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In the present work, heat transfer analysis of a gas turbine blade consisting of 5, 7, and 10
holes, coolant flowing with suitable velocities 40 m/s, 75 m/s, and 110 m/s. From the results
of several investigations, the suitable velocity ranges of coolant fluid have been taken. The
coolant fluid used in this work is air, as it is suitable for aircraft engines working on open
cycle gas turbines, and of course, it is cheaply available, and the blade material used is
Inconel 718. Simulations are carried out using Computational Fluid Dynamics (CFD)
software, ANSYS FLUENT 14.5. An analysis is being done on how the temperature is
varying in blade with different configurations. Temperature distribution in the blade is
studied and variation of different parameters like velocity, Nusselt number, heat transfer
coefficient is observed. It is found that the blade cooling is maximum in the case of a blade
with 10 holes and coolant inlet velocity 110 m/s. The average Nusselt number with the
coolant inlet velocity of 40 m/s, 75 m/s, and 110 m/s is around 11, 19, and 21, respectively.
The lowest temperature attained by the blade on the coolant inlet surface is 1152 K and the
coolant exit surface is 1334 K. These two temperatures are observed when the blade has

10 cooling holes and coolant inlet velocity is 110 m/s.

1. INTRODUCTION

A turbine is a rotating component that uses a fluid action to
produce work. In a gas turbine, compressed, high-temperature
gas is the conductor. In power generation and marine
applications, it is often referred to as a power turbine. For
aviation purposes, it is referred to as a gas generator. One of
the reasons why gas-powered engines are used to power
aircraft is that they are lightweight and compact and have a
high degree of power to weight ratio. The distinctness between
gas turbine blades and rocket nozzles is the wall curvature.
Turbine blade walls are curved in the stream-wise direction,
and rocket nozzles walls can be curved in both stream-wise
and span-wise directions [1]. Gas turbines are used extensively
for aircraft propulsion, land-based power generation, and
industrial applications. One of the critical areas of gas turbine
engines is the blade tip region, concerning durability and
cooling air use [2].

2. PROBLEM STATEMENT AND METHODOLOGY

The higher operating temperatures of hydroelectric power
are used to increase the power as well efficiency of a gas
turbine. The motivation behind this is that higher temperature
gases yield higher energy potential. As a result of the rotation,
the local heat transfers in turbine blade internal cooling
passages are different from those of stationary channels [3].
However, the components and the gas system meet the high
thermal load, which can cause damage [4]. HPT (High-
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Pressure Turbine) blade is one of the components continuously
exposed to hot gas. Turbine blades are operated at
temperatures between 1200°C to 1500°C [5]. This temperature
is far beyond the melting point of current materials technology.
Hot gases from the combustor enter the turbine increasing heat
load on the turbine components. The flow field becomes more
complex when the turbine is rotating and there are differences
between the high and low-pressure walls [6]. One of the
components more prone to thermal failure is the blade tip
region due to its intense environment and difficulty in cooling
[7]. The heat transferred to the blades in the turbine depends
on the turbine inlet temperature and is directly proportional [8].
Turbine blades are required to work for a longer period
operating at temperatures above their melting point.

Various cooling techniques are used to reduce the ambient
temperature of the blade below the melting point [9]. The way
to provide acceptable cooling of the blade tips is to extract
some cooling air from various coolant passages, to protect the
tip surface from the hot leakage gas [10]. The performance of
cooling holes placed along the pressure side tip was good for
a small tip gap when compared to a large tip gap [11]. An
overall benefit to the tip obtained by releasing coolant from the
pressure side holes [12]. Film cooling effectiveness for the
coolant injection from both tip and pressure side holes case
was higher potential due to the pressure side injected coolant-
carrying over the tip surface [13]. Rib arrays inside an internal
cooling channel are often used in heat exchanger systems to
improve the heat transfer rate [14]. Heat transfer data in
internal coolant channels with film cooling extraction is
important to the design of a cooling system [15]. Internal
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cooling is achieved by air circulating in several flow channels
inside the body of the blade [16]. Maximizing the cooling
efficiency of such passages and quantify the performance of
these passages for parameters relevant to engine operating
conditions have been the primary focus for several years [17].
Although detailed heat transfer measurements in coolant
channels are available in the literature, to the author's
knowledge, the direct combination of velocity variations,
Nusselt number, and heat transfer coefficient in such ducts has
not been described. The objective of this study is

