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Abstract: The performance enhancement of centrifugal pumps is continuously pursued to 
meet increasingly complex operational demands. Ongoing improvements in pump component 
design, particularly the impeller, are essential to achieving optimal configurations. The impeller 
is a critical component that significantly influences the overall performance of centrifugal 
pumps. This study aims to develop an impeller design that offers higher performance 
compared to the original one. The methodology utilized was Computational Fluid Dynamics 
(CFD). The primary focus was on modifying the semi-open impeller type. Two modified 
impellers were developed with concave and convex design. They were simulated and 
compared to the original impeller configuration. The simulation results indicate that pressure 
distribution at the inlet remains similar for all designs. However, pressure variations at the 
outlet and differences in volumetric flow rate between inlet and outlet were found. The contour 
visualization of pressure and flow velocity for each impeller configuration shown from the CFD 
simulation results is further discussed, in terms of pressure distribution and flow trajectory 
pressure. 
 
Keywords: centrifugal pump; impeller design; CFD simulation; pressure distribution; volume 
flow rate; semi-open impeller 
 
1. Introduction 
 
Centrifugal pumps have been widely used in various fields, both in the industrial and household 
sectors. Their popularity is due to their economical characteristics, relatively simple 
construction (Kosseva, 2017), and high level of operational reliability (Si et al., 2018). Efforts 
to improve the efficiency of these pumps need to continue as a strategic step to reduce 
operational costs and improve overall system performance (Shi et al., 2023). Centrifugal 
pumps are widely used in various applications, so pump systems are often required to operate 
over a wide range of flow rates, depending on the operational needs of each application. The 
diversity of fluid types used in various applications is also one of the main drivers in the 
research and development of centrifugal pump design, especially in order to increase the 
efficiency and adaptability of the pump to varying operational conditions. In addition, 
innovations in pump design are also directed at reducing the time and cost of the production 
process, resulting in a more efficient, economical, and sustainable system. 
 
Published studies on centrifugal pumps generally focus more on the effect of the degree of 
inclination and the number of blades on pump performance. Peng et al. (2020) conducted a 
study on the effect of outlet angle variation on the impeller blades of a centrifugal pump, with 
an angle range of 16°, 20°, 24°, 28°, and 32°, using ANSYS-CFX simulation software. The 
results show that the blade outlet angle has a significant effect on the external flow 
characteristics, as well as the resulting power curve. Appropriate adjustment of the outlet angle 
can be used as a strategy to control pump power and prevent overloading (Li et al., 2020; 
Nadaraja et al., 2023; Peng et al., 2020; Wang et al., 2023). The number of impellers has an 
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influence on centrifugal pump performance (Abo Elyamin et al., 2019; Aldio et al., 2023; Sakran 
et al., 2022; Subroto & Effendy, 2019; Susilo & Setiawan, 2021). 
 
This study aims to develop an impeller design that offers higher performance compared to the 
original one. This study is conducted in order to improve the performance of centrifugal pumps. 
The problem behind this research is the limitation of previous studies that generally only 
evaluate the performance of centrifugal pumps through the study of the number of blades and 
angle changes. Therefore, this study explores impeller designs with different shapes, in the 
form of two geometric variations: concave, and convex. For comparison, an impeller with the 
original shape commonly used in centrifugal pumps was also simulated. This research is 
expected to gain a deeper understanding of the effect of changes in impeller design on the 
overall performance of centrifugal pumps. 
 
2. Material and methods 
 
This study was conducted using the Computational Fluid Dynamics (CFD) method to evaluate 
the performance of each design based on a number of key parameters, comprising pressure, 
volume flow rate, and efficiency. The software used in this simulation is SolidWorks (Research 
License 2021). Through the CFD approach, the complex internal flow behavior inside various 
pump components can be analyzed in detail under various operating conditions. Various 
studies on pump simulation have been conducted using CFD methods (Sakran et al., 2022; 
Zhou et al., 2003).  
 
2.1 Centrifugal pump impellers 
 
In this study, three types of centrifugal pump impeller designs were compared, including 
original, concave, and convex impellers (Figure 1). 
 

