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Experimental Study on the Effect of Gap Jet on

Film Cooling Performance of Endwall
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(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To study the effect of gap jet upstream of vane on the film cooling performance of the
annular vane endwall, a annular vane test system considering the annular vane influence was
designed and constructed. Based on the infrared measurement technology, an experimental study
on the effect of gap jet upstream of vane on the film cooling performance of the annular vane
endwall was carried out. The effectiveness of the endwall film cooling of the annular vane was
measured at different mass flow ratios of different gap jets and injection angles of different gaps.
As the results showed, the gap injection can form a certain cooling protection for the front part of
the endwall, and under the influence of the secondary flow on the endwall, the cooling film is
mainly concentrated on the side of the front end of the endwall close to the suction side, and there
is almost no cooling effect on the side of the pressure side. With the increase of the mass flow
ratio of the jet, the effectiveness of endwall film cooling increases, and also the distribution range
of the cooling film is increased. Reducing the gap injection angle can effectively improve the film
cooling effect of the cooling jet on the endwall. Therefore, as the gap injection angle is decreased,

the film cooling effectiveness on the endwall can be effectively improved. As the gap injection
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angle is increased from 45° to 90°, the endwall film cooling effectiveness is decreased by 17%,
15% ., and 13%, respectively, when the jet mass flow ratios are 1. 0%, 1. 5%, and 2. 0%.

Keywords: gap jet; endwall; film cooling; infrared measurement

H T S BE DX IO £ RS R B9 2 R ) = 4 K
VLS AR AR SR HIL PN F I Sl A% P B e A2 2k 1Y
DX 2 — o R P kI E A BB A e =
1 3 43 A1 A A A P L U D B X i e R
e A BE B 5 R AT AT

Bt X U 1] B S5 30 8 T S 94 A E 114 R
Wi » Thole &5 Xt 47 1E - i 18] B 565 070 A o i A g B <
AR o A HEAT T AR N B L 25 2R R W] L A7 B i BE
YU AR e RS 2 BB o 3l JE A FR O 58 AT M
M HEAN . Burd S S2EBF Y T b i ] B 5T O X
oy 325 - 5 P i BE A ) 45 A L AR B0 RR L K AR
TRV 1 52 R0 526 25 SR SR T 18] B SRS 9L o O A
R 1] Xk v BE S )i — 7 (% OR3P . ELRERE AE—5E
FEEE L9855 it . Blair %5 3¢ F 0t B b i 6] BR
S o g B () S HBE ¥4 B R LA B i B A RV fiE B
Wi T Ji& 1 AH GBI T » WIF5E 5 B 1) BT 90 ) i B < JE
Sy A A ) AR AR ZE . Lynch 4530 i SEH AR T
[F1) B S X S B A 0 A ) 52 ) LA R oF B v A
FH AL AR AR BE B 52 W) 45 5 R I (8] B S 30 T i B i
PR P A — S A B A ) EL BE Y 5 R A i BE 1) £
AT A AR A i T S ) A7 AT T A S S
[F1) Bt 55 3 AN BE T B R 4 08 J0 AR AP 3 R T M R
B S BOZ R A B AT . Cardwell 455G
T 1 B T B Xk a2 - 55 1 i i A i BE B AP fE
(M HEAT 1 SCUR AR L 45 R B 38 o T B S5 3
o Y T 4R g i BE OB R L TR ) B R
) ) 5 30 e LE L AT 4R R OB S ALY . Gao R
P 3 U B 2 i A SE 58 65 b SR B S
T [V B RS I A A o g B OB R S R

Tl PRy 5 T 18] B 65 30 X S B V7 3l 1% FA 1 BE 2 1) )
WFFEART A /D o AL B 2R B 7 R BE 5 1 1 i
L 225 A 0 S B A v S0 RE A 52 00 L 25 SR SR T [A] B
IR B R I i % S BE DX v B0 AR RS2
R FIAR U B 9ICAd B2 A A B 45 440 RE I/ [1) it 55
TR B A B B R A RET . X S
SRR IR P 1 52 56 5 F L A S8 U ALY
W ST A o 16 A I A i B v A AR B S e E AT T
HIFE 45 28 3 B /I A5 # mT LA 2 4 e v A
BRI R TR R . B BRI BUE T
X ik Al T R A G S BE [ B L AN () B i e A

http: // zkxb. xjtu. edu. cn

A (5] 18] B 568 3L £ X AT FRBE 23 A (9 5 )L &5
SR i BE 6] Bt BR ] T AR A P B A AR 2
T VAL 23 )55 8 EDORT . R S WY A R BB T
VX L i 1] B X b S B R 94 0 L A% B R R Bl
RERYSE M REAT TR FE 25 2R 3R W 18] B S 3 0 I A i
BESR AL T B SR P[] 2 38 Jon s BE Ry 2%
BT A A K [ I A R R0 o 2 9 i B (14 20
PRAP . [ B B I 7 45 B 14 8 O BE 05 Dk 555 i BE
YOI » 488 i i BE RS A Y B9 2

