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Abstract— In this study, dynamic analysis of an impeller 

with load on each paddle was performed by using FEM. The 

commercial finite element package ANSYS version 14.5 

was used for the solution of the problem.   An impeller is a 

rotating component of a pump, made of gun metal 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 

optimization of impeller angle of 350, 400 and 450, taking 

into consideration of forces acting on each paddle of the 

impeller, the deformation, strain and stress are tabulated. 

And here we are studying about the impeller as well as 

developing our skills in software like Creo and Ansys. 
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I. INTRODUCTION 

A. Impellers in Pumps 

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 the gearbox from an electric motor, 

combustion engine or by steam driven turbine. 

The rotor usually names both the spindle and the impeller 

when they are mounted by bolts. 

B. Types of Impellers 

 Open 

 Semi-open 

 Closed or shrouded 

1) Centrifugal Compressors 

The main part of a centrifugal compressor is the impeller. 

An open impeller has no cover, therefore it can work at 

higher speeds. A compressor with a covered impeller can 

have more stages than one that has an open impeller. 

2) Water Jets 

Some impellers are similar to small propellers but without 

the large blades. Among other uses, they are used in water 

jets to power high speed boats. 

Since impellers have no large blades to turn, they 

can spin at much higher speeds than propellers. The water 

forced through the impeller is channelled by the housing, 

creating a water jet that propels the vessel forward. The 

housing is normally tapered into a nozzle to increase the 

speed of the water, which also creates a Ventured  in which 

low pressure behind the impeller pulls more water towards 

the blades, tending to increase the speed. 

To work efficiently, there must be a close fit 

between the impeller and the housing. The housing is 

normally fitted with a replaceable wear ring which tends to 

wear as sand or other particles are thrown against the 

housing side by the impeller. 

Vessels using impellers are normally steered by 

changing the direction of the water jet. 

Impellers in agitated tanks are used to mix fluids or 

slurry in the tank. This can be used to combine materials in 

the form of solids, liquids and gas. Mixing the fluids in a 

tank is very important if there are gradients in conditions 

such as temperature or concentration. 

There are two types of impellers, depending on the flow 

regime created (see figure): 

1) Axial flow impeller 

2) Radial flow impeller 

Radial flow impellers impose essentially shear 

stress to the fluid, and are used, for example, to mix 

immiscible liquids or in general when there is a 

deformable interface to break. Another application of radial 

flow impellers are the mixing of very viscous fluids. 

Axial flow impellers impose essentially bulk 

motion, and are used on homogenization processes, in which 

increased fluid volumetric flow rate is important. 

Impellers can be further classified principally into three sub-

types 

1) Propellers 

2) Paddles 

3) Turbines 

3) Radial flow impellers (low speed numbers) 

They should be specified for high head and low flow 

conditions. 

 They seldom exceed 6 inches (150 mm) in diameter and 

run at the higher motor speeds 

 The casing is normally concentric with the impeller as 

opposed to the volute type casings normally found in 

the industry.. 

 These impellers exhibit a flat head/capacity curve from 

shut off to about 75% of their best efficiency and then 

the curve falls off sharply. 

 Radial flow impellers are normally started with a 

discharge valve shut to save start up power. 

4) Axial flow impellers (high speed numbers) 

 They run at the highest efficiency 

 They have the lowest NPSH requirement. 
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 They require the highest power requirement at shut off, 

so they are normally started with the discharge valve 

open. 

5) Impellers can be manufactured from a variety of 

materials 

We would like a combination of a hard material to resist 

wear and a corrosion resistant material to insure long life. 

This is often a conflict in terms because when we heat treat 

a metal to get the hardness we need, we lose corrosion 

resistance. The softer metals can have corrosion resistance, 

but they lack the hardness we need for long wear life. The 

best materials that combine these features are called the 

"Duplex Metals". These duplex materials are now in their 

second generation. They can be identified by letters and 

numbers such as Cd4MCu. If a new impeller is required 

because of cavitation, the new design should incorporate 

those features we have learned that will increase impeller 

performance: 

 The use of large fillets where the vanes join the shrouds 

to lessen stress. 

