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Abstract— Impeller is a rotating components of a centrifugal 

pump. In that the excessive vibration is a good indicator that 

indicates some damaging phenomenon occurring within an 

impeller. Mostly machinery problems result from the 

interaction between an exciting force, associated structural 

and hydraulic resonance frequencies. When exciting force is 

stronger at natural frequency the amplitude of vibration 

becomes maximum. Hence the main objective of this is to 

carryout vibration analysis and experimentation on various 

materials to find out alternate suitable material and to 

minimize the vibration and to improve the performance of 

pump impeller. To find out the natural frequency of a impeller 

modal analysis was carried out. Cad model generation was 

done in CATIA V5, meshing in HYPER MESH and ANSYS 

is for post processing. Re-analysis and experimentation was 

done using different material to check the vibration response 

on the impeller. 
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I. INTRODUCTION 

An impeller is a rotating component of a centrifugal pump, 

usually made of iron, steel, bronze, brass, aluminum or 

plastic, which transfers energy from the motor that drives the 

pump to the fluid being pumped by accelerating the fluid 

outwards from the center of rotation. The velocity achieved 

by the impeller transfers into pressure when the outward 

movement of the fluid is confined by the pump casing. 

Impellers are usually short cylinders with an open inlet 

(called an eye) to accept incoming fluid, vanes to push the 

fluid radially, and a splined, keyed or threaded bore to accept 

a drive-shaft. The impeller made out of cast material in many 

cases may be called rotor. Also it is cheaper to cast the radial 

impeller right in the support it is fitted on, which is put in 

motion by an electric motor, combustion engine or by steam 

driven turbine.  

A centrifugal pump contains a rotating part and a 

stationary part. The rotating part is composed of a shaft and a 

pump impeller while the stationary part includes the casing, 

bearing, electric motor and an associated cooling fan. 

Mechanical sources are caused by vibration of unbalanced 

rotating masses and friction in bearing and seals. Vibration in 

any machine component is undesirable. Vibration may be 

harmful in many ways i.e. it causes damage to the structure, 

loosening of bearing also may occur etc.  

 
Fig. 1.1: Pump Impeller 

II. PROBLEM STATEMENT 

An impeller is a rotating component of a centrifugal pump, 

which may be responsible to generate vibration. Due to 

vibration pump components can be damaged. Pump and 

motor hold down bolts can become loose. The life of the 

mechanical seal is directly related to shaft movement. 

Bearings are designed to handle both a radial and axial load. 

They were not designed for the vibration that can cause a 

denting of the bearing races. Critical dimensions and 

tolerances such as wear ring clearance and impeller setting 

will be affected by vibration. So most important is to find out 

alternate material to minimize the vibration by doing proper 

vibration analysis and experimental analysis of pump 

impeller.  

A. Objectives  of  Proposed Work: 

The main objective of the project is to find and reduce the 

vibration occurring in an impeller of a pump and improve the 

performance of centrifugal pump by reducing the weight of 

the impeller by changing the material used for fabricating the 

impeller.  

B. Work Done By Impeller: 

The expression for the work done by the impeller of a 

centrifugal pump on the liquid flowing through it may be 

derived in the same way as for a turbine. The liquid enters the 

impeller at its center and leaves at its outer periphery. Figure 

shows a portion of the impeller of a centrifugal pump with 

one vane and the velocity triangles at the inlet and the outlet 

tips of the vane. For the sake of convenience the same system 

of notation is employed as that for turbines. Thus, V is 

absolute velocity of liquid, u is peripheral or tangential 

velocity of the impeller, Vr is relative velocity of liquid, Vf is 

velocity of flow of liquid and Vw is velocity of whirl of the 

liquid at the entrance to the impeller. Similarly V1, u1, 

Vr1,Vf1 and Vw1 represent their counterparts at the exit 

point of the impeller. Further ɵ represents the impeller vane 

angle at the entrance and ɸ represents the impeller vane angle 

at the outlet. Similarly α is the angle between the direction of 

the absolute velocity of entering liquid and the peripheral 

velocity of the impeller at the entrance. 



Design and Comparative Analysis of Different Hydraulic Cylinders by ANSYS 

 (IJSRD/Vol. 4/Issue 08/2016/166) 

  

 All rights reserved by www.ijsrd.com 702 

β is the angle between the absolute velocity of 

leaving liquid and the peripheral velocity of the impeller at 

the exit point. 

At the entrance to the impeller since there are no 

guide vanes the direction of the absolute velocity of liquid at 

this point of the impeller is not directly known. However, for 

best efficiency of the pump it is commonly assumed that the 

liquid enters the impeller radially that is the absolute velocity 

of the liquid at the entrance to the impeller is radial in 

direction. Thus, in this case α =90° and the velocity of whirl 

Vw  at the inlet is equal to zero. Further it is desired that the 

liquid enters and leaves the vane without shock. This can be 

ensured if the inlet and outlet tips of the vane are parallel to 

the direction of the relative velocities at the two tips. 

 
Fig. 1.2: Velocity Triangle for an Impeller Vane 

III. COMPONENTS OF CENTRIFUGAL PUMP 

The main components of a centrifugal pump which are 

described below: 

1) Impeller: It is a wheel or rotor which is provided with a 

series of backward curved blades or vanes. It is mounted 

on a shaft which is coupled to an external source of 

energy (usually an electric motor) which imparts the 

required energy to the impeller thereby making it to 

rotate. 

The impellers may be classified as (a) shrouded or 

closed impeller, (b) semi-open impeller and (c) open 

impeller. 

a) shrouded or closed impeller: 

Closed or shrouded impeller is that whose vanes are provided 

with metal cover plates or shrouds on both sides. These plates 

or shrouds are known as crown plate and lower or base plate. 

The closed impeller provides better guidance for the liquid 

and is more efficient. However, this type of impeller is most 

suited when the liquid to be pumped is pure and 

comparatively free from debris. 

b) semi open impeller: 

If the vanes have only the base plate and no crown plate, then 

the impeller is known as 'semi-open type impeller'. Such an 

impeller is suitable even if the liquids are charged with some 

debris. 

c) open impeller: 

An open impeller is that whose vanes have neither the crown 

plate nor the base plate. Such impellers are useful in the 

pumping of liquids containing suspended solid matter, such 

as paper pulp, sewage and water containing sand or grit. 

These impellers are less liable to clog when handing liquids 

charged with a large quantity of debris. 
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