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Abstract - Even the smallest part engineered in gas turbines adds on hugely to its output performance. The blades form
a major part which extracts energy from high temperature and high-pressure gases produced from the combustion
chamber. This high temperature may cause the blades to undergo creep or fatigue failure eventually. The blade material
would not withstand such high temperatures. With an intention to overcome this thermal barrier, various cooling
technologies like jet impingement, film cooling, mist assisted film cooling, pin fin cooling, transpiration cooling have
been adapted in the gas turbines. Using these cooling technologies, the temperature on the blades can be reduced by 200
to 300 K and higher performance may be achieved without much of a compromise. This study mainly focuses on how
much the temperature can be reduced if only convective cavity cooling was used, wherein a hollow blade is used and cold
fluid passes through it. Computational Fluid Dynamics (CFD) in ANSYS was used to compute the temperature difference
on the blade and high temperature region. The computations were carried out on both CFD and CFX. Two different
turbulence models were considered, k-epsilon and k-omega SST (Shear Stress Transport). Analysis were carried out with
nearly 3 million elements. Velocity, temperature flows at selected regions are reported.

Keywords - Gas turbines, blades, combustion chamber, high temperature, cooling technology, jet
impingement, film cooling, pin fin cooling, convective cooling, CFD, Ansys, CFX, K epsilon, K omega SST
(Shear Stress Transport)

1.Introduction

Gas turbines also called combustion turbine, is an internal combustion engine which works on the principle of
Brayton cycle. These gas turbines are used in many processing plants and industries for power generation,
widely used for aircraft propulsion to provide thrust [1]. Safety and efficiency have to be of prime importance
as it finds application in major areas. The air which enters the engine, is first compressed in the compressor,
which adds on to its pressure. Later fuel is allowed to combine with this pressurized air and ignited, which
adds on to its energy and temperature. This pressurized high temperature air is fed onto the series of blades in
turbine which extracts energy and this extracted energy is converted to useful power depending on the
application .The energy extracted by the blades is partially used to run the compressor and the remaining is
used to do external work .The external work maybe thrust in case of aircrafts ,a propeller in ships or a generator
used in industrial areas [2].

In order to survive the harsh environment in turbines like extreme temperature at high rpm, blades are
manufactured by superalloys, which have high melting points. One of the earliest materials ever introduced
was Nimonic which was used in British Whittle engines. In the modern era, blades are manufactured using
Nickel superalloys with some percentage of chromium, cobalt and rhenium. Inconel is another widely used
material to manufacture blades .IN-738 was first used by GE specifically for land-based turbine for the second
series or stage of turbine blades [5].
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Fig.1 Evolution of Cooling Methods [6]
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Cooling methods like jet impingement and film cooling use air or water as primary fluid to achieve heat transfer
between the blade and the coolant, whereas mist assisted cooling which is a new research uses air along with
minute droplets of water which achieves more cooling than using air alone. Employment of water in cooling
may lead to corrosion of the parts, leakage, choking and other problems. Using air at high pressure and higher
mass flow rates may bring about turbulence in the main stream bringing down efficiency. About 1-3% of main
flow is generally used to avoid such problems [7].

There are cooling techniques which use either water or air as cooling medium. Nano fluids with higher heat
capacity or any other mixture of fluids can be used as coolant. Such synthesized coolants may possess density
higher than air and water, so passing it through holes or multiple passes maybe difficult. In order to reach a
higher level of research and interaction of these fluids, a basic research with a simple blade design and
traditional method of cooling i.e. convective cooling with air as coolant is employed. The coolant is passed
through the hollow blade where heat transfer happens between itself and the blade surface. Heat flows through
the blade (conduction) and later this heat conducted heat is lost to the coolant which acts a sink through
convection. An improvised model of convection cooling is that the coolant can be allowed to stay for a longer
time within the blade by creating multiple passes in the hollow region of the blade. This improved method
brings about more heat transfer, hence more cooling can be achieved.

2. Geometric Model and Working Conditions:

The blade profile used is the Rolls Royce Conway blade profile but with a different cooling technique. It is
a widely and commonly used blade profile in modern gas turbines. The blade has a cavity in its centre so as to
facilitate the flow of coolant through it. The blade geometry was modelled in Solid works. The material used
for the blade is nickel and the cooling medium used is Air. The surrounding hot domain is also air, relatively
at a higher temperature. The blade material as mentioned above is Nickel (Ni) bearing properties thermal
conductivity of 91.74w/m-k, specific heat (C,) of 460.6 J/kg-K, density of 8900 kg/m>The air in the hot
domain representing air from the combustion chamber has temperature of 1560 K and air depicting the coolant
flowing through the cavity of blade has temperature of 750 K, with density 1.225 kg/m? ,thermal conductivity
0.0242 W/m-K and specific heat(Cp)1006.43J/kg-K [8] .

Table 1. Properties of hot domain

Temperature 1560K
Thermal Conductivity(k) 0.0242w/m-K
Specific heat (Cp) 1006.43J/kg-K
Density(p) 1.225kg/m?

