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Introduction

The centrifugal pump is the most widely used type of the hydraulic
machines. All engineers need to be acquainted with its operation and
performance characteristics. In many installations more than one centrifugal
pump are employed and operating either in parallel for high flow rates or in
series for high discharge pressures.

Pump Set Description:

The test set and its measuring equipment are shown in the following
figure. It contains two identical separately driven centrifugal pumps. It is
arranged to run separately and also to run either in series or in parallel.
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Diagrammatic representation of parallel-series pump set




Performance of a Centrifugal Pump

The objective of this test is to get the actual performance of a
centrifugal pump, at different speeds, i.e. the curves for the Head, Power and
Efficiency against Discharge.

TEST STEPS:
1. Setting the pump in operation (Pump (1)).
Let SV1 fully opened and close the other valves.
Check pump priming (the impeller must be filled with water).
Make sure of all pipe connections and fittings to ensure the leakage.

Start up motor (1) by the electric switch, until a certain operating
speed.

Open valve DV1 to a small opening (1/10 full open).

Measure the operating speed N; by the tacho-meter.

Measure the discharge (Q in m?/s) from the discharge tank using

stopwatch.

Read the pressure gauges reading (PGS1, PGD1) and calculate the head
H=PGD1 - PGS1.

Measure the torque by means of torque arm and the spring balance,
and calculate the power P =T. N/ const.

Calculate the efficiency n =y QH / (75*Power).
Tabulate the previous measured quantities (Q, H, P, 1).

Repeat steps 2, 3, ... to 8 for several DV1 openings and tabulate the data
as shown:

1/10F.O. 2/10F. O. Fully opened

Discharge Q, m* /s

Head H, m

Brake Power, hp

Efficiency n




Repeat steps 2, 3, ... to 9 for another speed (N.).

Draw the performance curves (H, P, n against Q), specify the operating
point and evaluate the specific speed.

Using affinity laws get the performance of the pump at the second
speed from the performance at first speed.

Compare the affinity performance curves and the experimental
performance curves for the second speed.

HIGH SPEED : “N=2920r.p.m.”

e Laboratory Data :

PGS cm Hg| 6.5 9

PGD mw 17 16

Force F gms| 350

h  cm/min 0

e Calculated Data :
Length of the tank L = 73 cm, Length of arm =17.5 cm
Width of the tank W = 22.5 cm
H=PGS+PGD mw, (1 cm Hg=13.6/100 m w)

. N .y
Q= LWh 1it/min = 73*22.5*h
1000

= 1.6425h 1it /min

B.H.P. =2 1 N*F*Arm / (1000*100*60*75) = 7.134*10™**F hp
n=7QH/(75*60*B.H.P.) = QH / (4500*B.H.P.)

Q lit/min 70.5 | 89.5 |103.8| 116 |131.4
Hmw 17.22|16.36 | 15.50 | 14.63 | 13.84
B.H.P. hp 0.62 | 0.68 | 0.74 | 0.78 | 0.83
n 0.435(0.475|0.482|0.480|0.488




140 160 180

(lit/min)

LOW SPEED : “N=1490r.p.m.”

e Laboratory Data:

PGS cmHg| 6.2
PGD mw 3.7

Force F gmy 80

h  cm/min| O

e Calculated Data :

B.H.P. = 3.64075*10**F hp

Q lit/min 0 36.14
H mw 4543 | 4.452
B.H.P. hp | 0.029 | 0.073
n 0 | 0.491
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Introduction

The centrifugal pump is the most widely used type of the hydraulic
machines. All engineers need to be acquainted with its operation and
performance characteristics. In many installations more than one centrifugal
pump are employed and operating either in parallel for high flow rates or in
series for high discharge pressures.

Pump Set Description:

The test set and its measuring equipment are shown in the following
figure. It contains two identical separately driven centrifugal pumps. It is
arranged to run separately and also to run either in series or in parallel.
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Performance of Two Centrifugal Pumps

In Parallel Operation

In this test, the two pumps must create the same head. The analogy of this
test is the parallel connection for two electrical resistances where Q =i, H=V
as shown in figure.

