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ABSTRACT- The objective of this paper is to 
be design the impeller of a turbocharger for a 
diesel engine to increase its power and efficiency, 
and showing the advantage of designing (six 
blade compressors, twelve blade turbine) of a 
turbocharger. An investigation in to usage of new 
materials is required. In the present work 
impeller was designed with three different 
materials. The investigation can be done by using 
UNIGRAPHICS and ANSYS software. The 
UNIGRAPHICS is used for modeling the 
impeller and analysis is done in ANSYS. ANSYS 
is dedicated finite element package used for 
determining the variation of stresses, strains and 
deformation across profile of the impeller.  
               An attempt has been made to investigate 
the effect of temperature, pressure and induced 
stresses on the impeller. By identifying the true 
design feature, the extended service life and long 
term stability is assured. A structural analysis 
has been carried out to investigate the stresses, 
strains and displacements of the impeller. A 
modal analysis has been carried out to investigate 
the frequency and deflection of the impeller. A 
thermal analysis has been carried out to 
investigate the total heat flux and direction heat 
flux. 
            An attempt is also made to suggest the 
best material for an impeller of a turbocharger 
by comparing the results obtained for the 
different materials (inconel alloy 783, wrought 
aluminum alloy 2219 for turbine impeller). Based 
on the results best material is recommended for 
the impeller of a turbocharger. 
 

I. INTRODUCTION 
 

INTRODUCTION OF DIESEL ENGINE 
            A diesel engine is an internal 

combustion engine. The cycle of the cylinders is the 
same in a diesel engine as it is in a gasoline engine, 
assuming it is a four-stroke engine Aside from the 
fuel type, the major difference between the two 
engines is the combustion itself. A gasoline engine 
uses a spark plug to initiate combustion. A diesel 
engine compresses the air then injects the fuel into 
the cylinder at the top of the stroke. The high 
temperature of the compressed air ignites the fuel. 

The hot gases expand, force the piston down, and 
create a torque on the crankshaft. The final stroke is 
the exhaust stroke, which releases the hot gases into 
the exhaust system. 

 
Figure: Diesel Engine Four-Stroke Cycle 

 
TURBOCHARGER SYSTEM IN A DIESEL 
ENGINE 
The Chevrolet Suburban diesel engine comes with a 
stock turbocharger, the GM8. In order to obtain 
more power from the engine, a new and larger 
turbocharger is being used, the HE351VE (Holset). 
A turbocharger consists of a turbine and a 
compressor connected by a shaft. The turbine 
section is mounted to the exhaust line from the 
engine. The compressor is connected to the turbine 
by a shaft and its outlet is routed to the engine air 
intake. Exhaust gas from the engine enters the 
turbine and expands, performing work on the 
turbine. The turbine spins the shaft connected to the 
compressor. The compressor draws in ambient air 
and compresses it. Figure 2 is a cross-section of a 
turbocharger. Turbocharger systems are measured 
by the amount of pressure the compressor can output 
above ambient. This pressure is commonly called 
boost pressure or boost.2 The target boost pressure 
for the system analyzed in this project is 18 psi. 

 
Figure: turbocharger system in a diesel engine 
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A turbocharger is an air pump – simple as that The 
waste exhaust gas, instead of flowing through the 
exhaust system, is instead used to spin a turbine 
wheel, which in-turn spins a compressor wheel 
attached to other end of the assembly, enabling more 
air to be forced into the engine. 

 
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. 

 
Figure: Impeller blades 

 

II. LITERATURE REVIEW 
 
Andrzej WILK: had published on “Hydraulic 
efficiencies of impeller and pump obtained by 
means of theoretical calculations and laboratory 
measurements for high speed impeller pump with 
open-flow impeller with radial blades”. The article 
discusses the results of measurements of parameters 
of a high speed impeller pump with open-flow 
impeller having radial blades. The method of 
calculating the hydraulic efficiency of the pump and 
an impeller was proposed on basis on laboratory 
measurements. Using the results of measurements of 
pressure in the space around the open-flow impeller 

