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Improvement of Film Cooling Performance by Double Flow Control Devices
—Investigation of Devices Optimum Shape under High Density Ratio—
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This paper describes several attempts to optimize double flow control devices (DFCD), which was invented by

some of the authors for achieving better film cooling performance of gas turbine cooling holes. The device, which

will be referred to as DFCD, is a pair of protrusions with the shape of hemi-spheroid attached to the turbine blade

surface just upstream of each of cooling holes. It has been revealed in the previous studies that the optimized devices

are able to improve film cooling effectiveness dramatically. However DFCD optimization has only been done

under low density- ratio condition and low blowing ratio, i.e., DR=0.85 and BR= 1.0, therefore there is room for the

improvement of device shape and configuration for the use at high density ratio and high blowing ratio conditions. In

order to investigate the film effectiveness at a high density ratio and high blowing ratio, we use CFD and EFD-based

Taguchi Methods to optimize DFCD shape. Then, performance evaluation of the optimum DFCD shape is done from

CFD and EFD.
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Fig. 1 Control factor (DFCD geometry)

Table 1 Control factor’s level

Control factor Level 1 Level 2 Level 3

A Curvature of fillet 0.05d 0.1d

B Width1l 0.2d 0.25d 0.3d

C Width2 0.2d 0.25d 0.3d

D Height 0.4d 0.5d 0.6d

E Angle 20[deg.] 25[deg.] 30[deg.]

F Distancel 1.3d 1.4d 1.5d

G Distance2 1.3d 1.4d 1.5d

Table 2 L18 orthogonal table
A B C D E F G
casel 0.05d 0.2d 0.2d 04d | 20[deg]) | 1.3d 1.3d
case2 0.05d 0.2d 0.25d 0.5d 25[deg.) 1.4d 1.4d
case3 0.05d 0.2d 0.3d 0.6d | 30[deg) | 1.5d 1.5d
cased 0.05d 0.25d 0.2d 04d | 25[deg]) | 1.4d 1.5d
caseS 0.05d 0.25d 0.25d 0.5d 30[deg.] 1.5d 1.3d
case6 0.05d 0.25d 0.3d 0.6d 20[deg.] 1.3d 1.4d
case7 0.05d 0.3d 0.2d 0.5d | 20[deg.) | 1.5d 1.4d
case8 0.05d 0.3d 0.25d 0.6d | 25[deg]) | 1.3d 1.3d
case9 0.1d 0.3d 0.3d 0.4d 30[deg.] 1.4d 1.5d
casel0 | 0.1d 0.2d 0.2d 0.6d |30[deg)| 1.4d 1.4d
casell 0.1d 0.2d 0.25d 0.4d 20[deg.] 1.5d 1.5d
casel2 0.1d 0.2d 0.3d 0.5d 25[deg.) 1.3d 1.3d
casel3 0.1d 0.25d 0.2d 0.5d 30[deg.] 1.3d 1.5d
casel4 0.1d 0.25d 0.25d 0.6d | 20[deg.] | 1.4d 1.3d
caselS 0.1d 0.25d 0.3d 0.4d 25[deg.] 1.5d 1.4d
casel6 0.1d 0.3d 0.2d 0.6d | 25[deg.]) | 1.5d 1.3d
casel7 0.1d 0.3d 0.25d 04d | 30[deg) | 1.3d 1.4d
casel8 0.1d 0.3d 0.3d 0.5d | 20[deg.) | 1.4d 1.5d
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Fig. 2 Computational domain

(a) Overall views

(¢) Center plane

(b) DFCD part

Fig. 3 Computational grid
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Fig. 4 Wind tunnel for film cooling investigations
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Fig. 7 Hole block (Angled condition)
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Fig. 8 PSP excitation view
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Fig. 9 Data process of film cooling investigation
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Fig. 10 Response graphs for major effect (film effectiveness)
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Fig. 11 Contor of film effectiveness ( ¢ =0, 5, 10deg)

0.35

0.3
0.25
0.2 1

Nave

0.15 +

0.1

0.05

N

N _&9 ‘JOQ\ K »@,’,9\ (’00« ) -6\&0\
A & 0&0 & & 0,;? &

Fig. 12 Area-averaged film effectiveness

5.2 KEIER
5.2.1 EE%ER (SN, S:EFH7T 1ILLHE)

FERTEA L 72545t (ST IRE18 x AR A ZE R $43)
PHEM L 2ZERNA RN E KSR T BRI &
D, WK OREEZ, HI#MKTD (DFCDES), E
(DFCDB %), F (DFCDA /S > HIalfinE) As iy
BWEWR b, MK TG (DFCD & wHfLA LA
SO BN T 4 VAREO TN A NI
TV L5505, MAT, Hl#HKETC (DFCDAMIOIE)
TN MENOREEDINS L, ClLEC2O#EDIT L
AR LN, $Eo THEED OO - &BELTIR
X, AI-B1-C1-D3-E3-F1-G1 (Optimal0l) % L < iZAl-
Bl1- C2-D3-E3-F1-G1 (Optimal02) T& %-

BT, FEBRD S5 S N ERRD R & BT 5
HONZERARER (K10) % IERT 2, HIHKT 0%
BT, BUEAT SHE SN R LI BB lh—
HLTWBEDS, EBREICE 2 ERDFINELHTHS,
KT ¥ TN T— F 2BV B EBRE O BRI EE
TSR L D /SN0, HERTOREDLZ
ZHIRT B T/HhEIV{ DI kol EZ NS, F
T BB IR Je ONE B S 1% S N ol R IE, BUEMT
TIXA1-BI-C1-D3-E3-F1-G1 (Optimal0l), ZZERTIZAlL-
B1-C1-D3-E3-F1-G1 (Optimal0l) % L < iZA1-Bl- C2-
D3-E3-F1-G1 (Optimal02) T& o 720 & o TEAEMEHT
AOES T Y Y (WA 3y 2N E R EA E e o R
EDHHY, FTF XYy FTIZHEBIREE O & ol
TERFMHBTRETH D E VR b,

25
B focemeeecmccsmccncmmeeneeeccocmanne e neemaeena s eneaerae s e eneeaen e annn.
3 B S U
4 -+
3
2 4

SN ratio

1
0
1 4
-2
X R T RS R SRR ———

Fig. 13 Response graphs for major effect (film effectiveness)
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