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Abstract: Gas Turbines are widely used in the industry today in the areas of power generation, aero engines,
mechanical drives, marine applications, locomotive applications etc. With such wide range of applications, it is
necessary to improve the designs on continual basis for increased efficiency, reliability, availability and cost
reduction. All the original manufacturers in the world are spending the amounts of money on such new
developments. Gas Turbine casings are generally of thin wall design to reduce thermal inertia to enable quick
start up and shut-downs. While the aero engine casings are made of super alloy materials, land based engine
casings are made of cast iron to reduce cost. In case of tip rubs (between blade tip and casing at high rotational
speeds, which is very common in Gas Turbines), material erosion takes place in the casings. The eroded
material comes out in the form of powder, in case of cast iron and hence does not cause damage to the
subsequent sections. In the present case, Turbine casing has been analysed for temperature distribution first.
There is hot ambient inside the casing and relatively cold ambient outside, because of which there is a
temperature gradient. This condition is taken care in the analysis by defining convection boundary conditions
both on inside and outside of the casing. The temperature output of the analysis is given as input to structural
analysis along with pressure loads to get combined thermal and mechanical stresses. The outcome of the
present work can be used for changing the operating conditions of the Gas Turbine to higher parameters or for
resolving any machining deviations.
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I Introduction

The gas turbine is a rotating internal combustion engine, which takes air from the atmosphere and
compresses it to a higher pressure in an axial compressor (compressor section) and the compressed air flows into
combustion chamber where fuel is admitted and ignited with the help of a spark plug. The products of
combustion are used as a working fluid for developing power in the turbine section of the Gas Turbine. The
thermodynamic cycle upon which a gas turbine works is called the Brayton Cycle. A schematic diagram of a
single shaft, simple cycle gas turbine is shown in Fig.1 Air enters the compressor at point 1 of the schematic at
ambient conditions. The air is compressed to a higher pressure in the compressor. Upon leaving the
compressor, the air enters the combustion system at point 2, where fuel is injected and combustion takes place.
The combustion process occurs at essentially at constant pressure. The combustion system is designed to
provide mixing, dilution and cooling. Thus, by the time the combustion mixture leaves the combustion system
and enters the turbine at point 3, it is at some mixed average temperature. In the turbine section of the Gas
turbine, the energy of hot gases is converted into work. This conversion actually takes place in two steps. In the
nozzle section of the turbine, the hot gases are expanded and thus a portion of the thermal energy is converted
into kinetic energy. In the subsequent bucket section of the turbine, a portion of the kinetic energy is transferred
to the rotating buckets and is converted to work. Fig. 2 shows Temperature-entropy (T-s) diagrams for the

Brayton Cycle.
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Fig 1. Gas turbine power plant Fig 2. T-S Diagram of Brayton cycle
(Source by: www.mpoweruk.com) (Source by: www.mpoweruk.com)
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In this project the material taken as ASTM A395.This specification covers standard requirements for
ductile iron castings for pressure-retaining parts for use at elevated temperatures. Castings are classified by
grades based on mechanical property requirements. These iron castings shall meet the specified values of tensile
strength, yield strength, elongation and hardness. Chemical analysis shall be performed wherein the casting shall
conform to the required chemical composition for carbon, silicon, and phosphorous. The material shall meet the
required tensile properties, hardness, and microstructure. The iron casting shall undergo pressure test after
machining. The thickness of any repaired section in relation to the size of the plug used shall be indicated. The
minimum radius of repaired sections of cylinders or cones in relation to the size of plug used shall not exceed
the prescribed limit. Other defective areas may also be repaired by plugging provided the minimum ligament
between plugs in adjacent areas shall not be less than twice the distance from the nearest plug. Three Y-blocks
shall be utilized as test coupons. The material shall undergo the following test methods: tension test, chemical
analysis, yield strength test, and hardness test.