e To reduce the temperature of the blade using different
configurations viz., 5,7, and 10 cooling passages with
cooling inlet velocities 40 m/s, 75 m/s, and 110 m/s.

e To analyse the heat transfer in a blade with a different
number of cooling holes with different cooling fluid
flowing at different velocities i.e., a total of nine
configurations are analysed.

e To analyse of heat transfer coefficient, Nusselt number,
temperature, and velocity.

e To make sure that the cooling of the blade should not
affect the performance of the turbine. So, our objective
is not to reduce the temperature around the blade but
just reduce the temperature inside the blade.

The following parameters are considered in the study to
analyse the behaviour of the blade when exposed to the various
boundary conditions.

e  Temperature distribution in the blade is analysed and
the temperature variation in the blade domain due to
cooling air is also considered. The temperature
variation in the cooling holes and along the length of
the blade is observed.

The velocity profile of the air in the domain is studied.
The average Nusselt number in the cooling holes is

determined when air is flowing with different velocities.

The average heat transfer coefficient is found out from

the Nusselt number. It is calculated using the formula:
Nu="22
K
e The heat transfer coefficient is determined. This
parameter can be used to decide with the configuration

that has the highest heat transfer rate.

3. MODELLING OF GEOMETRY

To carry out the present work, blade cooling passages and
external domain are to be modelled and meshed. The model of
the blade is made using Ansys 14.5 geometry, 150 coordinate
points are taken to draw the blade. Coordinates of the blade are
plotted and joined using the 'Spline' option. The blade sketch
extruded to a length of 150 mm in the Z direction. In the X-Y
plane on the surface of the blade, a sketch for holes (Cooling
Passage) is drawn. The radius of cooling will be 2 mm, these
holes will be extruded into the blade till the end i.e., to a length
of 150 mm. Extrusion is done using remove material options,
the same procedure is repeated for 5, 7, and 10 holes with the
same dimensions. A new sketch which is a combination of a
circle and rectangle is drawn, for fluid domain. The radius of
the circle is 200 mm. The dimension of the rectangle is
500x400. These two are merged and extruded to a length of
150 mm in the Z direction. The fluid domain dimensions are
selected such that the boundary layer effects are alleviated.
Blade geometry is subtracted from the domain using Boolean
operation. Then a new blade geometry is imported in the place
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of subtracted geometry to form two different domains. The
same domain is used for different cases namely blade with 5,
7, and 10 cooling holes. Model of blade having 10 holes in a
fluid domain is shown in Figure 1.

Figure 1. Model of blade having 10 holes in a fluid domain

4. MESHING OF THE GEOMETRY

The mesh structure of the model having domain and blade
with ten coolant passages is shown in Figure 2. The minimum
size of the mesh is 0.0.001.972 m and the maximum size is
0.023.943 m. The total number of nodes is 699,096 and the
total number of elements is 604,145. There are two types of
elements in the mesh, wedges, and hexahedra. In this mesh,
there are 592,439 hexahedra elements and 11,706 wedges.

Figure 2. Mesh of blade having 10 coolant holes with
domain

5. BOUNDARY CONDITIONS

Faces are named as inlet, outlet, coolant inlet, and a coolant
outlet. Superalloy Inconel 718 is the material of the blade. The
energy equation is turned ON. As per the velocities of fluid
and its properties are mentioned in Table 1, the flow will vary
from transient to turbulent hence k-¢ model is chosen to solve
the problem. The properties and boundary conditions of hot
and cold air are mentioned in Tables 2 and 3 respectively.



