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Abstract
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. A significant improvement is required for impeller 
design to resist corrosion, Erosion & weight less.
This main objective of present work is to design and performance 
analysis of centrifugal pump impeller made of Polyphenylene 
Sulphide (PPS) polymer material. Centrifugal pump impeller is 
3D Modelled using Solidworks, using Ansys Software impeller 
material properties are given and Stresses & Deformation in X,Y,Z 
directions are investigated and found that the impeller with PPS 
material is best compared to Cast Iron . The maximum pressure that 
impeller could bear is found using computational fluid dynamics 
(CFD) analysis & found to be within limits.  
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I. Introduction
A centrifugal pump is of a very simple design. The two main 
parts of the pump are the impeller and the diffuser. Impeller, 
which is the only moving part, is attached to a shaft and driven 
by a motor. An impeller is a rotating component of a centrifugal 
pump, usually made of Cast 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 radically, 
and a splined, keyed or threaded bore to accept a drive-shaft. The 
diffuser (also called as volute) houses the impeller and captures 
and directs the water off the impeller. Water enters the center (eye) 
of the impeller and exits the impeller with the help of centrifugal 
force. As water leaves the eye of the impeller a low-pressure area 
is created, causing more water to flow into the eye. Atmospheric 
pressure and centrifugal force cause this to happen.
Velocity is developed as the water flows through the impeller 
spinning at high speed. The water velocity is collected by 
the diffuser and converted to pressure by specially designed 
passageways that direct the flow to the discharge of the pump, or 
to the next. The pressure (head) that a pump will develop is in direct 
relationship to the impeller diameter, the number of impellers, the 
size of impeller eye, and shaft speed.  Capacity is determined by 
the exit width of the impeller. 

The head and capacity are the main factors, which affect the 
horsepower size of the motor to be used. The more the quantity 
of water to be pumped, the more energy is required. 

Fig. 1: Cut View of Pump

A centrifugal pump is not positive acting; it will not pump the same 
volume always. The greater the depth of the water, the lesser is 
the flow from the pump. Also, when it pumps against increasing 
pressure, the less it will pump. For these reasons it is important to 
select a centrifugal pump that is designed to do a particular job. 
Since the pump is a dynamic device, it is convenient to consider 
the pressure in terms of head i.e. meters of liquid column. 

The pump generates the same head of liquid whatever the density 
of the liquid being pumped. The actual contours of the hydraulic 
passages of the impeller and the casing are extremely important, 
in order to attain the highest efficiency possible. 

The standard convention for centrifugal pump is to draw the pump 
performance curves showing Flow on the horizontal axis and 
Head generated on the vertical axis. Efficiency, Power & NPSH 
required (described later), are also all conventionally shown 
on the vertical axis, plotted against flow. Given the significant 
amount of electricity attributed to pumping systems, even small 
improvements in pumping efficiency could yield very significant 
savings of electricity. The pump is among the most inefficient of 
the components that comprise a pumping system, including the 
motor, transmission drive, piping and valves.

II. Literature Survey
“Experimental Investigation of Thermoforming Carbon 
Fibre-Reinforced Polyphenylene Sulphide Composites” Mark 
Price et.,al (2015) [1] investigated Pre-consolidated carbon fiber-
reinforced polyphenylene sulphide (CF/PPS) laminates were 
thermoformed into V-shaped parts via designed out of autoclave 
thermoforming experiments. The different processing conditions 
tested in the experiment have resulted in final part angles whose 
differences ranged from 2.087 to 3.431° from the original mold 
angle. The test results show that processing conditions influenced 
finished part dimensions as the final sample angles were found to 
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decrease relative to the tooling dimensions, as mold temperature 
increases. Higher mold temperature conditions produce thinner 
parts due to the thermal expansion of mold tools. The mold 
temperature of 170°C, which can produce parts with high degree of 
crystallinity as well as small size of crystal, has been established as 
the optimal thermoforming condition for CF/PPS composites.

