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Abstract

This research analyzes the impeller design performance that has been modified based on previous impeller designs. The previous 

impeller design used high engine power consumption due to the total head, so the modification of the impeller design is expected 

to reduce the engine power consumption. The existing design and the modified impeller design with the addition of the junction 

disc plate are used by this research. This research used experiment methods and theoretical methods to compare both of impeller 

design performances. The experiment method measures total head, fluid capacity, engine speed, and engine power consumption. 

The  theoretical method analyzes actual fluid velocity, specific velocity, total suction head, NPSH, and pump efficiency. The results 

showed that the fluid flow rate was able to increase the efficiency of the centrifugal pump by 2.8%. The conclusion explains that the 

addition of a junction disc plate produces energy from a steady fluid flow rate to reduce the engine power consumption and escalation 

of pump efficiency.
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1 Introduction
Centrifugal pumps have a relationship with fluid dynamics 
phenomena due to their function as a fluid transport device 
based on pressure differences [1]. However, the pressure 
difference often results in a low-pressure fluid flow before 
entering the centrifugal pump. This condition is indicated 
by vibration, noise, and material damage, which is called 
the cavitation effect [2]. Cavitation has a negative effect 
on the rotational speed of the impeller, head loss, and 
increase in power consumption [3–6]. The function of the 
impeller is to manage the high-pressure fluid flow in the 
suction section of the centrifugal pump. Optimal impel-
ler performance is measured by analysis of the fluid flow 
characteristics, including low viscosity, high pressure, and 
fixed flow conditions [7, 8] An improvement in centrifu-
gal pump performance, especially the impeller design as a 
runner, is needed to reduce the pressure fluctuations that 
produce an unsteady fluid flow [9].

Some previous research on improving impeller 
design have conducted to reduce the cavitation effect. 
Chen et al. [10] developed a drainage gap technology 
with the addition of a vice blade overlapping the existing 

impeller position. It produced a steady fluid flow in the 
suction section. Skrzypacz and Bieganowski [11] applied 
the microgroove concept to the impeller design, whose 
utilization could increase the impeller's ability to trans-
mit power into the fluid flow and improve the centrifu-
gal pump efficiency. Bozorgasareh et al. [12] applied inno-
vatively designed shrouds on the impeller of a semi-open 
centrifugal pump that can influence the pressure head and 
pump efficiency. The innovatively designed shrouds create 
the losses reduced due to the secondary flow and improve 
the hydraulic performance. It could also raise the pressure 
head and pump efficiency. Shim and Kim [13] improved the 
width of the impeller outlet section with Reynolds Average 
Navier Stokes (RANS) analysis and the Response Surface 
Approximation (RSA). The rise of the outlet dimension 
section could reduce the unstable fluid flow through the 
impeller outlet section and increase the hydraulic effi-
ciency of the impeller. Capurso et al. [14] improved the 
impeller design by adding some blades at the impeller 
outlet section. The new design allowed the channel out-
lets that come from two sides to have circumferentially 
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arranged, and therefore it can increase the fluid flow. The 
new design also creates the homogeneity of fluid flow on 
the outlet section and reduces the slip factor from the pre-
vious impeller design. Doshi et al. [15] changed the impel-
ler rotation position and entry angle to lessen fluid flow 
instability and pump losses by 5–10%. Impeller design 
is also influenced by the blade, which is its main compo-
nent. Blade designs with different angles can create blade 
geometry differences to obstruct the cavitation rate in 
the impeller inlet due to the pressurized fluid flow diffu-
sion phenomenon [16]. The angle of the blade inlet on the 
impeller suction section, which is small, is also capable of 
producing a positive impact on the fluid flow characteris-
tics, especially total hydraulic pump performance, with an 
angle range of 10° to 30° [17].

The reduction in pump losses and the cavitation effect by 
modifying the impeller design, both in geometrical terms 
and switches in blade position and angle, can increase fluid 
flow capacity and centrifugal pump efficiency, as shown in 
some previous research. Based on this, this research devel-
ops a pump impeller design by adding a junction disc plate 
arranged between the two parts of the existing impeller 
disc plate. The methods have conducted on two impeller 
design, an existing design and a modified one, to determine 
the impact of design changes on impeller performance. 
The addition of the junction disc plate aimed to increase 
the fluid flow distribution area, thus influencing the dis-
charge and pressure inside the impeller. This condition can 
reduce pump losses and the cavitation effect of fluid flow 
friction. The addition of the junction disc plate can make 
fluid flow produce energy as a driving force and reduce 
engine power consumption. The method parameters are 
focused on the total head, fluid velocity, fluid capacity, 
blade angle, Net Positive Suction Head (NPSH), engine 
speed, engine power consumption, and pump efficiency.