Table 1. Properties of material Inconel 718

Density (kg/m?) 8190
Specific heat (J/kg K) 586
Thermal conductivity (W/m K) 24

Table 2. Properties of hot and cold air

Property Hot Air Cooling air
Density (kg/m?) 0.615 Incompressible
Ideal Gas
Specific heat (J/kg K) 1047 1164
Thermal conductivity 0.04605 0.074
(W/m K)
Viscosity (kg/m-s) 2.971x10° 4.5505x10°3

Table 3. Boundary conditions of hot air and coolant air

Hot Air Cooling air
Inlet type Velocity inlet Velocity inlet
Temperature 1500 K 400 K
Velocity 260 m/s 40 m/s, 75 m/s, 110 m/s
Pressure 101325 Pa 101325 Pa
Qutlet type Outflow Pressure Outlet

6. RESULTS AND DISCUSSIONS

We studied heat distribution for different configurations of
the blade. Gas Turbine blade with 5 holes, 7 holes, and 10
holes are studied with cooling air velocities 40 m/s, 75 m/s,
and 110 m/s. A total of nine cases have been studied. The
temperature distribution on the blade surface is compared
among all the 9 cases. The Nusselt number variation and heat
transfer coefficient variation for three different velocities are
represented graphically. The values of average Nusselt
number obtained in the coolant passages when the coolant inlet
velocities are 40 m/s, 75 m/s, and 110 m/s, also the Nusselt
number variation along the blade length for three different
coolant inlet velocities. The calculated values of average heat
transfer coefficients for the three velocities 40 m/s, 75 m/s, and
110 m/s, and the variation of heat transfer coefficients for
different coolant inlet velocities are presented. The values of
temperatures of the blade on the coolant inlet surface for all
the nine configurations i.e., 5, 7, and 10 coolant passages and
40 m/s, 75 m/s, and 110 m/s coolant inlet velocities are
obtained. The temperature variation of the blade on the coolant
exit surface and inlet surface at different locations for all 9
scenarios is done.

The gas turbine blade is provided with ten cooling holes.
The velocity of the coolant in these holes is varied. Three
velocities 40 m/s, 75 m/s, and 110 m/s are used to study the
performance of the blade. The results of only 10 holes
configurations are shown below in the form of contours and
graphs. For remaining all other cases the tabular values are
provided.

When the inlet velocity of coolant in all 10 holes is 40 m/s
the temperature contour on the blade is shown in Figure 3.
From this contour, it can be said that the lowest temperature
on the blade is around 1,276 K. It is lowest near the leading
edge and at the coolant inlet surface. It tends to increase along
the length of the blade in y and z directions. The maximum
temperature on the blade is 1,495 K.

The area of the blade having high temperature increases
from the coolant inlet surface to the exit.

Figure 4 shows the temperature distribution on the top of
the blade when the coolant inlet velocity in 10 cooling holes is
75 m/s and the hot air velocity is 260 m/s. The lowest
temperature on the blade surface is around 1,279 K. The
highest temperature recorded is 1,496 K. From Figure 3 and
Figure 4 it can be observed that the region having red contour
i.e., the region on the blade with high temperature has reduced
from Figure 3 to Figure 4.

The lowest temperature on the blade surface having 10
cooling holes and coolant flowing with 110 m/s is around
1,237 K. The lowest temperature is observed from the leading-
edge until the position of the 7th hole near the coolant inlet
region. As the coolant flows through the hole, its temperature
increases as well as blade temperature increases. This can be
observed in Figure 5. The highest temperature on the blade is
nearly 1,490 K. This high temperature be a red contour on the
blade near the trailing edge in Figure 5.