 Investment castings so that I can design in the 

compound curves that produce less wear. 

 The latest design iteration to help reduce radial thrust. 

 Sharpened leading edges of the vanes to reduce losses. 

 A reduction of shroud to cutwater clearance to lessen 

internal recirculation. 

 A conversion to the newer duplex metals. 

6) Impellers can be designed for a variety of applications 

The ideal impeller would have an infinite number of vanes 

of an infinitesimal size. The conventional impeller design 

with sharp vane edges and restricted areas is not suitable for 

handling liquids that contain rags, stringy materials and 

solids like sewage because it will clog. Special non-clogging 

impellers with blunt edges and large water ways have been 

developed for these services. Paper pulp impellers are fully 

open and non-clogging. The screw conveyer end projects far 

into the suction nozzle permitting the pump to handle high 

consistency paper pulp stock. Vortex pump designs have 

recessed impellers that pump the solids by creating a vortex 

(whirl pool effect) in the volute and the solids move without 

ever coming into contact with the impeller. We pay for this 

feature with a greater loss of pump efficiency. An axial flow 

impeller called an Inducer (it works like a booster pump) 

can be placed ahead of the regular pump impeller, on the 

same shaft, to increase the suction pressure and lessen the 

chance of cavitations. In some instances this can allow the 

pump to operate at a higher speed with a given NPSH. The 

inducer will contribute less than 5% of the total pumps head, 

and although low in efficiency the total efficiency of the 

pump is not reduced significantly. The total reduction in 

NPSH required can be as much as 50%. People often inquire 

about forward curved vanes. Tests have shown: 

 Both the capacity and efficiency were reduced. 

 There was a slight increase in head. 

 The impeller exhibited unstable characteristics at the 

low end of capacity range. 

 The impeller exhibited steep characteristics at high end 

of the range. 

 Increasing the number of vanes tends to flatten out the 

curve and steady the flow. 

Impellers can be single or double suction designs. Because 

an over hung, single suction impeller does not require an 

extension of the shaft into the impeller eye it is preferred for 

applications handling solids like sewage. The suction eye is 

defined as the inlet of the impeller just before the section 

where the vanes start. In a closed impeller pump the suction 

eye is taken as the smallest inside diameter of the shroud. Be 

sure to deduct the impeller shaft hub to determine the area. 

Double suction pumps lower the NPSH required by about 

forty percent. Most double suction impellers are constructed 

so that the stuffing box is at suction pressure. This causes us 

to lose the advantage of suction recirculation to prevent seal 

failure when handling solids. We are going to have to flush 

many of these seals with a clean, compatible liquid that will 

dilute our product to some degree. Looking at the axial 

thrust in single stage pumps, the axial thrust generated is 

higher than in closed impellers because of the hub. Pump 

out vanes and balance holes are a common solution to this 

problem. A mechanical seal can add to this axial thrust. The 

amount is dependent upon the design of the seal. Balanced 

designs create less thrust. Balancing holes are not desirable 

with closed impellers because leakage back to the impeller 

inlet opposes the main flow creating disturbances. A piped 

connection to the pump suction can replace the balance 

holes.  

Theoretically there shouldn't be any thrust in a 

double suction closed impeller. An elbow with the inlet 

piping running parallel to the shaft will cause an uneven 

flow into the impeller eyes. This uneven flow will cause 

thrusting of the impeller in one direction depending upon the 

flow difference. The eye is taken as the smallest inside 

diameter of the shroud. Remember to deduct the area 

occupied by the impeller hub. The two sides of the discharge 

casing may not be symmetrical causing an axial thrust. 

Unequal leakage through both sets of packing can upset the 

axial balance. Leaking seals can do the same thing. 

Impellers can be cut down to keep the application close to 

the pumps best efficiency point.  Theoretically up to twenty 

five percent of an impeller diameter can be removed, but 

any time we remove more than ten percent of the maximum 

impeller diameter the affinity laws are no longer accurate 

because of slippage between the impeller outside diameter 

and the pump volute. Changing the impeller diameter 

changes the head, capacity and power requirements. The 

capacity can be increased by under filing the vane tips, but 

the discharge head and the power requirement will 

automatically adjust to the values where the pump curve 

intersects the system curve. If I intend to cut down the 

impeller diameter, the impeller should be cut down in at 

least two steps and tested after each step. After cutting down 

the impeller diameter the discharge vanes should be 

reshaped to a long gradual taper to increase the pumps 

performance. Chamfering or rounding the discharge tips will 

frequently increase the losses and should never is done.  

