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Abstract— Cavitation phenomenon is basically a
process formation of bubbles of a flowing liquid in a
region where the pressure of the liquid falls below its
vapour pressure and it is the most challenging fluid
flow abnormalities leading to detrimental effects on
both the centrifugal pump discharge characteristics as
well as physical characteristics. In this low pressure
zones are the first victims of cavitation. Due to
cavitation pitting of impeller occurs and wear of
internal walls of pumps occurs due to which there is
creation of vibrations and noize are there. Due to this
there is bad performance of centrifugal pump is there.
Firstly, description of the centrifugal pump with its
various parts are described after that pump
characteristics and its important parameters are
presented and discussed.

Passive discharge (flow rate) control methods are
utilized for improvement of flow rate and mechanical
and volumetric and overall efficiency of the pump.
Mechanical engineers is considering an important
phenomenon which is known as Cavitation due to
which there is decrease in centrifugal pump
performance. There is also effect on head of the pump
which is getting reduced due to cavitation
phenomenon. In present experimental investigation
the cavitation phenomenon is studied by starting and
running the pump at various discharges and cavitating
conditions of the centrifugal pump. Passive discharge
(flow rate) control is realized using three different
impeller blade leading edge angles namely 9.5 degrees,
16.5 degrees .and 22.5 degrees for reduction in the
cavitation and increase the of the centrifugal pump
performance at different applications namely,
domestic, industrial applications of the centrifugal

pump.

Keywords: Centrifugal pump, Efficiency enhancement
of centrifugal pump by minimization of cavitation
phenomenon of the Centrifugal pump.

I.  INTRODUCTION
1.1. Centrifugal pumps

The Centrifugal pump, or any type of pump, is
utilized for displacement of water It is mainly composed
of two important parts which are: 1) Impeller and 2)
Spiral or volute casing. 3) Suction pipe 4) Delivery
(discharge) pipe 5) Discharge head. The fluid is entering
in the pump from eye side of impeller and coming
radially from the impeller. The momentum of the fluid is
increased while passing through the rotating impeller
blades of the pump until it reaching at the outlet side of
the impeller, the acquired fluid high velocity is
converted to a pressure increase enough to overcome the
required Head. The impeller blades rotating motion,
continuously creates the vacuum at the impeller eye,
which then results in a continuous suction of the fluid
from the inlet pipe towards the impeller eye. That means
centrifugal pumps are responsible to convert mechanical
energy into pressure energy. That means conversion of
mechanical energy to hydraulic energy.

1.2 Cavitation in pumps

Cavitation is a phenomenon in which the
reduction of pressure to or below the fluid vapour
pressure leads to the formation of small cavities in the
fluid. When these cavities are subjected to high pressure
bubble formation and eddies are occurred. Due to that
damage of pump parts would be there.

Due to different losses within the pump or
outside during the energy transfer process, such as disc
friction, shock losses, mixing, change in direction of
fluid, separation, bearing losses, turbulence, and leakage
losses, the fluid-acquired hydraulic energy (water
horsepower) is always smaller than the shaft transmitted
energy (Brake horsepower).
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Fig.1 Block diagram showing different losses.
II. LITERATURE REVIEW

Various researcher scholars have considerably contributed
in studying the cavitation phenomenon in centrifugal
pumps, applying passive discharge (flow control) control
techniques and realization a couple of experiments.
Opposite to that, there is very limited number of works
has been carried out regarding the effect of the blade
leading edge angle on the pump cavitation. Hirschi et al.
presented the results obtained with a 3D numerical
method allowing the prediction of the cavitation nature or
of a centrifugal pump and compared this prediction to
model tests. Hofmann et al. Hofmann et al. studied the
cavitation by experimental investigation of two
centrifugal pumps that are having different runner
geometries as well as different leading edge angles within
the same runner.

