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Abstract— This paper deals with the design and analysis of 

centrifugal pump. Pump is a device mainly used for 

transporting liquid from lower level to higher level. In 

pumps the mechanical energy is converted into hydraulic 

energy. The two main components of centrifugal pump are 

impeller and casing therefore, they must be carefully 

designed for better performance of pump. In the present 

work the conventional design of pump is carried out using 

empirical equations and then the model of closed impeller 

was generated using SOLIDWORKS and the same model 

was analyzed in ANSYS (Workbench) Fluid Flow (CFX). 

The analysis is done of existing impeller along with 

modified impeller by changing its inlet and outlet vane 

angles and number of blades. The main objective of this 

work is to design the pump, model the impeller and obtain 

maximum efficiency then the existing impeller by selecting 

the optimum vane angles and number of blades. 

Keywords- Pump impeller, Solid Works, Computational 

fluid dynamics, Fluid flow (CFX) 

I. INTRODUCTION 

Pump is a mechanical device generally used for raising 

liquids from a lower level to a higher one. This is achieved 

by creating a low pressure at the inlet and high pressure at 

the outlet of the pump. However, work has to be done by a 

prime mover to enable it to impart mechanical energy to the 

liquid which ultimately converts into pressure energy. It is 

widely in used in industries and residential applications. 

Centrifugal pumps are the machines, which employ 

centrifugal force to lift from a lower level to a higher level 

by developing pressure. The centrifugal pump moves liquid 

by rotating one or more impellers inside a volute casing. The 

liquid is introduced through the casing inlet to the eye of the 

impeller where it is picked up by the impeller vanes. [1, 2]. 

II. WORKING PRINCIPLE OF CENTRIFUGAL PUMP [3] 

Centrifugal pumps are the devices, which converts 

mechanical energy into hydraulic energy by means of 

centrifugal force acting on the fluid. A centrifugal pump is a 

Rotodynamic pump that uses a rotating impeller to increase 

the pressure of a fluid. The fluid enters the pump near the 

rotating axis, streaming into the rotating impeller. The 

impeller consists of a rotating disc with several vanes 

attached. The vanes normally slope backwards, away from 

the direction of rotation. When the fluid enters the impeller 

at a certain velocity due to the suction system, it is captured 

by the rotating impeller vanes. The fluid is accelerated by 

pulse transmission while following the curvature of the 

impeller vanes from the impeller Centre (eye) outwards. It 

reaches its maximum velocity at the impeller’s outer 

diameter and leaves the impeller into a diffuser or volute 

chamber. 

 

Fig. 1:  Principle of Centrifugal Pump 

Now the fluid’s energy is converted into static 

pressure, assisted by the shape of the diffuser or volute 

chamber. The process of energy conversation in fluids 

mechanics follows the Bernoulli Principle (eqn.) which 

states that the sum of all forms of  

   + 
  

 

   
 + 

  

   
 =    + 

  
 

   
 + 

  

   
 

energy along a streamline is the same on two points of the 

path. The total head energy in a pump system is the sum of 

potential head energy, static pressure head energy and 

velocity head energy.  

III. CONVENTIONAL DESIGN OF PUMP 

The design steps are as follows [4]: 

A. Calculation of Shape Number (Nsh): 

Nsh  
        √ 

    
 
 

 

Where n is in rps 

B. Calculation of Power (    

 POWER INPUT TO THE PUMP, PC IS GIVEN BY, 

     
       

   

 

C. Calculation of power to be supplied by the Motor    , 

              

Where        is overloading factor. 

D. Calculation of Shaft Diameter (    : 
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E. Calculation of Hub Diameter (dh): 
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F. Calculation of Eye Diameter (  ):- 

       √
 

 

 

 

G. Impeller inlet diameter (  ):- 

                   

H. Calculation of inlet vane angle ( 
 
): 

         
   

  

  

I. Tangential velocity at inlet (  ): 

   
      

  
 

J. Calculation of number of Vanes (Z): 

6.5*(D +D )*sin(β +β )2 1 1 2
(D -D )2 1Z=

2

 
 
 
 

 

K. 10. Calculation of Suction Pipe Diameter (   : 

      ,  

Where    = Flow velocity at inlet 

But,    = 0.06 to 0.08*√    
 

L. Inlet width at the impeller (  ): 

 The flow area just inside the vane passage at the 

inlet, is 

   
     

   

 

 Vane contraction factor at the inlet, 

   
  

      

 

Where,   = Pitch of vanes 

              = Peripheral vane thickness at the inlet 

   
    

 
 

 Peripheral  Vane thickness at inlet, 

    
  

     

 

Where,   = Vane thickness at inlet 5 to 8 mm. 