“Performances & Structure Changes Of Neat Pps & Ti-Sio2-
Modified Pps After Over Temperature Oxidation” Jianjun Lu 
et.al., (2014) [2] discussed Neat polyphenylene sulfide (PPS) fiber 
and nano titanium-silicon dioxide-modified PPS fibers (A-PPS) 
were submitted to an over-temperature in air environment at 200, 
220, and 240°C for 24, 192, and 360 h, respectively. Molecular 
and supramolecular structures were characterized by differential 
scanning calorimetry, X-ray diffraction, Fourier transform 
infrared spectroscopy, and X-ray photoelectron spectroscopy 
(XPS). The outside color of the PPS fibers turned yellow and the 
mechanical properties were reduced after over-temperature, but 
the performances of the A-PPS fibers were better than that of the 
neat PPS fibers. The analyses of the molecular and supramolecular 
structures showed that the temperatures of 200 and 220°C could 
not change the crystalline form but could increase the crystallinity 
of the PPS fibers. 

The crystallization temperature high-shifted and the crystallization 
FWHM increased after over-temperature. More significant changes 
at 240°C could be observed such as breaking of the macromolecular 
chains, mutual cross-linking, and increase of the melting enthalpy 
to a higher value than the complete crystallization enthalpy of PPS. 
Cross-linking between the benzene rings and oxidation of the S 
atoms did not change the PPS crystalline form but decreased the 
lattice constant. XPS spectra showed that the cross-linking and 
oxidation of the S atoms of the PPS fibers mainly came from the 
breaking of the C–S–C bonds, while the break ratio of the C–S–C 
bonds was relatively smaller in the case of the A-PPS fibers.

“Cfd Analysis Of A Mixed Flow Pump Impeller”, A. Manivannan 
et.al., (2012) [4] discussed To improve the efficiency of mixed 
flow pump, Computational Fluid Dynamics (CFD) analysis is one 
of the advanced tools used in the pump industry. A detailed CFD 
analysis was done to predict the flow pattern inside the impeller 
which is an active pump component. From the results of CFD 
analysis, the velocity and pressure in the outlet of the impeller is 
predicted. CFD analyses are done using Star CCM software. 

The calculated value of efficiency from the empirical relations is 
55%. The optimum inlet and outlet vane angles are calculated for 
the existing impeller by using the empirical relations. The CAD 
models of the mixed flow impeller with optimum inlet and outlet 
angles are modeled using CAD modeling software Pro-E WF3. 
Three CAD models are modeled with the vane angles between 
existing and optimum values. 

These models are analyzed individually to find the performance of 
the impeller. In the first case, outlet angle is increased by 5°. From 
the outlet flow conditions, obtained from the CFD analysis, it is 
evident that the reduced outlet recirculation and flow separation 
cause the improved efficiency.

By changing the outlet angle the efficiency of the impeller is 
improved to 59%. In the second case inlet angle is decreased by 
10%. 

The efficiency of the impeller in this case is 61%. From this 
analysis it is understood that the changes in the inlet vane angle did 
not change the efficiency of the impeller as much as the changes 
in outlet angle. 

In the third case, impeller with optimum vane angles is analyzed 
and the outlet flow conditions are predicted. From the CFD 
analysis the efficiency of the impeller with optimum vane angles 
is calculated as 65%. Thus, efficiency of the mixed flow impeller 
is improved by 18.18% by changing the inlet and outlet vane 
angles. 

“Failure Analysis of the Impeller of a Slurry Pump Subjected 
to Corrosive Wear”,

Fan Aiming, et.al., (2005) [6] found that under the service 
conditions of the wet phosphoric acid process in the Yunnan 
Phosphate Fertilizer Plant the erosive wear attack is the primary 
cause for the failure of a slurry pump impeller. The abrasion action 
accelerates the corrosion which also promotes wear process again. 
The erosion level of an impeller is dependent on the flow velocity 
and abrasive concentration on each area of the impeller. 

The corrosion resistance of materials is dependent not only on their 
corrosion resistance but also considerably on their wear resistance. 
With a prerequisite of appropriate corrosion resistance, increasing 
the wear resistance of a material is an essential means to prolong 
the service life of an impeller.

“Erosion Corrosion Of Pump Impeller Of Cyclic Cooling 
Water System”, S. Ariely, et.al.,(2004) [7] found that two of four 
cyclic cooling water pump impeller blades failed by impingement 
erosion corrosion.  In both blades open shrinkage defects were 
found. Those defects were filled by weld followed by grinding. 
Probably, welds quality was not sufficient. 

