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Abstract: A centrifugal pump is an efficient piece of machinery that is often used in the activities of our 
everyday lives as well as the production of industrial goods. Due to the ever-increasing demands of our 
contemporary lifestyle, the process of designing a pump is becoming more authoritarian and demanding. In 
order to assist designers in overcoming these limits, an optimization algorithm would be suggested. This 
algorithm would help designers use optimum design methodologies and reduce risk throughout the 
manufacturing stage. ANSYS's Computational Fluid Dynamics (CFD) tool was used to develop numerical 
models for simulation. These models were created using ANSYS. For the purpose of the multi-objective 
optimization design, the simulation's best-chosen model was taken into consideration. This algorithm was used 
throughout the process of designing the ideal solution. Several design models were created by selecting 
characteristics such as the size of the pump volute casing section, the tongue's length, and the tongue's angle. 
The findings demonstrate that the provided strategy is viable for resolving the issue with the optimal design. 
These findings have the potential to serve as an encouraging reference for companies that manufacture 
centrifugal pumps, as well as researchers who are interested in applying their invention and development to the 
pump design sector in the future. 
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Introduction 
 
It is safe to say that centrifugal pumps are integral to any system designed to regulate the built environment. 
Little has changed in the underlying physics and mechanics of pumps in the previous century. However, in 
recent years, the technology for using pumps has significantly advanced. Pumps are a popular area of focus in 
projects because of the potential for considerable energy savings that may be uncovered via field inspection and 
testing of pumps' performance, which is typically underutilized. Energy can be saved by adjusting pump flow 
rates closer to the load requirements or doing away with redundant pressure drops. Below is an illustration of 
how decisions made during the design process might affect the building's operation for decades. Centrifugal 
pumps (Abdolahnejad et al., 2022; Bamberger et al., 2020; Bellary et al., 2016)are essential gear in water 
treatment plants since they are the ones in charge of transferring water from one section of the plant to another. 
Therefore, the readers may make the most educated choice regarding the design of their pumping system 
(Elkholy & Fathy, 2016; Esmaeilian et al., 2019; Jegha et al., 2020). Besides, the authors determined to examine 
this study's various kinds of pumps and their associated efficiencies. Pumps are devices that transport something 
from one location to another by directing a flow of fluid via a pipe in order to do so. 
 
A pump may be used for a variety of uses, including the circulation of fluids (Liu et al., 2013; Shim et al., 
2018), such as water, oil, gas, and others. Many pump designs are available (Bamberger et al., 2020; Shim et al., 
2016). Still, they all have one crucial characteristic: they are highly effective devices that can transfer a large 
volume of fluid in a short amount of time. The centrifugal pump is among the most efficient (Capurso et al., 
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2022; Parikh et al., 2022). The circular motion of this sort of pump is used to generate a force that either propels 
or retracts items as they are moving through a fluid. Centrifugal pumps are used to move a lot of liquids and 
gases about, but they are beneficial for transporting liquids since they are able to do it swiftly and quietly. 
Centrifugal pumps are used to move a lot of liquids and gases around. The inability of centrifugal pumps to 
effectively move solids is one of the drawbacks of using these types of pumps. This is because they do not have 
sufficient torque to push solid items through the fluid, and as a result, they often need additional equipment to 
move materials such as earth or boulders. However, despite their drawbacks, centrifugal pumps remain one of 
the most effective types of pumps that can be purchased. They are an excellent choice for applications that 
require the rapid transport of liquids or gases. 
 
