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Abstract 

With the progress of development in the design of centrifugal pumps, it has become necessary to solve the problems that 

occur to these pumps. And the most important of these problems is the phenomenon of cavitation that occurs as a result of 

the increase in pressure of the fluids transmitted as a result of the rotation of the centrifugal pump. And due to this pressure, 

the fluid turns into steam that reduces the pump’s resistance on the one hand. In this research paper, the effect of the 

pressure entering the pump & the speed of rotation of the centrifugal pump was studied to find out which pressures can be 

controlled in order not to get cavitation & reduce this phenomenon. Where a group of high pressures (1 bar to 5 bar) was 

used with a difference of 1 bar for each case & also a difference for the rotational speed used, where three rotational speeds 

(800, 1000 & 1200) rpm were used. It has been proven through the extracted results of the velocity of the fluid, which is the 

water, & the amount of vapor produced by the cavitation phenomenon that with the pressure rise the fluid's velocity rises 

& also the cavitation phenomenon increases.  But the increase in steam due to the cavitation phenomenon works to reduce 

the efficiency of the pump & reduce the velocity of the outflow from the centrifugal pump. 

1. Introduction 

Because of the high pressures & speed of rotation of centrifugal pumps, it has become necessary to solve the problems of 

cavitation due to the great importance of pumps for all fields of industry & engineering in general. To study centrifugal pump 

performance under cavitating circumstances, a CFD approach is applied. For all flow coefficients, the fast decline in head coefficient 

at low cavitation numbers (breakdown) was represented. There were distinct performance patterns associated with off-design flow 

& blade cavitation [1]. Hydraulic machines are subjected to ever-increasingly stringent performance criteria. Cavitation in the 

suction chamber effectively dampens the water hammer caused by an abrupt shift in the location of the contact point. The volume 

of air becomes steadier at high rotating speeds, minimizing flow irregularity [2]. Vortices of varying strength were produced, & the 

velocity fields surrounding them were measured & compared to the equivalent fields derived by CFD calculations. The comparisons' 

results, as well as the difference between instantaneous & time-averaged velocity profiles, were detailed & debated [3]. Finding an 

ideal balance between pumping & producing performance is a significant design goal for cutting-edge reversible pump turbines. A 

suggested study outlines how sophisticated fluid dynamic (CFD) simulations might assist designers in evaluating their designs for 

hydraulic performance [4]. The Rayleigh-Plesset equation was used to compute the cavitating flow characteristic within a centrifugal 

pump, as well as bubble development & implosion. Six groups of hydraulic models were created to mimic & assess the model 
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pump's internal two-phase flow under the identical conditions [5]. The computational fluid dynamics (CFD) simulations of the 

Schnerr–Sauer cavitation model with empirical coefficients are used to investigate the flow features of cavitation. The addition of a 

third phase to the cavitation model has a significant effect on the pump & NPSH cavitation's performance [6]. A novel "complete 

cavitation model" for forecasting the performance of engineering equipment under cavitating circumstances was recently created. 

As predicted, the results indicate cavitation zones on the leading-edge suction side of each machine. The water jet propulsion axial 

pump & an inducer from a LOX turbopump were simulated at various suction specie speeds [7]. A computational fluid dynamics 

(CFD) model of a positive displacement (PD) pump was built to simulate cavitation during the suction stroke. Three plunger speeds 

were simulated [8]. Cavitation flow can occur in the revolving runner-impeller or the stationary components of centrifugal pumps. 

