




Pump Characteristic Curves
The pump characteristic curve provides a graphical picture of relationship 
between head, power, efficiency & NPSHr against capacity/discharge.



Iso-Efficiency curve
Performance curve with different impeller diameter.



Shut off Head & Cut-off point Definition 

• Shut off Head

When the discharge valve is completely closed, 
then discharge is ZERO and this ZERO capacity, the 
pump developed maximum head. That is called 
shut-off head.

• Cut-off point

As Q-H curve reaches maximum discharge, (when 
delivery valve is fully opened) the flow velocity in 
the suction pipe may become so high that Q-H 
curve will drop abruptly in the vertical downward 
direction, the point where this drop occurs is 
known as cut-off point.  





Types of Q-H Curves

• Flat curve
suits applications where total head has to remain almost constant 
against wide variations  in discharge. 

Stable(Rising Curve)
Head increases continuously as the discharge goes on reducing up to 

shutoff head. 
Steep curve

The application of steep curve is where site has fluctuating varying 
static head. 

Drooping curve
This is unstable curve. We get two discharges at the same head. 
Shutoff head is lower than at any point along the unstable zone. It 
offers narrow operating range hence, not suitable for parallel 
operation. 





Capacity-Power Curve

• Non Overloading – The curve which rises to a 
limited height in operating range near BEP and 
then falls as the discharge increases.

• Overloading – The power increases continuously 
with the increase in discharge in the operating 
zone and beyond.

• In addition to above main types, Flat power curve 
is related to mixed flow type impeller while falling 
curve is associated with axial type impeller.





Types of Impellers
• Radial flow :- Discharges fluid at right angle to the shaft. 

This is for generally high head low discharge pumps. 
Shutoff head is more than at BEP. BHP increases gradually 
over the flow range. Q-H curve is relatively flat. D2/D1:2 or 
more. Narrow width.

• Mixed flow :- The flow direction is partly axial and partly 
radial hence floe is diagonal. This is for generally medium 
head large discharge pumps. Shutoff head is more by 1.5 
times than at BEP. Power curve is fairly flat or increasing 
towards shutoff. D2/D1<1.5 wider width .

• Axial flow:- Flow is parallel to shaft axis. This is for low 
head very high discharge pumps. Head and power curves 
rise sharply towards  shutoff .  Shutoff  head is about three 
times and BHP two times more than at BEP. D2/D1=1  no 
width.   







The specific speed of the pump(Ns)
• The usual way of evaluating the performance of a particular 

pump is to state its specific speed (Ns).

• If we want to compare one pump with another, having similar 
Q-H range and impeller geometry design, then the group of 
figures like discharge, head, etc.might not be very illuminating 
therefore it would be better to use a single numeral which 
would itself convey a general description of pump type.

• For this the term, “specific speed of pump’’(Ns) is used. 

• Ns=3.65N x Q0.5 / H0.75 



Impeller design Vs specific speed 



Specific speed v/s efficiency



Affinity laws (laws of similitude)

• The running speed of the electric induction 
motors is at a slip from its synchronous speed. 
The running speed of the motors is also 
influenced by variation in the supply frequency. 
Since the pump characteristics furnished by the 
pump manufacturers is at certain nominal speed, 
depending upon the actual speed while running, 
the actual pump performance would be different 
from the declared characteristics. Estimates of 
the pump performance in actual running can be 
worked out from the declared characteristics, by 
using the following affinity laws.



Affinity laws (laws of similitude)
• The affinity laws express the mathematical 

relationship between several variables 
involved. In pump performance they are as 
under.

❖ Q1/Q2 =N1/N2

❖H1/H2=(N1)2 / (N2)2

❖P1/P2 =(N1)3 / (N2)3

Q= Capacity in l/s, 

H=Total head in metres , 

N=RPM

P=Input power 



Affinity laws (laws of similitude)
• If the actual speed is more than the nominal than 

power input as well as NPSHr will also be  more, 
in such a situation we can check for actual power 
and NPSHr with the help of affinity formula and 
ensure in respect of motor overloading and 
cavitation.

• The modification in the performance on trimming 
the impeller can be estimated using the following 
formula.

• (1) Q1/Q2=(D1)/(D2)
• (2)H1/H2=(D1) 2/(D2) 2

• (3) P1/P2 =(D1)3/(D2)3 Where D=Impeller

dia in mm or cm 



Cavitation
• If the pressure at any point inside the pump 

drops below the vapour pressure of liquid, then 
under such condition the liquid can flash i.e
changing from liquid to gaseous phase. The 
vapour bubbles are carried along with the 
stream through the impeller eye to regions 
where the pressure within the impeller shroud 
rises due to centrifugal force. In the higher 
pressure zone the bubbles collapse with 
tremendous shock and noise. This phenomenon 
is called cavitation.



Cavitation
• To counter the situation of cavitation, enough 

suction head shall be provided so that suction 
pressure at the impeller eye will remain above 
the liquid vapour pressure. Alternatively to 
reduce the discharge to bare minimum and 
thus reduce the NPSHr. One can reduce the 
speed and thus reducing the discharge the 
NPSHr value will also get reduced.

• Cavitation can occur at any point on the curve 
if NPSHa is less than NPSHr.  



NPSH
• NPSH is the term applied to pump suction 

condition.
• NPSH can be defined as the absolute energy in 

mlc available at pump inlet nozzle and corrected 
to pump datum less V.P. of liquid.

➢Five factors enter in to NPSHA consideration :-
1. Atmospheric pressure at pumping site converted 

into mlc (ha).
2. Abs. V.P. Of liquid at pumping term in mlc (hvp). 
3. Friction losses in suction pipe in mlc (hfs).
4. Suction lift or head in mlc (hss).
5. Pressure head in closed suction vessel in mlc 

(Ps).
MLC:-Meters of Liquid Column.



NPSHA



NPSHR (Required)
• NPSHR can be defined as the positive head in 

metres abs. Necessary at the impeller eye to 
overcome the INTERNAL PRESSURE DROP 
within the impeller and maintain the pressure 
above its V.P. And thus ensure stable flow into 
the impeller. The pump designer decides the 
NPSHR value of the pump model.



Parallel pump operation 

• Parallel operation means connecting two 
or more pumps to header outlet with 
necessary individual fittings like reflux 
and sluice valves. Additional pumps are 
put the service if demand increases and 
vice versa. The working is absolutely 
flexible, since this method increases 
discharge at the same head.



Points to be observed before selecting 
pump for parallel operation 

1. Selecting identical pumps as far as possible 
with stable Q-H characteristic ( for equal load 
on each pump. This also keeps the spare part 
inventory to an economic level)

2. Pumps of dissimilar characteristics can 
operate in parallel, if the system head does 
not exceed the shut off head of any of the 
pump at any capacity.
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