   
  

    

 

M. Vane angle at the outlet ( 
 
): 

 
 
    

   

 
 

N. Calculation of outlet diameter (  ): 

   =  
 √     

 
 

 Hydraulic efficiency ηhy, 

 

ηhy = 1− 
    

              
 

 

 Theoretical Head    , 

   = 
 

    
  

Flow velocity at outlet, Cm2 = 0.8 to 0.9Cm1  

Substituting the value of U2, Do = 
     

   
 . Similar steps can 

be applied for obtaining the outlet width of blade (B2) as for 

inlet width (B1). 

O. Relative velocity at inlet and outlet (     

      
     

       

 

IV. MODELING AND ANALYSIS 

The Equations of fluid mechanics which have been known 

for over a century are solvable only for a limited number of 

flows. The known solutions are extremely useful in 

understanding fluid flow but rarely used directly in 

engineering analysis or design. CFD makes it possible to 

evaluate velocity, pressure, temperature, and species 

concentration of fluid flow throughout a solution domain, 

allowing the design to be optimized prior to the prototype 

phase. 

The incompressible flow through the rotating 

impeller is solved in a moving frame of reference with 

constant rotational speed equal the rotational speed of the 

impeller. The flow through the stationary parts of the pump 

is solved in an inertial reference frame. 

Techniques for Numerical Discretization [5]: 

There are various techniques for numerical discretization. 

Here we will introduce three of the most commonly used 

techniques, namely: 

 Finite difference method  

 Finite element method 

 Finite volume method 

A. CFD Methodology [5]: 

CFD may be used to determine the performance of a 

component at the design stage, or it can be used to analyses 

difficulties with an existing component and lead to its 

improved design. 

For example, the pressure drop through a 

component may be considered excessive: The first step is to 

identify the region of interest: The geometry of the region of 

interest is then defined. If the geometry already exists in 

CAD, it can be imported directly. 

The results can be visualized and can provide the 

engineer an understanding of the behaviour of the fluid 

throughout the region of interest. This can lead to design 

modifications which can be tested by changing the geometry 

of the CFD model and seeing the effect. 

The process of performing a single CFD simulation 

is split into four components: 

 Geometry/Mesh  

 Physics Definition  

 Solver  

 Post-Processor 

B. Meshing 

Mesh generation (gridding) is the process of 

subdividing a region to be modelled in to a set of small 

control volumes. Associated with each control volume there 

will be one or more values of dependent flow variable (e.g. 

velocity, pressure, temperature etc.). Usually these represent 

some type of locally averaged values. Numerical algorithms 

representing approximation to the conservation law of mass, 
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momentum and energy are then used to compute these 

variables in each control volume. 

 
Fig. 2: CFD methodology 

C. Pre-Processing 

1) Boundary Condition: 

The first step in pre-processing is setting up the boundary 

conditions. Boundary condition will be different for each 

type of problem. In Cartesian and cylindrical –polar 

coordinates, the location of boundary features (inlets, 

outlets, blockages etc) can be linked to named ‘objects’ 

defining during the grid generation procedure. This obviates 

the need to enter the coordinates twice: once when defining 

the grid and again when specifying boundary conditions. 

The inlet condition for velocity and temperature can be 

specified using profile of grid. The turbulent kinetic energy 

(k) and its dissipation rate can be calculated from the value 

of turbulence intensity specified in the inlet. 

D. Solver 

There are several methods of discretizing given differential 

equation, but finite volume is used in ANSYS-CFX. The 

finite volume method is a numerical method for solving 

partial differential equations that calculate the value of 

conserved variables averaged across the volume. One 

advantage of finite volume method over finite difference 

method is that it does not require a structured mesh 

(although a structured mesh can also be used). Furthermore, 

the finite volume method is preferable to other methods as a 

result of the fact that boundary condition can be applied 

noninvasively. This is true because the values of the 

conserved variables are located within the volume element 

and not at nodes or surfaces. Finite volume methods are 

especially powerful on coarse non uniform grids and in 

calculation where the mesh moves to track interface or 

shock. 

