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ABSTRACT

Introduction: the study focused on analyzing the design of a centrifugal pump in vehicle engine cooling 
systems. Cavitation, a phenomenon that impacts the efficiency and durability of hydraulic components, was 
examined as a key variable. Based on the geometry of the centrifugal pump impeller, computational fluid 
dynamics (CFD) simulations and experimental validation were employed.
Method: three combined strategies were implemented: analysis of hydraulic parameters using equations; 
precise modeling of flow behavior to evaluate geometric configurations; and comparison of numerical data 
with actual pressure and flow measurements. Fluctuations in the motor diameter (61 mm, 62 mm, and 63 
mm) were analyzed under normal operating conditions and acceleration.
Results: increasing the inlet diameter to 61 mm proved to be the ideal solution, achieving a 5 % increase 
in pump inlet pressure and significantly reducing the risk of cavitation. CFD methods were confirmed as 
valuable tools for refining designs, demonstrating a high correlation with experimental data.
Conclusions: the effective use of tools such as CFD to address critical challenges in automotive engineering 
is emphasized, optimizing both technical performance and environmental impact. Furthermore, it increases 
hydraulic efficiency and reduces cavitation in centrifugal pump in vehicle engine cooling systems.

Keywords: Centrifugal Pump; Geometrical Parameters; Volute Design; Engine Automotive; Computational 
Fluid Dynamics (CFD).

RESUMEN

Introducción: el estudio se centró en el análisis del diseño de una bomba centrífuga para sistemas de 
refrigeración de motores de vehículos. Se examinó la cavitación, un fenómeno que afecta la eficiencia y la 
durabilidad de los componentes hidráulicos, como una variable clave. A partir de la geometría del impulsor 
de la bomba centrífuga, se emplearon simulaciones de dinámica de fluidos computacional (CFD) y validación 
experimental.
Método: se implementaron tres estrategias combinadas: análisis de parámetros hidráulicos mediante 
ecuaciones; modelado preciso del comportamiento del flujo para evaluar configuraciones geométricas; y 
comparación de datos numéricos con mediciones reales de presión y caudal. Se analizaron las fluctuaciones 
en el diámetro del motor (61 mm, 62 mm y 63 mm) en condiciones normales de funcionamiento y durante 
la aceleración.
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Resultados: aumentar el diámetro de entrada a 61 mm resultó ser la solución ideal, logrando un incremento 
del 5 % en la presión de entrada de la bomba y reduciendo significativamente el riesgo de cavitación. 
Los métodos de CFD se confirmaron como herramientas valiosas para el perfeccionamiento de los diseños, 
demostrando una alta correlación con los datos experimentales.
Conclusiones: se destaca el uso eficaz de herramientas como la CFD para abordar desafíos críticos en 
la ingeniería automotriz, optimizando tanto el rendimiento técnico como el impacto ambiental. Además, 
incrementa la eficiencia hidráulica y reduce la cavitación en las bombas centrífugas de los sistemas de 
refrigeración de motores de vehículos.

Palabras clave: Bomba Centrífuga; Parámetros Geométricos; Diseño de Voluta; Motor de Automóvil; Dinámica 
de Fluidos Computacional (CFD).

INTRODUCTION
The internal combustion engine (ICE) has been constantly analyzed with the aim of reducing CO2 and 

harmful gas emissions while simultaneously improving mechanical efficiency.(1) Work is underway to optimize 
ICE technology, providing considerable room for progress. Within these optimization fields, reducing engine 
size(2) and using biofuels are fundamental technological paths.(3,4) Furthermore, engine thermal management is a 
relevant field of intervention that shows an optimal balance between the reduction of CO2 and cost increase.(5)

Evolution of centrifugal engine pump design
One of the most significant complications involved in the operation of a centrifugal pump in the heat 

engine of a vehicle or an automotive machine is the wide range of load and rpm values in which it operates.(6) 
Therefore, the centrifugal pump must be designed to maintain adequate operating conditions within the range 
of revolutions per minute (rpm) at which an automotive machine’s engine typically operates. However, if the 
pump operates at a low revolution speed, providing limited flow rates and heads, the pump efficiency presents 
figures of 15-20 % or even lower.(7) Furthermore, analyzing the engine operating height above 2700 meters 
above sea level will propose a higher operating load.(8,9,10,11)