I1. Methodology
The basic steps involved in solving CFD problem are as follows:
e  Geometry Modelling.

e  Grid generation.
e  Specification of boundary Conditions.
e  Selection of solver parameters and Convergence criteria
e  Results and post processing
Boundaryconditions

Thermal analysis:

There is hot ambient inside the casing and relatively cold ambient outside, because of which there is a
temperature gradient. This condition is taken care in the analysis by defining convection boundary conditions
both on inside and outside of the casing.

Film coefficient on inner surface =0.02 W/em?*/°C
Ambient temperature on inner surface =356°C

Film coefficient on outer surface =0.01 W/em?*/°C
Ambient temperature on outer surface =67°C

Structural analysis:

Symmetric boundary conditions are applied in structural analysis. Since any point on vertical cutting plane
cannot move in horizontal direction, due symmetric conditions, this plane is defined with Ux=0. Similarly the
horizontal parting plane is defined with Uy=0. The boundary conditions are shown in fig. A pressure load of 11
Kg/cm? is specified on inner surface of the casing, which is the maximum air pressure inside the turbine section
at base load of the unit.

Material Properties:
The material of the casing is ASTM A 395. Following are the material properties.

Thermal:
Specific heat -4807J/kg/°C
Thermal conductivity -0.28 W/em/° C
Density - 0.0078 kg/em®
Structural:
Young’s modulus - 2.1 E+06 Kg/ cm®
Poison’s ratio -03
Coefficient of thermal expansion - 1.15 E-05/° C
Yield stress of cast iron -2817 Kg/ cm®
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Convection -0.01 W/sq.cm/deg.C
Temperatures - 67 deg. C

convection - 0.02 W/sq.cm/deg C
Temperatures- 356 deg.C

Fig. 5 Mesh with structural boundary conditions in FLUENT
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II1. Solutions

AN
NODAL SOLUTION
MAR 2 2014
STEP=1 11:35:59
SUB =1
TIME=1
TEMP (AVG)
RSYS=0
SMN =114.53
SMX =269.466
X
v
114.53 148.96 183.39 217.82 252.251
131.745 166.175 200.605 235.036 269.466
Fig. 6 Temperature distribution contours in FLUENT
NODAL SOLUTION
_ MAR 2 2014
STEP=1 11:38:47
SUB =1
TIME=1
SEQV (AVG)
DMX =.235133
SMN =3.793
SMX =1095
— E— —
3.793 246.252 488.71 731.169 973.627
125.022 367.481 609.94 852.398 1095

Fig 7. Von-mises stress (Pressure contours) — Only mechanical loads

NODAL SOLUTION AN
MAR 2 2014
STER=1 11:23:50
SUB =1
TIME=1
SEQV (AVG)
DMX =.158365
SMN =1.572
SMX =1128
I | —
1.572 251.919 502.267 752.614 1003
745 377.093 627.44 877.788 1128

Fig. 8 Von-mises stress contours — Thermal and mechanical loads
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NODAL SOLUTION
- MAR 2 2014
Steb=l X 11:24:04
SMX =367.065
-384.875 -217.777 -50.679 116.418 283.516
-301.326 -134.228 32.869 199.967 367.065

Fig. 9 Stress in X-direction Thermal and mechanical loads

AN

MAR 2 2014
11:24:21

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
8Y (BVG)
RSYS=0

DMX =.158365
SMN =-457.166
SMX =1222

I

-457.166 -84.051 289.065 662.18 1035
-270.608 102.507 475.622 848.738 1222

Fig. 10 Stress in y-direction Thermal and mechanical loads

NODAL SOLUTION
MAR 2 2014
STER-L N 11:24:39
suB =1
TIME=1
UxX (AVG)
RSYS=0
DMX =.158365
SMX =.158348
"
— | —
0 .035189 .070377 .105566 .140754
.017594 .052783 .087971 .12316 .158348

Fig. 11 Displacement in X-direction Thermal and mechanical loads
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Fig. 12 Displacement in Y-direction Thermal and mechanical loads

IV. Conclusions
e The present work enabled good insight into the heat transfer and stress aspects of turbine section casing
of a 40 MW Gas Turbine. There are moderate stress margins available for allowing minor machining
deviations or for increasing the operating parameters (subject to suitability of other components).
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