Siljegovic et al. concluded that passive flow control can
effectively modulate flow conditions in a capillary driven
microfluidic device. Ulas designed and studied experi-
mentally two cavitating venturis to deliver the desired
mass flow rates for specific conditions. Escaler et al.
carried out an experimental investigation in order to
evaluate the detection of cavitation phenomenon in actual
hydraulic reaction turbines. Japikse et al. carried out a
series of tests and improved the stability of compressors
and hydraulic pumps using passive flow control
technique. Luo et al. studied has done experimental
investigation of the effect of inlet geometry of impeller on
performance improvement for a centrifugal pump. Wu et
al. carried out an experimental investigation in order to
measure the cavitation phenomenon of a centrifugal pump
and its effect on hydrodynamic performance. Kyparissis
and Margaris studied experimentally as well as
computationally a centrifugal pump with double-arc
synthetic blade design method in cavitating as well as
non cavitating conditions. He has applied different
rotational speed of the impeller.

The present experimental study and passive discharge
(flow) control are concerned with the effect of the blade
leading edge angle on the cavitation phenomenon of a
centrifugal pump applying the double-arc synthetic blade
design method with rotational speed of 1250 rpm and flow
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rate of 35 m3h. The experimental investigations are
done in a pump test rig which was specially designed
and constructed, along with the closed type of impellers.
The test rig allows optical observation of the fluid flow
field as well as cavitation with the aid of the
stroboscopic light source. The head drop and total
efficiency curves are presented in order to do
investigation the effect of the blade leading edge angle
of impeller on the cavitation and performance of the
pump. In addition to that, the wvapour pressure
distribution along with the impeller blades is interpreted
for the different blade leading edge angles.

1. EXPERIMENTAL TEST RIG

The experimental study was performed using the pump
test rig with instrumentation system is represented in
Figure 2.1. and the complete experimental setup without
instrumentation. In that following components are
visible. These are discussed as follows. 1. Centrifugal
pump coupled with 0.75 HP motor

2. Suction pipe manufacture from M.S. material 3.
Delivery pipe manufacture from M.S. material 4. Burdon
type vacuum Gauge 5. Burdon Pressure Gauge 6. Water
Reservoir (water tank) 7. Electro-magnetic flow meter,
etc. Moreover, the flow rate (discharge in LPH)
regulation was obtained by installed at the discharge
pipe. The differential pressure between the pump inlet
and outlet is measured by the differential pressure digital
meter (9) The pump was driven by a single-phase AC
electric motor of 0.75 HP and maximum rotational speed
of 1440 rpm. Important parts of the pump test rig allow
observation of fluid flow inside the impeller and
photography of the development of cavitation in flow
passage of the impeller. The measurement data were
acquired by the data acquisition system as represented in
figure 2.1.

FIGURE 2.1 : The complete experimental setup
along with the instrumentation system.
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FIGURE 2.2
without instrumentation.

The complete experimental setup
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Figure 3: The observed geometry of impeller and with
blade leading edge angle of 9.5 deg.

Moreover, during every measurement, the cavitation
is illustrated using the stroboscopic light. The NPSH
value that the first bubble appears, according to the
visualization of cavitation, is the net positive suction
head required NPSHr.

The measuring equipment consists of an absolute and
a differential pressure transducer, a temperature sensor,
and an electromagnetic flowmeter. In order to measure
the static pressure at the suction side of the pump, an
absolute pressure transducer from ABB 2800T series,
model 274NS with a base accuracy £0.070% is applied.
Moreover, the pressure difference between the discharge
and suction region of the pump is measured using a
differential pressure transducer from ABB 2800 T series,
model 274 DS with a base accuracy +0.070%. In
addition, temperature is measured with the temperature
sensor of the ABB SensyTemp TSP2200 series.
Furthermore, the measurement of the flow rate is
realized using an electromagnetic flowmeter ABC
FXES5000, model DE44F with a base accuracy +£0.55 %.

The rotational speed of the three phase electric motor
can be continuously varied by the inverter Fuji Electric
FVR-E8S series. The study of cavitation is realized
using the vacuum pump series LABOPORT M 818.3
KN.47.18. Series N 816.3 diaphragm pumps are double-
head, dry-running devices used in a wide range of
laboratory applications. They transfer and pump down
without contamination.