Advances in optimization techniques
According to Shah et al.(12), the application of CFD in the design of pumps and turbines began about 30 years 

ago. The first steps coincided with introducing the finite element method in CFD and have been characterized 
by simplified solutions of quasi-3D Euler equations and full 3D flow. Over the years, the complexity has been 
increasing through three-dimensional Euler equations and simulations through the Reynolds Averaged Navier - 
Stokes (RANS) equations of simple blades using finite volume methods, extending to simulations of complete 
machines. CFD analysis is widely used but has a high computational cost. The internal forces of a variable 
displacement pump can evaluated, and it was found that the effect of pump speed on the internal force is 
greater than that of pump eccentricity.(13)

In the literature, numerous works have focused on improving the shape of centrifugal pumps,(14,15,16) although 
their most significant focus is on a single component, such as the impeller, diffuser or volute. Furthermore, 
the geometric parameterization is simple, and the thickness distribution has not been considered. Despite the 
extensive literature in the area of optimization for wind and gas turbines and aerofoils, robust design, at least 
as far as is known.(17)

The role of computational fluid dynamics
According to Mentzos et al.(9), the complex internal flow in a centrifugal pump is not yet altogether 

understood. However, computational fluid dynamics (CFD) can predict it quite well. Therefore, this is a key tool 
for designers. According to Hedi et al.(10), centrifugal pumps have a wide application in the field of engineering. 
Thus, the pumping system must operate in special applications over various conditions. Therefore, knowledge of 
pump performance under different operating conditions is a necessity. Furthermore, according to Bacharoudis 
et al.(11), the complexity of flow in a turbomachine is largely due to the three-dimensional structures developed 
involving turbulence, secondary flows, instability, etc. At the impeller outlet, circumferential distortion 
appears in the internal flow due to the asymmetric characteristics of the spiral and the tongue. In addition, the 
impeller-volute interaction causes dynamic effects that influence the pump’s performance. Non-uniform flow 
conditions and pressure fields generate unbalanced radial forces in the pump.

Therefore, the general objective of this research was to analyze the design of a centrifugal pump for internal 
combustion engine cooling systems, based on the geometry of the centrifugal pump impeller, computational 
fluid dynamics (CFD) simulations and experimental validation, to evaluate its efficiency.
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METHOD
This work addresses a quantitative investigation where pressure, flow and performance parameters are 

determined as a function of the variation of the impeller diameter, applying the empirical scientific methods 
(experimentation: by varying the diameter of the impeller and observing how the other dependent variables 
vary), and the mathematical and simulation method.

Variables, Data Collection, and Processing
The cavitation phenomenon depends on two factors: the pump installation and the pump itself. The most 

important part of the centrifugal pump that defines its operating characteristics is the impeller, since its 
geometry, along with the rotational speed, determines the pressure and flow rate. The variable analyzed in 
this research is the inlet diameter, or diameter at the base of the vanes, whose original dimension is 60 mm. 
The proposed redesign involves increasing this diameter. Three additional studies are conducted: in the first 
case, the diameter is increased to 61 mm; in the second, to 62 mm; and in the last, to 63 mm. All these results 
are compared to present an evaluation of the hydraulic performance and the pressures that directly and 
significantly influence the cavitation of the system.

Experimental Data
The values ​​will be determined under the machine’s real operating conditions: pressure, flow rate, and 

operating temperature. These values ​​will be recorded for the different operating regimes of the centrifugal 
pump.

The application requires compliance with certain conditions to ensure test results: Test prototype, test 
environment, measuring instruments, and test conditions. Once these conditions have been met, the tests will 
be performed, and the data will be collected.

Analytical modeling
The project involved the analysis of the fluid and its dimensions in the centrifugal pump of the engine 

cooling system. The input values, such as flow rate, pressure, height difference, angular speed of the impeller, 
and geometry of the blades, were included. The flow and pressure values for the study have been obtained 
through the experimental method, and geometric values have been obtained through CAD modeling, see figure 
1, due to their complementarity at this point.

