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ABSTRACT

The kidney vortex is the important factor adversely influencing film cooling effectiveness. In general, double jet film-cooling
hole is designed to overcome the kidney vortex by generating anti-kidney vortices. In this study, the film cooling characteristics
and the effectiveness of the double jet film cooling hole were numerically investigated with various area ratios of the first(A;)
and second(Az) cooling hole(A1/A,=0.8, 1.0, 1.25) and lateral ejection angle(a = 30°, 45°, 60°) as the design parameters. The
effects of lateral distance between the first and second row holes are investigated. Numerical study was performed by using
ANSYS CFX with the shear stress transport(SST) turbulence model. The film cooling effectiveness and temperature distribution

were graphically depicted with various flow and geometrical conditions.
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Fig. 1 Schematic of the modeled hole geometry.
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Table 1 Boundary conditions for the numerical model
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Fig. 2 Schematic of the film-cooling hole on the surface of
the primary flow duct.

Table 2 Design specifications for the Cases.

Cases B Al/A2
Case 1 30°
Case 2 45° 08 1, 125
Case 3 60°
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Fig. 3 Grid systems of the flow domain.
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Fig. 4 Lateral averaged fim cooling effectiveness comparison for the
cases at M=1.5 and M=2.0 demonstrates good agreement between
reference results and computations
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cooling hole area ratios(A/A2=0.8, 1.0, 1.25) on the line x/D=15.

Table 4 Calculated local flow rate(m3/s) for holes of the
double—jet film cooling configurations.

Upper (m?%/s) Lower (m3/s)
Al/A2-0.8 0.00266 0.00338
Al/A2=1.0 0.00302 0.00305
Al/A2=1.25 0.00352 0.00255
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Fig. 8 Laterally averaged film-cooling effectiveness(z) (Case 1: =30°, Case 2: (=45°, Case 3: (=60°) with various cooling hole area
ratios(A/A=0.8, 1.0, 1.25).

s=FHOIHE S =28 W7, M3s, 2014

63



& Aolxe I EEol= Wl

EAF Yzt & S BEANE @ =
5, i 9wzt g8 it d3E 53
o}, SH W F BAo] AL o|FEA W & Y
WAL Y| 717k o2 BAbEo] WkpA o)
=3 A o] ashs vhd, BAfzo] AdeE =2 3
AbHZA O] BojRS FRIE 4= 99Tt oledt 24 dlol|A
oz} & W2H]7} 0.8, 1.0, 1.25¢ W] A9EAS 423
Ao =2 st AR & HAS TAAT] Case 12} 2 9
Ae ¥ BANE S 288 5kt 4 ek vt
W7k a0 FE= AL ERIT 4= Al vhde] ¥
EARZYo] & Case 304 O]FEAF SAK 1127t Av)
Frd=lo] Thyzt g8o0] AT o|2H R & AHEE
Aot Aozl HZ WHHE Fal W2 AR 24 Bl
A whyzE 58 S 7| = o, B A BEabz)
ool M 1 VRS ¢ 93] BAA 24t He 2l
skt

References

(1) R. J. Goldstein and A. Haji-Sheikh, 1967, “Prediction of
film cooling effectiveness,” Proceedings of Japanese

Society of Mechanical Engineers, Semi-International
Symposium, Vol. 2, p. 213.

(2) R. J. Goldstein and E. R. G. Eckert, 1974, “Effects of
hole geometry and density on three-dimensional film
cooling,” Int. J. Heat Mass Transfer, Vol. 17, pp. 595~
607.

(3) Y. Makki and G. Jakubowski, 1986, “An experimental
study of film cooling from diffused trapezodial shaped
holes, AIAA Vol. 86, p. 1326.

(4) B. Sen, D. L. Schmidt and D. G. Bogard, 1996, “Film
cooling with compound angle holes: heat transfer,” J.

Turbomach. Vol. 118, p. 800.

(5) C. Bell, H Hamagawa and P. Ligrani, 2000, “Film

64

- dEHA

cooling from shaped holes,” J. Heat Transfer, Vol. 122,
No. 2, pp. 224~232.

(6) M. Gritsch, W. Colban, H. Schiar and K. Dgbbeling,
2005, “Effect
performance of fan-shaped holes,” J. Turbomach, Vol.
127, pp. 718~725.

(7) J. Andreopoulos and W. Rodi, 2007,
investigation of jets in a cross flow,” J. Fluid Mech.,
Vol. 138, pp. 93~127.

(8) K. Kusterer, D. Bohn, T. Sugimoto and R. Tanaka,
2007, “Double-jet ejection of cooling air for improved
film cooling,” J. Turbomach, Vol. 129, pp. 809~815.

(9) K. Kusterer, A. Elyas and D. Bohn, 2009, “A parametric
study on the influence of the lateral ejection angle of

of hole geometry on the thermal

“Experimental

double—jet holes on the film cooling effectiveness for
high blowing ratio,” Proceedings of ASME Turbo Expo
2009: Power for land, sea and air GT2009 June 8-12,
2009, Orlando, Florida, USA, GT2009-59321.

(10) K. Kusterer, D. Bohn, T. Sugimoto and R. Tanaka,
2007, “Influence of blowing ratio on the double-jet
ejection of cooling air,” Proceedins of ASME Turbo
Expo 2007: Power for land, sea and air GT2009 May
14-17, 2007, Montreal, Canada, GT2007-27301.

(11) K. Kusterer, D. Bohn, T. Sugimoto, R. Tanaka and M.
Kazari, 2010, “Fiml cooling effectiveness comparison
between shaped- and double jet film cooling holes in a
row arrangement,” Proceedins of ASME Turbo Expo
2010: Power for land, sea and air GT2010 June 14-18,
2010, Glasgow, UK, GT2010-22604.

(12) K. D. Lee, D. W. Choi, K. Y. Kim, 2013, “Optimization
of ejection angles of double-jet film-cooling holes
using RBNN model,” Int. J. Therm. Sci,, Vol. 73, pp.
69~78.

(13) L. Graf and L. Kleiser, 2010, “Large eddy simulation of
double-row compound-angle film cooling: setup and
validation,” Computers and Fluids, Vol. 43, pp. 58~67.

(14) F. R. Menter, M. Kuntz and R. Langtry, 2003, “Ten
years of industrial experience with the SST turbulence
model,” Proceeding of the 4th International Symposium
on Turbulence, pp. 632~652.

sESMIIHSE =28 M17d, M3, 2014



	이중분사 홀의 면적비와 분사각 변화에 따른 가스터빈 막냉각 특성 연구
	ABSTRACT
	1. 서론
	2. 해석모델 및 경계조건
	3. 수치해석
	4. 결과 및 고찰
	5. 결론
	References


