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Abstract— Centrifugal pump are a sub-class of dynamic axi-

symmetric work absorbing turbomachinery. Centrifugal 

pump are widely used for pumping water from over short to 

medium distance through pipelines where requirements of 

head and discharge are moderate. This project is focused to 

enhance the centrifugal pump through design modification of 

centrifugal pump. The pump designed in software CFturbo 

(10.2). CFD analysis of centrifugal pump used to unsteady 

reynold’s average navier stroke equation together with two 

equation k-epsilon turbulence model. Pump impeller models 

have been recreated for critical design parameters of the 

pump. CFD analysis is done in the model to predict the pump 

performance. 
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I. INTRODUCTION 

Pump is a mechanical device used to transport fluid from one 

pressure level to another pressure level. Out of total energy 

available in the world about 20% is used for pumping fluids. 

Out of total energy supplied to pumps about 60% of energy is 

wasted due to friction, cavitation and geometrical 

specifications. 

 

A. Types of Centrifugal 

Pump Centrifugal pumps are most often associated with the 

radial flow types. However, the terms ―Centrifugal Pumps‖ 

can be used to describe all impeller type rotodynamic pumps 

including the radial, axial and mixed flow variations. 

1) Radial Flow Pumps 

These pumps are often simply referred to as centrifugal 

pumps. The fluid enters along the axial plane, is accelerated 

by the impeller and exists at right angles to the shaft 

(radially). Radial flow pumps operate at higher pressures and 

lower flow rates than axial and mixed flow pumps.  

2) Axial flow pumps 

Axial flow pumps differ from radial flow in that the fluid 

enters and exits along the same direction parallel to the 

rotational shaft. The fluid is not accelerated but instead 

―lifted‖ by the action of the impeller.  

3) Mixed flow pumps 

Mixed flow pumps, as the name suggests, function as a 

compromise between radial and axial flow pumps, the fluid 

experiences both radial acceleration and lift and exists the 

impeller somewhere between 0-90 degrees from the axial 

direction. As a consequence mixed flow pumps operate at 

high pressure than axial flow pumps while delivering higher 

discharges than radial flow pumps.  

4) Pump design without simulation 

1) Design 

2) Physical prototype   

3) Testing 

4) Change design 

5) Production 

6) Redesign and Retesting  

5) Pump design with simulation  

1) Design  

2) Simulation  

3) Change design  

4) Production 

6) CFD-Introduction and CFD capabilities  

CFD uses numerical methods to slovefundamental non- linear 

differential equation that describe fluid flow for predefined 

geometries and boundary condition. 

7) Advantages 

1) Save time  

2) Save cost  

8) CFD Capabilities 

 Internal and External flow  

 Mass and Heat transfer  

 Single and multiphase flow  

 Laminar and turbulent flow  

 Rotating Machinary etc. 

II. LITERATURE REVIEW  

1) The flow simulation of a low-specific-speed high-speed 

centrifugal pump by A. Hajari et al. [1] 

In this paper, generally they have present three dimensional 

simulation of turbulent fluid flow inorder to predict velocity 

and pressure field for a centrifugal pump. 

2) CFD Analysis of Domestic Centrifugal Pump for 

Performance Enhancement by Satish M. Rajmane and 

Dr.S.P.Kallurkar. [2] 

The motive of this paper is to improve the head of 

the regenerative pump which is available in the market. For 

this the pump is modeled in modeling software CATIA and 

the geometry is imported in the ANSYS for analysis. By 

analyzing existing design the results are compared with the 

analytical solutions. 

1) By first modification they found an increase of 6 m in 

head of the pump which would increase the efficiency of 

the pump.                    

2) By increasing number of vanes we found 7 m head rise 

in the pump.     
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3) By giving inclination to the vanes we found 5m rise in 

head. 

3) Efficient CFD evaluation of the NPSH for centrifugal 

pump by M. Lorussoet al.[3] 

In this work an efficient procedure to evaluate the 

NPSH3% for centrifugal pumps by means numerical 

simulations has been developed. The numerical results were 

compared with both a monodimensional model and 

experimental data. The first comparison has highlighted that 

the monodimensional model tends to overestimate the 

NPSH3% value compared to CFX results. From the second 

comparison it is significant to see how the CFX results are 

very accurate with respect to experimental data. 