Figure 1. Impeller’s analysis in the entry and exit angles

The theoretical analysis was carried out on the geometry of the centrifugal pump impeller, where the speed 
triangles in Figure 1 and their magnitudes are analyzed(18); these values are directly related to the angular 
speed of the centrifugal pump impeller, the tests were carried out in the two main operating regimes: in idle 
regime 1077,9 rpm and nominal regime 2627,65 rpm. Regarding the main dimensions obtained dimensionally in 
the impeller, D1 = 0,060 m, D2 = 0,090 m, b = 0,018 m, β1 = 51,7°, β2 = 66,01°. The values of the main vectors 
were obtained by applying the equations of the velocity triangles. In this case, the velocity equation was used 
at the entrance of the blades, and equation (1) is the same for the exit of the blades.(19)

C1u=U1-C1m/(tgβ1 )      (1)

It is considered taking into account the volumetric flow rate equations, equations (2) and (3):(20)

Q=Av      (2)
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Q=πD1b1C1m      (3)

The continuity equation, equation (4), helps to relate the entry triangle and the exit triangle.

C2m=(b1D1)/(b2D2)C1m       (4)

Where b1 represents the height of the blades at the inlet. In this study, the thickness of the blades along the 
impeller is constant, so b1 = b2. Then, according to equation (5), the value of the theoretical head or Euler head 
delivered by the pump is obtained.(21)

Hu=±(U1C1u-U2C2u)/g       (5)

These data must be validated and compared with the values ​​obtained through equation (6), the first expression 
of the valuable height.(22)

H=(Ps-Pe)/ρg+zs-ze + (Vs
2-Ve

2)/2g    (6)

Then equation (7) is applied, practical or effective head of the pump.

H=Hu-H_(r-1nt)           (7)

The pump’s hydraulic performance can be found by applying equation (8), where Hr-1nt represents the 
system’s losses and the eventual difference between the analytical and experimental methods.(23) research on 
improving the hydraulic performance of the pump as turbine (PAT).

nh=H/Hu                    (8)

The CFD method requires information about the type of flow that governs the centrifugal pump to apply 
the most appropriate numerical solution conditions and thereby determine the type of flow that the Reynolds 
number should find, equation (9).(24)

Re=DV/v                   (9)

CFD variables modeling
The application of the CFD method requires a computational tool and at least one software program that 

incorporates the CAD module and the CFD module in its internal code. According to Xamán(25), the CFD procedure 
is divided into the following parts: pre-processing, solver, and post-processing.

Pre-processing.- It constitutes the first part of the procedure. It consists of entering data into the software, 
creating the computational geometric domain or domains, and generating the computational mesh. It was 
subdivided into the following stages: 

Define geometry or computational domain.- This aspect digitizes the physical information of the geometry 
of the centrifugal pump and all its components. The software was used in its modeling, see figure 2 and 3. 
The geometric precision between the genuine and digital parts is crucial since their discrepancy generates 
uncertainty problems in the computational simulation results.(25) Physical data for digitization was collected 
with precision instruments; the digital model has been validated by printing the digital geometry at full scale 
and comparing this paper with the fundamental part.

Before the meshing procedure, there is an important consideration regarding the geometric parts; the 
CFD software analyzes the fluid volumes, that is, the volume of fluid that circulates in the centrifugal pump. 
Therefore, performing the operations required to find said volumes before entering information into the CFD 
module is necessary. First, the procedure was carried out to extract the domain volume of the fluid in the 
volute. In the fluid domain of the volute, inlet and outlet volumes are also considered. This improves the 
influence circuit of the centrifugal pump in the simulation, which aims to obtain more developed and actual 
flows in the simulation. Then, the same domain location procedure was performed for the impeller, where the 
volume with which the impeller directly interacts was extracted from the volume of the impeller; the result 
will be known as the influence volume of the impeller, see figure 4.