Table 2. Properties of cold domain

Temperature 750K
Thermal Conductivity(k) 0.0242w/m-K
Specific heat (Cp) 1006.43J/kg-K
Density(p) 1.225kg/m?

Table 3. Properties of blade material

Thermal Conductivity(k) 91.74w/m-K
Specific heat (Cp) 460.6J/kg-K
Density(p) 8900kg/m3

3. Meshing:

Meshing for the model was carried on in Ansys Model-Meshing component systems of Ansys software. The
model consists of 2363493 (2.3million) elements and 620843 (0.6million) nodes. An image of the meshing
has been shown below in Fig.2. The number of elements was increased to 3.5 million, with an intention to
witness any variation in results. But there was no appreciable change, so the model with 2.3 million elements
was used for further analysis.
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Fig.2 Meshed Component

4. Computational Model and Governing Equations:

As mentioned, the analysis is carried out in CFD and A** Fluent. The analysis mainly focuses on comparing
the results obtained from K-Epsilon model (CFX) and K-Omega SST turbulence model (Ansys Fluent).
Analysis can be carried out theoretically or computationally which abides by certain governing equation for
different types of turbulence model. The total energy equation which comprises of the conservation of mass
equation, the conservation of momentum equation and the conservation of energy equation is solved internally
to yield results in any kind of fluid dynamics problem Corresponding governing equations for CFX are [8],
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The turbulence model SST (Shear Stress transport) is based on two equations. This model manages calculations
of both k-¢ and k-w thus tackling adverse pressure gradients and turbulence properties.
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The transport equation in transitional SST model is governed by the following equation
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The concept of thermal conductivity plays a major role in the analysis. The high temperature of hot gases from
the combustion chamber is absorbed by the solid blade material through thermal convection. The convective
heat transfer as per Newton’s law of cooling:

q=h(T —Tx) an
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Thereafter the heat gets conducted from the topmost layer of the blade to the underlying layers through thermal
conduction. The interaction of high temperature gas molecules with the blade molecules creates a temperature
gradient between the layers of the blade. Heat transfers along the gradient of descending temperature, also
sometimes referred to as thermal diffusion. Thermal conduction is best explained by Fourier’s equation:

— &
q=—A (12)

A layer of TBC (Thermal barrier coating) on the blade helps to reduce the effect of heat on the blade. The
heat from the high temperature gas is transferred to the coating first, later onto the solid blade material. Then
the heat gets transferred to the coolant flowing through the cavity. Such TBCs help to increase the life of the
blade to a certain extent, but levies high maintenance charges as it undergoes wear and tear very often.

5. Cooling Effectiveness:

In order to know how effective the employed cooling method is, a parameter known as cooling effectiveness
is determined. Cooling effectiveness is the ability of the coolant to reduce the blade temperature. The value
scales from O to 1. The value reaches 1 when the blade temperature reaches the coolant temperature, indicating
efficient cooling and is 0 when the blade temperature reaches the main stream temperature. Cooling
effectiveness can be calculated using,
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Fig.3 Cooling Efficiency and Effectiveness at Different Stages
6. Results and discussions:

The figure 4 shows comparison of the results generated in Ansys Fluent and CFX wherein the same model
with the same number of elements was used. No significant variation was noticed out of these results. The iso-
surface generated in CFX gave out relatively more accurate visuals around the blade.
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Fig.4(A) Iso- surface generated in Ansys fluent Fig.4(B) Iso- surface generated in Ansys CFX
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Fig.5(A) Blade Contour Generated in Ansys Fluent Fig.5(B) Blade contour generated in CFX

The figure 5 show cases the temperature contours of blade, These contours show region of high and low
temperatures. Regions of high and low temperatures can be analyzed through these contours and further
research can be carried out to increase effectiveness at high temperature region.

Fig.4 shows one of the possible hot spots at the pressure surface near the trailing edge of the blade where the
temperature is comparatively higher than other points. It is also known as the stagnation point where the gas
flow halts for a moment and thereby this area experiences combined effect of kinetic and static energy that the
gas carries. A temperature of 948K was observed at the leading-edge hot spot whereas the other points where
lying at a temperature ranging from 850K to 920K. Another most probable point of hot spot is at the trailing
edge.

7. Conclusion and Future Research:

The present analysis on gas turbine blade with convective method of cooling generated cooling effectiveness
of 0.5. This level of effectiveness is not sufficient to have high efficiency and power output of the gas turbine
on the whole. The current model can be made efficient by using different coolant medium with a higher heat
capacity. But this may require refabrication of the turbine. So, an upgraded model of convective cooling with
multiple passes helps increase the efficiency. An updated model of cooling technology is Film cooling where
the coolant gushes out of the blade through small holes creating a layer, thereby reducing the blade temperature.

Gas turbines are majorly used in Airplanes. Commercial flights fly typically at a range of 6 to 8 miles above
the Earth surface. The temperature ranges from +15 °C to -50 °C. The idea here is to somehow direct this cold
atmospheric air onto the blades or through the blades so that the temperature can be reduced. The air has to be
directed towards the blade in such a way that the air doesn’t come in contact with the main stream air or the
combustion chamber. This may yield more efficiency than the existing cooling method technologies.
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