2 Methodology
Investigation into centrifugal pump impeller perfor-
mance is necessary to determine the impeller characteris-
tics, which have relationship to the rise of fluid flow rate. 
The research investigated five pump performance charac-
teristics. They were the requirement of a peak differen-
tial head at a maximum fluid flow rate; the Net Positive 
Suction Head (NPSH); fluid flow flexibility requirements; 
fluid composition-temperature fluctuations; and pump 
impeller transient conditions [18]. It involved two steps, 
the experiment and theoretical methods. The experi-
ment measured the variety of impeller designs that have 

relationship with the suction head and discharge head, 
with the results relating to fluid capacity, motor speed, and 
motor power consumption. The theoretical method mea-
sured the pump impeller performance based on the exper-
iment results by focusing on the calculation of actual fluid 
velocity, specific velocity, total head, NPSH, and pump 
efficiency. Parameter analysis is a primary analysis con-
ducted in some previous research [19].

2.1 Experimental method of centrifugal pump impeller 
design
The experiment method measured pump impeller perfor-
mance classified into two models: Fig. 1 (a) an existing 
impeller with eight blades gripped by two-disc plates; and 
Fig. 1 (b) a modified impeller with the addition of a junction 
disc plate as the location for eight blades gripped by two 
disc plates. The two impeller models can be seen in Fig. 1.

(a)

(b)

Fig. 1 (a) Existing model and (b) modified model of a centrifugal pump 
impeller
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Both impeller models were placed on a Pedrollo 
HFm51A 1 phase centrifugal pump with the specification 
shown in Table 1.

The centrifugal pump used for the experiment method 
has a power of 746 W. The utilization of centrifugal pumps 
in this research due to the percentage of centrifugal pump 
applications in the industrial sector has reached 75%. 
Moreover, the centrifugal pump also has stable speci-
fications based on pressure head, centrifugal pump effi-
ciency, NPSH, and fluid flow rate [20]. The experiment 
method scheme explains that the fluid flow from a storage 
tank will pass through a centrifugal pump, which has two 
impeller models (as seen in Fig. 1) to drive the fluid flow to 
the pipe. The fluid flow through the pipeline and centrifu-
gal pump is controlled by the valve, which determines the 
discharge head and suction head. The suction head influ-
ences the fluid flow pressure, while the discharge head 
determines the fluid flow rate [21]. The fluid flow through 
the test pipe returns to the storage tank. The experiment 
method schemes can be seen in Fig. 2. 

The experiment method considered the discharge head 
in three positions (0.51 m, 0.52 m, and 0.53 m). The dis-
charge head position that depends on the optimal total head 

condition of the centrifugal pump system could determine 
the fluid velocity [22]. The engine used in the experiment 
method met the specification of motor conditions pre-
sented in Table 1. These are the motor speed of 2,730 rpm 
and fluid capacity of 126.5 l/min. The experiment results 
explained the measurements of total head, fluid capacity, 
engine speed, and engine power consumption.

2.2 Analysis of centrifugal pump impeller design
Analysis of pump impeller performance based on the 
results of the experiment method. Analysis of the pump 
performance was divided into actual fluid velocity, spe-
cific velocity, total suction head, NPSH, and pump effi-
ciency, as shown in the flowchart in Fig. 3.

2.2.1 Actual fluid velocity
Actual fluid velocity measured the fluid velocity that enters 
the centrifugal pump impeller at a steady fluid flow and 
constant impeller rotational speed [23]. The fluid flow con-
dition is determined by the inlet/outlet angle from the blade 
impeller, which is calculated by the velocity triangle equa-
tion. The speed triangle equation is shown in Table 2 [24].

Generally, the inlet blade angle is smaller than the 
outlet blade angle. The function of the inlet blade is to 
convert the fluid flow energy into the centrifugal pump. 
Meanwhile, the outlet blade's role is to increase the flow 
rate [24]. The rise of flow rate occurred in a steady total 
head condition [25]. The addition of the junction disc 
plate can change the impeller blade angle based on the 
enhancement of the impeller surface area; the angle con-
ditions are seen in Table 3. Changes in the blade angle can 
influence the flow rate and pressure in the production of 
fluid kinetic energy [5].

Table 1 Specification of centrifugal pump (Pedrollo HFm51A 1 phase)

No Parameter Value

1 Power (W) 746.0

2 Head Optimum Total (m) 25.0

3 Capacity Maximum (l/min) 126.5

4 Discharge (l/min) 70.6

5 Current (A) 5.1

6 Engine Speed (rpm) 2730.0

7 Power Consumption (W) 1160.0

Fig. 2 Experiment method scheme
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Steady fluid flow conditions are indicated by volumet-
ric flow rates (V), Average Flow Velocity ( GV ), and suction 
pipe dimensions (A), which are calculated by Eq. (1) [25]:

V G
A
V= . (1)

2.2.2 Specific velocity
Specific velocity is a measure of motor rotation speed for 
the centrifugal pump operation. Specific velocity is influ-
enced by the fluid flow rate and head coefficient, which are 
calculated by Eq. (2) [26]:

n n Q

H
s � �

1

2

3

4

. (2)