To conclude, the volumes of the fluid domain were assembled, see figure 5. At this point, it is taken into 
consideration that in addition to the movement of the fluid through the impeller and the volute, there is the 
movement of the impeller. In an adequate analysis process(26), the two movements must be taken into account, 
so the multiple references option of the CFD computational tool was used to simulate this condition. This model 
is a quasi-stable state. Approximation in which areas of the mesh cells move at different rotational speeds.
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Figure 2. Volute and impeller modeling

Figure 3. Casing working volume

Figure 4. Impeller domain

Figure 5. Fixed domain and mobile domain assembled

Numerical mesh generation.- Since the simulation procedure is carried out in the CFD module of the ANSYS 
2023R2 software, prior to the meshing procedure, the domain solid must be exported. The two fluid domains 
(volute and impeller) are differentiated in the Mesh module, where the meshing of the part is carried out.

The meshing procedure is the procedure through which the flow influence volume is discretized into a finite 
number of volumes (MVF), also known as cells, each representing a node that is analyzed independently in the 
solution stage. Then, the results were added to obtain the total solution for the system. Still, in exchange, 
there will be a greater consumption of resources and computational time, and a finer mesh does not always 
represent a better solution.(25)

Tetrahedral meshing has been used in the influence volumes with finer meshes in areas of closed radii,(27) 
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impeller influence zones and sharp geometries, and coarser mesh size in volumetric zones with larger volume 
geometries of less sharpness see figure 6. That was done to optimize the computational resource, making more 
precise calculation zones where more considerable pressure and velocity gradients are expected and saving 
computational resources in areas with less change in gradients. 

Figure 6. Exportation

Figure 7 shows the mesh sizes used, and the number of nodes obtained in the process for the volute’s domain 
of influence, and figure 8 shows the volume of the impeller domain.

Figure 7. Meshing, Meshing statistics on volute control volume

Figure 8. Meshing, Meshing statistics in impeller control domain volume

The physical phenomenon that was simulated is the behavior of the fluid passing through the control domains 
of the impeller and the volute of the element under study through CFD. In contrast, the impeller communicates 
energy to the flow.(28) According to the geometric and physical characteristics of the element, the flow in the 
volume of the impeller domain is radial, with the axial flow equal to zero. At the same time, the velocity in the 
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intake is axial. Finally, the flow type is considered turbulent according to the results obtained in the analytical 
method.

Taking these considerations into account, the physical values that represent the boundary values and that 
are applied are:  

Impeller revolutions: the impeller speed is proportional to the crankshaft speed, and it has been measured, 
and then computed with an average value of 2627,7 rpm at nominal speed.

Fluid: those considered in the study will be water instead of the coolant; its physical-chemical characteristics 
are available in the software, see figure 9. The numerical calculations consider the characteristics of water at 
the engine operating temperature, and the case is 85°C, as well as the atmospheric pressure of Quito.

Figure 9. Fluid properties

Temperature: the average operating temperature of an engine is 85 °C.(29) Flow rate: The nominal operating 
regime whose value is 1,31 kg/s, see figure 10.

Figure 10. Centrifugal pump mass flow

Inlet speed: According to equation 2, the pump’s flow inlet speed in the motor’s nominal operating regime 
is shown in figure 11. 

Figure 11. Normal speed at the pump inlet

The boundary conditions: Three boundaries are selected: entry, exit, and wall or solid. Figure 12 shows 
the entry with arrows towards the interior of the control volume. The case is analogous to the exit, which is 
distinguished by being formed by a green mesh(12) and the physical reality.(30) 
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In the internal boundary conditions, in the case of the simulation of a centrifugal pump, within the 
computational domain in the rotor, an energy exchange occurs that dramatically changes the nature of the 
flow, increasing energy that was physically translated into flow and pressure. This internal boundary condition 
is achieved with the previous step of differentiating the control volumes into stationary and rotating, and then 
in the CFD module, including an interface that communicates the two volumes and an internal rotary mesh.(24)

Figure 12. Entering geometric constraints

Under the conditions of numerical calculation or CFD: taking as reference analogous study procedures, such 
as the work of Bacharoudis et al.(11) The following considerations are taken in the software: the calculations 
are executed with the Ansys CFX module that uses the finite volume method (MVF) for the solutions of stable 
NAVIER-STOKES equations of incompressible fluids(31), according to the analysis it is determined that the type 
of flow in the centrifugal pump is turbulent, therefore in addition to the transport and conservation equations, 
an algorithm must be applied that simulate turbulent flow, for the present case the turbulence is modeled with 
the standard k-ε model, given that its results have been very acceptable for the majority of cases in which fluid 
turbulence intervenes. 