A pump with its motor is referred to as a tubular pump. Because the tubular pump's input and outlet channels 
run in parallel, it may be used for emergency mine drainage, water lifting for large-scale water conservation 
projects, and water supply for tall structures. Because of the intricate nature of the pump's internal flow 
arrangement, its efficiency (Capurso et al., 2022; Derakhshan & Bashiri, 2018; Derakhshan et al., 2013; Latifi et 
al., 2021; Lu et al., 2021; Mitrovic et al., 2021)is often poor. The issue of energy consumption (Derakhshan & 
Bashiri, 2018; Wu et al., 2022; Yildiz & Vrugt, 2019)is gaining more attention due to the fast expansion of the 
economy and the ongoing rise in the world's population. At this time, the global community is working on a 
solution to the issue of an inadequate supply of energy (Elkholy & Fathy, 2016; Wu et al., 2022; Zeidan & 
Ostfeld, 2022; Zhang et al., 2021); excessive use of energy will always result in problems with the environment. 
The objective of reaching the global carbon peak requires the implementation of many essential strategies, 
including energy saving and emission reduction. Pumps, which are considered to be multi-purpose pieces of 
equipment, find widespread use in a variety of economic-related disciplines. According to the available data, the 
percentage of the world's total power consumption (Yildiz & Vrugt, 2019)that is accounted for by the pumps' 
electricity is around twenty percent. Therefore, increasing the pump's efficiency is of utmost importance if one 
wants to achieve energy savings, a decrease in consumption, and relief from energy shortages, due to the fact 
that they have a high flow pumping capacity. The research objectives of this study are diving tubular pumps. It 
is of considerable worth to find a strategy that can optimize its performance since there are times when 
emergency rescue operations need electricity that is in low supply (Wu et al., 2022; Zeidan & Ostfeld, 2022; 
Zhang et al., 2021). 
 
The study of the creation of entropy that is presented in this article is used to examine the flow loss 
(Anagnostopoulos, 2009; Ghorani et al., 2020; Lu et al., 2021; Shim et al., 2016)of the first pump. This problem 
is done to identify the areas of the original pump (Wang et al., 2020; Wang et al., 2017; Wu et al., 2022). As a 
result, it is possible to disregard the vicious impact dissipation and entropy formation has on flow loss 
(Anagnostopoulos, 2009; Ghorani et al., 2020; Shim et al., 2016; Wu et al., 2022; Zhang et al., 2021)that diving 
tubular pumps experience. Production of entropy at the wall and the entropy of turbulent kinetic energy 
generation are two significant contributors to the flow loss that diving tubular pumps participate in. The ensuing 
investigation concentrates its primary attention primarily on wall entropy formation as well as turbulent kinetic 
energy entropy creation. The purpose of this kind of optimal design for pumps is to give an analysis of possible 
future applications or future research areas. 
 
 
Efficiency, Head, And Output Power Theory 
 
The Efficiency of the Centrifugal Pump 
 
There are pump efficiency η = 65.5%, volume efficiency   , hydraulic   and 

machinery efficiency  

 
 
 
where is: 
η: efficiency (%) 
gH : specific energy of the centrifugal pump ( ) 

ρ : fluid density (kg/m3) 
Q: flow rate (kg/s) 
T: torque (Nm) 

T .
Hg Qρη
ω

=
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ω: angular velocity(rad/s) 
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Head And Output Power of the Centrifugal Pump 
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Pump shaft diameter 
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Impeller boss diameter 
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Empirical equation 
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Impeller outlet velocity 
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Impeller discharge dimensionless 
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 Select Ψ =0.52 
 
where Ψ is Head coefficient, a dimensionless parameter; βe is average outlet angle. 
The necessary impeller peripheral velocity and the impeller outlet diameter were calculated from 
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Impeller outlet width 
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where is a = 0.95, , sec, ,  

 
Busemann factor number is 7, , 0 0.805, 1vh h= =   

 
Thus,  
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The impeller outlet width was given by 
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Impeller profile 
 

Table 1. Impeller profile of the designed pump 
D(mm) D×b(mm2) b (mm) D (mm) D×b(mm2) b (mm) 

272 
260 
240 
220 
200 
180 

3264 
3179 
3038 
2897 
2756 
2615 

12.00 
12.23 
12.66 
13.17 
13.78 
14.53 

160 
140 
120 
100 
80 
75 

2474 
2333 
2192 
2051 
1910 
1875 

15.46 
16.66 
18.27 
20.51 
23.88 
25.00 

 
 
Methodology 
 
Design Structures and Unstructured Models 
 
The geometry model was designed following the parameters calculated above by using CATIA. 
 

