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Abstract— In this work, centrifugal pump is analysed by 

using a single-stage end suction centrifugal pump. Two main 

components of a centrifugal pump are the impeller and the 

casing. The impeller is a rotating component and the casing 

is a stationary component. In centrifugal pump, water exits 

radially, while water enters axially through the impeller eyes. 

The pump casing is to guide the liquid to the impeller, 

converts the high velocity kinetic energy of the flow from the 

impeller discharge into pressure. A mean of centrifugal pump 

impeller is passed out and analysed to get the best 

performance point. The design and performance analysis of 

centrifugal pump impeller are chosen because pump is the 

most useful mechanical Roto dynamic machine in fluid works 

which is widely used in domestic, irrigation, industry, large 

plants and river water pumping system. Also this work aims 

to model a pump using neural networks and to investigate 

their performance in predicting its pressure head and shaft 

power. All the ANN models are trained, validated and tested 

which predicted the pressure head and shaft power with 

acceptable accuracy. 
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I. INTRODUCTION 

Computational fluid dynamics investigation is very useful 

tool in designing of machinery in turbo commercial 

enterprise. With the aid of the CFD proceed towards, the 

compounded internal flows in water pump impellers, which 

are not fully comprehend yet, can be well augur, to speed up 

the pump design procedure. Computational fluid dynamics 

(CFD) analysis is being progressively applied in the design of 

centrifugal pumps. [1] 

 Recent advances in computing power, in junction 

with powerful graphics and interactive 3D influence of 

models have made the process of creating a CFD model and 

analysing results much less labour intensive, lesser time and, 

hence, cost. Thus, CFD is any dominant tool for pump 

designers. The application of CFD tools in industry which 

uses turbo machinery is quite common today. Many tasks can 

arithmetically be solved much faster and cheaper than by 

means of experiments. Nevertheless the highly wobbly flow 

in turbo machinery raises the question of the most appropriate 

method for modelling the rotation of the impeller. [2] 

 The advantage of using ANN to simulate thermal 

processes is that, once they are trained, they represent a quick 

and reliable way of predicting their performance. The ANN 

modelling includes numerous advantages, such as accurate 

approximations of complex problems, greater efficiency than 

phenomenological models even for multiple response 

computations, and greater effectiveness even with incomplete 

and noisy input data [4]. ANN does not need definition of 

correlations and iterative method; it needs only input/output 

samples for training a special neural network, in turn, 

obtaining output results as test samples fed into trained 

network [3]. 

II. METHODOLOGY USED 

As with everything, CFD is not without its limitations. Its 

accuracy or validity are dependent on a multitude of different 

factors: the quality and appropriateness of the mesh, the 

degree to which the chosen equations match the type of flow 

to be modelled, the interpretation of the results, the accuracy 

of the boundary conditions entered by the user or the level of 

convergence of the solution, to name but a few. Often it 

comes down to the skill of the user, as each flow problem will 

be slightly different and as a result, will require a slightly 

different modelling approach. However, experimental data 

can provide a valuable reference point with which to check 

the validity of CFD models 

 In order to obtain better design in CFD, following 

procedure is applied so that fluid flow can easily be modelled. 

Initial design of the model is a planning decision and the 

geometry is generated depending on these initial design 

considerations, using either CFD modelling tools or other 

Design tools. The first task to accomplish in a numerical flow 

simulation is the definition of the geometry, followed by the 

grid generation. This step is the most important step for the 

study of an isolated impeller assuming an axis symmetric 

flow simplifies the domain to a single blade passage. 

III. PUMP SPECIFICATIONS 

The performance of a radial flow pump is highly dependent 

on its impeller geometry and effect of no. of vanes on its 

performance has been analysed. Detailed study has been 

performed on the geometric features of the impeller. A 3D 

view of the blade impeller is shown in Figure 17. The impeller 

has seven twist blades, which are created and designed using 

BladeGen tools in ANSYS workbench. 

 
Fig. 1: 3D-Model of Impeller with 6 Blades 

The duty parameters required by the pump are assumed to be: 

1) Head = 20 m, 

2) Flow rate = 280 m3/hr, 
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3) RPM = 3000 

4) Density = 1000 Kg/ m3, 

5) Trailing blade angles=22.5º 

 Figure 1 shows the geometry of the centrifugal 

pump volute. Fig. 2 illustrates the specifications of the scroll 

casing of centrifugal pump. 