2.2.3 Total suction head
The total suction head occurred in the centrifugal pump 
suction side is influenced by atmospheric pressure, the 

hydrostatic head, and the pipeline head (major and minor 
loss heads). The total suction head can be measured by the 
Bernoulli equation, shown as Eq. (3) [27]:

H P H H Hatm
total static mayor minor

� � � �
�

, (3)

where atmospheric pressure is a measure calculated on the 
specific weight of ideal water conditions. Meanwhile, the 
hydrostatic head is the magnitude of the distance between 
the pump datum and the water surface in a vertical posi-
tion. It can be calculated by Eq. (4) [28]:

H g Z
static

� �� . (4)

Fluid flow through the pipeline usually has friction on the 
pipeline surface, which is known as head pipe losses [29]. 
These can be classified into two forms: major and minor 
losses. The major losses are influenced by the diameter and 
length of the pipe, which could contribute to 20% of head 
losses [29]. Measurement of major losses is made by the 
Darcy-Weisbach equation, shown as Eq. (5) [30]:

Fig. 3 Flowchart analysis scheme of centrifugal impeller design
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Table 2 Angle of blade inlet and outlet [24]

Existing model Modified model

Parameter Parameter

Angle of blade inlet Angle of blade outlet

U1 U D n
1 1

60
� � ��

 
U2 U D n

2 2

60
� � ��

 

W1 w C U
1 1

2

1

2� �  
C2u

C H g
U ku2

2 2

�
�

� ��
 

where the k value is 0.78 and the ƞ2 value is 0.74β1
�
1

1

1

� arctan
C
U  

Inlet velocity C Q
D b1

1 1

�
� ��  

Outlet velocity C C C u2 1

2

2

2� �  

Table 3 Blade angle condition

No Parameters Existing 
design

Modified 
design

1 Angle of inlet blade (degree) 45.6 46.1

2 Angle of outlet blade (degree) 94.4 93.9

H f L
D
v
gmayor

� � �
2

2
, (5)

where f is the friction coefficient, which is influenced 
by the Reynold Numbers. It classified into laminar flow 
(Re < 2000) and turbulent flow (Re > 4000). The correla-
tion of friction coefficient and Reynold Numbers is indi-
cated by the Moody Diagram. Moody Diagram is a dia-
gram that explains the correlation between the Reynolds 
number factor and the pipe friction factor. The Reynolds 
number, which has a high value, causes the pipe friction 
factor can be smaller. The pipe friction factor can affect 
minor pipe losses caused by the connection between the 
pipe and the elbow or gate valve.

Pipe minor losses are influenced by valve and pipe con-
nections, which have a different coefficient of friction (K) 
(as shown in Table 4). Valve and pipe connections contrib-
ute 13% of head losses [31].

Minor pipe losses are calculated using Eq. (6) [30]:

H K v
gminor

� �
2

2
. (6)

The effect of internal corrosion on the pipe system 
also influences the fluid flow rate [32], even though it has 
a minor result and is unnoticed. The pipe system charac-
teristics that depend on major and minor losses influence 

Table 4 Friction coefficient of pipe fitting

No Component Component 
number

Friction 
coefficient 

(K)

Total of friction 
coefficient 

component (K)

1 Elbow 90° 6 0.12 0.72

2 Gate valve 3 0.08 0.24

Total 0.96
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the velocity distribution of fluid flow in the pipeline sys-
tem [33], which is accumulated by another loss. It could 
affect the energy convenience for driving the fluid flow 
into the centrifugal pump. This condition has an influence 
on the Net Positive Suction Head (NPSH).

2.2.4 Net Positive Suction Head (NPSH)
NPSH is a measure of fluid flow energy into a centrifu-
gal pump and is classified into two forms: actual NPSH 
( NPSHa ) and required NPSH ( NPSHr ). It is influenced 
by suction and connection pipes, elevation, fluid veloc-
ity, temperature, and pressure. The ideal NPSH condition 
exists when the inlet fluid flow rate is higher than the out-
let fluid [34]. However, this condition can be disrupted by 
slight vapor bubbles. It was the result of vapor pressure 
reduction into liquid pressure. Total suction head measure-
ments can reduce the vapor bubble effects [35]. The total 
suction head measurement uses the available energy to 
push fluid flow into the centrifugal pump is called NPSHa . 
NPSHa can be calculated by Eq. (7) [27]:

NPSH
static mayor minor

vapor

a
atmP H H H

P
� � � � �

� �
. (7)

NPSHr is a manufacturing standard parameter used to 
prevent cavitation. NPSHr is influenced by an escalation of 
fluid flow ( ns ) and cavitation coefficient (σ); this condition 
is shown in the graph of cavitation-specific velocity.