1

1.291€+003
1.257+003
1.223+003
1.189e+003
1.1550+003

e [ 0050 0.100 (m) "
= \ — — ]
\ 0.025

0,075

Figure 3. Temperature distribution in blade with 10 cooling
holes and flow velocity 40 m/s
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Figure 4. Temperature distribution in blade with 10 cooling
holes and flow velocity 75 m/s
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Figure 5. Temperature distribution in blade with 10 cooling
holes and flow velocity 110 m/s



Table 4. The minimum and maximum temperature recorded on top of the blade in different cases

Temperature (K) recorded on top of

Temperature (K) recorded on top of

Temperature (K) recorded on top of

Velocity the blade having 5 holes the blade having 7 holes the blade having 10 holes
Minimum Maximum Minimum Maximum Minimum Maximum

40 m/s 1362 1499 1370 1496 1276 1495

75 m/s 1294 1499 1300 1494 1279 1496

110 m/s 1241 1490 1230 1488 1237 1490

From Table 4, it is observed that, as the velocity of the
coolant increases the temperature in the blade decreases. Every
case shows same trend of increasing temperature from leading
edge to trailing edge. The temperature tends to increase along
the length of the blade. The minimum temperature recorded on
top of the blade is 1237 K in case of 10 holes with 110 m/s
coolant velocity. The maximum temperature recorded on top
of the blade is 1499 K in case of 5 holes with 75 m/s and 110
m/s coolant velocity.
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Figure 6. Temperature distribution on blade surface and
coolant tubes when the coolant inlet velocity is 40 m/s

The wall temperature in the cooling holes increases from
400 K at the inlet to a higher temperature at the exit. Along the
length of the blade, due to heat transfer, the temperature of the
coolant keeps increasing. When the blade has 10 cooling holes
and the inlet velocity of the coolant is 40 m/s, the temperature
of the coolant wall gradually increases from 400 K at the inlet
to nearly 1,390 K at the exit. This variation can be seen in
Figure 6. However, the temperature of the complete flow is not
the same at any location. Figure 6 gives the temperature
contour of the cooling hole walls and blade surfaces at coolant
inlet and exit. Figure 7 gives the temperature variation in the
flow at the coolant exit hole. It can be seen that the temperature
is lowest at the center of the flow and gradually increases till
the walls. The lowest temperature is 1,320 K and the
temperature at the walls is as high as 1,388 K.
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Figure 7. Temperature contour at the coolant passage exit
when inlet velocity is 40 m/s
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Figure 8. Temperature distribution on blade surface and
coolant tubes when the coolant inlet velocity is 75 m/s
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Figure 9. Temperature contour at the coolant passage exit
when inlet velocity is 75 m/s
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Figure 10. Temperature distribution on blade surface and
coolant tubes when the coolant inlet velocity is 110 m/s

When the coolant inlet velocity is 75 m/s, the temperature
of the coolant walls varies from 400 K at the inlet to 1,270 K.
This variation of coolant temperature can be seen in Figure 8.
At the exit of the coolant hole, the temperature distribution is
shown in Figure 9. It is observed that the temperature at the
center is low and increases near the walls. The temperature at
the center is recorded as 1,122 K and the temperature near the
walls is 1,238 K. Similarly, when the coolant inlet velocity is
110 m/s, the coolant wall temperature variation is shown in



Figure 10. The temperature at the inlet is 400 K at it increases
to around 1,100 K till the coolant outlet. The temperature
contour at the coolant outlet is shown in Figure 11. The
temperature at the center is lower compared to the temperature
near the walls. The center flow temperature is around 1,017 K
whereas the temperature the walls at few places touches 1,155

1.017e+003
(K]

.
00025 0.005 (m) I_.

Figure 11. Temperature contour at the coolant passage exit
when inlet velocity is 110 m/s

The temperature variation on the blade surface where there
is coolant velocity is observed. These results for coolant inlet
velocity 40 m/s, 75 m/sand 110 m/s are tabulated in Tables 5,
and 6, respectively. The temperature of the blade on the
coolant inlet surface at different x coordinates and blade
temperature on at the same x coordinates but on the coolant
exit surface are noted.