The measurement data from the pressure transducers,
flowmeter, and temperature sensor are acquired by the
analog input module CFP-AI-210. The National
Instruments CFP-AI-210 is an 8-channel single-ended
input module for direct measurement of millivolt, low
voltage, or milliampere current signals from a variety of
sensors and transmitters. It delivers filtered low-noise
analog inputs with 16-bit resolution and 5 S/s sampling
rate. Finally, this analog input module is connected to
lab

Iv. BLADE DESIGN ANALYSIS
4.1. Impeller Geometry. Three impeller geometries have
been constructed using aluminium alloy 7075-T6, which
is composed of zinc as the primary alloying element. It is
strong, with strength comparable to many steels and has

TABLE 1: Main characteristics of the tested pump
impellers.

Pump Impeller Parameters :

Sr.No. Pump Parameter Diameter Sl Unit
1 Pipe Diameter of Suction Ds Mm
2 Impeller Diameter of the at D1 Mm
the suction side
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3 | Impeller Diameter of the at D2 mm The impellers have been designed according to the
the Delivery side dimensions volute dimensions, which is installed in the
- pump-test rig represented in fig.2.1 and 2.2. The main
4 | Width of Impeller at the b1 MeAdracteristics of the three tested impellers are presented
suction side in Table 1.
5 Width Impeller at the b2 mm
Delivery side 4.2. Dauble-Arc Synthetic Method: DASM. In the present

work;-the double-arc synthetic method was applied for
impellers blade design of the centrifugal pump. Itis a
simple| design method. There are published

6 Blade leading edge angle at b1
the suction side.

7 Blade trailing edge angle at B2 degmputational studies that compare double-arc synthetic
the Delivery side method (DASM with the P-fleiderer centrifugal pump
- analysis methods and it is found that a centrifugal pump
8 M§X|mum Impeller blade S "Which |1 have tested has better efficiency applying
thickness double4arc synthetic method.
9 Number of blades on z Number
Pump Impeller As|shown in Figure 6, the auxiliary circle C, is

good fatigue strength and average machinability, but has  drawn, according to the following formula:

less resistance to corrosion than many other aluminium

alloys. 7075-T6 is a heat temper grade of aluminium alloy ~ di = D1 sin f,

7075. It has an ultimate tensile strength of 520-548 MPa

and yield strength of at least 437-482 MPa. In addition, ~ Where D; is the diameter of the impeller at the suction
the tested impellers have a removable transparent cover  side and f is the blade leading edge angle.

disk made of plexiglas in order to observe the fluid flow

and the cavitation, as shown in Figures 3, 4, and 5.

Fig.a)

5 Fig.a)
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Fig.b) . .
Figure 4: The observed geometry of impeller and with Figure 5: The observed geometry of impeller and
blade leading edge angle of 16.5 deg. with blade leading edge angle of 22.5 deg.
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V. EXPERIMENTAL RESULTS

In the present study, the experimental investigation and
passive flow control are realized in order to examine the
centrifugal pump performance and cavitation development
for three different impeller blade leading edge angles.
Studying the non cavitating performance, the total head
and the total efficiency as functions of the flow rate
(discharge in LPH) are represented in Figures 7 and 8
respectively. For the three examined blade leading edge
angles and rotational speed of 1440 rpm. As represented
in Figure 8, the flow rate (Discharge in m%h to the best
efficiency point is approximately 24.5 mh for 9.5 deg,
36.5 m3/h for 16.5 deg, and 47.5 m®/h for 22.5 deg.

The total head drops for the rotational speed of 1440
rpm, flow rate of 36.5 m®h, and three examined blade
leading edge angles of 9.5, 16.5, and 22.5 deg were
represented. The ordinate was the total head of the pump,
while the abscissa is the net positive suction head
available. The filled points represent the experimental
cases, where cavitation was developed. It was noticed that
as the actual net positive suction head of the decreases the
total head of the tested centrifugal pump also decreases
slowly for all the impeller blade leading edge angles. As
the water in the suction pipe approaches the impeller eye,
it has velocity and acceleration. In addition, it has to
change its direction to enter the impeller, because of the
blade leading edge angle. Losses in terms of total head
occur due to each of the above reasons and because of
friction. For the blade leading edge angle of 16.5 deg, no
cavitation was found, for the observed pressures at the
pump inlet. Nevertheless, there is head drop as the NPSHa
decreases, due to formation of cavitation bubbles, these
bubbles we cannot observe using stroboscope light. Due
to the bubbles there is blockage of the flow passage
between the blades and it causes the head drop.