£ L P Ig . 7% BB S bR A FROE R0 . A S0
THREEE 7RI M R G O F B O L L
[FI B S5 3L 10 J3E X b Bl R AT 28 PR R W BE AT T A
ST

1 LR ARG

1.1 SEALNXBAMIE TR

S E R AN 1 R . FE 0 B 4 P E
A 0K KT i B XU v 35 R AR A e B L B
R L BE - Bl E A SE 6 BL

wr

®Exrrg BERE ‘q

COBR B4
BT S R 2

] B B 9 1 22 00 45 — A A B FR 3t R B i

AL 1 o) A S ) B O R L A U Y A SO R

G 115l Y e S ) ML i e 1l A
e LR

M= " % 100% (1)

m..
e ome G50 R R T U T R . AR S
hmEEREL M R 1.0%.1.5%.2.0% ., [a g5
T2 R % B AT A 3 0 RS DA S T R
A BRI A S 56 BE A S P L[] R S AL A A




%3

W 57 55 - ) LS5 W0 X iy B A v 40 P 5 o ) S B B 5 45

a6 — 2 PR IR AR DL PRI R DA B 4k
R TR UE S 58 R ] BB 3 S B as R 45 A S [ B AR
TEAS [F) S 56 T 950 04 48— 1 56 3 0 T B 5 ) 4 — 20
CLoeghrh F 3 5 R BRSHR E E h 1.7,
1.2 XK

K H Solidworks = 4 3 %I 5 {1 % 52 5 B i 47
T =R B R WIE 2 Fran. T AR I R S
PRS2 ), S5 B SR AR5 AR G U B A1 8 (4R
N 0.2 W/ (m « KO AT 3SDFTEIMT..

| p /'f';_?'

‘

K2 sl =4rER

T EEEL GE AR 1) E° B4 1 S 1
Shy S 2 2 W R R RS AR T R 2k R = Ak i RUUR
BEEME 3R, BIABTELRGHESE. N
TORUE IR JE it b0 R L SR T 6 it
RSB 5 A A 3 3 356 B [R] A 3 A R AT I
Pl 3 Bl B 45 48 50 F it 7 i 2% 460 Ak L B T 2
AL 0. 1 A5 Rl 5% FEAS [\ (9 5286 T 00
N2 N (1 O [ S T R i v s R 51 B 7 T N ]
(A1 1O 7 S 36 B B9 AR G5 A JV AR
108 3 8] Bt 3 A2 I 5 B X A0 A0 A

A1 ZHEMEAEHK

e ol
& 6

it A %4 /mm 62.2

WIS EKZ I 0.76
I it A4/ mm 350
PRI w442/ mm 400

1.3 HENEMRERS

1.3.1 BEREAMNZE ZR% LK PHENER
Tk BV A AR TR AT I, SR T OR B K
TP H A X S 3 R R A 0 L L 49 LA — 200
~1200°C K5 R 0. 4% R THAE R T A4
F AR 0T ¥ 0 AR TR BB AT D0 o, SR S Y L S — 200
~350 C K5 R 0. 4% . 6 R M DEWE-
SOFT 7 w A= 7 1 5 A0 I BE R 4 BE B, A B2 Oy

http: // zkxb. xjtu. edu. cn

P 3 A R e R

0. 05 % » Fe i R BES R &y 200 kHz, F gk O % H
SERAET X T PR R AT W B AR S 5
F W T O KA AL s TR i B R ] Rosement 23
AR R BE R 25 8 3% 2% 5 1) BRSO O A el e RS
ALICAT 21 Z 5 Joi i I 4k 45 il 45 B B2 0L,
1.3.2 4rsh AR & R4 0T b BE IR B A A
e £ 1) 20 A0 04 R L R 26 1 FLIR 28 A) A=
77 B s R L A HUR A FLIR T650sc, ZLAM & A1E
Sk — Al B fh 2 B4 I L X TR 3h DRI B Y B iR
BN BT MR ACELAT 23 (8] 43 5w D A e )
SR A5, T X AR ST it RE R T AT 4 0 L AT
AR I B R A i B R T (%) IR B 3 40 A L A SR AR
T A AR ) R A AR e R B A O R AR . S
FH B LEAN AR A S P AN 4 B 7R S MO 2 8000 3%
2 i,

