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Abstract- The main objective of this study is to explore the analysis of a turbocharger turbine wheel with design and 
material optimization. The study deals with structural and transient thermal analysis. A proper Finite Element Model is 
developed using Cad software Pro/E Wildfire 5.0. In this project we are doing the design (11, 12 blades) and material 
optimization in the turbocharger turbine wheel. This project we are designed the 3D model of the turbocharger turbine wheel 
by using pro-e software and the analysis taken by different materials and the analysis taken by the ansys software. This 
project we are analyzing the pressure acting on the turbocharger impeller turbine wheel by the three materials namely 
inconel alloy 740, inconel alloy 783 and wrought aluminium 2219. Then the thermal analysis is done to determine the total 
heat flux in the 11 and 12 plates for the given temperature conditions. The temperature acting on the surface of the 
turbocharger impeller turbine wheel is applied. The results were also used to determine the total heat flux for a particular 
material. 
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I. INTRODUCTION 
 
A turbocharger, or turbo (colloquialism), from Greek 
"τύρβη" ("wake"), (also from Latin "turbo" 
("spinning top"),) is a turbine-driven forced induction 
device that increases an engine's efficiency and power 
by forcing extra air into the combustion chamber. 
This improvement over a naturally aspirated engine's 
output results because the turbine can force more air, 
and proportionately more fuel, into the combustion 
chamber than atmospheric pressure alone. The first 
turbocharged passenger car was the Oldsmobile Jet 
fire option on the 1962-1963 F85/Cutlass, which used 
a turbocharger mounted to a 215 cu in (3.52 L) all 
aluminum V8. Also in 1962, Chevrolet introduced a 
special run of turbocharged Corvairs, initially called 
the Monza Spyder (1962-1964) and later renamed the 
Corsa (1965-1966), which mounted a turbocharger to 
its air cooled flat six cylinder engine.  
This model popularized the turbocharger in North 
America—and set the stage for later turbocharged 
models from Porsche on the 1975-up 911/930, Saab 
on the 1978-1984 Saab 99 Turbo, and the very 
popular 1978-1987 Buick Regal/T Type/Grand 
National. Today, turbo charging is common on both 
Diesel and gasoline-powered cars. Turbo charging 
can increase power output for a given capacity or 
increase fuel efficiency by allowing a smaller 
displacement engine. The 'Engine of the year 2011' is 
an engine used in a Fiat 500 equipped with an MHI 
turbocharger. This engine lost 10% weight, saving up 
to 30% in fuel consumption while delivering the same 
HP (105) as an 1.4 liter engine. The 2013 Chevrolet 
Cruze is available with either a 1.8 liter non-
turbocharged engine or a 1.4 liter turbocharged 
engine—both produce the same 138 horsepower. 
Low pressure turbo charging is the optimum when 
driving in the city, whereas high pressure turbo 
charging is more for racing and driving on 
highways/motorways/freeways.  

 
Turbochargers were originally known as turbo 
superchargers when all forced induction devices were 
classified as superchargers. Nowadays the term 
supercharger is usually applied to only mechanically 
driven forced induction devices. The key difference 
between a turbocharger and a conventional 
supercharger is that the latter is mechanically driven 
by the engine, often through a belt connected to the 
crankshaft, whereas a turbocharger is powered by a 
turbine driven by the engine's exhaust gas. Compared 
to a mechanically driven supercharger, turbochargers 
tend to be more efficient, but less responsive.  
 