Over filing is removing metal from the leading 

edge of the blade. This seldom produces any increase in the 

vane spacing and produces a negligible change in pump 

performance. Under filing is removing metal from the 

trailing edge of the blade. If properly done it will increase 

the vane spacing and can increase the capacity by as much 

as ten percent 

http://www.mcnallyinstitute.com/01-html/1-3.html
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II. LITERATURE SURVEY 

Karthik Matta, Kode Srividya and Inturi Prakash (2014), 

investigate the static and dynamic response of an impeller at 

varying effects. Nowadays, centrifugal pumps have many 

applications in industrial fields like chemical industry, 

petroleum industry, pharmaceutical industry as well as space 

technology. Modal analysis is performed on both Aluminum 

and composite centrifugal blower impeller to find out first 5 

natural frequencies. The result reveled that if number of 

blades, angle of the blade and outer diameter increases 

stresses and deformations also increases all are in allowable 

limit and we can increases the pressure of exhaust air. In 

case of varying the speeds the stresses of the composite are 

within the limits and are less when compared with 

aluminium, where the deformations are less for aluminium 

compared to glass epoxy. Total analysis results compares 

and found that composite materials are having less 

deformation and stresses.  

Jie Jin (2012), the hydraulic model of GSB20380 

type centrifugal pump have designed and developed with 

ultralow specific-speed. The centrifugal pump is to be 

developed gradually for this particular condition of ultra-low 

specific-speed. In this speed of the pump is much higher and 

flow rate is much lower. They have studied for specific 

speed less than 30. The main design parameters to be 

concentrated of volute part include base diameter, volute 

width, vane setting angle of the volute tongue, area of throat. 

A Syam Prasad, et.al., (2013), investigates the 

static and dynamic analysis of a centrifugal pump impeller. 

Today alloys are routinely used in such diverse applications 

as automobiles, aircraft, space vehicles, offshore structures, 

containers and piping, sporting goods, electronics, and 

appliances. This paper deals with the static and dynamic 

analysis of a centrifugal pump impeller which is made of 

three different alloy materials (viz., Inconel alloy 740, 

Incoloy alloy 803, Warpaloy) to estimate its performance. A 

structural analysis has been carried out to investigate the 

stresses, strains and displacements of the impeller and modal 

analysis has been carried out to investigate the frequency 

and deflection of the impeller. An attempt is also made to 

suggest the best alloy for an impeller of a centrifugal pump 

by comparing the results obtained for three different alloys. 

The result reveled that compared to other materials like 

Incoloy alloy 803 and Warpaloy. So, the best suggested 

material for the design of impeller is Inconel alloy 740. The 

boundary conditions for area and speed calculation are 

uniform. The solid wall boundary condition is thermal 

insulation and impeller is rotating boundary. Thus by using 

CFD simulation hydraulic model is developed with head and 

efficiency higher than similar product performance. 

Wen-Guang LI (2011), the key components like 

impeller or casing of the centrifugal pump can be redesigned 

by using the inverse design with singularity method. A cubic 

Bezier curve was established to express mathematically 

density function of bound vortex intensity along the blade 

camber line so as to get the smooth as well as loading 

carefully controlled blade. The pressure difference and 

loading coefficient across blade in the original impeller is 

higher compared to the redesigned impeller. So, by using 

this approach CFD results confirmed that the impeller 

hydraulic efficiency was improved by 5%.  

Abdulkadir Aman (2011), the performance of the 

centrifugal pump to be tested against the complex internal 

flow was predicted with the help of Computational Fluid 

Dynamics (CFD). The standard k-€ turbulence model and 

SIMPLEC algorithm were chosen for performance 

prediction. Fundamental equation of fluid dynamics was 

organized in two reference frames, stationary and rotating 

reference frames. The contour and vector plot of pressure 

and velocity distributions in flow passage are displayed. The 

simulation results for flow rate and head are compared with 

analytical formulae. It is concluded that flow pattern of 

centrifugal pump can be described well with moving 

reference frame and turbulence model. 

