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Abstract—Improving the heat transfer rate of gas turbine
casing by increasing the flow rate of exhaust fans to reduce the
temperature of turbine compartment and to prevent failing of
gas leak detectors due to high temperature by making use of
ANSYS fluent for analyzing and simulation.
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I. INTRODUCTION

Computational fluid dynamics is a branch of study which
deals with simulation of flow and thermal problems by
making use of numerical methods and matrices to solve the
complex problems in engineering. The most widely used
method in CFD is finite volume method which is a
combination of finite element and finite difference methods.
However the basics of the CFD lies in navier stokes equation.
In the initial stages of development the CFD simulation is
used for space craft and fighter jets simulation to visualize the
flow of air and to measure drag of wings particularly for hyper
sonic aircrafts and aircrafts with high maneuverability. Later
due to high advances in computers various solvers are
developed with more features and simple operation and easy
modeling of cad geometries. CFD and FEA methods are
numerical methods and hence the results of CFD and fea vary
with real time applications and these methods are not hundred
percent accurate.

1. GASTURBINES

A gas turbine is an internal combustion engine. Like all
internal combustion engines, gas turbines compress air, take in
fuel for combustion, and use the resultant volume of hot gases

to develop shaft horsepower. Gas turbines are the major prime
movers in gas and combined cycle power plants. These gas
turbines are the major propelling systems in air craft and
ships. This paper has considered an industrial gas turbine of a
combined cycle power plant. There are four basic components
of gas turbines namely.

A. Airinlet and filter equipments

B. Compressor

C. Combustion chamber

D. Turbine wheels.
All gas turbines work on the basic power cycle called Brayton
cycle.

A. Air inlet and filter equipments

These equipments are also called as air filters and main
purpose of these equipments is to prevent the inlet of
moisture, dust particles, and other foreign materials which
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prevents the successful operation of compressor and the
compressor cannot compress the air upto the mandated
pressure ratio.

B. Compressor

The compressor sucks in the atmospheric air and increases
the pressure by making the air to flow in between the stator
and rotor blades of varying surface area. Compressor is the
high power consuming equipment in the gas turbine. The
compressor rotor blades and the turbine wheels are mounted
on the same shaft. The stator blades of compressor are part of
casing. The general maximum pressure of the air at
compressor outlet is around 9 to 11 bar. Part of compressed
air is bled to a centrifugal compressor for boosting the
pressure so that this boosted pressure air can atomize the
liquid fuel to spray formation that is fed to combustion
chamber so that the back firing of liquid fuels is prevented.
The function of the gas turbine compressor is to efficiently
compress the required mass of air and deliver the air to the
combustion section. There are two basic types of compressors
used for gas turbine applications; centrifugal compressors and
axial flow compressors. Axial flow compressors are most
often used in power plant applications because of their ability
to pump large volumes of air at a high efficiency. Both the
centrifugal and axial-flow compressors compress air by
imparting momentum to the air by means of rotating elements
and then converting that momentum to pressure in suitable
stationary passages. In the centrifugal type compressor, air is
drawn in at the center, or ‘eye’ of a rapidly rotating vane disc.
Centrifugal action on the rotating air mass forces it to the tips
of the disc where it is flung off at high tangential velocity.
Suitably shaped stator blades receive this fast moving air
stream and slow it down in such a manner as to increase the
pressure. About half of the pressure rise occurs in the rotor
and the remainder in the stator passages. The rotor is
constructed with several rows of fixed blades which impart
momentum to the air and force it rearward. Following each
row of rotor blades is a row of stationary Stator blades. An
axial flow compressor draws in air from the atmosphere and
moves it Parallel to the axis of rotation. The air is compressed
in both the rotor and stator Blade passages, by continually
diffusing the air flow from a high velocity to a low velocity,
with a corresponding rise in pressure. Each consecutive pair
of rotor and stator blades constitutes a pressure stage.

C. Combustion chamber

The gas turbines can operate in liquid fuels or gaseous
fuels. In both cases the ignition of the fuels of the fuels is
done in a chamber or cans called combustion cans. In case of
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liquid fuels the high pressure air is fed to combustion cans
along with the normal compressed air from the compressor
exit. This results in atomizing the fuel into spray which is
then ignited by means of sparkers. The high temperature
gases that are formed during the ignition are directed to flow
over turbine wheels. In case of gaseous fuels like natural gas
the fuel is ignited by sparkers directly without any
atomization. The four types of combustors designs are

* Can-Type Combustor

» Annular Combustor

+ Can-Annular Combustor

* Silo Combustor

D. Turbine wheels

The high temperature gases that are formed during the
combustion are expanded by making them flow over turbine
wheels. Usually there are 3 stages of turbine wheels and the
gases are expanded in these 3 stages. Hence the power is
derived from the turbine. Majority of the power developed is
utilized in running the compressor and the remaining is
utilized for running the alternator.