with radial blades the hydraulic efficiency of pump 
and impeller were calculated. 
Xinqian Zheng and Chuang Ding: had published 
on “Effect of temperature and pressure on stress of 
impeller in axial-centrifugal combined compressor”. 
Axial-centrifugal combined compressors are 
commonly used, and the stresses of their impeller 
are important and influenced by temperature and 
pressure. The effects of temperature and pressure on 
the stresses of the impeller with different inlet 
conditions are investigated. Conjugate heat transfer 
analysis and three-dimensional structural finite 
element analysis are used to get the stresses of the 
impeller. The effects of temperature and pressure are 
obtained by comparing the equivalent (Von-Mises) 
stresses between cases taking and not taking them 
into account. From the result, the temperature effect 
is surprisingly large for low inlet temperature, 
reaching 57% of the total equivalent stress, and 
should be carefully considered. The effect strongly 
relates with the inlet conditions and the disk thermal 
boundary conditions. Thus, the later can’t be treated 
as adiabatic as usual. For certain inlet conditions, the 
stress of the impeller can be improved by adjusting 
the disk thermal boundary conditions. In addition, 
the temperature mainly affects the stress on the disk 
and the root of the blade. The pressure effect is small 
for low inlet temperature and can be sufficiently 
large for high inlet temperature. Furthermore, the 
pressure mainly influences the stress on the blade 
part and can reduce the stresses at the inducer of a 
negative-lean impeller. 
Mane Pranav Rajanand: Published a title on 
“Design & Analysis of Centrifugal Pump Impeller 
by FEA”. Its purpose is to convert energy of a prime 
mover (a electric motor or turbine) first into velocity 
or kinetic energy and then into pressure energy of a 
fluid that is being pumped. Centrifugal pumps are 
used for large discharge through smaller heads. 
centrifugal pumps converts mechanical energy from 
a motor to energy of a moving fluid; some of the 
energy goes into kinetic energy of fluid motion, and 
some into potential energy, represented by a fluid 
pressure or by lifting the fluid against gravity to a 
higher level. The transfer of energy from the 
mechanical rotation of the impeller to the motion 
and pressure of the fluid is usually described in 
terms of centrifugal force, especially in older 
sources written before the modern concept of 
centrifugal force as a fictitious force in a rotating 
reference frame was well articulated. The concept of 
centrifugal force is not actually required to describe 
the action of the centrifugal pump. In this paper 
analysis on MS & SS pump impeller is done in order 
to optimize strength of centrifugal pump. This paper 
gives the static & Modal analysis of MS & SS Pump 
Impeller to check strength of Pump & vibrations 
produced by pump. 
1P.Hari, 2N.Rajesh, 3R.Lokanadham: This main 
objective of present work is to design and 
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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. 
 

III. PROBLEM DEFINITION & 
SOLUTION METHODOLOGY 

 
PROBLEM DEFINITION 
Impeller 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. Here the problem 
finds out that high temperature and high pressure 
exhaust gases passes from engine cylinder through 
manifold into impeller part. Thermal defects are 
formed sometime during working condition if more 
temperature supply into turbine house.  
METHODOLOGY 
 
 Modeling of impeller done by UNIGRAPHICS 

software. 
 Theoretical Thermal stress calculated for 

different materials. 
 Designed impeller imported in Ansys software 

for analysis. 
 Coupled filed (Thermal) analysis of impeller 

carried for different materials. 
 From thermal analysis results, temperature 

distribution and thermal stress values estimated 
for all materials. 

 Both theoretical and analytical thermal stress 
results compared. 

 Modal analysis of impeller done for all materials 
to produce natural frequency values. 

 From modal and thermal analysis results, best 
material proposed for impeller. 

 

 
 
 
 
 
 

IV. 3D MODELING OF IMPELLER IN 
TURBO CHARGER 

 
Figure: shows the sketch of impeller 

 
Figure: 2D sketch of the impeller blade 

 
Figure: shows the unite tool applicable on 

impeller blade 

 
CHAPTER-V 

ANALYSIS OF IMPELLER IN TURBO 
MACHINES USING INCONEL 783 
THERMAL STRESS ANALYSIS 
 
The importance of warm itself is an adjustment in 
temperatures that impact on material. These warm 
impacts are including warm pressure. Warmth will 
tend to move from the most noteworthy temperature 
framework to the lower-temperature framework 
until the point that warm harmony set up when a 
temperature contrast exits.  
In the interim, push is the inner dissemination of 
powers inside a body that adjust and respond to the 
heap connected to it. Rearranging presumptions are 
frequently used to speak to worry as a vector for 
building figuring’s 

 
 
 
 
NX, previously known as NX-CAD alternately 

as a rule Exactly U-G, is a propelled high-end 
CAD/CAM/CAE programming bundle initially 
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produced NX-CAD, in any case since 2007 by 
Siemens PLM programming. 

 COUPLED FIELD ANALYSIS OF 
IMPELLER USING INCONEL 783 
Mechanical Properties 
The following table shows mechanical properties 
of INCONEL 783. 