Krishnan V (2011), centrifugal pumps are having 

wide applications in mining industry, chemical industry, 

metallurgical operations and coal industry and so on. In 

typical slurries, solid particles have a range of diameters and 

concentration depending on the type of slurry for a 

particular application. Mixture k-€turbulence model is used 

for modeling turbulence. Validation of present predictions is 

carried out by comparing with experimental data and with 

published numerical results. The results of velocity and 

concentration distribution are verified against rigorous mesh 

independence. Results in the case pump casing are validated 

with FEM based numerical results. 

H.Safikhani (2011), the centrifugal pumps are 

group of turbo machines which are used in the large scales 

in the industries. The main objective design of centrifugal 

pump becomes to increase the efficiency and at the same 

time decrease of Net Positive Suction Head (NPSH). To 

work out for such case centrifugal pumps are numerically 

investigated using Numeca software. Genetically optimized 

Group Method of Data Handling (GMDH) type neural 

networks are used to obtain polynomial models for the 

effects of geometrical parameters of the pump on both 

efficiency and NPSH. Such an approach of meta-modeling 

of those CFD result allows for iterative optimization 

techniques to design optimally. Thus, simple polynomial 

models used in a Pareto based multi-objective optimization 

approach to find the best possible combinations of 

efficiency and Net Positive Suction Head (NPSH). 

E.C.Bacharoudis (2008), the shrouded impellers 

with outlet blade angle 20 deg, 30 deg and 50 deg 

respectively were designed and performance is predicted. As 

the outlet blade angle increases the performance curve 

becomes smoother and flatter for the whole range of flow 

rates. When pump operates at nominal capacity, the gain in 

the head is more than 6% but decrease of hydraulic 

efficiency by 5 %. Moreover, at high flow rates, the increase 

of outlet blade angle causes a significant improvement of 

hydraulic efficiency. The minimum radial forces or pressure 

for that case were calculated near the best efficiency point 

(BEP) as expected. The same trend is observed for the other 

two impellers with outlet blade angle β2=30 and 50 deg. It is 

remarkable the shift of the minimum radial force to higher 

flow rates. 

V.S.Kadam (2011), with the aid of computational 

fluid dynamics, the complex internal flow in horizontal split 

case pump can be well predicted thus facilitating the design 

of pump. The diameter of impeller, as well as modification 

in Volute design with the help of CFD design gives better 

efficiency. 
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III. DESIGNING AND MODELLING 

A. Introduction to CREO 

CREO, PTC's parametric, integrated 3D CAD/CAM/CAE 

solution, is used by discrete manufacturers for mechanical 

engineering, design and manufacturing. Created by Dr. 

Samuel P. Geisberg in the mid-1980s, CREO was the 

industry's first successful parametric, 3D CAD modeling 

system. Companies use CREO to create a complete 3D 

digital model of their products. The models consist of 2D 

and 3D solid model data which can also be used 

downstream in finite element analysis, rapid prototyping, 

tooling design, and CNC manufacturing. All data is 

associative and interchangeable between the CAD, CAE and 

CAM modules without conversion. A product and its entire 

bill of materials (BOM) can be modeled accurately with 

fully associative engineering drawings, and revision control 

information. The associativity in CREO enables users to 

make changes in the design at any time during the product 

development process and automatically update downstream 

deliverables. 

B. Modelling Commands used in CREO 

1) Create the Working Directory 

 First create the working directory to save the all model 

in one folder 

 File – set working directory – selects the required folder 

– ok. 

2) SKETCH  

This command is used to create the new sketch like circle, 

line, rectangle, ellipse, etc; The Creo window selects the 

sketch icon and selects the plane or surface want to sketch as 

shown in Fig 3.1. 