NPSHr evaluation usually uses NPSHr3% because it has 
a working operational standard with a total head of 1 m 
until 3 m, measured by the pump casting process [27, 36]. 
NPSHr3% can be calculated by Eq. (8) [27]:

NPSH NPSHr a� �� . (8)

The graph of cavitation-specific velocity also explains 
the "Specific Suction Speed" (S) used as a replacement 
parameter for σ. Meanwhile, the definition of a "Specific 
Suction Speed" equation showed in Eq. (9) [35]:

S n Q

H

n

SVN

� �

1

2

3

4

. (9)

If Qn is expressed in m3/s; HSVN (m), and n (rpm); then the 
value of S for general pumps is 1200. There is a correlation 
between S and σ which can be seen in Eq. (10) [35]:

S ns�
�
3

4

. (10)

Equation (10) applies to the pump with the highest effi-
ciency. If the working point is beyond the best efficiency 
of the pump, then the inlet angle and blade angle are no 

longer compatible. Optimal centrifugal pump perfor-
mance can be seen from the higher NPSHa value com-
pared to the NPSHr value.

2.2.5 Centrifugal pump efficiency
Centrifugal pump efficiency is the ratio between hydraulic 
power (P) and input power. Input power is classified into 
fluid density (ρ), fluid discharge (Q), and the total pump 
head (H) [37]. Efficiency can determine the effectiveness 
of the centrifugal pump for energy convention activities. 
Generally, the efficiency of centrifugal pumps has per-
centage of 75% to 85% [38]. The efficiency calculation of 
centrifugal pumps can be made using Eq. (11) [39]:

�
�

p
in

gQH
P

� �100% . (11)

3 Results and discussion
A centrifugal pump is used to transport fluids based on 
Bernoulli's Law. This law concerns atmospheric and fluid 
pressure, which has a relationship to the total head of a cen-
trifugal pump. Fluid displacement required high pressure 
and a steady flow to reduce the total head. However, flu-
ids have low pressure, and unsteady flow can increase the 
total head. This loss condition can affect the performance 
of centrifugal pumps, especially the impeller, which man-
ages the fluid flow. The junction disc plate applied to the 
impeller design is expected to reduce this negative impact.

The modified and existing impellers performance 
were evaluated by experiment and theoretical method. 
The experiment method used a discharge head as a vari-
able parameter divided into three positions (0.51 m, 0.52 m, 
and 0.53 m). The discharge head influences fluid capac-
ity (Q), motor speed (rpm), and total head (H). The results 
of the experiment method are shown in Table 5 and Fig. 4.

The three parameters related to each other [fluid capac-
ity (Q), motor speed (rpm), and total head (H)] can deter-
mine motor power consumption, which influences the effi-
ciency of the centrifugal pump. The experiment method 
involved eight experiments on the junction disc plate's 
performance with differences in the discharge head 

Table 5 Average impeller parameters in the experiment method

No Parameter Existing design Modified design

1 Total head (m) 35.8 33.6

2 Capacity (l/min) 110.1 111.5

3 Current (A) 4.9 5.2

4 Motor speed (rpm) 2,772.0 2,757.0

5 Power consumption (W) 1,107.0 1,147.0
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condition; the results of the average impeller parameters 
are shown in Table 5. Table 5 shows that the performance 
results of the modified pump impeller are better than those 
of the existing pump impeller. The modification version 
with the addition of the junction disc plate has a low total 
head, which can increase fluid capacity, reduce motor 
speed and increase motor power consumption. However, 
this increase in motor power consumption comes from 
two sources: electrical energy and junction disc plate 
energy. The energy source of the junction disc plate 
from the fluid flow is high due to the decreased distance 
between the suction pipe and the centrifugal pump, which 
influences the impeller rotation in driving fluid flow. Even 
though the reduction of impeller power to encourage the 
fluid flow into the impeller centrifugal pump can occur if 
the total head condition has the same value as the existing 
condition. The junction disc plate energy has advantages 

in reducing the cavitation effect caused by impeller disc 
plate rotation and fluid flow friction, which are reasons for 
pump losses. The energy portion component of the junc-
tion disc plate is higher than the electrical energy por-
tion. The fluid flow rate condition in both impeller models 
shown in Table 5 has increased as the junction disc plate 
can increase the impeller area and be a transitory location 
for fluid flow. The fluid flow rate conditions in Table 5 also 
compared with the fluid flow capacity in Table 1, which 
can still be classified into the fluid flow optimum range of 
the centrifugal pump specifications used in the research. 
The friction effect of fluid flow inside the impeller results 
in differences between the actual and design conditions of 
fluid flow rates, resulting in little losses that are neglected.