. Set the two pumps in parallel operation by closing valve DV2, and fully
opening valves SV1, SV2 and DV3.

. Start up the two motors (after checking pump priming) until they reach the
normal operating speed (N,).

Make sure that the two heads created by the pumps are equal (by reading
the pressure gauges).

Let the DV1 1/10 fully opened, and measure the discharge Q, read the
manometric reading, the torque balance reading, then calculate the head,
the torque, power and efficiency by the same way as in Test (1).

Repeat step 4 for several DV1 openings and tabulate the results as in Test

(1).

Draw curves for the head and power against Q, and the head, power and
efficiency against Q/2 (the performance of one pump only).




Parallel :

N =2920r.p.m,, Length of arm =17.5 cm
Length of the tank L = 73 cm, Width of the tank W = 22.5 cm

h cm/min
PGS*13.6/100 m w
PGD mw

Force F gmg

Q-H:
H=PGS+PGD mw, Q=LW.h/1000 lit/min=1.6425h lit/min

e Parallel :
Q lit/min 0

Hmw 18.10

e Single:
Q lit/min 0

Hmw 17.88

Q-B.H.P.:

B.H.P. = 2 © N*F*Arm / (1000*100*60*75) = 7.134*10**F hp

e Parallel :
Q lit/min

B.H.P. hp




e Single:

Q lit/min
B.H.P. hp

Sg- n.

n =y QH /(75*60*B.H.P.) = Q H / (4500*B.H.P.)

e Parallel :
Q lit/min

n

e Single:
Q lit/min

n

Parallel

40 80 120 160 200 240 280 320
Q (lit/min)




Parallel

120 160 200 240 280 320
Q (lit/min)

I Parallel
Ek\r\\m

T T T T T
40 80 120 160 200 240 280 320
Q (lit/min)
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Introduction

The centrifugal pump is the most widely used type of the hydraulic
machines. All engineers need to be acquainted with its operation and
performance characteristics. In many installations more than one centrifugal
pump are employed and operating either in parallel for high flow rates or in
series for high discharge pressures.

Pump Set Description:

The test set and its measuring equipment are shown in the following
figure. It contains two identical separately driven centrifugal pumps. It is
arranged to run separately and also to run either in series or in parallel.
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Performance of Two Centrifugal Pumps

In Series Operation

In this test the electrical analogy is the series connection of two resistances as
shown in figure.

To set the two pumps in series operation, close SV1 and DV3, and open
SV2 and DV2.

Repeat steps 2, 3, 4, and 5.
Draw curves for the head, power, and efficiency against Q.

Draw also the Head differences for the single pump (1) against Q.




Series :

N =2920r.p.m,, Length of arm =17.5 cm
Length of the tank L = 73 cm, Width of the tank W = 22.5 cm

h cm/min
PGS*13.6/100 m w
PGD mw

Force F gmf

Q-H:
H=PGS+PGD mw

Q = L.W.h /1000 lit/min = 73*22.5*% 1 /1000= 1.6425h lit/min

e Series:
Q lit/min

H mw

e Single:
Q lit/min

Hmw

Q-B.H.P.:

B.H.P. = 2 w N*F*Arm / (1000*100*60*75) = 7.134*10**F hp




e Series:
Q lit/min

B.H.P. hp

e Single:
Q lit/min

B.H.P. hp

Q-n:
n =y QH /(75*60*B.H.P.) = Q H / (4500*B.H.P.)

e Series:
Q lit/min

n

e Single:
Q lit/min

n

160 200
Q (lit/min)
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Discharge (Q) [LPM]

Pressure (P) [bar]

Head (H) [m]

H= (P*1E05)/(p.g)

H= Pressure head, [m]

P= Pressure sensor reading, [bar]

p= Fluid density, [kg/m?]

g= Gravity acceleration, [m/s?]




Pump Performance Curve
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