manometric and overall efficiencies of 
the pump as 0.90% and 0.85% respectively. 
Solution 
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Closed (shrouded) and open (unshrouded) 
impellers [from Finnemore and Franzini,  

2002] 



From Houghtalen et al., [2010] 

Changes in Head Inside a Centrifugal 
Pump, Ignoring Headloss 

Inlet (suction) location 
and datum for elevation 

OutIet (discharge) location 



From Mays [2010] 

http://www.youtube.com/watch?v=oRYYP4F8LTU&feature=related 
(recommended viewing: 0:00-0:40, 9:05-end) 
 
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg 

Pressure Changes Inside a Pump 

http://www.youtube.com/watch?v=oRYYP4F8LTU&feature=related
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg
http://www.youtube.com/watch?feature=endscreen&NR=1&v=6A1QspfCuBg


NPSH and Cavitation 
• Net Positive Suction Head Required (NPSHR): 

The minimum value of NPSHA that is needed 
to prevent cavitation in the pump, i.e., the 
value of NPSHA that causes pmin to equal pvap. 

• NPSHR is determined experimentally by pump 
manufacturers and reported as a function of 
pump flow rate (usually called ‘capacity’). 
 

• To avoid cavitation, always operate with 
NPSHA ≥ NPSHR. 
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