 
Figure 1. Designed impeller by using Catia 
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Figure 2. Unstructured designed volute by using Catia 

 
Table 2. Boundary conditions 

Specification Option 
Working fluid water 
Turbulence model SST 
Boundary condition Inlet: total pressure 

Outlet: Mass flow 
Interface type Fluid-Fluid 
Analysis type Steady-state 
Frame change/mixing model Frozen Rotor and None 
Residual target 10-5 

 
 
Numerical Methods 
 
It looked at how "the solution of the three-dimensional incompressible Navier-Stokes" equation affects the 
pressure and flow fields via the impeller (Anagnostopoulos, 2009; Bellary et al., 2016; Derakhshan & Bashiri, 
2018; Shim et al., 2016; Wang et al., 2017). İn addition, the disturbance is simulated using the standard k- 
model (Bamberger et al., 2020; Farokhzad et al, 2012). This equation's solution leads to the formation of the 
pressure and flow fields. The simulations are carried out with the help of the commercial CFD code (Benini & 
Cenzon, 2010; Capurso et al., 2022; Fracassi et al., 2022; Siddique et al., 2022)known as Fluent®, which has a 
history of successful use in the field of turbine engineering. The pressure-velocity coupling is carried out with 
the use of an algorithm (Anagnostopoulos, 2009; Bellary et al., 2016; Capurso et al., 2022; Derakhshan, 
Mohammadi, & Nourbakhsh, 2009; Derakhshan et al., 2013; Elkholy & Fathy, 2016)known as SIMPLE.  
 
Quadratic wind arbitrary is used for convection and central difference for diffusion. There is only one slab in the 
computational domain (Bamberger et al., 2020). The logarithmic-based wall functions are used on all solid walls 
and periodic boundary conditions (Luan et al., 2016; Myrzakhmetov et al., 2020) are implemented. It is ensured 
that there will be no slip circumstances at any stable, stationary, or rotating surface and that there will be 
uniform inflow conditions as well as free-flow conditions at the inlet and outflow of the flow, respectively. The 
computational grid (Bamberger et al., 2020; Peng et al., 2022)is structured, and the Fluent preprocessor Gambit 
is the tool used to construct it. This is made possible by the fact that the domain as a whole is divided into 
multiple domains or subregions. The precision and the computing cost are considered. And an alphanumeric 
grid with around 4.5 million cells is deemed sufficient for the computations. Figure 2a depicts an image that 
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suggests the mesh around the blade, and Figure 2b depicts a close-up view of the blade's leading edge. The 
algorithm (Abdolahnejad et al., 2022; Almasi et al., 2022; Bamberger et al., 2020; Bellary et al, 2016; 
Derakhshan et al., 2009)begins with a modest rotational speed and progressively increases it until it achieves its 
nominal speed of 3000 rpm. This is done for stability reasons. Box and Wilson presented the Reaction Surface 
Methodology (RSM) in 1951; it is a technique for estimating the combined effect of several independent 
variables that do not require the performance of factorial design experiments for all of the independent variables 
at each level. RSM (Liu et al., 2019; Meng et al., 2022)is a technique that can be found in the field of chemical 
engineering.  
 
There are at least two different categories of variables that are being looked at, and an estimation of the 
functional relationship that exists between the response variables and the independent variables is being used to 
make a prediction about the variation that occurs in response to changes in the values of the independent 
variables. from data. An optimization procedure (Benini & Cenzon, 2010; Derakhshan & Bashiri, 2018; Fracassi 
et al., 2022)is used to determine the values of the independent variables for which the response should be 
optimized. This is based on the information provided above. Among the various kinds of reaction surfaces, 
experiments are the two-level factorial arrangement method and the three-level factor arrangement method, both 
of which are utilized when the estimation equation for the reaction surface is a first-order equation. Other types 
of reaction surface experiments include the factorial arrangement method. the design approach and the Box-
Behnken method (Meng et al., 2014)are used in the estimation process. estimated is a quadratic, central 
composite. Within the scope of this investigation, an optimization strategy that makes use of central synthesis 
was implemented. Carrying out the job of impeller optimization (Abdolahnejad et al., 2022; Bamberger et al., 
2020; Bellary et al., 2016; Derakhshan & Bashiri, 2018; Derakhshan et al., 2013; Ghadimi, Nejat, Nourbakhsh, 
& Naderi, 2019) was studied. The goal value and the column of the pump were set to 33 meters. And the 
efficiency was set to the utmost value possible while considering the significant margin and the loss because the 
pump being studied has a current that fits the intended specification. Figures 1-2 depict the unstructured models 
for the centrifugal pump which was employed for predicting the optimal propeller model that satisfies the 
selected target value. In this case, a numerical analysis is done on the optimization model, and the performance 
of the optimized model is compared with the performance of the basic model, as shown in Figures 1-2 and 
Tables 1-2; this allows for an accurate evaluation of the performance of the propeller optimization model. The 
performance result value for this propeller-optimized model is raised by around 0.5 meters compared to the 
standard model, but the efficiency is decreased by about 0.1 percent. When beta two is raised to meet the goal 
value for the head, as shown by the findings of the impact analysis of the design variable, it is expected that the 
efficiency would suffer a minor drop in order to accommodate the new value. On the other hand, the impeller 
optimization model (Abdolahnejad et al., 2022; Bellary et al., 2016; Fang et al., 2020; Ghorani et al., 2020) was 
created using specified response surface engineering since it was determined that this efficiency drop quite tinily 
and does not substantially impair the pump performance. is the most comprehensive model for the optimization 
of impellers. 
 