 
Fig. 2: Volute (Scroll Casing) Geometry 

IV. CFD MODELLING OF PUMP 

There are three elements to CFD analysis. The first one is 

CFX- PRE processor used to case file and definition. The 

second one is CFX-Solver for results file, and the last is CFX-

Post for resulting and data analysis. In addition, ANSYS 

simulation software simplifies the numerical solution of 

turbomachinery impeller blades rows. Blade is drawn in a 

simple 1D meanline method in BladeGen after getting the 

dimensions from the Vista CPD design tools for GDM 10 x 

12 HD centrifugal pump, then exported in Design Modeler to 

do the geometry of the impeller blade. In similarity, volute 

geometry is done using Modeler geometry and an 

unstructured mesh in order to be exported to CFX processor. 

 The mesh generation of the impeller blade is done 

with ANSYS TurboGrid, after that it exported to CFX for 

physical model definition, solving, and post-processing. 

Figure 3 shows the ANSYS schematic starting from Blade 

Design Modeler, CFD analysis was done. 

 
Fig. 3: Project Schematic of ANSY Design Modeler and 

TurboGrid 

 

V. RESULTS & DISCUSSION 

A. Effect of Flow Rate on Performance of Pump 

This chapter is mainly concerned about the results that are 

obtained from the CFX analysis. As seen in the above 

discussion, we varied flow rate and pressure head developed 

and shaft power is calculated in the fluent for different 

models. Detailed view of flow of fluid can be obtained from 

this fluent analysis. From these areas of flow separation can 

be determined and the most suitable impeller type can be 

selected. For easy interpretation of results different calculated 

results are tabularized. 

 
Fig. 4: CFD Result Head Vs Flow Rate 

 
Fig. 5: CFD Result Power Vs Flow Rate 

B. Pressure & Velocity Distribution 

At different flow rates, static pressure gradually increases 

from impeller inlet to outlet, and the static pressure on 

pressure side is more compared to suction side. It is observed 

that the static pressure contours are not same in the planes 

between the hub and the shroud. Pressures near the hub are 

higher than shroud, due to the transition of flow from the axial 

to the radial direction. The minimum value of the static 

pressure inside the impeller is observed at the leading edge of 

the blades at the suction side due to flow acceleration and 

blade-tongue interaction. The Fig. shows static pressure 

contours on mid span for different flow coefficients. The 

lowest value of pressure is seen in the leading edge and starts 

to increase around the trailing edge of the impeller. The 

pressure reaches higher values at the lowest flow rate and the 

pressure is decreasing with increasing mass flow rates. At 

higher flow rates the pressure decreases gradually from its 

maximum value in front of the tongue to a minimum value 

just behind the tongue. 
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Case 1: 

 
Case 2: 

 
Case 3:                                                                

 
Case 4: 

 
Case 5: 

 
Case 6: 

Fig. 6: Pressure Distribution through the Impeller Blade 

C. Velocity Distribution 

From the velocity profile the flow separation in the impeller 

blade is evidently seen. In hydrodynamics flow separation 

happens when the fluid is detached from the boundary layer. 

It is due to the abrupt change in the profile, sudden 

deceleration and pressure change in the boundary layer. As 

moved further from the tip of boundary layer the thickness of 

the boundary layer will increase. When the boundary layer 

thickness is equals to the velocity gradient there will be an 

internal circulation of fluid in the boundary layer it causes 

flow to detach from the surface Due to this flow separation 

there will be loss of efficiency and decrease in pressure. 

Decrease in pressure will cause the cavitation’s in the casing 

it will cause the life of the impeller blades. 

 
Case 1 

 
Case 2 
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Case 3 

 
Case 4 

 
Case 5 

 
Case 6 

Fig. 7: Velocity Distribution through the Impeller Blade 

 Figure 7, shows the streamline distribution through 

the impeller blade. It can be clearly seen that the fluid flow 

stream is much higher at the trailing edge as compared with 

the leading edge, This causes head losses as a result of 

acceleration of water flow in this region, and increases torque 

and power consumption unless the relative ratio of outlet 

pressure and inlet pressure is kept constant. 