   

 
 

 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 
Figure 1. Centrifugal pump impellers. (a) original impeller, (b) concave impeller, and (c) 

convex impeller 
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2.2 Simulation parameters 
 
The simulation parameters carried out using SolidWorks Flow Simulation in this study are 
presented in Table 1. 
 
Table 1. Simulation parameters 
 

Unit system  Pressure 
Volume flow rate 
Torque 

Mpa 
m3/s 
S Nm 

Analisis type Internal analysis 
Total analysis time 
Out put time step 
Rotating local region  

 
0 
0 
Sliding 

Rotational speed of the impeller 5000 RPM(523,6 rad/s)  

Fluid  Water   

Wall condition  Default wall condition  

Initial condition Default initial condition   

 
2.3 Meshing  
 
The results of research conducted by Salmat et al. (2023) on the application of centrifugal 
pumps for air pumping, and by Aldio et al. (2023) on crude oil pumping using SolidWorks Flow 
Simulation recommended the use of mesh level 5. This is based on the finding that simulation 
results at this level show pressure and volume flow rate values at the inlet and outlet channels 
that are not significantly different compared to mesh level 7, which is the highest mesh level. 
In this study there are two types of mesh settings used, global mesh and local mesh. Global 
mesh uses level 5 and on the impeller in contact with the fluid using local mesh with a smaller 
mesh size. The total cells in each model sell as many as 2 million cells. 
 

   
(a) (b)  (c) 

 
Figure 2. Meshing, (a) original impeller, (b) concave impeller, and (c) concex impeller 
 
2.4 Simulation setup  
 
In the impeller part, a ‘fluid region’ was made with the ‘Local Region Sliding’ type. This ‘fluid 
region’ was rotated at a speed of 5000 RPM (Figure 2). 
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Figure 2. Fluid region 
 
In setting boundary conditions, the inlet and outlet were set as ‘environment pressure’, this is 
in accordance with the actual condition of the pump when used. The setting of boundary 
conditions in this study is presented in Figure 3. 
 

 
 
Figure 3. Boundary conditions  
 
In the Goal section, the selected parameters include pressure and volume flow rate at the inlet 
and outlet sides, with the aim of knowing the pressure characteristics that occur at both points. 
The pressure drop was calculated by subtracting the pressure at the inlet from the pressure at 
the outlet (Eq. 1). To determine the value of torque acting on the impeller, the pump impeller 
area was selected and the torque parameter was determined through the surface goal (Figure 
4). The pump efficiency was obtained based on the multiplication of the pressure drop and 
volume flow rate at the inlet side, then divided by the amount of mechanical power calculated 
based on the impeller rotational speed (5000 RPM = 532.6 rad/s), as shown in Eq. 2. 
 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑟𝑜𝑝 = 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑖𝑛𝑙𝑒𝑡 − 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑢𝑡𝑙𝑒𝑡 (1) 
 
 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑟𝑜𝑝 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝐼𝑛𝑙𝑒𝑡

523.6 × 𝑇𝑜𝑟𝑞𝑢𝑒
 (2) 
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Figure 4. Torque 
 
3. Results and discussion 
 
Based on the simulation results that have been carried out, it is found the total pressure value 
on the inlet and outlet sides of each centrifugal pump with different impeller type variations, as 
shown in Figure 5. The simulation results show that the pressure at the inlet side for each 
pump has the same value, which is 0.1 MPa. The pump using original and convex impeller 
shows the same pressure value on the outlet side, which is 0.3 MPa. Meanwhile, the centrifugal 
pump with concave blades shows a higher pressure value on the outlet side, which is 0.32 
MPa. 
 

 
 
Figure 5. Pressure at inlet and outlet 
 
The volume flow rate of each centrifugal pump with impeller variation is presented in Figure 6. 
On the inlet side, the highest volume flow rate is obtained in the centrifugal pump using a 
convex impeller. Meanwhile, on the outlet side, the highest volume flow rate occurs in 
centrifugal pumps with concave impellers. In centrifugal pumps with convex impellers, the 
volumetric flow rates at the inlet and outlet show the same value. In contrast, in centrifugal 
pumps using original and concave impellers, there is an increase in flow rate from inlet to 
outlet. 
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Figure 6. Volume flow rate at inlet and outlet 
 
The impeller design with the highest efficiency was the concave impeller, which achieved an 
efficiency of 32%. Meanwhile, the impeller design with the lowest efficiency is the centrifugal 
pump using convex impellers, with an efficiency of 26%. The centrifugal pump using the 
original impeller has an efficiency of 27%. 
 