B4 AR S 1A

k2 4r AR AR S

ELiCAN ZHE
A5 FLIRT650SC
AH MRS B2 640X 480 {4 £
I 0K 1% +1°C
W 2 Fl —40°C ~150C
SRR <30 Hz
75 [a] 43 R 0. 68 mrad
TAERK 7.5~14 ym
WY 1 /5 /N E R 25°%19°/0. 25 m




46 [ SN %53 %
KI5 45 i T 20N AR B bR E 2 R 1900,

LA CTCO) FINEL A G A (TR 3R A5 b 22 51 22 4
JEE KR AT X T 2 Ah B AR ASCHE A i B A i AT
Ty DS PRiR B Ty O I 3t 5 A8 S 380 Y L 20
B IAARASCRT LAV 1 00 ko B L

or
Sk
sbo— e
sk
o 1t
=gk
3k
stk
7L
1 1 1 1 1 1 1 1 J

-9 -7-5-3-11 3 5 7
T,/C

Bl 5 TN BRASCIR B A i h £k

o

CLAMAGAL B i D i B AN 6 P, SE 5 i
H 2T AR PAZ AR I & AL 3% S 60 mm X 80 mm ) 4H
T DX 388 4 W 375 1) — 2 - T8 5% 1 38 o 2% 118 52 5
SR T 7 AT DL 58 05 M R 7 v B X I

B 6 LLAMNE AT LR

1.4 SIRESHT
#i P RA S ] '
_T.—T.
L — o

Ao T o 3200 o it i BE 5 T, by B T 48 PO 5 T
Sk ) B 59 A P O B . 3 IR B SR ] K R B R
BEVEAT IR, 4R 22 S 4 0. 2 °C L [a] B 5 i 5 BE 1 iR
KT AR 3 47 00 L AR 2. 1R 22 0 0 R
+0.2°C.£0.4°C,

X H A I 2 PB4 R R R 22 A
iyl
Ay “T\: 94)2 AT n (Taw ‘am)? ATE,
7

(2)

7 aT.. T, 7 AT . szw
T, dn\° ATEV2
L 97 C]
( i E)T(.) T: )
Moy K 0.1,0.5,0.9 BF, 48 XT8R2 Ap 51 K

0.017.0.016.0. 017 ,AHXFIR 2250 5 h 17%.3. 2%,

http: // zkxb. xjtu. edu. cn

2 EEER S

e A EBOHE R FOE S & LT R T
B L A 5 6T T PR ES A i B O v S E A S R
W5, S8 P gt R RO 1 kPa(R ) L iF 1B A
15°C, W R 7 O 24 i R0 i e 1 S K0k
0.1,
2.1 BERELMRBEEASEGNENRI

SIS IS T ) Bt S O T I e L X i B 4 R
AT 255 1 ) 52 W) i B (] 50 L AT 235 4 s T T
TR B GO R il ] XL 0. 16 KR it
I SVACE IS E i iU R o MV
Frim s

0.1C,,

P T ] L 4 b

SFCRF R M A 1.0%.1.5%.2.0%
ZA T i BE SO R 40 A = L 8 R . H
Pl 8 AT T« 37 %) Sty BE YR I A9 5 ) [ B S O 7 i BE
JUT T BB ¥4 20 ARG AR v 43 A1 7 et Bl 3 T S A 0
3 TR DX 38, 0 R 7 T DX A R - b 3 3 S
JUT- B A ¥ AR s 720 7 T2 067 BB I . e T 5
104 [ i BE A5 W 2 23 1 08 R SR AR AR B IR
AT ik 3 R ARG I R i % X 3 B 30T 1 /< AT 8% 5 Bt
5T i L ARG O, v A I i A 5 Y L TOKR i
SEA SO WAR . Y M= 1. 0% i, i A B
1A HVRAAR 19 3l /0N AN R DL AIR T 5 B 0 4 ok 1
S [R) B SR A X I T 2 o BE 6L B O LT IR
ARHER 2 M=1.5%H8F, 5 M=1. 0% #l I,
V) B3R G 378 % B T 5 A7 B A XS LA — S A
R4 524 M=2. 00 i), (B BR G 3L © 28 R 4% X i R i
S5 B 3T DX B o BE T B R AF I SRRV F AR B
3 A PR Ay it A T R B O R O e LL 3G R v AR
AR (1% 2y et I 2 5 B AT A R 2 A Ve B IR AR R A
AT S 3 08 1) 52 ) DR Ot B A X I R T B Y X
BGHEAT — R R E AR,