Properties Metric 
Tensile strength 1194 MPa 
Yield strength 779 MPa 
Poisson’s ratio 0.31 
Elastic modulus 177.3 GPA 

 
Imported Impeller 3D model isometric view in 

Ansys 

 
Temperature boundary condition of 300 degrees C 

applied on Impeller 
STRUCTURAL BOUNDARY CONDITIONS 

 
Applied pressure (0.1 MPa) in hole region of 
Impeller 

 
Total Deflection on Impeller 

 
(Thermal)VonMises stress on Impeller 

MODAL ANALYSIS OF IMPELLER USING 
INCONEL 783 

 
Shows mode shape of impeller @2207.64Hz 

 
Shows mode shape of impeller @2207.84Hz 

 
Shows mode shape of impeller @2208.84Hz 
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CHAPTER-VI 
ANALYSIS OF IMPELLER IN TURBO 
MACHINES USING ALUMINUM 

 
Mechanical Properties 
The following table shows mechanical properties 
of wrought aluminum alloy 2219 
Properties Metric 
  
Yield strength 180MPa 
Poisson’s ratio 0.31 
Elastic modulus 71Gpa 

 
Impeller mesh model in isometric view 

 
APPLYING THE THERMAL BOUNDARY 
CONDITIONS 

 
Temperature boundary condition of 300 degrees C 

applied on Impeller 
 

 
Total Deflection on Impeller 

 
(Thermal)VonMises stress on Impeller 

 
MODAL ANALYSIS OF IMPELLER USING 
ALUMINUM ALLOY 2219 MODAL 
ANALYSIS 
Modal analysis was carried out on impeller to 
determine the first 5 natural frequencies and mode 
shapes of a structure. From the modal analysis, a 
total of 5 natural frequencies are observed. 

 
Shows the FE Model of the impeller 

 
Boundary conditions: 
The bottom of the impeller is constrained in all 
DOF 

 
Shows the boundary conditions applied on the 

impeller 
Mode shape@ 2363.91 Hz: 
Shows mode shape of impeller @2363.91Hz 
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Shows mode shape of impeller @2364.05Hz 

 
Shows mode shape of impeller @2365.43Hz 

Mode shape@ 2365.43Hz: 

 

Shows mode shape of impeller @2365.43Hz 

CHAPTER: VII 

RESULTS AND CONCLUSION 

In the present project, the Impeller in turbo machine 

has been studied for structural and thermal behavior 

and optimized for different materials (aluminum 

alloy 2219  and Inconel 783). 

The Impeller was studied for 2 different materials: 

 Aluminum alloy 2219 

 Inconel 783 

CASE-1: Analysis of Impeller with Inconel 783 

material: 

From coupled field analysis, 

From the coupled field analysis results it is observed 

that the maximum Thermal stress observed is 433.96 

MPa. The yield strength of the Aluminum material 

is 180 MPa. According to the VonMises Stress 

Theory, the VonMises stress of impeller is having 

more stress than the yield strength of the material.  

From modal analysis 

From modal analysis results, observed that natural 

frequency ranges from 2207.64Hz to 2208.84 Hz. 

CASE-2: Analysis of Impeller with Aluminum alloy 

2219 material: 

From coupled field analysis, 

From the coupled field analysis results it is observed 

that the maximum Thermal stress observed is 489.75 

MPa. The yield strength of the Inconel 783 material 

is 779 MPa. According to the VonMises Stress 

Theory, the VonMises stress of impeller is having 

less stress than the yield strength of the material.  

From modal analysis 

From modal analysis results, observed that natural 

frequency ranges from 2363.91Hz to 2365.43Hz. 
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Previous number of works done on impeller in turbo 

charger using steel material. But only structural 

analysis of impeller had done. According to those 

works von-misses stress results are tabulated below. 

 

In this project mainly focused thermal stress analysis 

and modal analysis of turbo charger’s impeller using 

updated Inconel 783 and Aluminum alloy 2219 

materials. 

Comparing all results of two materials, Inconel 783 

material forms less VonMises stress compared to 

yield strength of material. So impeller is in safe zone 

and formed less natural at mentioned loading 

conditions. So Inconel 783 material is a best one for 

impeller. 

FUTURE SCOPE 

In future, to develop the impeller for  Twin-staged 

turbo with two turbo chargers and extra valves is an 

attractive in long engine with a cross flow design 

like in V-8 engines and even in sportier and middle 

sized cars. Turbo chargers with twin scrolls, not only 

improves scavenging but also turbo efficiency at low 

speed and inertia i.e. improve transient response. 
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