Inception cavitation happens on the surface of the blade where the leading edge meets the tip. Lower NPSH values cause the 

cavitation zones to shift from the leading to the trailing edge [9]. Here, transient numerical computations for the flow field within a 

centrifugal pump were performed using CFD with varying numbers of impeller blades. Pressure fluctuations in both the time & 

frequency domains at the pump's impeller & volute were also analyzed [10]. Pump modeling using Computational Fluid Dynamics 

(CFD) has historically proven difficult & time consuming. Pump cavitation simulation has greatly improved in recent years. The 

purpose of this work [11] was to discuss a new generation CFD tool for pump cavitation modeling using an axial flow water pump 

as an example. Cavitation is a typical phenomenon that occurs during hydraulic turbomachine operation, lowering the performance 

& life of centrifugal pumps. The needed Net Positive Suction Head (NPSHr) has been determined using CFD simulations following 

the adoption of the cavitation model [12]. An article describes a novel NPSHr prediction method. The approach avoids conducting 

simulations under extreme cavitation conditions, resulting in faster convergence & simulation duration [13]. Research looked at 

how The No. of notches had an effect on the pressure distribution, void percent, & cavitation volume. area in an oil hydraulic pump. 

CFD findings are shown to be in good agreement with high-speed video camera data [14]. Cavitation instabilities were identified 

around the NPSH3 value at 70% of the ideal flow coefficient. For a wide variety of flow coefficients & NPSh values, CFD analysis 

revealed a good representation of the cavitation structures inside the pump & their movements [15].  

Where in this research paper, a set of different pressures & rotational speeds were used to study their effect on cavitation through 

simulation with the CFD program. 

2. Methodology 

The part that forms the water shape of the centrifugal pump is completely designed by the SOLIDWORKS program that 

specializes in designing complex & precise geometric shapes as shown in the following figure: 

 

Figure (1): Geometry dimensions. 
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Where the ANSYS CFD program was used mainly in the simulation process, & in order for the simulation process to take place, a 

suitable mesh must be set to solve the governing equations in the CFD program, where the mesh number was changed in order to 

obtain a constant flow velocity with the change of the mesh as in the following table: 

Table (1): Mesh Independency. 

Case Nodes Elements Max. velocity (m/s) 

1 24800 103256 37.54 

2 41237 214566 34.99 

3 62032 340788 33.87 

4 80150 405979 33.66 

 

 

Figure (2): Geometry Mesh. 

Where the settings were set in a way that suits the simulated situation, the viscosity model was set for the k-e equation & with the 

activation of a multiphase model due to the use of water in its fluid & vapor phases & a mass conversion activated using the 

cavitation model, & the physical properties of water & vapor were set, where a set of pressures was used in Entry area & different 

rotation speed for the whole model. 

Table (2): Properties. 

Properties Unit water/fluid water/vapor 

Density kg/m3 998.2 0.5542 

Viscosity kg/m.s 0.001003 0.0000134 
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3. Governing equations 

A simple two-phase cavitation model employing the multiphase cavitation modeling technique consists of controlling the 

transport of mixtures (Mixture model) or phases (Eulerian multiphase) using standard viscous flow equations & a standard 

turbulence model (k-e model). The vapor transport equation governs the fluid-vapor mass transfer (evaporation & condensation) in 

cavitation: 

∂

∂𝑡
(𝛼𝜌𝑣) + ∇ ⋅ (𝛼𝜌𝑣�⃗� 𝑣) = 𝑅𝑒 − 𝑅𝑐                        …………………… (1) 

 

where 

𝑣 =  vapor phase 

𝛼 =  vapor volume fraction 

𝜌𝑣 =  vapor density 

�⃗� 𝑣 =  vapor phase velocity 

 

𝑅𝑒 , 𝑅𝑐 = Source terms for mass transfer associated with the rise & collapse of vapor bubbles 

The quantities Re & Rc in Equation 1 Mass transport between the fluid & vapor phases is taken into consideration in cavitation. They 

are modeled in Ansys Fluent using the Rayleigh-Plesset equation, which is a term that refers to the formation of a single vapor 

bubble in a fluid. 

In the majority of engineering applications, we assume that there are an enough number of nuclei for cavitation. to begin. As a result, 

the appropriate accounting of bubble expansion & collapse is our key concern. The extended Rayleigh-Plesset equation may be used 

to obtain the bubble dynamics in a fluid with no velocity slip between the fluid & the bubbles. 

