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Experimental Study on Influence of Mid-Passage Gap Leakage
on Turbine Endwall Film Cooling Characteristics

LIU Zhao, ZHANG Weixin, XIE Yehang, DING Yuqgiang, FENG Zhenping

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: This paper investigates the influence of the mid-passage gap leakage flow on the film
cooling characteristics of the turbine blade endwall. An endwall film cooling experimental linear
cascade is built based on real blade parameters of a heavy gas turbine. The film cooling character-
istics of the endwall at different mass flow ratios and injection angles are measured using the pres-
sure sensitive paint technique. The Reynolds number of the mainstream inlet and the pressure
distribution on the blade surface are measured using the pressure scanning valve. Numerical cal-
culation is carried out to simulate the flow structure at the mid-passage gap, and find out the film
cooling effectiveness when the mid-passage gap coolant is at different mass flow ratios and injec-
tion angles. The results show that, increasing the mass flow ratio of the mid-passage gap leakage
that is kept within the range of 0. 1% —1. 0% can improve the endwall film cooling effectiveness

and enlarge the coverage area of the cooling film at the downstream outlet of the mid-passage gap
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when the injection angle remains unchanged. The endwall film cooling effectiveness is the best

at a mass flow ratio of 1. 0% due to the pressure gradient at the blade endwall surface, the mid-

passage gap leakage will concentrate in the middle and at the outlet of the passage. Reducing the

injection angle of the mid-passage gap can effectively improve the endwall film cooling effective-

ness when the mass flow ratio remains unchanged. According to the study with the injection angle

kept in the range of 60°—90°, the film cooling effectiveness at an injection angle of 75° nearly

doubles compared with that at a vertical injection angle of 90°. The endwall film cooling effective-

ness is the best when the injection angle is 60°,
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Fig. 1 Schematic of experimental test system
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Table 1 Main geometric parameters of the linear cascade
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Fig. 2 Schematic and photo of the test linear cascade




4 [ S R N S SR %57 B
A2 FEHEZHRSEM dor
Table 2 Main experimental boundary conditions 351
NRSH B 30
FER O HEIHE Re 4X10° 251
F ok OR B /K 293.15~298. 15 520
2 L 1.2 Br
10
L B LI 0 A R AR T 5 A il
LRI R R o 91 A 33 o 6 7 e
0 5 10 15 20 25

FHAE . AR 55 R I B, n] DAE S 0 A v ) e G P
et 2 10T 1 T o A 22 T T 422 M R A 1Y A
WP R EOR . & 3 R 1A SR A B S 5
I 5 EUETHR AR . B bR (O D FI A A
(i R T P B 2873 531 1 2l il i) 520 R 32 0
PR PgE AT Jo R AR AL B, R R )y
A PRI T AR AR 0 52 0 R o ik R 1) R A - 0 4%
AT, 2 W G I R Gl B4 07 B 3 A 25 A A e T
F4 AL AL i R A A 5 L S 6 B I A S A P A S
DAY BSR4 TR T AR SO Y R U 1
JE o #9231 R T8 G X AR L AR 7% R R 2 A

BRALAE .

1.000

0.995}

0.990f s

L0 A PR NESRE

- . 0985} o WRA2EAHEERE
& © & WAIRIESEEE
% 0.080[. o B 2WR T S E

: FE A EUE AL

W EUE T EAE

0.975}

0.970F

0565 02 04 06 08 1.0

xe C;

3 Scde Brmt A v v A0 B R 40 A

Fig. 3 Distribution of pressure coefficient on midspan
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Fig. 5 Calibration results for PSP in different temperature
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Table 3 Uncertainty under different film cooling effectiveness
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Fig. 6 Definition of mid-passage gap injection angle
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