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Abstract - Cooling of gas turbine blades is a major
consideration because they are subjected to high
temperature working conditions. Several methods have
been suggested for the cooling of blades and one such
technique is to have radial holes to pass high velocity
cooling air along the blade span.

The forced convection heat transfer from the blade
to the cooling air will reduce the temperature of the blade to
allowable limits. Modeling of gas turbine blade is done in
solid works 2016 design software. Finite element analysis is
used in the present work to examine steady state thermal
performance for SiC, N155 and Haste alloy X. Four different
models consisting of solid blade and blades with varying
number of holes (7, 8, 9 holes) were analyzed in this project
to find out the optimum number of cooling hole. It is
observed that as the no. of holes increases the temperature
distribution increase. The steady state thermal analysis is
carried out in ansys workbench software. It is observed that
blade with 9 holes has showing more heat flux than the
remaining blades. Finally the blade with 9 holes has giving
optimum performance for prescribed loading conditions
with average temperature of 1200 °C and convection 30°C.

1. INTRODUCTION

A turbine blade is the individual component which makes
up the turbine section of agas turbine. The blades are
responsible for extracting energy from the high
temperature, high pressure gas produced by
the combustor. The turbine blades are often the limiting
component of gas turbines. To survive in this difficult
environment, turbine blades often use exotic materials
like super alloys and many different methods of cooling,
such as internal air channels, boundary layer cooling,
and thermal barrier coatings. Blade fatigueis a major
source of failure insteam turbinesand gas turbines.
Fatigue is caused by the stress induced by vibration and
resonance within the operating range of machinery. To
protect blades from these high dynamic stresses, friction
dampers are used.

In a gas turbine engine, a single turbine section is made up
of a disk or hub that holds many turbine blades. That
turbine section is connected to a compressor section via a
shaft (or "spool"), and that compressor section can either
be axial or centrifugal. Air is compressed, raising the
pressure and temperature, through the compressor stages
of the engine. The temperature is then greatly increased

by combustion of fuel inside the combustor, which sits
between the compressor stages and the turbine stages.
The high-temperature and high-pressure exhaust gases
then pass through the turbine stages. The turbine stages
extract energy from this flow, lowering the pressure and
temperature of the air and transfer the kinetic energy to
the compressor stages along the spool. This process is
very similar to how an axial compressor works, only in
reverse.

The gas turbine obtains its power by utilizing the energy
of burnt gases and the air which is at high temperature
and pressure by expanding through the several rings of
fixed and moving blades. The turbine drives the
compressor so it is coupled to the turbine shaft. After
compression, the working fluid were to be expanded in a
turbine, then assuming that there were no losses in either
component, the power developed by the turbine can be
increased by increasing the volume of working fluid at
constant pressure or alternatively increasing the pressure
at constant volume. Either of there may be done by adding
heat so that the temperature of the working fluid is
increased after compression. To get a higher temperature
of the working fluid, a combustion chamber is required
where combustion of air and fuel takes place giving
temperature rise to the working fluid. The turbine escapes
energy from the exhaust gas.
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Fig -1: Schematic diagram of a twin spool jet engine.
2. LITERATURE REVIEW

V. Veeraragavan had mainly done the research on the
aircraft turbine blades; his main focus was on 10 C4/ 60
C50 turbine blades models. He had used the conventional
alloys such as titanium, zirconium, molybdenum, and
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super alloys were chosen for the analysis. He had analyzed
the effect of the temperature on the different material for
the certain interval of times. And conclude the
molybdenum alloys had better temperature resistance
capability.

R D V Prasad, G Narasa Raju, M S S Srinivasa Rao, N
Vasudeva Rao had done research on different types of the
cooling technique which maintain temperature of the
blade to allowable limits, Finite element analysis is used to
examine steady state thermal & structural performance
for N155 & Inconel 718 nickel-chromium alloys. Four
different models consisting of solid blade and blades with
varying number of holes (5, 9 & 13 holes) were analyzed
to find out the optimum number of cooling holes. They had
used two material Inconel 718 and Inconel 155 for their
research work and found out Inconel 718 has the better
thermal properties as the blade temperature and the
stress induce is lesser.

S.Gowreesh et.al studied on the first stage rotor blade of a
two stage gas turbine has been analyzed for structural,
thermal, modal analysis using ANSYS 11.0.which is a
powerful Finite Element Method software. The
temperature distribution in the rotor blade has been
evaluated using this software. The design features of the
turbine segment of the gas turbine have been taken from
the preliminary design of a power turbine for
maximization of an existing turbo jet engine. It has been
felt that a detail study can be carried out on the
temperature effects to have a clear understanding of the
combined mechanical and thermal stresses. .

Kauthalkar et.al the purpose of turbine technology is to
extract, maximum quantity of energy from the working
fluid to convert it into useful work with maximum
efficiency. That means, the Gas turbine having maximum
reliability, minimum cost, minimum supervision and
minimum starting time. The gas turbine obtains its power
by utilizing the energy of burnt gases and the air. This is at
high temperature and pressure by expanding through the
several rings of fixed and moving blades. A high pressure
of order 4 to 10 bar of working fluid which is essential for
expansion, a compressor is required. The quantity of
working fluid and speed required are more so generally a
centrifugal or axial compressor is required. The turbine
drives the compressor so it is coupled to the turbine shaft.