E. Post Processing 

In the post processing, after completing the simulation in the 

solver then graph of convergence criteria is generated after 

the validating the convergence criteria .RES file will be 

generated which can be load in the CFX-post and after 

loading this file different counter diagram e.g. temperature, 

velocity, and pressure are generated in the post processing. 

 

F. Turbulence models 

Turbulence consists of fluctuation in the flow field in 

time and space. It is a complex process, mainly because it is 

three dimensional, unsteady and consists of many scales. It 

can have a significant effect on the characteristic of the 

flow. Turbulence occurs when inertia force in the flow 

become significant compared to viscous forces, and is 

characterized by a high Reynolds number. In general, the 

Navier-Stokes equations describe both laminar and turbulent 

flows without the need for additional information.  

However, turbulent flows at realistic Reynolds numbers 

span a large range of turbulent length and time scales, and 

Should be generally involves length scales much smaller 

than the smallest finite volume mesh, which can be 

practically used in a numerical analysis. The Direct 

Numerical Simulation (DNS) of these flows require 

computing power which is many orders of magnitude higher 

than available in foreseeable future. 

G. k - ε turbulence model 

The k-ε model introduces two new variables into the system 

of equations. The continuity equation is then: 

  

  
           

and the momentum equation becomes 

   

  
               ( 

   
   )

                      

One of the most prominent turbulence models, the 

k-ε (k-epsilon) model, has been implemented in most 

general purpose CFD codes and is considered the industry 

standard model. It has proven to be stable and numerically 

robust and has a well- established regime of predictive 

capability. For general purpose simulation, the model offers 

a good compromise in term of accuracy and robustness. 

H. k - ω turbulence model 

One of the advantages of the k-ω formulation is the near 

wall treatment for low Reynolds number computations. The 

model does not involves the complex non-linear damping 

functions required for the k-ω model and is therefore more 

accurate and more robust. The models assume that the 

turbulence viscosity is linked to the turbulence kinetic 

energy and turbulent frequency via the relation. 

I. Procedure of CFD Analysis 

Step1. 3D Model of Impeller is generated in 

SOLIDWORKS. 

Step2. If CFD Analysis method is Cavity Patten then  create 

Cavity model of  impeller. 

Step3. Save Cavity model in *. IGES Format for Importing 

into ANSYS Workbench Mesh Module for Meshing. 

Step4. Import above Cavity model in ANSYS Workbench 

Mesh Module. 

Step5. Meshing of Impeller 

Step6. Save model in *.CMDB Format for importing into 

ANSYS  

Step7. Import above .CMDB File in ANSYS  

Step8. Define Heat Transfer and Turbulence model. 

Step9. Define inlet for Impeller 

 



A SURVEY PAPER ON CFD ANALYSIS OF CENTRIUGAL PUMP IMPELLER 

 (IJSRD/Vol. 2/Issue 03/2014/457) 

 

 All rights reserved by www.ijsrd.com 1791 

Step10. Define Outlet for Impeller 

Step11. Define Solver Control Criteria. 

V. CONCLUSIONS 

We show some looses of centrifugal pump with the values Q 

and H are determined for the various operating points. 

Centrifugal pumps are fluid-kinetic machines designed for 

power increase within a rotating impeller. In centrifugal 

pumps, the delivery head depends on the flow rate. This 

relationship, also called pump performance, is illustrated by 

curves. To get characteristic curve of a centrifugal pump, 

values of theoretical head, slip, shock losses, recirculation 

losses and other friction losses are calculated by varying 

volume flow rate. 

In a today competitive and sophisticated 

technology, centrifugal pump is more widely used than any 

other applications because the advantages of following 

factors are effect on the centrifugal pump. 

 Its initial cost is low 

 Efficiency is high 

 Discharge is uniform and continuous flow 

 Installation and maintenance is easy. 

 It can run at high speeds without the risk of 

separation of flow. 

Thus CFD is an effective tool to calculate quickly and 

inexpensively the effect of design parameter of pump. 
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