The number of iterations depends on the chosen convergence criterion, which in turn depends on the 
convergence of the numerical solution concerning the exact solution. According to Cengel(24) it was expected 
that for complicated problems with fine meshes, the residuals stabilize at values even higher than 10-3; 
therefore, in the present study, a value of 0,001 has been chosen in order to find a more precise solution in 
terms of the residual. Chosen convergence is the RMS, while the number of iterations has been set at 400, 
which means that the program will iterate until 400 iterations have been completed or until the remainder is 
less than 1E-3, see figure 13.

Figure 13. Entry of calculation conditions, iterations, and remainder

Finally, the solver module of the commercial software ANSYS was used for the numerical resolution of the 
steady-state NAVIER-STOKES equations. Likewise, in the numerical solution where the variables are analyzed, 
these results are interpreted, compared, validated, and serve as a reference for the design optimization 
procedure, which is the purpose of this study.
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RESULTS
Experimental Results

In this case, an average value is taken for calculation, comparison and validation purposes.

Ps=80,08260558 kPa

This pressure value represents a gauge reading relative to atmospheric pressure. To obtain the total pressure, 
the two values ​​must be added together: the previous value plus the atmospheric pressure value, which for the 
city of Quito is 73,760 kPa. Therefore:

Ps=80,08260558 kPa+73,760 kPa
Ps=153,842 kPa

Flow rate test
Tables 1 and 2 present the average results of the five volume and flow rate measurements, under idle speed 

and nominal operating conditions. It can be observed that these parameters increase as the RPM increases.

Table 1. Flow tests in Idle regime

Average results Flow measurement

Time (min) rpm Volume (L) Water flow (L/s)

0 770 0 0

3 770 79,122 0,43956667

   
Table 2. Flow tests at nominal flow rate

Average flow measurement results

Time (min) rpm Volume (L) Water flow (L/s)

0 2176 0 0

3 2176 235,912 1,31062222

                       
Results of the analytical method

This section presents the analytical results obtained using equations (1) – (9), applied with the pressure 
and flow rate results obtained from the experimental method and the geometric values obtained in the CAD 
modeling process during the initial stage of the CFD method. Since the design of any mechanical component 
must be based on its most critical operating conditions to ensure the machine or part’s design, this also 
guarantees proper functioning under more favorable conditions. Additionally, considering the desire to 
determine if cavitation conditions occur in the centrifugal pump during operation, and that these conditions 
are more likely to appear at high operating speeds(22), the theoretical analysis will be performed at the nominal 
operating regime, which in this case is:

Nominal Regime: 2627,65 rpm
With this rotational speed and applying the speed triangles (see Figure 1), the following results are obtained:

Angular velocity

w=275,16 rad⁄s

Tangential velocities 

u1=8,255m⁄s
u2=12,3822m⁄s

Flow rate: since the International System of Units (SI) is used, the average value found in table 2 is converted 
to m3/s, obtaining:

Q=1,3106E-4 m3⁄s
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Applying equation (3) and solving for C1m, we obtain:

C1m=0,3863 m⁄s

Applying equation (1) we obtain:

C1u=7,95 m⁄s

By the continuity equation (4)

C2m=0,25753 m⁄s

Applying equation (1) at the impeller outlet

C2u=12,267 m⁄s

Applying the theoretical head or Euler head equation (5) and taking into account a purely radial flow at the 
impeller inlet, we have:

Hu=15,48m

On the other hand, applying equation (6) between the inlet and outlet of the centrifugal pump, in the area 
where the pressure gauges have been mounted, figure (14), the useful height value of the pump is obtained.

H=8,69363m

Using equation (8) the hydraulic performance of the pump is obtained.

nh=0,56

Power absorbed by the pum.