 
Fig. 3.1: Pump Impeller drawing 

3) Circle  

This command is used to create the circle. Create circle by 

picking the center point and a point on the circle from Right 

Tool chest. Pick the origin for the circle’s center - pick a 

point on the circle’s edge- click the middle mouse button – 

ok. Fig 3.2 shows the basic sketch for impeller design. 

 
Fig. 3.2: Basic sketch 

4) ELLIPSE  

This command is used to create the ellipse. Create ellipse by 

picking the center point and a minor radius point and major 

radius point, the minor and major radius of the ellipse is 

vertical and horizontal direction depend upon the shape of 

ellipse we want. Select the ellipse icon from right tool chest- 

Pick the center for the ellipse – pick the minor radius of 

ellipse point and pick the major radius of the ellipse- click 

the middle mouse button – ok 

5) LINE 

This command is used to create the line. Create the line by 

start point and end point. Select the line icon from the right 

Tool chest – click the start point of the line – click the end 

point of the circle -enter 

6) ARC 

This command is used to create the arc. Create the arc by 

using three points. The three points are start point, end point 

and center point of the arc. Select the arc icon from the right 

Tool chest – click the start point of the arc – click the end 

point of the arc and click the middle point of the arc –enter.  

The dimension of the arc is modified by double click on the 

arc then the dimension will appear in the pop up box, and 

then provide the value of the arc. 

7) CREATE THE HEXAGON  

The hexagon is created by insert foreign data icon in the 

Right Tool chest. Insert foreign data from Palette into active 

object - scroll down to see the hexagon - double-click 

hexagon- Place the hexagon on the sketch by picking a 

position - with the left mouse button, drag and drop the 

center of the hexagon at the origin - modify Scale value to 

the required size – click enter 

8) RECTANGLE  

This command is used to create the rectangle and square. 

Click the rectangle icon in the right Tool chest – click the 

lower left point of the rectangle and higher right corner of 

the rectangle we want to draw. After drawing the rectangle 

the dimension of the rectangle is provided by the pick the 

dimension command from the dimension icon in the right 

tool chest of the Creo software. 

9) DIMENSION  

This command is used to provide the dimension of the 

sketched entities the entities may be circle, line, rectangle, 

ellipse, etc. The dimension is provide to the sketch by select 

the dimension icon from the right tool chest then select the 

sketched entities and press the middle mouse button to finish 

the dimensioning. To change the dimension of the sketched 

entities by just double clicks the dimension line of created 

sketch. 
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10) EXTRUDE   

This command is used to create the material (to make 3D 

object from 2D sketch) from the sketched entities. The 

entities may be circle, line or rectangle, etc. Select the 

extrude icon from the right tool chest then select the 

sketched part in the window, enter the extrude length and 

press the middle mouse button to finish the extrude 

command. The extrude command is used to extrude the 

previous sketch and hence the plate is designed shown in 

Fig 3.3 and Supporting part is also designed with the help of 

extrude command shown in Fig 3.4. 

 
Fig. 3.3: Base plate creation using extrude 

 
Fig. 3.4: Supporting part creation 

11) REVOLVE  

This command is used to create the material from taking the 

one axis and sketched entities. The axis is the center of the 

revolved part. The revolve angle should between 0 degree to 

360 degree. Select the revolve icon from the right tool chest 

then select the sketched part and axis of the object in the 

graphical window, enter the revolve angle and press the 

middle mouse button to finish the extrude command. 

12) SWEEP FEATURES 

The Sweep option extrudes a section along a defined 

trajectory. The order of operation is to first create a 

trajectory and then a section. A trajectory is a path along 

which a section is swept. The trajectory for a sweep feature 

can be sketched or selected. The Sweep option of protrusion 

is similar to the Extrude option. The only difference is that 

in the case of the Extrude option, the feature is extruded in a 

direction normal to the sketching plane, but in the case of 

the Sweep option, the section is swept along the sketched or 

selected trajectory. The trajectory can be open or closed. 

Normal sketching tools are used for sketching the trajectory. 

The cross-section of the swept feature remains constant 

throughout the sweep. The swept blend command is used to 

extrude the previous sketch and hence the blade is designed 

shown in fig 3.5. 