From Table 5 it can be observed that the temperature at the
leading edge on the coolant inlet surface i.e., at x = 0 m, the
temperature is 1,347 K and it tends to decrease till x = 0.02 m.
It means till half the chord length the temperature reduces and
from there again it starts increasing till the trailing edge. At the
coolant exit surface the temperature on the blade is 1,490 K at
the leading edge and it till the position x = 0.02 m. From there
it tends to increase till the trailing edge. The highest
temperature observed will be 1,496.4 K atx=0.1 mand y =
0.15m.

When the coolant inlet velocity is 75 m/s the temperature
distribution on the blade surfaces is given in Table 5. It is
observed that the lowest temperature is noted at x = 0.02 m.
the lowest temperature recorded is around 1,257 K, which is
nearly equal to that previous case. The blade temperature on
the coolant exit surface is given in the third column of the table.
The temperature decreases from the leading edge to the
position of x = 0.02 m. The lowest temperature on that surface
is 1,452.7 K, which also equal to the previous case.

The temperature distribution where the coolant velocity is
110 m/s is tabulated in Table 6. The lowest blade temperature
recorded on the coolant inlet surface is around 1,217 K and the
highest is 1,471 K. A sharp rise in the blade in temperature can
be observed from x = 0.08 to x =0.1 m. On the coolant exit
surface, the temperature varies from 1,414 K to 1,492 K, the
lowest temperature occurring at x = 0.02 m. Even on this
surface, there is a sharp rise in temperature near the trailing
edge. The temperature distribution of blade on coolant inlet
and outlet surface along chord length for different cases is
shown in Figures 12 and 13 respectively.

Table 5. Temperature distribution of blade on coolant inlet surface along chord length for different cases

Blade temperature (K) having 5

Blade temperature (K) having 7 holes

Blade temperature (K) having 10 holes

X (m) holes with coolant velocity with coolant velocity with coolant velocity
40 m/s 75 m/s 110 m/s 40 m/s 75 m/s 110 m/s 40 m/s 75 m/s 110 m/s
0 1386.8 1348.0 1315.5 1360 13354 1293.6 1309.8 1270.6 1226.6
0.02 13543 12744 1255.1 1310.6 1300.1 1252.6 1262.1 1205.2 1152.5
0.04 1366.5 1320.8 1280.5 1307.1 1288.6 1233.2 1271.6 1221.8 1163.3
0.06 1374.1 1333.9 1301.6 1337.6 1309.6 1261.6 1286.1 1243.9 1193.7
0.08 1466.5 1459.7 1450.9 1412.6 1396.4 1376.06 1332.2 1300.8 1267.5
0.1 1492.8 1489.2 1490.9 1483.9 1486.6 1479.6 1482.1 1468.6 1466.5
Temperature Vs Chord length
1550
1500
1450 —4&— 5 holes with velocity 40m/s
< 1400 —— 5 holes with velocity 75m/s
o —— 5 holes with velocity 110m/s
5 1350
E 7 holes with velocity 40m/s
g 1300
£ —— 7 holes with velocity 75m/s
= 1250
—8— 7 holes with velocity 110m/s
1200 10 holes with velocity 40m/s
1150 10 holes with velocity 75m/s
1100 10 holes with velocity 110m/s
0 002 004 006 008 01
Chord length (m)

Figure 12. Temperature distribution of blade on coolant inlet surface along chord length for different cases
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Table 6. Temperature distribution of blade on coolant outlet surface along chord length for different cases