Examining the blade leading edge angle of 9.5 deg,
Cavitation starts to be developed for the net positive
suction head of 6.16 m, which is the corresponding
NPSHr for 9.5 deg. In addition, testing the 22.5 deg, the
cavitation begins for NPSH = 2.4 m, which is the
corresponding NPSHTr for 22.5 deg.

7l
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Figure 6: Representation of the mean blade line using
Double Arc Synthetic Method
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Figure 7: The graph of total head as verses flow rate
(discharge) , studying the non cavitating
performance.

Blade leading edge angles are 13.32%, 4.46%, and
6.80%, respectively. For the blade leading edge angles
9.5 and 22.5 deg, when cavitation starts to be developed
the corresponding head drops were 5.48% and 5.50 %,
respectively. Thus, it is observed that for both the cases
that cavitation begins, the total head is reduced by 5.5%
instead of 3% that that is defined by Hydraulic Research
Centre (Hydraulic Institute). The NPSHr can be from 2
to 20 times the 3% that the Hydraulic Research Centre (
Hydraulic Institute)defines, depending on pump design .
The cavity length when the cavitation bubbles appear is
measured 4.1 and 7.2 mm for 9.5 and 22.5 deg,
respectively. It is observed that as leading blade angle
increases Head also increases. Finally, as the NPSH (Net
Positive Suction Head available (NPSHA) decreases the
pump flow rate (discharge) in the tested centrifugal
pump was kept almost constant, in the development of
pump cavitation phenomenon.

Last but not least, for the lowest examined value of
the NPSH (Net Positive Suction Head available
(NPSHA) the total head has the lowest values for all the
examined blade leading edge angles, because as the net
positive suction head decreases the total head of the
centrifugal pump also decreases, as represented in
Figure 8.
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Figure 8: The graph of efficiency verses flow rate
(discharge) , studying the non Cavitation performance.

VI. CONCLUSIONS

The present experimental study and passive flow control
are concerned with the effect of the blade leading edge
angle on the cavitation phenomenon and performance of a
centrifugal pump. A pump test rig has been developed in
order to realize a passive flow control with different blade
leading edge angles.

The rotational speed of 1440 rpm and flow rate of 35
m3/h are applied. Studying the effect of the blade leading
edge angle on the cavitation phenomenon, it is observed
that as the blade leading edge angle increases, there is
enhancement in both head and Mechanical efficiency of
the Centrifugal pump represented in fig.2.1 and 2.2, at
examined operating conditions. Moreover, it is observed
that as the NPSH (Net Positive Suction Head (NPSH) the
total head decreases very slowly for all the blade leading
edge angles namely 9.5 deg,16.6 deg.and 22.5 deg.

VII. RESULTS AND DISCUSSION

| observed that for leading edge angle of 9.5 deg. the
cavitation was developed in the region of pressure side.

But, for 22.5 deg angle the cavitation is developed at
the suction side of the pump. Lastly, for leading edge
angle of 16.5 degrees, it was found that there was no
creation of cavitation phenomenon. So it was assumed to
be the suitable leading edge angle because when we use
impeller with leading edge angle of 16.5 deg. there was
reduction in erosion of impeller of the pump and internal
side of casing of the centrifugal pump. So we can totally
avoid the danger of damage of pump by using impeller
angle equal to 16.5 deg. Hence due to this angle
maintenance cost of the pump is also decreases.

Thus overall conclusion was that leading edge angle
impeller 16.5 deg.is the best angle and we always select
this angle and test the centrifugal pump should be done by
using impeller leading edge angle of 16.5 deg.
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VIIl. CONCLUSIVE REMARKS AND FUTURE
SCOPE

In further research studies we can plan experimental
investigation of Centrifugal pump by taking leading edge
angle of the impeller (closed type of impeller) in
between 15 degrees to 20 degrees. Also use different
design methods for pump impellers for reduction in
pump cavitation phenomenon. Also arrange for trial of
the centrifugal pump under different Geometrical
Characteristics of pump impellers and different operating
conditions (at different flow rates as well as heads) by
openings of delivery valve.
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