The first exhaust gas turbocharger was completed in 
1925 by the Swiss engineer Alfred Buchi who 
introduced a prototype to increase the power of a 
diesel engine by a reported 40%. The idea of turbo 
charging at that time was not widely accepted. 
However, in the last few decades, it has become 
essential in almost all diesel engines with the 
exception of very small diesel engines. Their limited 
use in gasoline engines has also resulted in a 
substantial boost in power output and efficiency. 
Their total design, as in other turbo machines, 
involves several analyses including: mechanical, 
aerodynamic, thermal, and acoustic. Engineers and 
researchers still seek ways to improve their designs 
while governed by rules of cost and manufacturing 
capabilities. At first, scientists simply attempted to 
develop the conceptual designs into reliable products 
for end users. These turbochargers were very large 
and were mostly destined for marine applications. 
Because of this, their studies were based on the 
output performance of the turbochargers with focus 
on the thermodynamics of the process. Although rotor 
dynamic analysis is now an important part of the 
design process, a thorough rotor dynamic 
investigation was then very difficult and relatively 
few studies were published. By 1938, the first 
turbocharged automobile engine was manufactured 
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by ―Swiss Machine Works Saurer‖. Turbocharged 
automobiles were plagued by reliability issues and 
with some spectacular failures like the Chevrolet 
Corvair (last made in 1963), turbocharged engines 
had essentially been removed from the market. 
Turbocharged engines made a comeback during the 
oil shortage in the early 70’s due to their inherent 
increase in fuel efficiency. 
 
II. LITERATURE REVIEW 
 
The commercially available turbochargers can be 
subdivided into two principal groups: those primarily 
designed for use on automotive and truck engines, 
and those for use on mediumspeed and low speed 
diesel engines for railway traction, electricity-
generating sets, industrial and marine applications. 
The difference between the two principal groups can 
be summed up as a contrast between small, simple 
and cheaply mass-produced units, and larger, more 
complex, expensive and reliable industrial or large 
marine units. V.R.S.M. Kishore Ajjarapu, K. 
V.P.P.Chandu D.M.Mohanthy Babu described about 
design and analysis of the impeller of a turbocharger 
for a diesel engine. 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 
compressor ,twelve blade turbine) comparing with the 
(eight blade compressor ,eleven 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 CATIA and 
ANSYS software. The CATIA 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. 
Kamlesh Bachkar and W.S. Rathod described about 
borders around analysis of turbine blade. The blade is 
a rotating part which converts kinetic energy into 
mechanical energy. Turbine blade is critical part of 
turbocharger which has shown increasing growth of 
failure damaging turbine disk. It deals with Static and 
thermal analysis of turbine blade which is made up of 
INCONEL 718 to estimate its performance. The 
causes of failure for turbine blade have also been 
found out. The investigation has been done using 
SoildWorks 2012 and ANSYS 10.0 software. 

SolidWorks 2012 is used for modeling of turbine 
blade and analysis has been done by ANSYS 10.0 
software. An attempt has been made to investigate the 
effect of induced stresses, pressure and temperature 
on the turbine blade. A structural analysis has been 
carried out to investigate the stresses and 
displacements of the turbine blade. A thermal 
analysis has been carried out to investigate the 
thermal gradient and thermal stress. J.M.Allport, 
M.L.Jupp, A.Pezouvanis, G.W.Janicki, 
A.I.Pierończyk, A.J.Day, P.Olley, B.Mason and 
M.K.Ebrahimi High Cycle Fatigue (HCF) of turbine 
blades is a major cause of failure in turbochargers. In 
order to validate changes to blades intended to reduce 
fatigue failure, accurate measurement of blade 
dynamics is necessary. Strain gauging has limitations, 
so an alternative method is investigated. A 
description of the tip-timing method is given, applied 
to turbocharger testing. The advantages and 
disadvantages of laser probes are assessed. Examples 
of output data and interpretation are presented and 
compared with computer simulation. It is shown that 
laser tip-timing technology gives a more complete 
view of turbine vibration than the alternative 
measurement systems.  
Suryakanta Swain concentrates on analysis of rotor, 
compressor and turbine wheel of a high speed 
turbomachinery. Main focus was to find stress and 
deformation of rotor, blades of turbine wheel and 
compressor wheel. The analysis has been done using 
ANSYS software and the solid models are created 
using SolidWorks. The analysis revels come of the 
critical areas in different component of turbo 
machine. Also this thesis gives the detail steps on 
how to do analysis of turbo machines arts using 
ANSYS. The author expects the analysis and 
conclusion will help the engineering society of the 
world to analysis, design and fabricate 
turbomachinery for better reliability and efficiency. 
Current study can be extend further to analytical 
analysis of high speed rotor using Finite Element 
Method. 
 