Blade temperature (K) having 5

Blade temperature (K) having 7 holes

Blade temperature (K) having 10 holes

X (m) holes with coolant velocity with coolant velocity with coolant velocity
40 m/s 75 m/s 110 m/s 40 m/s 75 m/s 110 m/s 40 m/s 75 m/s 110 m/s
0 1483.7 1446.8 1420.1 1499.8 1499.7 1498.6 1499.3 1412.4 1372.6
0.02 1477.6 1425.6 1390.9 1453.6 1439.6 1390.2 1450.7 1389.5 1334.7
0.04 1479.4 1437.6 1405.8 1452 1432.4 1388.7 1455.4 1395.5 1347.5
0.06 1482.9 1448.8 1421.5 1468.1 1437.7 1403.2 1462.6 1409.2 1366.8
0.08 1494.5 1486.2 1479.1 1484.8 1466.6 1451.4 1475 1439 1409.3
0.1 1498.8 1496 1494.3 1496.6 1494 .4 1493.8 1496.4 1490.5 1488.5
Temperature Vs Chord length
1550
1500
——5 holes with velocity 40m/s
. 1450 —i—5 holes with velocity 75m/s
x
] —&—5 holes with velocity 110m/s
=
E 1400 —<—7 holes with velocity 40m/s
g ——7 holes with velocity 75m/s
F 1350 —e—7 holes with velodity 110m/s
10 holes with velocity 40m/s
1300 10 holes with velocity 75m/s
10 holes with velocity 110m/s
1250
0 002 004 006 0.08 0.1
Chord Length{m)

Figure 13. Temperature distribution of blade on coolant outlet surface along chord length for different cases

Figure 14. Temperature distribution in the domain with blade
having 7 holes and flow velocity 40 m/s

When the coolant of lower temperature is passed through
the blade and the coolant mixes with the main flow and hence
it reduces the temperature of the surroundings a little. As the
velocity of coolant increases the temperature reduction around
the blade also increases. When the coolant inlet velocity is 40
m/s and there are 10 coolant holes present on the blade, the
domain temperature contour is shown in Figure 14. It is
observed that the temperature near the blade has reduced. The
minimum temperature of 1,471 K is found at the trailing edge
of the blade, which means there is a reduction of 29° from the
mainstream temperature. When the Coolant inlet velocity is 75
m/s, it is observed that there is a maximum reduction of 36°
near the trailing edge of the blade. It can be seen in Figure 15
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that temperature is lowest at the trailing edge and gradually
increases to normal flow temperature. The temperature
reduces by 43° when the coolant inlet velocity is 110 m/s. The
temperature of the fluid around the blade is recorded as 1,467
K. The temperature contour of the domain when the coolant
inlet velocity is 110 m/s is shown in Figure 16.

Figure 15. Temperature distribution in domain with blade
having 10 cooling holes and flow velocity 75 m/s

The velocity contour of the domain is shown in Figure 17.
It was observed that the contour was almost similar even when
the coolant inlet was varied. The velocity of the hot air in the
domain increases on reaching the blade. The velocity is
highest on top of the blade which is nearly is 600 m/s. It
reduces as the flow moves away from the blade. Due to



boundary conditions, the velocity near the walls approaches to
Zero.

The velocity profile of the coolant at the exit is shown in
Figures 18, Figure 19, and Figure 20 when the inlet velocity is
40 m/s, 75 m/s, and 110 m/s, respectively. The velocity is
highest in the center of the flow and reduces near the walls.
When the coolant inlet velocity is 40 m/s the velocity at the
center of the exit is 164 m/s and near the walls, it is 103 m/s.
The velocity of coolant at the center at the exit is 258 m/s and
178 m/s at the walls when the inlet velocity 75 m/s. Similarly,
when the coolant inlet velocity is 110 m/s, the velocity of the
center of flow is 346 m/s and at the walls is 243 m/s. The
variation of Nusselt Number and Heat Transfer Coefficient
along length (z) of blade for different velocities is shown in
Figures 21 and 22 respectively.