As a result, blade surfaces were defected causing local irregular 
flow regime and preferred impingement of the welded material. 
The impingement bubbles were filled by TT vapors that, due to 
the relative low pressure, decomposed. 

One of decomposition products was ammonia, which caused the 
preferred corrosion of copper. The open shrinkage defects were 
exposed resulting in material removed by impingement erosion 
corrosion process leading to the final failure of the impeller.

General Pump Impeller Failures
Failure of a bronze impeller due to a casting defect.1. 
Fragmentation of a 316 impeller due to a casting defect2. 
Coating failure on an impeller wear ring3. 
Pump failure due to cavitation4. 
Wear and abrasion failures5. 

III. Objective
The main objective of this project is to analyze the impeller made of 
Polyphenylene Sulphide and grey cast iron. Since polyphenylene 
sulphide is an excellent

Corrosion and erosion resistant• 
Weight less• 
Does not react with corrosive acids• 



IJRMET Vol. 7, IssuE 2, May - ocT 2017  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 172   INterNatIONal JOurNal Of reSearch IN MechaNIcal eNgINeerINg & techNOlOgy

IV. Experimental Procedure & Methodology
General problems that occur in metal impeller are: 

Corrosion• 
Dealloying• 
Cavitation• 
Reaction with other metals • 

So a material should be chosen which would overcome such 
defects. These defects are taken from pump impeller failure by                            
A. VanBennekom (2014)

Properties of Cast Iron
S.No Properties Cast Iron
1 Density 7.2 g/cm3

2 Melting Temperature 1150~1200 °C
3 Tensile Strength 200 N/mm2

4 Coefficient of Friction 1.1 ~ 1.2  
5 Rockwell Hardness 140 to 260 BHN
6 Thermal Conductivity 27 to 46 W/mK
7 Dielectric Constant --  
8 Surface Resistivity 100 XE -8 ohms

Properties of Polyphenylene Sulphide (PPS)

S. No Properties Poly Phenylene Sulphide 
(Pps) 

1 Density 1.35 g/cm3

2 Melting Temperature 285 °C

3 Tensile Strength 40 to175 N/mm2

4 Coefficient of Friction 0.09 to 0.4  

5 Rockwell Hardness 92 to 126 BHN

6 Thermal Conductivity 0.3  to 20 W/mK

7 Dielectric Constant 3 to 3.05  

8 Surface Resistivity 6 to 2.5xE15 ohms

Benefits of PPS Material
Outstanding chemical resistance.1. 
Resistance to hot water and steam.2. 
Strong and stiff.3. 
Can be used at elevated temperatures.4. 
Bearing grade has excellent wear characteristic.5. 
Good dimensional stability.6. 
Low moisture absorption.7. 
Low thermal expansion.8. 
High dielectric strength.9. 

Experimental Procedure Reason For Using CFD
Numerical simulations of fluid flow will enable Architects to 
design comfortable and safe living environments. Designers of 
vehicles to improve the aerodynamic characteristics. Chemical 
engineers to maximize the yield from their equipment. Petroleum 
engineers to devise optimal oil recovery strategies. Surgeons to 
cure arterial diseases (computational thermodynamics).

Meteorologists to forecast the weather and warn of natural 
disasters. Safety experts to reduce health risks from radiation 

and other hazards. Military organizations to develop weapons 
and estimate the damage CFD practitioners to make big bucks 
by selling colorful pictures

CFD Analysis Process
Problem statement information about the flow• 
Mathematical model IBVP = PDE + IC + BC• 
Mesh generation nodes/cells, time instants• 
Space Discretization coupled ODE/DAE systems• 
Time Discretization algebraic system Ax = b• 
Iterative solver discrete function values• 
CFD software implementation, debugging• 
Simulation run parameters, stopping criteria• 
Post processing visualization, analysis of data• 
Verification model validation / adjustment• 

Postprocessing and Analysis
Post processing of the simulation results is performed in order 
to extract the desired information from the computed flow field. 
Calculation of derived quantities (stream function, vortices) 
Calculation of integral parameters (lift, drag, total mass) 
Visualization (representation of numbers as images)

1D data: function values connected by straight lines• 
2D data: streamlines, contour levels, color diagrams• 
3D data: cut lines, cut planes, iso surfaces, iso volumes• 

Arrow plots particle tracing, animations . . .
Systematic data analysis by means of statistical tools. Debugging, 
verification, and validation of the CFD model.