Fig. 4 shows the performance results of the modi-
fied and existing impellers, with discharge head param-
eters divided into Fig. 4 (a) 0.51 m, Fig. 4 (b) 0.52 m, and 
Fig. 4 (c) 0.53 m in the experimental method. It explained 
that the discharge head rise could influence the total head 
reduction from the centrifugal pump and the increase in 
fluid capacity. The discharge head requires a high motor 
speed with steady fluid flow and high fluid pressure. 
However, utilization of a high motor speed has a nega-
tive effect, with a rise in motor power consumption and 
a reduction in centrifugal pump efficiency. The junction 
disc plate applied to the modified pump impeller design 
(as seen in Fig. 4) provides a decrease in motor power con-
sumption. The plate could generate its own energy from 
the high-pressure fluid flow rate to drive the fluid flow. 
The energy available for the driving force of the fluid flow 
is also supported by the inlet/outlet angle of the impel-
ler blade. With a discharge head condition of 0.52 m, 
Fig. 4 (b) shows different results from the 0.51 and 0.53 m 
discharge head conditions. The results explain the mod-
ified pump impeller's performance is lower than that of 
the existing pump impeller. This situation occurs due to a 
fracture of the junction disc plate surface, which reduces 
fluid pressure and disrupts energy availability at the plate. 
This fractured condition can be remedied by minor repairs 
(welding and grinding), followed by a performance test of 
the plate. The experiment method results used for the basic 
parameters of the theoretical method with the total pump 
system head condition of 25 m; the results of the theoreti-
cal method shown in Table 6.

Table 6 explained that the modified design could improve 
pump performance rather than the existing design with the 
same total head condition. The junction disc plate applied 
to the modified impeller design can increase the energy 

(a)

(b)

(c)

Fig. 4 Performance graphs comparing the existing and modified impeller 
designs by various discharge head (a) 0.51 m; (b) 0.52 m, and (c) 0.53 m
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availability of a steady fluid flow due to the enlargement of 
the disc plate area to receive more fluid flow. The increase 
in energy availability influences the rise in engine-specific 
speed and rotational speed. The Net Positive Suction Head 
Requirement ( NPSHr ) parameter also provides high pres-
sure to the steady fluid flow on the centrifugal pump suc-
tion side. In addition, the inlet/outlet angle of the blade 
impeller also increases the available energy, which comes 
from the high-pressure fluid flow produced by the junction 
disc plate. All these conditions can increase centrifugal 
pump efficiency. The efficiency results shown in Table 6 
approach those of centrifugal pump efficiency obtained 
in other previous research on impeller design modifica-
tion; for example [10], whose study obtained a centrifu-
gal pump efficiency of 65% [11] with an efficiency per-
centage of 43%, and [40] who obtained an efficiency of 

61%. It showed that the addition of the junction disc plate 
became an effective method to improve centrifugal pump 
performance. The fluid flow rate was able to increase the 
efficiency of the centrifugal pump by 2.8%.

4 Conclusion
The research results conclude that improving impel-
ler design achieves optimum performance, as shown by 
the results of the experimental and theoretical methods. 
The modified design can reduce motor power consumption, 
increase fluid capacity, and increase centrifugal pump effi-
ciency. It occurred due to the junction disc plate applied to 
the impeller design, which can provide energy availability 
to manage the steady fluid flow. Moreover, the inlet/outlet 
angles of the blade impeller can increase fluid flow pressure. 
The results show that a fluid flow rate of 111.50 l/min could 
reduce electric engine power consumption and employ the 
fluid flow rate as an alternative power to increase the effi-
ciency of the centrifugal pump by 2.8%. Cracks on the junc-
tion disc plate will be investigate in future research.
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Table 6 The results comparison of the centrifugal pump impeller from 
the theoretical method

No Parameter Existing 
design

Modified 
design

1 Fluid actual velocity (m/s) 0.5325 0.5325

2 Total suction head loss energy (J/kg) 10.0 10.0

3 Rotational speed motor (rpm) 423.6 444.8

4 NPSHr 13.9 6.6

5 Efficiency (%) 80.4 83.2

References
[1] Posa, A. "LES study on the influence of the diffuser inlet angle of 

a centrifugal pump on pressure fluctuations", International Journal 
of Heat and Fluid Flow, 89, 108804, 2021.

 https://doi.org/10.1016/j.ijheatfluidflow.2021.108804
[2] Al-Obaidi, A. R. "Investigation of effect of pump rotational speed 

on performance and detection of cavitation within a centrifugal 
pump using vibration analysis", Heliyon, 5(6), e01910, 2019.

 https://doi.org/10.1016/j.heliyon.2019.e01910
[3] Dong, L., Zhu, J. C., Wu, K., Dai, C., Liu, H. L., Zhang, L. X., Guo, J. 