John.v et.al studied on the design and analysis of Gas
turbine blade, CATIA is used for design of solid model and
ANSYS software for analysis for F.E. model generated, by
applying boundary condition, this paper also includes
specific post-processing and life assessment of blade .How
the program makes effective use of the ANSYS pre-
processor to mesh complex turbine blade geometries and
apply boundary conditions. Here under we presented how

Designing of a turbine blade is done in CATIA with the
help of co-ordinate generated on CMM. And to
demonstrate the pre- processing capabilities, static and
dynamic stress analysis results, generation of Campbell
and Interference diagrams and life assessment. The
principal aim of this paper is to get the natural frequencies
and mode shape of the turbine blade.

V.Raga Deepu et.al Studied on a Gas turbine is a device
designed to convert the heat energy of fuel in to useful
work such as mechanical shaft power. Turbine Blades are
most important components in a gas turbine power plant.
A blade can be defined as the medium of transfer of energy
from the gases to the turbine rotor. The turbine blades are
mainly affected due to static loads. Also the temperature
has significant effect on the blades. Therefore the coupled
(static and thermal) analysis of turbine blades is carried
out using finite element analysis software ANSYS. In this
paper the first stage rotor blade of the gas turbine is
created in CATIA V5 R15 Software. This model has been
analyzed using ANSYS11.0. The gas forces namely
tangential, axial were determined by constructing velocity
triangles at inlet and exist of rotor blades. After containing
the heat transfer coefficients and gas forces, the rotor
blade was then analyzed using ANSYS 11.0 for the couple
field (static and thermal) stresses.

3. COMPUTER AIDED ANALYSIS OF GAS TURBINE
ROTOR BLADE

The software uses the Finite Element Method (FEM).FEM
is a numerical technique for analyzing engineering
designs. FEM is accepted as the standard analysis method
due to its generality and suitability for computer
implementation. FEM divides the model into many small
pieces of simple shapes called elements effectively
replacing a complex problem by many simple problems
that need to be solved simultaneously.

Static Analysis:

When loads are applied to a body, the body deforms and
the effect of loads is transmitted throughout the body. The
external loads induce internal forces and reactions to
render the body into a state of equilibrium. Linear Static
analysis calculates displacements, strains, stresses, and
reaction forces under the effect of applied loads.

Material Density Young's Poisson’s Thermal

modulus ratio conductivity

(kg/m*)

(Pa) (W/mk)
Silicon carbide 3100 4.1E+11 0.14 20.7
N155 8249 143 E+2 Q.34 4 20.0
Haste alloy X B300 144E+9 0.348 25

Fig 2: Properties Of Materials.
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Thermal Stress Analysis: 4.1 STRUCTURAL ANALYSIS RESULTS
7 hol
Changes in temperature can induce substantial oles
deformations, strains, and stresses. Thermal stress M ial Total i
analysis refers to static analysis that includes the effect of ateria Sﬁ;ss do;a ] Strain
temperature. (MPa) eformation
(mm)
Material : N155 Silicon 45509 | 1.1134 0.0033258
carbide
N 155 454.66 1.0241 0.0030349
Haste alloy | 454.69 1.0657 0.0031616
X
8 holes
Material Stress Total Strain
(MPa) deformation
(mm)
o o k) Silicon 476.23 0.39044 0.0011643
105 W carbide
N 155 470.76 1.0835 0.0032957

© 2018,IRJET | ImpactFactorvalue:7.211 | 1S09001:2008 Certified Journal | Page 2140



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 05 Issue: 07 | July 2018

www.irjet.net

p-ISSN: 2395-0072

Haste alloy | 470.95 1.0748 0.0032741
X
9 holes
Material Stress Total Strain

(MPa) deformation

(mm)

Silicon 476.98 0.39256 0.0011679
carbide
N 155 471.39 1.0901 0.0033042
Haste alloy | 471.53 1.0814 0.0032822
X

4.2: STEADY STATE THERMAL ANALYSIS RESULTS

7 holes

Material Temperature Total Heat Flux
distribution (°C) (W/m"2)
Max Min

Silicon Carbide | 1200 1173.2 8.8599e5

N 155 1200 1053.4 8.129e5

Haste alloy X 1200 1080.2 8.2929e5

8 holes

Material Temperature Total Heat Flux
distribution (°C) (W/m*"2)
Max Min

Silicon Carbide | 1200 1035.3 1.02e6

N 155 1200 1030.3 1.016e6

Haste alloy X 1200 1060.8 1.0398e6

9 holes

Material Temperature Total Heat Flux
distribution (°C) (W/m"2)
Max Min

Silicon Carbide | 1200 1041.1 2.4472e6

N 155 1200 1036.9 2.4385e6

Haste alloy X 1200 1066.4 2.4907e6

Structural Analysis

Stress (MPa)

No. of Holes

Thermal Analysis

mperatura| )

ar

Temperature Vs No. of Holes

5. CONCLUSIONS

Modeling and analysis on gas turbine rotor blade is done.
Modeling of turbine blade is done in solid works using
various commands. Three models with 7holes, 8holes and
9holes are modeled. The gas turbine blade model is
imported to ansys work bench software. Structural
analysis is done at 1MPa pressure with three different
materials such as Silicon carbide, N 155 and Haste alloy
Structural deformations such as stress, deformation and
strain are found and tabulated. From the results 7 holes
gas turbine blade with N155 material obtaining low stress
value compared to other. Next steady state thermal
analysis is carried out on turbine blade by applying
different materials such as, Silicon carbide, N 155 and
Haste alloy X at temperature 1200°C and 30°C of
convection. Temperature distribution and heat flux values
are noted and are tabulated. From the analysis results we
noticed that at 9 holes the N155 material is showing
minimum temperature distribution. Thus from the study
we can conclude that N155 material with 9 holes is more
preferable compared to remaining.
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