W 57 55 - ) LS5 W0 X iy B A v 40 P 5 o ) S B B 5 47

| . ]
0.0 0.10.203040.5060.708091.0
n

(aYM=1.0%

-
(bhM=1.5%

-
(OM=2.0%
Pl 8 M AN [ i i B AT A O3 A 5

M AN TR B 0 JE I M 7 5 A0 ‘5 ity B /<P AT 2850
(o JE 1) A Gl 9 i, H B 9 R Bl M
LOYo$ETHE) 1. 5%, o BE W AT 250 & i 3 $t s M
M 1. 52082 TH B 2. 0060 I, A AT Rk 4 i B AR
AN AR ERYS H M R HE — 25 4R T X T W A i AT )
o AR BIDEAE X/t=0. 6 Bf3 X8, o S mg it
A2k 22 IR AR S, X0 O 0t 9 0 o O T %
FEES  M=1.5%,2. 0% B AHE F M=1. 0 /6 1}, S ik
AR W E o B4R T T 3300 % 37.5%,
2.2 HRAENTFHESELNERNITME

T[] B8 S5 38 1 8 X i R A< R4 0P B 5 T 114 52
B R 5T v, 0 AT U A R R 45° 6571 90° B 1
JEA 5B 3 iR [R) S5 98 A B 0 ) B LART 25 4 R

http: // zkxb. xjtu. edu. cn

BN TE 10 Bros

1.0

M

1.0% P
0.8 - ---15% PN
- 2.0% /'/ A

P9 VIR I - e
A 1 1953 15

r 0.1C, 0.1C,

ax

0.1C,

ax

P10 A [i] S5 9 A 52 ) Bt L] 85 #7852

AN 5] [0 By BT 8 i i B ST RO O A =
FmE 11 frzs . milE 11 AP g M= 1,020 1.3
ol AN ) (8] B2 S5 30 A0 JEE T i B SO AT 2008 B AR
SR T T I T S B S DX, fR T O B ) B O 1
SR/ 3 B I R 3 R AR R X T
ATk X S LT 2 B A % AR ROR: X M=
L. 500, X I iy 2 B 3T X3 S5 0 A B R 45°
ISP ) B S O L R H AT T B e AR PO 2
WAL 65° I AR POBCRA T — R R B T
YO UR AAE Dy 907 I L I R I S 4 i BE X 8L T
A TR PRV E AR (9 7 55 s M=2. 000 IR A Ry 45°
R o I B v A 28 B L BAT R X I R R S B
AT XS AT ¥ ENOR A, 2 510 A O 657 RS
R RORA T — % 098 B 2 23 U A 4 K 3
907 DX I PA S i BE M AT A% R 3 AL X 2 I
Shy W5 TR B A5 00 70 B2 09 /0 o T It 55 3 ¥4 O U B




48 [ 7 B NI I %53 %
| 1 |
00 01 02 03 04 05 06 07 08 09 1.0
n
ST A 450 5T A % 650 St M B H90°

I‘I
I -

(bM=1.5%

(OM=2.0%
AT 5 A B R I A it BE SRR

11

J7 i) 43 ELA B KA 43 2 d DRI A 5K o o 3 L
T e BB AR BT  E WR SE , DA T X R
T 2 B0 30 i B oF 3 IX Sl 31— v 2D OR AP SOR .

PR W A AR S S 56 JIT A 194 IO o O o LU L Y
/N T) B30 53 A 7 B 2 v VD BT S5 0 X s B ) <RV
HORIP B RE 7 Bl 2 () B S A AR A D/ v B A<
AR AR N 4 e MR B A B

AN TR SR £ BT I R i 6 g BE IR R
Ay JE ) oA A 12 fros . H R 12 AT 7R TS
14 JoT 2 Y B LU Y TR PN o D B S R AR BE Y G K i
T2 A7 B 30 DX 8l P i B R ] AR A AR R
HEA 207 i O L A e oa /) o L 2 S AR R 1 3
R 38 T R RO RO R AR, R A

http: // zkxb. xjtu. edu. cn

AR A = [

12a AT 7E M= 1. 0061, 45° 5 655 it i AR LE
T SUEAT RO Fe g (H BB A AN R (R B (A 2 55
T FRLE 6 A 3 R A5° I B R, 43 A A8 SF- 2 L i
YR A L IR B 907 I L B A F A v 10 AR R
F8055 s I 12b & 12¢ AT BEE MG K, AU

