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A Numerical Study on the Cooling Efficiency of the Gas Turbine Vane
with the Film Cooling Hole Shape
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Research on advanced cooling system design is significant in achieving a high turbine inlet temperature in the gas turbine
industry. The higher turbine inlet temperature of the gas turbine increases thermal efficiency. However, it also aggravates
the gas turbine deterioration, lifespan, and efficiency. In this study, a numerical model is developed for simulating the
cooling performance of the gas turbine vane with the turbine inlet temperature of 1528 K. The impact of the coolant air flow
rate and hole-shape were investigated. The expanded hole shape had better cooling performance than the general
cylindrical shape, and showed higher cooling efficiency. We suggest that there is a relationship between the shape of the
film cooling holes and the cooling air flow rate that achieves the desired cooling effectiveness.
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Fig. 1 Modeling of gas turbine vane

(a) Straight (b) Contracted (c) Extended
Fig. 2 The structure of film cooling hole
Table 1 Parameters of the gas turbine vane
Geometry parameters Value
Height [mm] 130
Chord [mm] 140
Axial chord [mm] 115
Stagger angle [°] 48

29| 77|= 2mmo|t}. LE 1-4= 749} 37]= 40712} 1.6 mm
2 Zdslc}. SS 1-49] 7i4= 29, 38, 39, 37710y, A7|=
2mmolth. 2] 34 RlofA= A1e ZRAe) Wk A9} H
Qo) IA| BEO2 A FHom PAHI WA 371 v
of YRz FFHIA el Ne o JHLL Fe 1314

O Yrbe B, 24A0R Yz TS FA At Hol
A 38 Tl diste] Wl AL P o B wigle]

S A5e AN oo whe,
o] =)o wet H#o) Wk muprt

i

i)

o o%
RS
W e 12
lo

%
o

2.2 %] oM e 2 2 =A
E""'l — o] T o1 =

o HLH ARE AA FF 7IAEHEO BEAAE AHLsHon,
Table 201 LFeRRich. =2] s A1€] A 2202 1528 K7} 8.4 ke's™
o] wjgton], WYz F7]%= 803 K} 0.51 kg's'o]al, 314= Mar-
m-2472 AR ]It wdzr & FAoll Histe] 712 A8 &
2 0.51 kgs'ow], Aol w2 2polE 5] 0.255, 0.765 ke's”!
£ Hgsto] sttt 2 k-o SSTZ AAs13, &
T 2L "oz A8t AxF AAls g & Afol=

2ol TG Q)R 2w LRE oF 23O AR} AAIS

N
—-



February 2020/ 109

ve 1.+

Main stream

IMethane)

Fig. 3 Part of the film cooling hole

—
—

Main flow

-—
|

Fig. 4 Mesh design of the fluid domain

Table 2 The properties of the vane

Properties Hot gas Cooling Solid
P [Methane] [Air] [Mar-M-247]
Density
ke 0.6679 1225 8100
Specific heat
[ K] 222 1006.43 500
Thermal
conductivity 0.0332 0.0242 2
[W-m"K"]
Viscosity 1.087 x 105 1.78947 x 10°° ;
[kgms"]
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Fig. 5 Temperature distribution in each film cooling hole shape at
0.255 kg's™!
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Fig. 6 Comparison the temperature distribution at leading edge [x-y
view] with 0.255 kg's™!

Extended shape

Straight shape Contracted shape

Fig. 7 Comparison the hot gas and cooling air flow in each shape at
0.255 kg's™!
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Fig. 8 Pressure distribution in each film cooling hole shape at x-y
plane with 0.255 kg's™
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Fig. 9 Temperature distribution in each film cooling hole shape at
0.51 kg-s™!
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Fig. 10 Comparison the temperature distribution at leading edge [x-
y, z-X plane] with 0.51 kg-s™
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Fig. 11 Pressure distribution in each film cooling hole shape at x-y
plane with 0.51 kg's™

2ol Wz §7] ffo] BADE WAl g Y7t 2 P4
R
Fig. 119] 2hy2t & @4kol w2 shgzt fake] Hjolof s

. o] grel

=
4 BEE ekt 4 Lol H23e

o 71 A EAEYUL}. ol ufel, & FRAvk FYUSA 2
SR elA] W2k Bk BAsel syt A gEs
so elsict.

3.3 W2t 37| {2F 0.765 kg-s™
Fig. 1204+ 2Fo] 0.765 kg's'Y wj, 11L& 7}A
of thgh HlQl FH 2=9] gzt Ay HES 2E FEER

4 37 &



February 2020/ 111

Temperature

K]
1354
H 1303
1252

{1201
1150
1099
1048

997
946
895

840 Straight shape

Extended shape

Contracted shape

Fig. 12 Temperature distribution in each film cooling hole shape at
0.765 kg's™!
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Fig. 13 Comparison the temperature distribution at leading edge [x-
y, z-X plane] with 0.765 kg-s™'
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Fig. 14 Pressure distribution in each film cooling hole shape at x-y
plane with 0.765 kg-s™'
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Fig. 15 Overall cooling effectiveness of the gas turbine vane at each
cooling air flow rate
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