  ℜ𝑏
𝐷2ℜ𝑏

𝐷𝑡2 +
3

2
(
𝐷ℜ𝑏

𝐷𝑡
)
2

= (
𝑃𝑏−𝑃

𝜌𝑙
) −

4𝑣ℓ

ℜ
ℜ𝑏 −

2𝜎

𝜌𝑙ℜ𝑅𝑏
    ……………… . (2) 

 

where, 

ℜ𝑏 =  bubble radius 

𝜎 =  fluid surface tension coefficien 

𝜌𝑙 =  fluid density 

𝑣𝑙 =  fluid kinematic viscosity 

𝑃𝑏 =  bubble surface pressure 

𝑃 =  local far-field pressure 

 

Equation 2 is simplified by omitting the second-order variables & the surface tension force. 

𝐷ℜ𝐵

𝐷𝑡
= √

2

3

𝑃𝑏−𝑃

𝜌𝑙
                           …………………… (3) 

This equation gives a physical method for incorporating cavitation model by including bubble dynamics. Additionally, it may be 

thought of as a vacuum propagation equation &, by extension, a mixture density equation. 

Schnerr & Sauer use an approach similar to that used by Singhal et al. to derive the precise equation for net mass transfer from 

fluid to vapor. The vapor volume fraction equation has the following general form: 

∂

∂𝑡
(𝛼𝜌𝑣) + ∇ ⋅ (𝛼𝜌𝑣�⃗� ) =

𝜌𝑣𝜌𝑙

𝜌

𝐷𝛼

𝐷𝑡
                      ……………… . . (4) 

The net mass source concept in this context is as follows: 
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𝑅 =
𝜌𝑣𝜌𝑙

𝜌

𝑑𝛼

𝑑𝑡
                                ………………… . . (5) 

Schnerr & Sauer, in contrast to Zwart-Gerber-Belamri & Singhal et al., use the following equation to calculate the proportion of 

vapor volume in a volume of fluid: 

𝛼 =
𝑛𝑏

4
3
𝜋ℜ𝐵

3

1 + 𝑛𝑏
4
3
𝜋ℜ𝐵

3
                         ……………… . (6) 

Using a method similar to Singhal et al., they arrived at the following equation: 

𝑅 =
𝜌𝑣𝜌𝑙

𝜌
𝛼(1 − 𝛼)

3

ℜ𝐵
2 √

2

3

(𝑃𝑣−𝑃)

𝜌𝑙
            …………………….. (7) 

 ℜ𝐵 = (
𝛼

1−𝛼

3

4𝜋

1

𝑛
)

1

3
                            ………………… . . (8) 

 where, 

𝑅 =  mass transfer rate 

ℜ𝐵 =  bubble radius 
 

When Equation 7 is compared to Equation 4, Unlike the two preceding models, it is evident that the mass transfer rate in the Schnerr 

& Sauer model is proportional to 𝛼𝑣(1 − 𝛼𝑣). Moreover, the function 𝑓(𝛼𝑣, 𝜌𝑣 , 𝜌𝑙) =
𝜌𝑣𝜌𝑙

𝜌
𝛼(1 − 𝛼) has the unusual trait of 

approaching zero when 𝛼 = 0 & 𝛼 = 1, & reaching the maximum in between. The sole parameter that must be calculated in this 

model is the number of spherical bubbles per volume of fluid. The bubble number density would be constant if no bubbles were 

formed or destroyed. As a result, The initial circumstances for the volume percentage of the nucleation site & the radius of the 

equilibrium bubble would be sufficient to calculate the bubble number density (n) from Equation 6 & the phase transition from 

Equation 7. 

Equation 7 is employed to simulate the condensation process, as it is in the other two models. The model's final shape is as follows: 

When 𝑃𝑣 ≥ 𝑃, 

𝑅𝑒 = 𝐹vap 

𝜌𝑣𝜌𝑙

𝜌
𝛼(1 − 𝛼)

3

ℜ𝐵

√
2

3

(𝑃𝑣 − 𝑃)

𝜌𝑙

               ……………… . (9) 

When 𝑃𝑣 ≤ 𝑃, 

𝑅𝑐 = 𝐹cond 

𝜌𝜈𝜌𝑙

𝜌
𝛼(1 − 𝛼)

3

ℜ𝐵

√
2

3

(𝑃 − 𝑃𝑣)

𝜌𝑙

        …………………(10) 

where 𝐹vap  & 𝐹cond  are the empirical evaporation & condensation coefficients with default values of 1 & 0.2, respectively. These 

coefficients can be changed using the expert text command option, as detailed in Mass Transfer Mechanisms in the Fluent User's 

Guide. 