P=200W

Definition of flow type, according to equation (9), in nominal operating regime and at the inlet of the 
centrifugal pump, it is found that:

Re=0,46353x0,06/(1,005E-6)
Re=27673>2000

According to the result obtained, it is identified that the internal flow of the centrifugal pump is of the 
turbulent type, therefore, a method that simulates it must be applied in the CFD numerical solution.

Pressure
Figure 14 shows the pressure graph in the pump’s inlet and outlet areas. In the inlet area, the total pressure 

value is approximately 69060 Pa., while the experimental value obtained for the pressure reading in the same 
area is 69197,3 Pa. The pressure value in the pump’s discharge is approximately 156100 Pa. in the CFD test, 
while in the experimental result, this value was 153842 Pa.

Figure 14. Pressure Graph
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From a numerical point of view, the results are also very similar, considering that the difference between 
the results obtained in admission is 137 Pa. This result in terms of pressure is minimal, approximately 0,1 % of 
an atmosphere; additionally, the pressure graph obtained by CFD could be interpreted visually with an even 
greater approximation since the figure lends itself. However, it has not been considered convenient since it 
would result in a non-objective selection.(32) 

On the other hand, the pressure results obtained in the pump’s discharge zone are also close, with a 
maximum difference of 2258 Pa., representing a 1,5 % deviation between the two results. Thus, the numerical 
solution and the experimental results are considered convergent.

Speed
The result of the simulation in terms of speed can be seen in figure 15; the speed is lower in the intake zone; 

according to logic, this shows that there is an exchange of energy between the impeller and the fluid, given 
that, the impeller causes an increase in the speed of the fluid, as can be seen in the area of influence of the 
impeller and volute. The speed decreases once the fluid leaves the volute area, becoming pressure according 
to the Bernoulli principle.(24)

                                        
A1V1=A2V2

Figure 15. Speeds graph
Cavitation

Cavitation is the phenomenon that occurs when, at any point in the flow, the pressure falls below the vapor 
pressure of the fluid at the operating temperature, producing the evaporation of the liquid in a bubble or 
cavity that later implodes causing cavitation, once the pressure rises sufficiently. Two phenomena occur in the 
cooling system pump: low inlet pressure and fluid temperature at approximately 85°C under normal operating 
conditions.(29)

The experimental tests identified a peak of negative gauge pressure, or pressure below atmospheric pressure, 
during the engine’s acceleration until its nominal speed, with a value of 11429 kPa. This value is a depression 
or a negative value concerning atmospheric pressure; the atmospheric pressure for the specific case of the 
study corresponds to the atmospheric pressure of Quito (2600 masl.) with a value of 73600 Pa., therefore, the 
pressure value in the inlet area of the pump at the moment of acceleration is:

73760 kPa-11429 kPa=62331 kPa

Figure 16. Low-pressure zones in the impeller
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Figure 17. Engine acceleration moment pressures

This pressure value corresponds to the inlet of the centrifugal pump. Figure 16 has been obtained by simulating 
the real conditions during the engine acceleration process, in which, before engine acceleration, there is a low 
pressure at the pump outlet and a low flow rate. Taking into account that the normal operating temperature of 
the engine is 85°C in the nominal regime and that this value can be increased during the machine’s operation 
to values ranging from 95°C, the physical conditions necessary for the cavitation phenomenon to occur are met 
and therefore it is demonstrated that the erosion phenomenon in the volute of the centrifugal pump was caused 
by cavitation(34), due to the pressure variation as seen in figure 17.

According to the convergence criterion selected with a residue of 1E-4 and a maximum of 100 iterations 
monitoring the iteration process, in the case of the mass conservation equations, figure 18 shows that the 
residue stabilizes relatively from iteration No. 40 and remains stable until the process ends.

