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ABSTRACT

Several cooling techinques have been studied for protecting gas turbine blades from hot gas. In
terms of film-cooling techniques, various shapes of film cooling holes have been studied
including fan shaped holes, which are used on gas turbine blades. However, owing to increasing
demands on smaller gas turbines, a research on film-cooling holes on thin walls is required. This
study was conducted at blowing ratios of 1 and 2, using numerical analysis. Through the
numerical analysis, the effect of geometrical parameters on the effectiveness of fan-shaped hole
film cooling was studied. Moreover, optimization was performed on three geometrical parameters:
metering length, lateral expansion angle and forward expansion angle. As a result, we realized
that the optimal fan-shaped holes on each blowing ratio were found to have very similar

geometry and cooling performance.
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Fig. 1 (@) Geometry of fan shaped hole, (b) target
area and (c) mesh.
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Fig. 2 Validation results (a) laterally averaged film
cooling effectiveness contour (b) local film
cooling effectiveness @ x/D = 10.[9].
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Table 1. Geometry parameter ranges. Enm :I‘:j:’)js:";j‘ ::j
D [mm] 08 .
/D 23 3
control p/D 6 ;M i
variable M 1.0, 2.0 T
DR i e
a 30° x/D
yés 10°-23° (b)
variable z 010 Fig. 3 Laterally averaged fim cooling effectiveness at
L,/D 125 @M=10) M=2
Table 2. Test matrix of M=1.
a 30°
L,/D 15 2
£ 10° 16.5° 23° 10° 16.5° 23°
Y 3° 7 3° 7 3° 7 3° 7 3° 7° 3° 7
AR 2.3 2.6 3.0 35 3.8 44 2.0 2.2 2.5 2.8 3.1 3.5
Z 0.168 | 0.171 | 0.257 | 0.258 | 0.301 | 0.298 | 0.146 | 0.163 | 0.213 | 0.219 | 0.121 | 0.237
Table 3. Test matrix of M=2.
a 30°
L,/D 1.5 2
Vet 10° 16.5° 23° 10° 16.5° 23°
e 3° 7° 3° 7 3° 7 3° 7 3° 7 3° 7
AR 2.3 2.6 3.0 35 3.8 44 2.0 2.2 2.5 2.8 3.1 3.5
7:7 0.122 | 0.122 | 0.262 | 0.291 | 0.316 | 0.343 | 0.075 | 0.072 | 0.168 | 0.174 | 0.045 | 0.053
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Fig. 4 Film codling effectiveness contour of fan shaped
hole at M =1, a = 30°.

6N MAE Wzt Aol Fols} nietRd 23
2 23 A2 BEALATIL A weEe
2 R m A l-—_o].;(]y'] rog ioh:]- 71 o]

e
A7 582 AT

Fig. 4ol AN Q7 &g B¥2 9t 9
R Aoyt 1501 prh 23w, F kA A
TG Bgzel istel fAR Sz BE

-1 <zD <19
FHAA Y iz Ago] 02 olstE JEMSE
Hl o]& Fig. 59 Fig. 6°llA & & Uxo], W
A7 Ha 12A BAEA 3 oaigdH
/D = 0)ol 2 FAHA X3 FH= FHF5H
U A 32 4FE FAHst FhREel vig

2 4= dEolt

N orr Lo o

—~
=
Nl

=)
o

@) (b)

Fig. 5 Velocity contour and coolant streamline at M = 1
@ z,/p=150 L,/D=208=23, y=3).
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Fig. 6 Temperature contour and velocity vector at M = 1
a) L,/D=150) L,/D =208=23, y=3).
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Fig. 7 Response surfaces of fan shaped hole
optimization at M = 1.

n

| —— ]
0 02 04 06 08 1.0

o QI -

2/D
3
-3

0 10 20 30 40 x/D
z/D
3

0 10 20 30 40 x/D

0 10 20 30 40 xD

o 10 20 30 40 x/D

Fig. 8 Film cooling effectiveness contour of optimized
fan shaped hole (@) case 1 at M = 1, (b)
case 2 at M =2 (c) case 2 at M = 1, (d)
case 2 at M = 2(case 1t L, /D =11, B =

280, y=40, case 22 L,/D =13, =230,
y = 40°).
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Fig. 9 Area—averaged film cooling effectiveness graph.
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Table 4. Optimized hole geometry parameter.

Case 1 Case 2
M 1 2
L,/D 11 1.3
23.0° 23.0°
v 4° 4°
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