III. APPLICATIONS 
 
The first production turbocharger Diesel passenger 
car was the Garrett-turbocharged Mercedes 300SD 
introduced in 1978. Today, most automotive Diesels 
are turbocharged, since the use of turbo charging 
improved efficiency, drivability and performance of 
Diesel engines, greatly increasing their popularity. 
The Audi R10 with a Diesel engine even won the 24 
hours race of Le Mans in 2006, 2007 and 2008.  
 
The first example of a turbocharged bike is the 1978 
Kawasaki Z1R TC. Several Japanese companies 
produced turbocharged high performance 
motorcycles in the early 1980s, such as the CX500 
Turbo from Honda- a transversely mounted, liquid 
cooled V-Twin also available in naturally aspirated 
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form. Since then, few turbocharged motorcycles have 
been produced. This is partially due to an abundance 
of larger displacement, naturally aspirated engines 
being available that offer the torque and power 
benefits of a smaller displacement engine with 
turbocharger, but do return more linear power 
characteristics. The Dutch manufacturer EVA 
motorcycles builds a small series of turbocharged 
Diesel motorcycle with an 800cc smart CDI engine. 
The first turbocharged Diesel truck was produced by 
Schweizer Maschinenfabrik Saurer (Swiss Machine 
Works Saurer) in 1938.  
 
A natural use of the turbocharger — and its earliest 
known use for any internal combustion engine, 
starting with experimental installations in the 1920s 
— is with aircraft engines. As an aircraft climbs to 
higher altitudes the pressure of the surrounding air 
quickly falls off. At 5,486 m (18,000 ft), the air is at 
half the pressure of sea level and the airframe 
experiences only half the aerodynamic drag. 
However, since the charge in the cylinders is pushed 
in by this air pressure, the engine normally produces 
only half-power at full throttle at this altitude. Pilots 
would like to take advantage of the low drag at high 
altitudes to go faster, but a naturally aspirated engine 
does not produce enough power at the same altitude 
to do so. 
 
IV. MATERIALS FOR TURBINE IMPELLER 
 
INCONEL ALLOY 740 
INCONEL alloy 740 is a nickel-chromium-cobalt 
alloy developed by Special Metals Corporation. The 
alloy is age hardenable by the precipitation of a 
gamma prime second phase. Potential applications 
include advanced power production boiler tubes and 
diesel engine exhaust valves. The chemical 
composition of alloy 740 is shown in Table. It is 
nickel-base and solid solution strengthened by its 
content of cobalt. Alloy 740 offers excellent 
resistance to corrosive attack at elevated temperature. 
By virtue of its high content of chromium, the alloy 
resists oxidation, carburization, and sulfidation. It has 
evidence of the alloy’s resistance to oxidation. With 
its high content of nickel and low level of iron, alloy 
740 resists high temperature attack by halides as well. 
Alloy 740 is readily fabricated in the annealed 
condition. Joining is accomplished with the gas 
tungsten-arc welding (GTAW) process using 
NIMONIC Filler Metal 263. If a high joint strength is 
required, the deposited weldment may be 
precipitation hardened. 
 

Table no.1 Mechanical and Thermal Properties 

 

INCONEL ALLOY 783 
The newest of the high-performance super alloys 
invented by Special Metals Corporation, INCONEL 
alloy 783 (UNS R30783/U.S. Patent 5,478,417), is an 
oxidation-resistant, low expansion, nickel-cobalt-iron 
alloy with aluminum, chromium, and niobium 
additions. The new alloy is of considerable interest to 
aircraft gas turbine engine designers and materials 
engineers for containment and clearance control 
components such as rings, casings, shrouds and seals 
for compressors, turbines and exhaust systems. In the 
age-hardened condition, INCONEL alloy 783 has 
high mechanical properties at room temperature and 
retains much of its strength at temperatures to about 
1300°F (704°C). All mechanical properties given 
here are for the standard heat treatment: Solution 
anneal at 2050°F (1121°C)/1 hr, air cool, plus ―beta 
age‖ at 1550°F (845°C)/4 hr, air cool to room 
temperature, plus age harden at 1325°F (718°C)/8 hr, 
furnace cool at 100°F (55°C)/ hr to 1150°F (621°C)/8 
hr, and air cool. 