N., Lin, H. B. "Cavitation Status Recognition Method of Centrifugal 
Pump Based on Multi-Pointand Multi-Resolution Analysis", Journal 
of Applied Fluid Mechanics, 14(1), pp. 315–329, 2021.

 https://doi.org/10.47176/jafm.14.01.31596
[4] Hosien, M. A., Selim, S. M. "Experimental and theoretical inves-

tigation on the effect of pumped water temperature on cavita-
tion breakdown in centrifugal pumps", Journal of Applied Fluid 
Mechanics, 10(4), pp. 1079–1089, 2017.

 https://doi.org/10.18869/acadpub.jafm.73.241.27589
[5] Zhang, N., Gao, B., Li, Z., Ni, D., Jiang, Q. "Unsteady flow struc-

ture and its evolution in a low specific speed centrifugal pump 
measured by PIV", Experimental Thermal and Fluid Science, 97, 
pp. 133–144, 2018.

 https://doi.org/10.1016/j.expthermflusci.2018.04.013

[6] Rahman, R. A., Suwandi, A., Nurtanto, M. "Experimental investi-
gation on the effect of thermophysical properties of a heat transfer 
fluid on pumping performance for a convective heat transfer sys-
tem", Journal of Thermal Engineering, 7(7), pp. 1628–1639, 2021.

 https://doi.org/10.18186/thermal.1025910
[7] Mousmoulis, G., Karlsen-Davies, N., Aggidis, G., Anagnostopoulos, 

I., Papantonis, D. "Experimental analysis of cavitation in a centrif-
ugal pump using acoustic emission, vibration measurements and 
flow visualization", European Journal of Mechanics - B/Fluids, 75, 
pp. 300–311, 2019.

 https://doi.org/10.1016/j.euromechflu.2018.10.015
[8] Shojaeefard, M. H., Tahani, M., Ehghaghi, M. B., Fallahian, M. 

A., Beglari, M. "Numerical study of the effects of some geometric 
characteristics of a centrifugal pump impeller that pumps a vis-
cous fluid", Computers & Fluids, 60, pp. 61–70, 2012.

 https://doi.org/10.1016/j.compfluid.2012.02.028
[9] Wang, Z., Qian, Z., Lu, J., Wu, P. "Effects of flow rate and rota-

tional speed on pressure fluctuations in a double-suction centrifu-
gal pump", Energy, 170, pp. 212–217, 2019.

 https://doi.org/10.1016/j.energy.2018.12.112

https://doi.org/10.1016/j.ijheatfluidflow.2021.108804
https://doi.org/10.1016/j.heliyon.2019.e01910
https://doi.org/10.47176/jafm.14.01.31596
https://doi.org/10.18869/acadpub.jafm.73.241.27589
https://doi.org/10.1016/j.expthermflusci.2018.04.013
https://doi.org/10.18186/thermal.1025910
https://doi.org/10.1016/j.euromechflu.2018.10.015
https://doi.org/10.1016/j.compfluid.2012.02.028
https://doi.org/10.1016/j.energy.2018.12.112


Pane et al.
Period. Polytech. Mech. Eng., 67(2), pp. 127–136, 2023 |135

[10] Chen, H., He, J., Liu, C. "Design and experiment of the centrif-
ugal pump impellers with twisted inlet vice blades", Journal of 
Hydrodynamics, 29(6), pp. 1085–1088, 2017.

 https://doi.org/10.1016/S1001-6058(16)60822-3
[11] Skrzypacz, J., Bieganowski, M. "The influence of micro grooves 

on the parameters of the centrifugal pump impeller", International 
Journal of Mechanical Sciences, 144, pp. 827–835, 2018.

 https://doi.org/10.1016/j.ijmecsci.2017.01.039
[12] Bozorgasareh, H., Khalesi, J., Jafari, M., Gazori, H. O. 

"Performance improvement of mixed-flow centrifugal pumps with 
new impeller shrouds: Numerical and experimental investiga-
tions", Renewable Energy, 163, pp. 635–648, 2021.

 https://doi.org/10.1016/j.renene.2020.08.104
[13] Shim, H.-S., Kim, K.-Y. "Design Optimization of the Impeller 

and Volute of a Centrifugal Pump to Improve the Hydraulic 
Performance and Flow Stability", Journal of Fluids Engineering, 
142(10), 101211, 2020.

 https://doi.org/10.1115/1.4047539
[14] Capurso, T., Bergamini, L., Torresi, M. "Design and CFD perfor-

mance analysis of a novel impeller for double suction centrifugal 
pumps", Nuclear Engineering and Design, 341, pp. 155–166, 2019.

 https://doi.org/10.1016/j.nucengdes.2018.11.002
[15] Doshi, A., Channiwala, S., Singh, P. "Inlet impeller rounding in 

pumps as turbines: An experimental study to investigate the rela-
tive effects of blade and shroud rounding", Experimental Thermal 
and Fluid Science, 82, pp. 333–348, 2017.

 https://doi.org/10.1016/j.expthermflusci.2016.11.024
[16] Kang, C., Mao, N., Zhang, W., Gu, Y. "The influence of blade 

configuration on cavitation performance of a condensate pump", 
Annals of Nuclear Energy, 110, pp. 789–797, 2017.