Figure 16. Temperature distribution in the domain with blade
having 10 cooling holes and flow velocity 110 m/s
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0.400 (m)

0.100 0.300

Figure 17. Velocity distribution in the domain with blade
having 10 holes and flow velocity 40 m/s
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Figure 18. Velocity contour at the coolant outlet when the
inlet velocity is 40 m/s
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Figure 19. Velocity contour at the coolant outlet when the
inlet velocity is 75 m/s
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Figure 20. Velocity contour at the coolant outlet when the
inlet velocity is 110 m/s
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Figure 21. Nusselt number variation along length(z) of blade
for different velocities
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Figure 22. Heat transfer coefficient variation along length(z)
of blade for different for velocities



Ta

ble 7. Nusselt number distribution along blade length
2(m) Nusselt number when coolant inlet velocity is
40 m/s 75 m/s 110 m/s

0 11.36 18.13 19.2
0.03 11.3 18.22 21.2
0.06 11.45 18.42 21.3
0.09 11.7 18.5 214
0.12 11.9 18.6 21.45
0.15 12.3 19 2141

Table 8. Heat transfer coefficient distribution along blade

length
Heat Transfer Coefficient when coolant inlet velocity
z(m) is
40 m/s 75 m/s 110 m/s

0 420.46 670.9 710.6
0.03 418.2 674.32 784.6
0.06 4237 681.72 788.3
0.09 430.67 684.7 792
0.12 431.9 688.4 792.4
0.15 455.2 698.4 792.1

The Nusselt Number and Heat Transfer Coefficient
distribution along blade length are shown in Table 7 and 8
respectively. Like the way it has been solved for 10 cooling

holes,

The t

the same procedure is followed for 5 and 7 cooling holes.

emperature and velocity distribution, Nusselt number,

and heat transfer coefficient are obtained and the combined
representation of various cooling holes is done above.

7. CONCLUSIONS

In the present work heat transfer analysis on a gas turbine
with different number of cooling passages is studied. Gas
turbine blade with five, seven, and ten cooling holes are taken,
and coolant inlet velocities 40 m/s, 75 m/s, and 110 m/s are

given

. Hence a total of nine different configurations are

studied. The conclusions of the current work are given as
follows:

The highest average Nusselt number 21 is observed
in the case where the coolant is flowing with 110 m/s.
Among the considered configurations i.e., 40 m/s, 75
m/s and 110 m/s, maximum heat transfer coefficient
is found to be around 780 W/m? K. It is observed
when the coolant inlet velocity is 110 m/s.

The variation of Nusselt number and heat transfer
coefficient are high between the cases with coolant
velocity 40 m/s and 75 m/s.

When the temperature distribution on the blade
surface along chord length is observed, maximum
temperature is reduced when there 10 cooling holes
with coolant flowing at 110 m/s.

The minimum temperature of blade at the coolant exit
surface of the coolant is observed in the case with 10
cooling holes with coolant flowing at 110 m/s
followed by 7 holes with 110 m/s.

The temperature of coolant has been increasing along
the passage from 400 K to 1400 K as it absorbs heat
from the blade and the maximum temperature
difference is observed in the case of blade with 5
cooling holes with the velocity of 40m/s followed by
7 cooling holes with 40 m/s and 10 cooling holes with
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40 m/s and then 7 cooling holes with 75 m/s.

e In the case of blade having 10 holes and coolant

flowing with 110 m/s, the temperature in the domain
around the blade is reducing by around 43 K which is
not desirable. So, the blade with 5 holes and coolant
flowing with 40 m/s seems to be desirable as the
temperature in the domain around the blade is
reducing by around 10 K.

e Itisdesirable to consider a blade with 5 cooling holes

with 40 m/s as the variation of Nusselt number and
heat transfer coefficient are high between the cases
with coolant velocity 40 m/s and 75 m/s and also the
temperature distribution around the domain is
desirable in this case.
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NOMENCLATURE

Nu Nusselt number, no units

z blade length, m

X chord length, m

h average heat transfer coefficient, W/m? K

D diameter of the coolant passage, m

k thermal conductivity of the coolant fluid, W/m K