4. Results & discussion 

4.1 The effect of rotational speed on cavitation 

Where the pressure of 1bar was used in this case & the results were verified by the flow velocity of the fluid & the amount of 

vapor produced by the cavitation phenomenon. 
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(c) 

Figure (3): Vapor Volume Fraction (a) 800 rpm, (b) 1000 rpm, (c) 1200 rpm. 

 

Through the previous figures for volume fraction of steam produced by the cavitation phenomenon, we note that with the increase 

in the rotational speed, the efficiency of the cavitation phenomenon increases & becomes significantly affecting the efficiency of 

the centrifugal pump, as the largest amount of steam produced was at 1200 rpm. 

 

(a) 
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(b) 

 

(c) 

Figure (4): Velocity (a) 800 rpm, (b) 1000 rpm, (c) 1200 rpm. 

With the increase in the rotational speed, the flow rate of the water increases, as the fluid velocity is faster when rotating at high 

speeds, as we notice this thing through the previous figures, where the velocity of water flow reached 49.16 m/s at a rotational speed 

of 1200 rpm. 

4.2 The effect of the increase in pressure on the cavitation phenomenon 

One of the most important reasons that lead to the occurrence of cavitation is the increase in pressure inside the centrifugal 

pump, where five pressures were taken that were authorized for the pump to understand the occurrence of the phenomenon of 

cavitation. 



 

Copyrights @Kalahari Journals                                                   Vol. 7 No. 1(January, 2022) 

International Journal of Mechanical Engineering 

804 

 

(a) 

 

 

 

(b) 

 

 



 

Copyrights @Kalahari Journals                                                   Vol. 7 No. 1(January, 2022) 

International Journal of Mechanical Engineering 

805 
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(d) 
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(e) 

Figure (5): Vapor Volume Fraction (a) 1 bar, (b) 2 bar, (c) 3 bar, (d) 4 bar, (e) 5 bar. 

We also note through the previous forms of vapor values & their distribution as a result of the cavitation phenomenon. We can 

understand well the effect of pressure on the phenomenon of cavitation, as the amount of vapor resulting from the phenomenon of 

cavitation at pressure is 5 bar. 

 

 

 

 

(a) 
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(d) 

 

 

(e) 

Figure (6): Velocity. (a) 1 bar, (b) 2 bar, (c) 3 bar, (d) 4 bar, (e) 5 bar. 

The increase in the pressure values has a significant effect on the fluid flow velocity, as it was noted through the previous figures 

for the fluid flow velocity that the largest pressure that was prepared gives the largest flow velocity of the fluid inside the centrifugal 

pump, as the pressure 5 bar gave a flow velocity of 51.59 m/s. 

5. Conclusions 

In this research paper, the effect of the centrifugal pump rotation speed & the supplied pressure of the pump & its effect on the 

cavitation phenomenon was studied, as it was observed through the results extracted as follows: 
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1. The increase in the rotational speed of the pump increases the fluid flow velocity & thus increases the internal pressure of 

the centrifugal pump, as this increase greatly affects the cavitation structures that reduce the efficiency of the pump, as it 

was found that the largest value that can affect is at 1200 rpm. 

2. The main condition for the occurrence of the cavitation phenomenon is the noticeable increase in the pressure produced 

inside the pump. When preparing the centrifugal pump, we notice the increase in the flow velocity of the fluid & the amount 

of steam produced by the cavitation phenomenon, which in turn reduces the efficiency of the centrifugal pump, as it was 

found that the largest pressure 5bar is the most effective pressure in a way Great for cavitation. 
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