I1l. GAS TURBINE ENCLOSING

The entire shaft of compressor and turbines are supported
on hydro static bearings and this bearings are mounted in
casing which covers the entire gas turbine and protects it from
any physical damages and gas leaks. This casing is fixed in a
compartment called enclosing. This enclosing consists of an
insulation sandwiched between mild steel plates. It also
consists of the exhaust fans which are present at top of the
enclosing. The main purpose of these fans is to remove the
heat generated by the casing. The fans intakes the hot air
present in the enclosing and it delivers this hot air to the
atmosphere by means of a vent. In this way the casing is
cooled and temperature is controlled in the enclosing.
A. Present problem of enclosing

The enclosing not only houses the casing but also many
auxillaries like thermocouples, lightings, blower fans, fire
extinguishers, gas leak detectors etc. hence each device can
withstand a range of temperatures. Hence temperature raising
above specified limit of these devices results in
malfunctioning. The current problem with some enclosing are
high temperatures than designed range. Due to this the
sensors like gas leakage detectors are losing the efficiency
and are costly to replace frequently. Hence the CFD analysis
is done to rectify the problem of effective cooling of
enclosing.

IV. CFD ANALYSIS

There are 3 major steps in CFD analysis.

A. Preprocessing

B. Solution

C. Post processing

The most commonly used method in CFD software’s is
finite volume method. ANSYS workbench and fluent solver is
used for simulation of the enclosing. Since it is difficult to
model the casing an approximate shape is assumed
irrespective of its surface area. However the enclosing is
modeled according to the dimensions. Catia v5 is used for
modeling the casing and enclosing. For simplicity casing and

enclosing are modeled in part modeling and the part is saved
in Initial Graphics Exchange Specification Initial Graphics
Exchange Specification (.IGES) format which will be used for
importing the model into ANSYS.

A. Preprocessing

The geometry of the enclosing and casing is modeled in
catiav5 and imported to ANSYS workbench. The following
steps are followed.

1) Meshing:

The imported geometry is to be opened in meshed model
by clicking on mesh option in the project space. Once the file
is opened generate mesh option is selected and after a few
seconds the geometry is divided into number of smaller
elements. This process is called as meshing or discretisation
of domain. The meshed model of enclosing is shown in Fig.
3.

2) Refining the generated mesh:

The generated mesh may sometimes will not be uniform.
In order to make the mesh to be uniformly distributed
refinement option is selected and select the faces that are to
be refined. After selecting the faces generate mesh is selected
to define the updated and refined mesh.

3) Sizing the generated mesh:

The size of the elements can be decreased such that the
final results depends on the mesh size effectively. We can
observe considerable change in results with larger mesh size.
The smaller the mesh size and larger the number of elements
the more accurate the results will be. But the computation
time will also be high and sometimes the solver may crash if
the mesh size is too small and refinement is very high and the
number of elements is also more. Because the solver should
solve the matrix equations most probably 8*8 matrix sizes for
all the elements that are present in the domain.

B. Solution

After the completion of meshing the geometry setup
option is selected and energy and turbulence equation are
activated in models option. Then the materials and boundary
conditions are selected and define the inlet velocity of air as
0.5 m/s, outlet mass flow rate of 12.5kg/s , casing
temperatures of 213deg, 345deg, 269deg are defined. The
defined flow rate value is the current operating value. Click on
solution methods and run calculate option. The solver will
take few minutes and it will give the solution saying the
solution is converged. Again select the boundary conditions
and change value of outlet flow rate from 12.5kg/s to 30.5kg/s
and follow the steps.

C. Post processing
Click on results option and select temperature counters of
enclosing by selecting wall temperatures.
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Fig. 1. Temperature distribution of enclsoing.(at flow rate of 12.5kg/s)

Fig. 2. Temperature distribution of enclosing(at flow rate of 30.5kg/s)
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Fig. 3. Meshed model of enclosing
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V. CONCLUSION

Hence by increasing the flow rate of exhaust fans from
12.5kg/s to 30.5kg/s the temperature in the enclosing is
dropped from 240deg to 140.7 deg and these results in the
efficient functioning of the gas leak sensors and other
auxillaries without any malfunctioning
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