 
Fig. 3.5: Blade created by swept feature 

13) PATTERN FEATURE 

The blades are arranged on the base plate by using the axis 

pattern feature. In this axis pattern the multiple copy of 

blade is created and arranged over the 360 degree. The 

previously extruded part is then patterned with the help of 

pattern command shown in fig 3.5, 3.6 and 3.7.  

 
Fig. 3.6: Multiple copies using pattern feature 
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350                                 400                                  450 

Fig. 3.7: Blade at angle 300, 400   and 450 

IV. ANALYSIS 

A. Introduction to ANSYS 

ANSYS is an engineering simulation software provider 

founded by software engineer John Swanson. It develops 

general-purpose finite element analysis and computational 

fluid dynamics software. While ANSYS has developed a 

range of computer-aided engineering (CAE) products, it is 

perhaps best known for its ANSYS Mechanical and ANSYS 

Multiphysics products.  

ANSYS, Inc. acquired the CFX computational 

fluid dynamics code in 2003 and Fluent, Inc. in 2006. The 

CFD packages from ANSYS are used for engineering 

simulations. In 2008, ANSYS acquired Ansoft Corporation, 

a leading developer of high-performance electronic design 

automation (EDA) software, and added a suite of products 

designed to simulate high-performance electronics designs 

found in mobile communication and Internet devices, 

broadband networking components and systems, integrated 

circuits, printed circuit boards, and electromechanical 

systems. The acquisition allowed ANSYS to address the 

continuing convergence of the mechanical and electrical 

worlds across a whole range of industry sectors. 

B. Introduction to FEA 

FEA consists of a computer model of a material or design 

that is stressed and analyzed for specific results. It is used in 

new product design, and existing product refinement. A 

company is able to verify a proposed design will be able to 

perform to the client's specifications prior to manufacturing 

or construction. Modifying an existing product or structure 

is utilized to qualify the product or structure for a new 

service condition. In case of structural failure, FEA may be 

used to help determine the design modifications to meet the 

new condition.  

There are generally two types of analysis that are 

used in industry: 2-D modeling, and 3-D modeling. While 2-

D modeling conserves simplicity and allows the analysis to 

be run on a relatively normal computer, it tends to yield less 

accurate results. 3-D modeling, however, produces more 

accurate results while sacrificing the ability to run on all but 

the fastest computers effectively. Within each of these 

modeling schemes, the programmer can insert numerous 

algorithms (functions) which may make the system behave 

linearly or non-linearly. Linear systems are far less complex 

and generally do not take into account plastic deformation. 

Non-linear systems do account for plastic deformation, and 

many also are capable of testing a material all the way to 

fracture. 

C. MATERIAL PROPERTIES 

1) GUNMETAL 

Gunmetal is also known as red brass in the United States. It 

is a type of bronze – an alloy of copper (88%), tin (10%), 

and zinc (2%). Originally used chiefly for making guns, 

gunmetal was eventually superseded by steel. Gunmetal 

casts and machines well and is resistant to corrosion from 

steam and salt water and is used to make steam and 

hydraulic castings, valves, and gears, and also statues and 

various small objects, 

Density (kg mm^-3) 8.719e-006 

Young's Modulus (MPa) 1.03e+005 

Poisson's Ratio 0.36 

Bulk Modulus (MPa) 1.2262e+005 

Shear Modulus (MPa) 37868 

D. MESHING            

Elements can have straight or curved edges. Each node has 

three unknowns, namely, the translations in the three global 

directions. The process of subdividing the part into small 

pieces (elements) is called meshing. In general, smaller 

elements give more accurate results but require more 

computer resources and time. Ansys suggests a global 

element size and tolerance for meshing. The size is only an 

average value, actual element sizes may vary from one 

location to another depending on geometry. It is 

recommended to use the default settings of meshing for the 

initial run. For a more accurate solution, use a smaller 

element size. Tetrahedral 8 node element is used for 

meshing. The geometry view of an impeller in ansys 

workbench is shown Fig 4.1. The mesh view of an impeller 

in ansys workbench is shown in Fig 4.2. 