 
 
Figure 7. Efficiency  
 
The pressure distribution of the working fluid in each centrifugal pump with different impeller 
designs is shown in Figure 8. Based on the simulation results, there are differences in the 
location of the maximum pressure in the three types of impellers. In the centrifugal pump with 
concave impeller, the maximum pressure is located near the channel leading to the outlet. 
Meanwhile, in pumps with original and convex impellers, the maximum pressure occurs in 
different areas. 
 

0.0929
0.1004 0.10080.0998

0.1042
0.1008

0

0.02

0.04

0.06

0.08

0.1

0.12

Original impeller Concave impeller Convex impeller

V
o

lu
m

e
 f

lo
w

 r
a

te
 (

m
3
/s

)

Type of Impeller

Volume flow rate at Inlet Volume flow rate at Outlet

27

32

26

0

5

10

15

20

25

30

35

Original impeller Concave impeller Convex impeller

E
ff

ic
ie

n
c
y
 (

%
)

Type of Impeller

https://issn.brin.go.id/terbit/detail/20221027581628737
https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/


ISSN 2963-7511 

Journal of Engineering Researcher and Lecturer, Vol. 4, No. 1, pp. 22-30, 2025 

 

Page | 28  

C
op

yr
ig

ht
 ©

 A
ut

ho
rs

 
P

ub
lis

he
d 

by
 R

es
ea

rc
he

r 
an

d 
Le

ct
ur

er
 S

oc
ie

ty
 

T
hi

s 
is

 a
n 

op
en

-a
cc

es
s 

ar
tic

le
 u

nd
er

 th
e:

 h
ttp

s:
//c

re
at

iv
ec

om
m

on
s.

or
g/

lic
en

se
s/

by
/4

.0
/ 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 
Figure 8. Pressure distrubution on: (a) Original impeller, (b) concave impeller, and (c) convex 

impeller 
 
In the working principle of a pump with an impeller, the fluid pressure increases when the fluid 
leaves the impeller due to the conversion of kinetic energy into pressure energy. In a concave 
impeller, the pressure increase occurs from the centre of the impeller towards the edge. 
Meanwhile, in the original impeller, high pressure is concentrated around the pump body wall, 
which causes a decrease in fluid pressure as it flows towards the outlet. The interaction 
between the fluid flow and the pump body wall affects the pressure distribution and flow 
velocity. Figure 9 shows the flow trajectory pressure, where in the original impeller, the fluid 
appears to impinge on the pump wall, causing a significant pressure drop. 
 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 
Figure 9. Flow Trajectory Pressure on: (a) Original impeller, (b) concave impeller, and (c) 

convex impeller 
 
In Figure 9, it can be seen that the fluid flow in the pump is concentrated in the centre of the 
pump body and leads directly to the outlet channel, thus reducing the interaction and friction 
between the fluid and the pump wall. In the pump configuration with the original impeller, there 
is a phenomenon of flow separation that leads to the outlet channel, resulting in collisions 
between flows that result in a pressure drop. On the other hand, in a pump with a convex 
impeller, the fluid being pushed has a relatively lower pressure. This is due to the geometry of 
the convex impeller which is not able to produce high pressure as the concave impeller shape. 
 
4. Conclusion 
 
This study has designed and evaluated two centrifugal pump impeller models with new blade 
geometries, including concave and convex shapes, as alternatives to the original impeller 
design which has a flat plane-shaped blade. The hydraulic performance evaluation of the three 
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impeller designs was conducted through Computational Fluid Dynamics (CFD) simulations. 
The simulation results showed that the impeller with concave blade geometry performed better 
than the original and convex design, in terms of efficiency and fluid flow pressure distribution 
in the pump. This finding indicates the potential for improving pump performance through 
modification of the impeller blade shape. It is recommended for further research to study on 
velocity diagram analysis, the number of blades, as well as performance testing on different 
fluid. 
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