0.8
[6] B 5 3 £ BE/ ()
45
0.6
=041
0.2f
0.0 1.0




W 57 55 - ) LS5 W0 X iy B A v 40 P 5 o ) S B B 5 19

%5 3
1.0
] R AT R A /()
45
0.8
0.6
=
0.4
0.2
Dt L I I ] RS
0.0 0.2 0.4 0.6 0.8 1.0
X171
(hHM=1.5%
1.0
15 B S A A /()

45

(OM=2.0%
B 12 R [E 57 AR B R R 4 i B I
AR Y R 1843 A

A R B AR YA 4 Tt . EUAS [R5 9 AR BE T A X
F A R BIAE X/ e=0. 6 37 B B A X3, 24
M=1.0%,1.5%,2.0% i, B [A] B 5 % £ B2 DA 45°
BEE] 907, Tt L i T X 0 OB AT R 4y T
M1 17%.15%.13%.,

3 45 i

AR E R IEE T L BR A AE T R
T Il ity B SR B0 R S B0 I T 5 . BT RRG
JE 21 A0 4 R 52 36 I i T AN (] T A AL A LG ) R
S AR B SRR R T o R A A L AR BT
M4,

CL) A1 B 0 AT LA X i B i 30 DX 338 0 A7 — 2 1)
Ve HR . 32 3 b BE U A R R (8] B O 7E U
BE BT IE J80 A ¥4 1 A0REE 3 2 4 v £ A T T S O
W 3 T A DX, o P T A0 DX 38 A R v i 3 3
JLT- A B

(20 38 K I st S 300 190 J5 o 9 2 L, T g Ot
i X v B V1A SR VA AR T . S O A LR Y
I v R A REAT ARE BE AE  A R RE K

(3)3 Ffr A [v) ) B 555 O £ A0 SIC 560 T 4 S

http: // zkxb. xjtu. edu. cn

WY I 5 ) T 50 0 0 52 A i/ ] A AR e S BE ) X
FEEAT RO O EL7E B 1 S R B R LU AR R
P /IR TB] B 55 30 4 38 F S5 97 52 B B8 168 1149 52 1) ik
ZAN o AR I T % R T ) S B XS B ik — s ) R
REER .

e d

[1] WRIGHT L M, MALAK M F, CRITES D C, et al.
Review of platform cooling technology for high pres-
sure turbine blades [ C]// Proceedings of ASME Turbo
Expo. New York, USA:. ASME, 2014. GT2014-
26373.

[2] THOLE K A, KNOST D G. Heat transfer and film-
cooling for the endwall of a first stage turbine vane
[J]. International Journal of Heat and Mass Transfer,
2005, 48(25/26): 5255-5269.

[3] BURD S W, SIMON T W. Effects of slot bleed injec-
tion over a contoured endwall on nozzle guide vane per-
formance; part I Flow field measurements [ C]// Pro-
ceedings of ASME Turbo Expo. New York, USA.
ASME, 2000. GT2000-199.

[4] BURD S W, SATTERNESS C J, SIMON T W.
Effects of slot bleed injection over a contoured endwall
on nozzle guide vane performance: part II  Thermal
measurements [ C]// Proceedings of ASME Turbo Ex-
po. New York, USA. ASME, 2000:. GT2000-200.

[5] BLAIR M F. An experimental study of heat transfer
and film cooling on large-scale turbine endwalls [J].
Journal of Heat Transfer, 1974, 89. 524-529.

[6] LYNCH SP, THOLE K A. The effect of combustor-
turbine interface gap leakage on the endwall heat trans-
fer for a nozzle guide vane [J]. Journal of Turbomach-
inery, 2008, 130(4): 671-682.

[7] LYNCH S P, THOLE K A. The effect of the
combustor-turbine slot and midpassage gap on vane
endwall heat transfer [ J]. Journal of Turbomachinery,
2011, 133(4). 2167-2178.

[8] CARDWELL N D, SUNDARAM N, THOLE K A.
The effects of varying the combustor-turbine gap [J].
Journal of Turbomachinery, 2006, 129(4). 91-102.

[9] GAO Z, NARZARY D, HAN J C. Turbine blade
platform film cooling with typical stator-rotor purge
flow and discrete-hole film cooling [J]. Journal of
Turbomachinery, 2009, 131(4): 041004.

(10] HE . 22745, S:dE. M 4% O Ui 0) # it i BE v 544 Ak 1
S [0, P9 20 K AE 2. 2015, 49(1) . 21-26

CT #5555 50