 
Results and Discussion 
 
The numerical model first determines the flow field in a 3000-rpm conventional impeller, and this impeller has 
regular-height blades with a single casing. Therefore, the nominal flow rate and other impeller properties follow 
the lab model pump, showing informative numbers. Figures 3-4 present the design variables of x1 (variable 
angle) and x2 (impeller-tongue gap, which is the gap between the impeller and the volute casing). Besides, 
Figure 5-6 shows the design variable ignored for the above variables mentioned in Figures 3-4. It could be seen 
how a leading-edge affects the intake radius. This study discusses non-twisted blade geometry. The impeller 
with a blade edge angle of 30o has 11% poorer hydraulic efficiency but better BEP flow rates. In the context of 
this investigation, we try to construct the area of the cross-section. The Stepanoff hypothesis is used in the 
execution of horizontal arcs. 
 
As a consequence of this, the rate of flow inside the chain was determined to be 12.5 meters per second, and the 
distribution of the cross-sectional area. The constant value used in calculating the internal flow rate of the 
voltage is practical, and it is impossible to identify which deal is the best one to use to compute the flow rate. 
This was explained before. Four more cross-sectional area distributions were picked on top of the cross-
sectional area distributions computed using Stepanoff's theory as the center. In this case, the open duct 
connecting to the impeller output is 90 millimeters in width—additional considerations for the design. Final 
answer is x(0.0; -1.0) 
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Figure 3. Design variable  

 
Figure 4. Design variable  

 
Figure 5. Design variable Ignored 1  
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Figure 6. Design variable Ignored 2  

 
From the results, it is easy to see that the optimum values of factors and their levels selected are x (0; 2.7)  

 . After optimization, the variable angle and impeller-tongue gap are  

 , respectively. These are the best parameters for centrifugal pump design, particularly 

volute tongue length. 
 

 
Figure 7. Histogram of first variable 
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Figure 8. Histogram of the second variable 

 

 
Figure 9. Quadratic correlation matrix 
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Figure 10. Parameter history 

 

 
Figure 11. Design input parameters (Best Design #1) 
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Figure 12. Response data (Best Design #1) 

 
 