Ansys Procedure
In general, a finite element solution may be broken into the 
following 3 stages.

Preprocessing: defining the problem; the major steps in 1. 
preprocessing are 
Define key points/lines/areas/volumes (Solid Modeling)• 
Define element type and material/geometric properties• 
Mesh lines/areas/volumes as required• 
Solution: assigning loads, constraints and solving;2. 
Apply Specify constraints (translational and rotational)• 
Finally solve the problem.• 
Post processing: further processing and viewing of the 3. 
results;
Lists of nodal displacements and show the deformation• 
Element forces and moments• 
Stress/strain contour diagrams the loads (point or • 
pressure).

V. Design & Analysis

A. Design Calculations
Assumed specified condition;
Flow rate, Q = 0.0125  /s       
Head, H = 10 m
Pump speed, n = 1450 rpm
Gravitational acceleration, g = 9.81 m /

Density of water, ρ = 1000 kg /
Solution

Step-1
Specific speed
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Ns = 3.65 n  /H
= 3.65*1450* /10
   Ns = 105.22 rpm
Step-2
Shaft diameter

 Ds =ko
    Ds = 0.092m
Step-3
Inlet diameter of impeller

 D1= 1.13*ko*
   D1 = 0.149m
Step-4
Outlet diameter of impeller
 D2 = 19.29( )^2/6 *
    D2 = 0.187m
Step-5
Vane width of the impeller

 b = 0.78*[ ]^1/3*[
    b = 0.0163m
Step-6
Inlet blade angle of impeller
 tan  = 
     = 18o

Outlet angle of impeller is assumed 37o

Step-7
Blade number

 Z = 6.5* 

   Z = 8

Impeller Specification
Table: Impeller Specification
Inner Diameter of impeller (D1)   0.149m
Outer Diameter of impeller (D2) 0.187m
Speed of the impeller in r.p.m 1450
Vane angle at inlet 18˚
Vane angle at outlet 37˚
Number of vanes (Z) 8
Design head 10m

Solid works 3d Model Of Impeller

Locations Boundary Conditions
INLET 32465.7 Pa(0.32 bar )

OUTLET 0 Pa (static pressure)
Wheel 1450 rpm

Other walls No slip
fluid water at room temp values

Mesh Details
Number of tetrahedral 1621059

Number of prisms 156743
Number of pyramids 780

VI. Result and Discussion
Analysis Output Report of Grey Cast Iron
The Deformation in X,Y & Z Axis of the Cast Iron Impeller as 
follows

 Description Deformation of Cast Iron 
X  (mm) 0.0216 mm
Y  (mm) 0.0028 mm
Z  (mm) 0.02 mm

The following Figures Shows the Deformation of cast iron Impeller 
in X,Y & Z directions respectively.

Deformation in X - AXIS

Deformation in Y – AXIS
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Deformation in Z – AXIS

The max. stress induced in the cast iron impeller is 8.45 Mpa.

Stresses in Cast Iron

Analysis Output Report of Polyphenylene Sulphide
The Deformation in X,Y & Z Axis of the Polyphenylene Sulphide 
(PPS) Impeller is as follows
Description Deformation of PPS Impeller 
X  (mm) 0.513 mm
Y  (mm) 0.26 mm
Z  (mm) 0.378 mm

The following Figures Shows the Deformation of Polyphenylene 
Sulphide Impeller in X,Y & Z directions respectively.

Deformation in X - AXIS

Deformation in Y – AXIS

Deformation in Z – AXIS

The max. Stress induced in the Polyphenylene sulphide impeller 
is 7.68 Mpa.

Stresses in PPS

VIII. Conclusion
Thus the impeller is analyzed and found that the stresses are 
slightly less in case of polyphenylene sulphide when compared 
to cast iron. Even deformation slightly higher with polyphenylene 
sulphide can be used in applications ranging less than 0.3 bar.   So 
the applications are domestic house hold purpose like filling of 
water tank and watering of garden plants.

IX. Scope for Further Study
In future  the same polyphenylene sulphide  material which  is 
also  available as glass fiber and bearing grade material  can also 
be  analyzed on the basis of their properties and also  varying the 
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design of  blade angles which  may give a better result than what 
is obtained now.
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