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Numerical Simulation of Film Cooling Efficiency at Different Blow
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Abstract Numerical simulations were carried out to verify the influence of blow ratios on the film cooling effectiveness. With the blow
ratio M taking values of 0.5, 1.0, 1.5, 2.0, numerical simulations were carried out on the fluid flows and heat transfers in a cylindrical
hole and a fan-shaped hole. By using the realizable k —¢ turbulence model with an enhanced wall function, based on the bulk flow
control, the three—dimensional steady incompressible N=S equations and the method of SIMPLEC, the mean flow velocity at the exit of
the hole and the temperature of the cooled wall were calculated to analyze the film cooling effectiveness. Different blowing ratios were
compared on the influence of the film cooling effectiveness. The results indicate that when the blow ratio increases, the jet tends to lift off
the wall. Within the scope of this study, in the near field of the hole, for the cylindrical hole, the blow ratio has no obvious effect on the
film cooling effectiveness, however, for the fan—shaped hole, the film cooling effectiveness increases with the blow ratio. As the jet goes
downstream of the flow direction, for the fan—shaped hole, the jet coverage area increases while for the cylindrical hole, a back—flow is
found and the film cooling effectiveness is enhanced around the near downstream field but decreased in the far downstream field. Thus
the cooling effectiveness does not change monotonously with the blowing ratio for the cylindrical hole, but for the fan—shaped hole, the
film cooling effectiveness increases with the blow ratio.
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Fig. 4 Temperature magnitude contours versus blow ratio along the adiabatic wall for cylindrical hole
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Fig. 5 Temperature magnitude contours versus blow ratio along the adiabatic wall for fan—-shaped hole
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Fig. 8 Cooling effectiveness versus blow ratio
along the adiabatic wall for cylindrical hole

1.0 = M=0.5 —»M=1.0
—a—M=1.5 —+ M=2.0

=
=
T

WE ] £ 00 1 HIRR
° o
=y (=3

=
2
T

=
T

0 s 10 15 20 25 30
x/D
B9 ¥yEAZEERERBRRIE TSRS E M L%
Fig. 9 Cooling effectiveness versus blow ratio along
the adiabatic wall for fan—shaped hole

8 i S T U R 3R T U BRESIT A X8, KRR EE
S BRI R AR T AR L, X EE R T
Wi XL L B 8 R ST 4 0 R 2 R 8 S IR T 1) 1Y
By AR A AT S W, X AU B X s
S TR 7 NS B N 2 i D 6 R e B i d M o 72
T AU () B2 375 6 XoF 32 3 A R 1 3 W A A5 S 3 I
RETAT 3 80, 25 000 A S R A 1), 0 BT RE T A A B AR
WD S A IR

TV H A A SO 1 S JAL AR AT AR
H R LA A e i HG B 6 e AR R4 F AL 1 R RGE R i
Xk (/D 2y 0—30 Bif 3T X H) ., NIEL 8 AT LAFE | X T+ Bl A
FL, AL T UWE /D=5 (9 X3 Y BT KL AS TR ¥ 3040 3R
W22 B K MAE 2/D>5 (KL T i BT X 3k e XL 0.5 AN
1.0 T00F A HIACR e TR R 1.5 Fi12.0 T, MK
O ALK AT T4 AL, W XU HE 7 3 A I P 3 B T A R
Lo B — B0 B M R A B R L 88 K VA FRCR S, (BE IR
AUEE 0.5 BT E] 1.0 B, HIR0OR B & B, 4k 22 5 mmk K
L 1.5 1 2.0 B, A CR Z IR0 28 000/, 32 il 1 5
TAE ] TR R R, ORI AU LG U S S IO R 1
DAER 2.1 719 BE T LS 43 A B A BT AR AL, B B0FL A S0 [ Rk
JACLE B 386 A T3 0, 7 810 38 5 i Y RS Sk 22 0, A T g
5 150 FL A [ 1 A8 Ak 2 B R XU LG i 51 R 19 S i 46 7 T

SCIESCE & TECHROLOGY REVIER

BETT, Vo ARCRAR T /N o P RT A 4598 78 038R A
Bt XL L P 22 T B3 A A 5 A S L AL A RIS X L
X v A AR R M AN W 5 R R WXL B e 75 4 0 B O 1) A
i DR O, (EAL 1T BT S AR T

3 &

AR SR AR S5 AE A 1T B3 S | J T 4 1 25 BRI 0 = 4
HASH] AR N=-S 7 BEIEAT B 180, i DA SR P S k—e i
TR RE TAT R AICR HH 14 0% 28 B [T e AL SIMPLEC 8.3, X 4
BT TSP A H AT T B B AT, A5 SRR %
IR B B 1) Y TR o SRRV 0 R e B L B % R
RULE B AN W7 38 O, bR 1 45 W AR FH 09 385 5 B 8008 o S BT 484
AT A5 S 3L IS 2 B S B T SRR MEATIBIR L T HVRBCRAN Bil
WC IR L 1 748 £ T SR 98 A8 £k 5 /NI R L (A5 AL 11 B O 1974 40
AR LA 5 R AL L A1 4504 S0 S 1) 7 25 X Sl
EFL BT S 3 4R T .

8% 3k (References)

(1] 6408, bk, SR B8R BLEE AR S0 R M), BAC 50, Mk 35,
B P22 P S0 R A EE, 2005.

Han J C, Sandip D, Srinath V E. Gas turbine heat transfer and cooling
technology [M]. Cheng Daijing, Xie Yonghui, tran. Xi‘an: Xi‘an Jiaotong
University Press, 2005.

[2] XV, SRUMETL, B, 55, RHL AN MBEBHL BT [J]. TR MY
BEAE, 2004, 25(6): 1034-1036.

Liu Jiangtao, Wu Hailing, Tao Tao, et al. Journal of Engineering Thermo
Physics, 2004, 25(6): 1034-1036.

(3] 2k, W2, SO0 R FIORRLHG T AR B B SRR, 354
K2E2E, 2008, 48(8): 1331-1334.

Lei Yuntao, Lin Zhirong, Yuan Xin. Journal of Tsinghua University,
2008, 48(8): 1331-1334.

[4] S, A PRI JAL B 3T 72 5 A0 AR 2 3 i 3 i BB UL D). b
st AR AL R A, 2008.

Ma Li. Numerical simulation of steady and unsteady flows near film
cooling holes with different shapes [D]. Beijing: North China Electric
Power University, 2008.

[5] A4, KR AL SO 503 5700 SO BEBL (D] B 97T H T
K2, 2009.

He Jianwei. Numerical simulation of the filming cooling fluid field of gas
turbine blades[D]. Hangzhou: Zhejiang Sci-Tech University, 2009.

[6] Pietrzyk J R, Bogard D G, Crawford M E. Effects of density ration on the
hydrodynamics of film cooling [J]. Journal of Turbomachinery, 1990, 112
(3): 437-443.

[7] Sinha A K, Bogard D G, Crawford M E. Film —cooling effectiveness
downstream of a single row of holes with variable density ratio[J]. Journal
of Turbomachinery, 1991, 113(3): 442-449.

[8] Walters D K. Impact of film—cooling jets on turbine aerodynamic losses
[J]. Journal of Turbomachinery, 2000, 122(3): 537-545.

(9] XU R, AREEN, FHVL. W Ai— 7 5K U AL i OB A 2R AL
FROFFE[I]. Wias 37727 4, 2008, 23(4): 598-604.

Liu Cunliang, Zhu Huiren, Bai Jiangtao. Journal of Aerospace Power,
2008, 23(4): 598-604.
(FHEHmRE 2%, ,0Z7)

49 IEE