Optimal Design Stage 
 
In order to discover the optimal blade form that maximizes, the two geometric parameters discussed before 
make up the free design variables. These geometric parameters may be adjusted within certain constraints. This 
research resulted in the presentation of a centrifugal pump design that was capable of meeting the desired 
parameters. In order to accomplish this objective, the propeller's optimum design work was carried out using 
response surface engineering and CFD. Additionally, a voltage matching proposal for optimally designed 
propellers was developed via the application of Stepanoff's theory. 1) Based on the study's findings that 
analyzed each variable's impact, it was discovered that the exit angle of the impeller has the most significant 
impact on the life force and the efficiency of the impeller. 2) The response surface method calculates the 
propeller optimization model. The performance of the calculated optimization model was compared to the 
performance of the basic model. As a consequence of this comparison, the performance of the computed 
optimization model was slightly lowered (about 0.3 percent) to 98.2 percent, but the top of 64.5 m, 
approximately 2.5 m. Elevate to a level that will fulfill the goal value. As a consequence of this, the final 
propeller optimization model will be the target model that was chosen. 3) As a result of carrying out a 
performance assessment through numerical analysis and establishing each design voltage in the vane 
optimization model, it was determined that it should be built with the internal cross-sectional area distribution. 
When the chain model is used, it can be shown that the head is around 32 meters, and the efficiency is 
improved, demonstrating that the model produces the best results. As a result, the target curve model is provided 
as an alternate line design appropriate for the impeller optimization model. Figures 7-8 present the histograms of 
the first variable (x1) and the second variable (x2). The chart image shows that in variable 1, the concentration 
amplitude deviates to the right, tends to increase from low to high, and has an average value of about 0.018. 
Figure 8 shows that the highest values are concentrated in the center on the left and right sides (with an average 
value of 0.06). Figure 9 depicts the quadratic correlation matrix shown to be highly correlated in optimization 
with r=0.043. The red line divides the two experimental domains, DOE and the CFD simulation domain, and the 
selected experimental values are arranged fairly evenly in these two domains. Figure 10 shows the convergence 
history of parameters with lower bound, upper bound, and no constraints violated for the first variable. In this 
study, our preliminary results are drawn and presented in Figures 11-12. These two figures illustrate design 
input parameters (Best Design #1) and response data (Best Design #1). In this result, the optimal value is chosen 
for the designed pump at 74%. However, the optimization problem is to solve the problem by a trade-off. This 
result may not be very high, but it is consistent with the hypothesis. 
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Production Process Development 
 
In developing the processes of production, based on the assumption of small and medium-sized organizations, 
three ideas were kept in mind, casting philosophical foundations, namely 
 
 While the principles and language of design may be universal, their application in the redesign of goods 
cannot be. The miniaturized variant of a substantial marketable item 
 The success or failure of a company cannot be attributed to the quality of its production system; 
nonetheless, a system that is insufficient or gives the wrong impression might prevent even the most promising 
enterprise from reaching its full potential. 
 It is preferable to be roughly accurate in redesign procedures than precisely incorrect. In other words, 
the design was carried out to achieve target performance requirements (Head H and Discharge Q for a 
contemplated speed N) 
 
Design for manufacturing and assembly was the approach taken in the design of this product. It includes 
considerations of manufacture and assembly during the design stage. Less time is needed to get the product to 
market, a smoother transition to the market, fewer parts in the final product, easier assembly, lower production 
costs, a better product, and happier customers. The resulting sized parts were then tested for assembly. With the 
tolerances specified, the designs were assembled using CATIA software to check if it was possible to create the 
product. The dimensions were adjusted to ensure a good design consistent with the design requirements for 
assembly. Moreover, material properties were also checked. 
 
 
Conclusions 
 
The current technique can readily manage more free design factors, and it is anticipated that integrating these 
variables would enhance the impeller design differently. Multi-objective optimization is also a possibility. Right 
now, it is planned to make an impeller that improves performance and efficiency while being built in a way that 
costs less. This study found that changing the shape of the volute tongue makes pumps work better. The velocity 
vector density and the vortex core region of case studies are lower than in previous designs. The smaller the gap 
between impeller and volute, the better the pump's performance. The impeller outlet blade angle strongly affects 
the pump performance; the pump performance was improved the most with β2=34o. 

 

Initial research has yielded many exciting results. However, the results presented in this paper are subject to 
further examination and study in the future. The optimization just stopped at the initial development stage. We 
have many phases of research in-depth, and that will change, but results are uncertain when the empirical 
analysis is conducted. The limitations of this study are that the final results have not been finalized, the research 
time is limited, the equipment has not been manufactured and tested, and the funding for the research is 
relatively modest and self-sufficient. We will complete the CFD simulation steps in the following research 
direction and conduct careful optimization based on machine learning with optimization algorithms. Then we 
will collect the optimal result based on the initial design of the CFD data value. After choosing the best model, 
we will proceed to fabricate the centrifugal pump sample and bring it to the test. The pump manufacturer will 
verify the experimentally collected deals and suggest future improvements. 
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