Figure 18. Residue in mass conservation equations

In the case of turbulence, figure 19 shows that the iterations stabilize around 40 iterations. Due to the 
stability of the residuals, the convergence criterion and the number of iterations were appropriate.
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Figure 19. Residue in turbulence equations

DISCUSSION
Analysis of design results

Figure 20 shows that as the impeller was shortened or the pump intake was enlarged, which is the same thing 
happened: The pressure value at the intake gradually increases, the increase in pressure in the critical zone, 
the admission causes the risk of cavitation to decrease, but in exchange, the performance of the centrifugal 
pump decreases, as seen in figure 21. These results coincide enough to be considered stable and reliable, 
validating the CFD method, as mentioned by Ramirez.(33)

Figure 20. Comparison of pressures between different proposals

The original impeller is under absolute pressure at the inlet and outlet. Comparing the performance result 
of the original design obtained through CFD against the result obtained by the analytical method, it was 
found that there is a difference; this is because the CFD method analyzes only the centrifugal pump while 
the experimental method, which is the source of data for The analytical method contemplates the complete 
installation, which undoubtedly adds losses that are relevant to take into account.(17)
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Figure 21. Redesign proposals between the comparison of heights and performances

Under normal operating conditions at 85°C coolant temperature, water boils at a total pressure of 53830 Pa. 
According to the results of figure 20, cavitation will occur in none of the simulated options since the pressure 
values in each case are higher. However, the most critical pressure point at the pump inlet occurs at the 
moment of engine acceleration, so this pressure peak is evaluated below for the design proposals.(18)

Figure 22 shows that the geometric changes produce the expected changes. The analysis under normal 
operating conditions the intake pressure rises linearly as the intake diameter increases. This work coincides 
with Orlandi et al.(28), which reports that the inlet pressure factor affects all types of pumps due to their 
structure and peculiar shapes.

Figure 22. Pressures in sudden acceleration

The critical point in the cavitation issue occurs at the pump’s inlet due to the lower pressure in that area. In 
order to find the most appropriate solution, several possible designs have been evaluated, in which the impeller 
has basically been modified. The different variables involved have been technically analyzed to consider the 
best option.(23) 

Among the three options studied, the pump whose intake has been widened to 63 mm is the safest option to 
avoid cavitation. However, it is the pump with the most remarkable performance loss, with a performance drop 
of almost 15 % concerning the original design, which could cause problems in the cooling system.

Under normal operating conditions, the pump option with an inlet enlarged to 61 mm does not present a 
risk of cavitation. According to the pressure reference values ​​during acceleration, it has also been seen that 

 Salud, Ciencia y Tecnología. 2026; 6:2514  14 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20262514


it has a 5 % improvement compared to the original design. In terms of hydraulic performance, it is the option 
that represents the least loss, with 55,65 % compared to the 60,34 % performance of the original design. Taking 
those arguments into account, it was finally decided to choose the pump design with an impeller inlet of 61 
mm; through CFD methods, it has been confirmed that it will reduce cavitation conditions.

CONCLUSIONS 
The improvement of the shape of the impeller to reduce cavitation was noted in the findings of this research, 

which has shown that altering the shape of the impeller in the centrifugal pump, primarily by increasing the 
inlet diameter, effectively reduces critical situations of low-pressure at the pump inlet. That helps reduce 
the likelihood of cavitation and supports using CFD simulations as an effective tool to anticipate and improve 
hydraulic performance in vehicle cooling systems. This progress addresses a significant gap in pump design by 
jointly addressing operational effectiveness and structural issues under varying operating conditions.

Concerning the experimental and numerical validation of fluid dynamics, it presents the convergence 
between the experimental results and those that come from CFD simulations, validating the effectiveness of 
the numerical models as a faithful reflection of the physical phenomena in centrifugal pumps. This combined 
strategy has facilitated the precise identification of critical pressure and velocity zones, providing a better 
understanding of turbulent flow dynamics in automotive cooling systems.

Analyzing the effect of the improved design on overall system performance, the results have shown that 
the suggested design changes, while helpful in reducing cavitation, involve sacrifices in water flow efficiency. 
However, the design that includes an enlarged inlet diameter of 61 mm presents itself as a balanced option, 
achieving a 5 % increase in critical pressure without a noticeable reduction in overall performance. This addresses 
a significant technical challenge in the sector, balancing cavitation reduction and operational efficiency.
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