VI. ARTIFICIAL NEURAL NETWORK APPROACH 

Neural Networks considered for this work are modelled, 

trained, validated and tested for the prediction of the pressure 

head and shaft power while flow rate taking as input. 

 
Fig. 8: ANN model for the prediction of pressure head 

 
Fig. 9: Validation of Flow Rate vs Head 

 
Fig. 10: Graph Showing Accuracy of Result for Pressure 

Head 

 
Fig. 11: Validation of Shaft Power vs Flow Rate 



Artificial Neural Network Approach for Predicting the Performance of Centrifugal Pump 

 (IJSRD/Vol. 6/Issue 07/2018/107) 

 

 All rights reserved by www.ijsrd.com 457 

 
Fig. 12: Graph Showing Accuracy of Result for Shaft Power 

VII. CONCLUSIONS 

A numerical model of an impeller has been successfully 

generated and the complex internal flow fields are 

investigated by using the ANSYS-CFX code. Simulation 

results are obtained at different flow rates for constant speeds 

with no. of blades 6. 

1) The internal flow is not quite smooth in the suction and 

pressure side of the blade due to non- tangential inflow 

conditions which results in the flow separation at the 

leading edge. 

2) The pressure increases gradually along the stream wise 

direction. The regions in the impeller experiencing the 

largest pressure were located at the outlet. 

3) At low flow rates strong recirculation of flow takes place 

in suction side of the blade, whereas the flow in pressure 

side is smooth. But as the flow rate increases the flow 

separation along the pressure side of the impeller blade 

takes place, which results in the recirculation of flow in 

the pressure side. 

4) The recirculation in the suction side of the impeller blade 

decreases as the flow rate increases. Increased flow 

velocity can be observed at the blade inlet due to the 

blockage of the flow towards the suction side of the 

impeller blade. It further increases with increase in the 

flow rate of the impeller passage in the pump. 

5) A pressure analysis was conducted, and it was found that 

the pressure is higher at the trailing edge than the leading 

edge of the impeller blade, decreasing rapidly at the 

outlet. 

6) The velocity of fluid flow through the blade was higher 

at the trailing edge as compared to the leading edge, 

which was determined to be normal because the kinetic 

energy was increased in this area of the blade. 

7) The pressure difference on the pressure and suction sides 

of the blade suggests that the flow inside the impeller 

experiences the shearing effects due to the pressure 

difference on blade-to blade passage wall. 

8) At different flow rates, static pressure gradually 

increases from impeller inlet to outlet, and the static 

pressure on pressure side is more compared to suction 

side. It is observed that the static pressure contours are 

not same in the planes between the hub and the shroud. 

Pressures near the hub are higher than shroud, due to the 

transition of flow from the axial to the radial direction. 

The minimum value of the static pressure inside the 

impeller is observed at the leading edge of the blades at 

the suction side due to flow acceleration and blade-

tongue interaction. 

9) From the velocity profile the flow separation in the 

impeller blade is evidently seen. In hydrodynamics flow 

separation happens when the fluid is detached from the 

boundary layer. It is due to the abrupt change in the 

profile, sudden deceleration and pressure change in the 

boundary layer. As moved further from the tip of 

boundary layer the thickness of the boundary layer will 

increase. When the boundary layer thickness is equals to 

the velocity gradient there will be an internal circulation 

of fluid in the boundary layer it causes flow to detach 

from the surface Due to this flow separation there will be 

loss of efficiency and decrease in pressure. Decrease in 

pressure will cause the cavitation’s in the casing it will 

cause the life of the impeller blades. 

10) Also it can be clearly seen that the fluid flow stream is 

much higher at the trailing edge as compared with the 

leading edge, This causes head losses as a result of 

acceleration of water flow in this region, and increases 

torque and power consumption unless the relative ratio 

of outlet pressure and inlet pressure is kept constant. 

11) The comparison between analytical and ANN models 

shows that the ANN models is able to predict the pump 

characteristics successfully. This proves the accuracy of 

CFD and ANN approach. 
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