 https://doi.org/10.1016/j.anucene.2017.07.028
[17] Zhang, F., Appiah, D., Zhang, J., Yuan, S., Osman, M. K., Chen, 

K. "Transient flow characterization in energy conversion of a side 
channel pump under different blade suction angles", Energy, 161, 
pp. 635–648, 2018.

 https://doi.org/10.1016/j.energy.2018.07.152
[18] Shiels, S. "Optimizing centrifugal pump operation", World Pumps, 

2001(412), pp. 35–39, 2001.
 https://doi.org/10.1016/S0262-1762(01)80175-9
[19] Hongying, D., Yi, L., Ping, L., Shengchang, Z. "Whole flow field 

performance prediction by impeller parameters of centrifugal 
pumps using support vector regression", Advances in Engineering 
Software, 144, pp. 258–267, 2017.

 https://doi.org/10.1016/j.advengsoft.2017.07.007
[20] Lomakin, V. O., Chaburko, P. S., Kuleshova, M. S. "Multi-criteria 

Optimization of the Flow of a Centrifugal Pump on Energy and 
Vibroacoustic Characteristics", Procedia Engineering, 176, 
pp. 476–482, 2017.

 https://doi.org/10.1016/j.proeng.2017.02.347
[21] Pei, J., Osman, M. K., Wang, W., Appiah, D., Yin, T., Deng, Q. 

"A practical method for speeding up the cavitation prediction in 
an industrial double-suction centrifugal pump", Energies, 12(11), 
2088, 2019.

 https://doi.org/10.3390/en12112088

[22] Jain, S. V., Swarnkar, A., Motwani, K. H., Patel, R. N. "Effects of 
impeller diameter and rotational speed on performance of pump 
running in turbine mode", Energy Conversion and Management, 
89, pp. 808–824, 2015.

 https://doi.org/10.1016/j.enconman.2014.10.036
[23] Chalghoum, I., Elaoud, S., Akrout, M., Taieb, E. H. "Transient 

behavior of a centrifugal pump during starting period", Applied 
Acoustics, 109, pp. 82–89, 2016.

 https://doi.org/10.1016/j.apacoust.2016.02.007
[24] Wang, T., Kong, F., Xia, B., Bai, Y., Wang, C. "The method for 

determining blade inlet angle of special impeller using in turbine 
mode of centrifugal pump as turbine", Renewable Energy, 109, 
pp. 518–528, 2017.

 https://doi.org/10.1016/j.renene.2017.03.054
[25] Dash, N., Kumar Roy, A., Kumar, K. "Design and Optimization of 

Mixed Flow Pump Impeller Blades – A Review", Materials Today: 
Proceedings, 5(2), pp. 4460–4466, 2018.

 https://doi.org/10.1016/j.matpr.2017.12.015
[26] Tan, X., Engeda, A. "Performance of centrifugal pumps running 

in reverse as turbine: Part Ⅱ- systematic specific speed and specific 
diameter based performance prediction", Renewable Energy, 99, 
pp. 188–197, 2016.

 https://doi.org/10.1016/j.renene.2016.06.052
[27] Colt, J., Plesha, P., Huguenin, J. "Impact of net positive suction head 

on the design and operation of seawater pumping systems for use in 
aquaculture", Aquacultural Engineering, 35(3), pp. 239–257, 2006.

 https://doi.org/10.1016/j.aquaeng.2006.03.001
[28] McCuen, R. H. "Hydrologic Analysis and Design", Pearson, 2017. 

ISBN 9780134313122
[29] Chakraborty, P., Singh, D., Kumbhare, H., Singh, A. "A Study on 

Laminar Pipe flow & losses", International Journal of Innovations 
in Engineering and Technology (IJIET), 7(4), pp. 346–352, 
2016. [online] Available at: http://ijiet.com/wp-content/
uploads/2016/12/47.pdf [Accessed: 20 June 2022]

[30] Kim, J. H., Kwon, S. H., Yoon, K. S., Lee, D. H., Chung, G. 
"Hydraulic Experiment for Friction Loss Coefficient in Non-
circular Pipe", Procedia Engineering, 154, pp. 773–778, 2016.

 https://doi.org/10.1016/j.proeng.2016.07.582
[31] Dang, Z., Yang, Z., Yang, X., Ishii, M. "Experimental study of ver-

tical and horizontal two-phase pipe flow through double 90 degree 
elbows", International Journal of Heat and Mass Transfer, 120, 
pp. 861–869, 2018.

 https://doi.org/10.1016/j.ijheatmasstransfer.2017.11.089
[32] Sjah, J., Vincens, E. "Fluid-solid interaction in the case of piping 

erosion: Validation of a SPH-ALE code", International Journal of 
Technology, 8(6), pp. 1040–1049, 2017.

 https://doi.org/10.14716/ijtech.v8i6.729
[33] Saha, S. K., Nandi, N. "Numerical Study About The Change in 