 
Table no.2 Mechanical and Thermal Properties 

 
 
WROUGHT ALUMINIUM 2219 
The wrought aluminum alloy 2219 was developed 
using an induction furnace followed by forging and 
hot rolling for the improvement of properties. Then 
the alloy was solution treated at 535°C for 48 min 
followed by water quenched and then aged at 210, 
230 and 240°C for different time period. Composition 
information provided by the Aluminum Association 
and is not for design. The alloy composition of 2219 
aluminium is Aluminium: 91.5 to 93.8%, Copper: 5.8 
to 6.8%, Iron: 0.3% max, Magnesium: 0.02% max, 
Manganese: 0.2 to 0.4%, Silicon: 0.2% max, 
Titanium: 0.02 to 0.10%, Vanadium: 0.05 to 0.15%, 
Zinc: 0.1% max, Zirconium: 0.10 
to 0.25%, Residuals: 0.15% max 
 

Table no.3 Mechanical and Thermal Properties 

 
 
V. SOLID MODELING OF TURBINE 
IMPELLER 
 
This project we are designed the 3D model of the 
turbocharger turbine wheel by using pro-e software. 
Eleven and twelve blades of turbine impellers are 
created by using this software. 
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VI. ANALYSIS OF TURBINE IMPELLER 
STRUCTURAL ANALYSIS 
 
A structural analysis calculates the effects of steady 
loading conditions on a structure, while ignoring 
inertia and damping effects, such as those caused by 
time-varying loads. A structural analysis can, 
however, include steady inertia loads(such as gravity 
and rotational velocity), and time-varying loads that 
can be approximated as static equivalent loads (such 
as the static equivalent wind and seismic loads 
commonly defined in many building codes). 
Table no.4 Structural analysis results for turbine 

impellers 

 
 
Deformation values for 11 blades turbine impeller 

 
 

 
 
TRANSIENT THERMAL ANALYSIS 
Transient thermal analysis determines temperatures 
and other thermal quantities that vary over time. 
Engineers commonly use temperatures that a transient 
thermal analysis calculates as input to structural 
analyses for thermal stress evaluations. Many heat 
transfer applications-heat treatment problems, 
nozzles, engine blocks, piping systems, pressure 
vessels, etc.- involve transient thermal analyses. A 
transient thermal analysis follows basically the same 
procedures as a steadystate thermal analysis. The 
main difference is that most applied loads in a 
transient analysis are functions of time. To specify 
time-dependent loads, you first divide the load-
versustime curve into load steps. Each "corner" on 
the load-time curve can be one load step, as shown in 
the following sketches. For each load step, you need 
to specify both load values and time values, along 
with other load step options such as stepped or 
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ramped loads, automatic time stepping, etc. You then 
write each load step to a file and solve all load steps 
together. To get a better understanding of how load 
and time stepping work, see the example casting 
analysis scenario in this chapter.  

Table no.4 Thermal analysis results for turbine 
impellers 

 
 

Total heat flux values for turbine impeller 

 
 
CONCLUSION 
 
Analyzing results for turbocharger turbine wheel 
under pressure and temperature are listed in the 
Table. Analysis has been carried out by two designs 
(11, 12 blades) and three materials (Inconel 740, 

Inconel 783 and wrought aluminium 2219). The 
results such as total deformation and total heat flux 
for each material are determined. Comparing the 
three materials 12 plates’ inconel alloy740 turbine 
wheel has the low values of total deformation and 
also the heat flux values high over inconel alloy 783 
and low compared to wrought aluminum 2219. 
Wrought aluminium 2219 has high heat flux values 
and deformation values. Because of its high 
deformation values it cannot be used for turbine. 
Hence it is concluded that 12 plates’ inconel alloy740 
material can be used for turbine wheel. This project 
gives impressive mark in automotive field. While 
carrying out this project we are able to study about 
the 3Dmodelling software (PRO-E) and Study about 
the analyzing software (ansys) to develop our basic 
knowledge to know about the industrial design.  
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