 

4) CFD  for centrifugal pump a review of state of art by S 

R Shah et al.[4] 

In this paper the critical review of CFD analysis of 

centrifugal pump along with the future scope for further 

improvements is shown because the flow analysis of 

centrifugal pump is often a challenging task as it requires 

critical analysis of highly complex flow which is turbulent 

and three dimensional in nature and having rapidly changing 

curvature of flow passage. CFD approach has been 

extensively used in centrifugal pumps as numerical 

simulation tool for performance prediction at design and off-

design conditions, parametric study, cavitation analysis, 

analysis of interaction effects in different components, 

prediction of axial thrust, study of pump performance in 

turbine mode, diffuser pump analysis etc 

5) Numerical investigation of Transient vortices and 

turbulent flow behavior in centrifugal pump operating in 

reverse mode as Turbine by Daniel Adu et al. [5] 

In this paper, tyhey investigates the transient flow 

characteristics of PAT to analyse the flow instabilities present 

during PAT operation at different rotational speeds  

(n=1500rpm~2000rpm). Velocity and pressure distributions 

inside the impeller are discussed. An experiment has been 

perform to authenticate the CFD results.As we know 

operation of pump in reverse mode as turbines (PAT) can be 

useful in producing inexpensive energy for rural settlements 

in developing counties. 

6) Design and analysis of centrifugal pump 

byTilahumNigussie and Edessa Dribssa. [6] 

In this paper, the purpose of the study is to identify and 

determining the pattern of velocity profile and pressure 

distribution by using CFD simulation program. And after 

designing and modeling of the pump analysis is done, and 

they have taken results only when the convergence is obtain 

for the solution. 

And they have observed that  

1) Pressure counters flow through the mid plane when there 

is low flow rate (Q=36 m3/kg) 

2) Pressure counters flow through the mid plane when there 

is high flow rate (Q=280 m3/kg) 

So they have conclude that most effective way to 

study performance of centrifugal pump is through 

computatational fluid dynamics (CFD). 

III. METHODOLOGY 

 

A. Selection of Pump Model 

Model of centrifugal pump for required application is                                          

selected on the basis(-m), Discharge(-m3 /s), and Specific 

speed(-rpm) . 

B. Design of Centrifugal Pump 

Design of centrifugal pump is done using CF-turbo software. 

In this software pump designed in two stages. 

1) Impeller design  

2) Volute/Casing design 

 

C. Import into Ansys 

In order to import the design into ansys workbench, first 

design is exported from CF-turbo and file is saved in the 

desired file format, thenfile easily imported into the ansys 

workbench modular,using option import external geometry. 

D. CFD Analysis 

After importing the file into ansys following steps are carried 

for CFD analysis. 

1) Meshing 

The basic principle in meshing is that it should have finer 

elements to get better accuracy of the result. At the same time, 

number of grids should not exceed available computational 

capacity. To achieve this objective, fine mesh was used where 

the solution gradient is higher and coarse mesh was used 

where there is low solution gradient. 
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2) CFD Setup 

In CFD setup, on the basis of given values calculation is done. 

3) Result and Variation 

CFD analysisare carried out on the impeller model to predict 

its performance by giving its working conditions as input. 

Successive iterations are done by the software to obtain the 

characteristics such as efficiency, pressure generated, 

pressure distribution, direction of flow, turbulence, fluid 

velocity. The fluid taken for the study is water.  

4) Plot of Graph based on obtained results 

In centrifugal pump, the characteristic curve obtain are- 

1) Head vs Discharge. 

2) Efficiency vs Discharge. 

3) Power vs Discharge. 

 
In order to study the performance of centrifugal 

pump as it will help to predict the best design of centrifugal 

pump. 

IV. ADVANTAGES 

1) Actual experimental testing is replaced by software 

based analysis. 

2) It saves cost for experimentation. 

3) The graphs plotted helps evaluate better performance 

values of head, efficiency and discharge. 

4) The analysis results can be easily verified using 

analytical methods. 

V. APPLICATIONS 

1) Water supply and Irrigation. 

2) Chemical, Food , Petrochemical Industries. 

3) Mining, Domestic appliances. 

VI. FUTURE SCOPE 

1) Changing number of blade in order to check the 

performance of pump characteristics. 

2) Change in blade profile to see the effect and to find best 

blade design for impeller. 

VII. CONCLUSION 

While doing this project we conclude that a centrifugal pump 

can give best values of efficiency, head and power at certain 

values of discharge at shown in results plot. 

Thus the performance can be improved and pump losses can 

be eliminated. 
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