Flow Separation and Velocity Distribution in a 90o Pipe Bend 
With/Without Guide Vane Conditions", International Journal of 
Technology, 8(4), pp. 681–689, 2017.

 https://doi.org/10.14716/ijtech.v8i4.9492
[34] Bachus, L., Custodio, A. "Know and Understand Centrifugal 

Pumps", Elsevier Science, 2003. ISBN 978-1-85617-409-1
 https://doi.org/10.1016/B978-1-85617-409-1.X5000-2

https://doi.org/10.1016/S1001-6058(16)60822-3
https://doi.org/10.1016/j.ijmecsci.2017.01.039
https://doi.org/10.1016/j.renene.2020.08.104
https://doi.org/10.1115/1.4047539
https://doi.org/10.1016/j.nucengdes.2018.11.002
https://doi.org/10.1016/j.expthermflusci.2016.11.024
https://doi.org/10.1016/j.anucene.2017.07.028
https://doi.org/10.1016/j.energy.2018.07.152
https://doi.org/10.1016/S0262-1762(01)80175-9
https://doi.org/10.1016/j.advengsoft.2017.07.007
https://doi.org/10.1016/j.proeng.2017.02.347
https://doi.org/10.3390/en12112088
https://doi.org/10.1016/j.enconman.2014.10.036
https://doi.org/10.1016/j.apacoust.2016.02.007
https://doi.org/10.1016/j.renene.2017.03.054
https://doi.org/10.1016/j.matpr.2017.12.015
https://doi.org/10.1016/j.renene.2016.06.052
https://doi.org/10.1016/j.aquaeng.2006.03.001
http://ijiet.com/wp-content/uploads/2016/12/47.pdf
http://ijiet.com/wp-content/uploads/2016/12/47.pdf
https://doi.org/10.1016/j.proeng.2016.07.582
https://doi.org/10.1016/j.ijheatmasstransfer.2017.11.089
https://doi.org/10.14716/ijtech.v8i6.729
https://doi.org/10.14716/ijtech.v8i4.9492
https://doi.org/10.1016/B978-1-85617-409-1.X5000-2


136|Pane et al.
Period. Polytech. Mech. Eng., 67(2), pp. 127–136, 2023

[35] Karrasik, I. J., Messina, J. P., Cooper, P., Heald, C. C. "Pump 
Handbook", McGraw-Hill, 2001. ISBN 0-07-034032-3

[36] Lorusso, M., Capurso, T., Torresi, M., Fortunato, B., Fornarelli, 
F., Camporeale, S. M., Monteriso, R. "Efficient CFD evaluation 
of the NPSH for centrifugal pumps", Energy Procedia, 126, 
pp. 778–785, 2017.

 https://doi.org/10.1016/j.egypro.2017.08.262
[37] Vishnu Kalaiselvan, A. S., Subramaniam, U., Shanmugam, P., 

Hanigovszki, N. "A comprehensive review on energy efficiency 
enhancement initiatives in centrifugal pumping system", Applied 
Energy, 181 pp. 495–513, 2016.

 https://doi.org/10.1016/j.apenergy.2016.08.070

[38] Meng, F., Zhang, H., Yang, F., Hou, X., Lei, B., Zhang, L., Wu, Y., 
Wang, J., Shi, Z. "Study of efficiency of a multistage centrifugal 
pump used in engine waste heat recovery application", Applied 
Thermal Engineering, 110, pp. 779–786, 2017.

 https://doi.org/10.1016/j.applthermaleng.2016.08.226
[39] Lin, T., Zhu, Z., Li, X., Li, J., Lin, Y. "Theoretical, experimental, and 

numerical methods to predict the best efficiency point of centrifugal 
pump as turbine", Renewable Energy, 168, pp. 31–44, 2021.

 https://doi.org/10.1016/j.renene.2020.12.040
[40] Šavar, M., Kozmar, H., Sutlović, I. "Improving centrifugal pump 

efficiency by impeller trimming", Desalination, 249(2), pp. 654–659, 
2009.

 https://doi.org/10.1016/j.desal.2008.11.018

https://doi.org/10.1016/j.egypro.2017.08.262
https://doi.org/10.1016/j.apenergy.2016.08.070
https://doi.org/10.1016/j.applthermaleng.2016.08.226
https://doi.org/10.1016/j.renene.2020.12.040
https://doi.org/10.1016/j.desal.2008.11.018

	1 Introduction 
	2 Methodology 
	2.1 Experimental method of centrifugal pump impeller design 
	2.2 Analysis of centrifugal pump impeller design 
	2.2.1 Actual fluid velocity 
	2.2.2 Specific velocity 
	2.2.3 Total suction head 
	2.2.4 Net Positive Suction Head (NPSH) 
	2.2.5 Centrifugal pump efficiency 


	3 Results and discussion 
	4 Conclusion 
	Acknowledgement 
	References 