 
Fig 4.1 Geometry View Of Impeller in Ansys Workbench 

 
Fig.4.2 Mesh View of Impeller in Ansys Workbench 
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E. Analysis Procedure 

 The 3D model of the impeller 3D model is converted as 

iges format through the CROE software 

 The IGES (International Graphic Exchange 

Specification) format is suitable to import in the 

ANSYS Workbench for analyzing 

 Open the ANSYS workbench 

 Create new geometry 

 File – import external geometry file – generate 

 Project – new mesh  

 Defaults – physical preference – mechanical 

 Advanced – relevance center – fine 

 Advanced – element size – default  

 Right click the mesh in tree view – generate mesh 

 Project – convert to simulation – yes  

 Select the all solid in geometry tree  

 Definition – material – import  

 import – select material – gunmetal 

 New analysis – transient structural 

 Transient structural – right click – insert – fixed support 

 Inner surface of impeller  

 Geometry – apply 

 Transient structural – insert – force – select the faces of 

the each paddle 

 Geometry – apply 

 Magnitude – Incremental step by step values 

 Geometry – apply 

 Solution – insert the total deformation, equivalent stress 

and equivalent strain.  

 Repeat the steps for other three designs. 

 Right click the solution icon in the tree – solve 

 After solve the analysis – take the reading of above 

mentioned items (i.e. total deformation, etc…,) 

 The all results are taken in a picture – and save it to the 

required folder in the system 

 The all readings are tabulated 

 Finally we get the suitable angle to resist the load is 

obtained through this analysis 

F. BOUNDARY CONDITION 

The pump impeller analysed by using following boundary 

condition. Support provided at the surface where the shaft is 

connected, support considered as fixed support. The load of 

750 N is applied at the front surface of the blade. The pump 

impeller is operated at the rotational velocity of 2900 rpm. 

The boundary conditions are shown in the Fig 4.3. 

 
Fig. 4.3: Loads & Support Applied on the Impeller 

V. RESULTS AND DISCUSSION 

A. Results for 35 Degrees 

 
Fig. 5.1: Total deformation of Impeller at angle 35 degree 

 
Fig. 5.2: Von mises strain of Impeller at angle 35 degree 

 
Fig. 5.3: Von mises stress of Impeller at angle 35 degree 

B. Results for 40 Degrees 

 
Fig. 5.4: Total deformation of Impeller at angle 40 degree 

 
Fig. 5.5: Von mises strain of Impeller at angle 40 degree 
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Fig 5.6 Von mises stress of Impeller at angle 40 degree 

C. RESULTS FOR 45 DEGREES 

 
Fig 5.7 Total deformation of Impeller at angle 45 degree 

 
Fig. 5.8: Von mises strain of Impeller at angle 45 degre 

 
Fig. 5.9: Von mises stress of Impeller at angle 40 degree 

D. TABULATION FOR COMPARISION 

350 DEGREE MIN MAX 

Total deformation (mm) 0 0.06102 

Equivalent Elastic Strain 

(mm/mm) 
5.9199e-8 

1.5555e-

3 

Equivalent stress (MPa) 0.0060975 133.05 

 

400 DEGREE MIN MAX 

Total deformation (mm) 0 0.06029 

Equivalent Elastic Strain 

(mm/mm) 
9.5147e-8 

1.1141e-

3 

Equivalent stress (MPa) 0.0098001 100.6 

 

450 DEGREE MIN MAX 

Total deformation (mm) 0 0.058655 

Equivalent Elastic Strain 

(mm/mm) 
9.3346e-8 

9.7938e-

4 

Equivalent stress (MPa) 0.0096146 97.523 

VI. CONCLUSION  

The project carried out by me will make an impressing mark 

in the field of pump industries. This project we study about 

the impeller. Here we analyzed the impeller using varies 

degrees of impeller paddle. The results such as total 

deformation, equivalent elastic strain and equivalent stress 

for each design are determined. As a result of this project, 

we found that 450 angle has low values of total deformation, 

stress and strain compared to other angles. So we conclude 

that 450 angle can be used for impeller paddle. 

Doing this project we are studied about the 3 D 

modeling software (CREO) and Studied about the analyzing 

software (ANSYS) to develop our basic knowledge to know 

about the industrial design.  
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