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Abstract: To investigate the overall cooling effectiveness and differences in cooling uniformity of
combined impingement/film cooling at the leading edge of a turbine vane under different operating
conditions, blowing tests are conducted under medium-temperature and medium-pressure

conditions of 412 K and 300 kPa on a real-profile metallic vane with a typical single-row combined
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impingement/film cooling configuration on the leading-edge suction surface. The leading-edge
surface temperature is fully visualized and measured using infrared thermography, and the overall
cooling effectiveness distribution is obtained. The combined cooling performance in the spanwise
and streamwise directions is quantitatively investigated under the coupled effects of blowing ratios
ranging from 0. 2 to 2. 0 and mainstream Reynolds numbers ranging from 1. 8 X 10° to 3. 8 X10°,
and the corresponding cooling characteristics are summarized. It is shown that, within the
investigated parameter range, different degrees of spanwise cooling non-uniformity occur at the
vane leading edge, and regions of high overall cooling effectiveness are concentrated on the
coolant-inlet side at x/H==>0.5. When the blowing ratio increases from 0. 8 to 1. 6, the spanwise
cooling peak variation rate decreases from 65. 4% to 56. 6%, while changes in the mainstream
Reynolds number have no obvious effect on the shape of the overall cooling effectiveness
distribution. In the streamwise direction, due to variations in vane surface curvature, a region in
which the overall cooling effectiveness rapidly decreases by approximately 40% occurs
downstream of the film holes at s/L=0. 25. The overall average cooling effectiveness increases
approximately linearly and nearly doubles with the blowing ratio in the range of 0. 2<C{M<C0. §,
whereas it decreases by approximately 35. 0% —>54. 3% at different blowing ratios when the
mainstream Reynolds number increases from 1. 8 X 10° to 3. 8 X 10°. The results provide a
reference for optimizing the cooling parameter configuration at turbine vane leading edges and
improving combined cooling uniformity.

Keywords: turbine vane; combined cooling; cooling effectiveness; infrared thermography
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Fig. 1 Vane cooling experimental system

ER ARG R SR ER . PG M R R4V
IEAT PTG SRR R O B A TE AR
p)[1 2 R M T S W /NG M = N S == G B R A T
B (1% ME,

TR GARBHRIR R AR, H—B R4 L
ﬁt/: AU B SE N B AR S A S 5 B, GE

BEREEHN(EL S HEERRE .

zkxb. xjtu. edu. cn

S B o S T R 55 3 R T I AL
P Th] B AR 2 R B K B SR AR AN ] 2 R
S AL A AL R R SR A LB P
5 s g T g A AR I — B 2 i 33
I o O BE— 2 B OR T BRI T A e
A 2 R BE &% 1) e G A HE A5 WA ik s g i L T8 A i R
A F JOE 0 5 e T AR A5 L SE RS R RE A




EAWIE g e

EHCR ] LB e A5 R e T R Tk e il /OIS e AR SE SR AT Y 135
W T 415140 i 3
it 7t P Al M
= oY A :
~~ R :
i AL R4 :

B2 A

Fig. 2 Linearcascade structure

ST L S A A LR (o,
1%) AR FEHREF (20, 1%0) LA & S i i Al ik o1 A
A Y R R R DL R R OO RS
BAE S BRI B R 11 40 RN

S P R L R E AR L E
55 R T N ARy AR R 5 T S U I RN ) 2
D038 3xk - B ok A 5% 5 I L T R IR A Y O R R A [

I R ¥ 00 S 56 1) Ui B2 53 AT SCHE T ek 21 Ah AR
U (FLIR T630sc, + 2 %) R4 . 52 5 bl #4415 {3 1E
Xof - T P W g T 2T AL L X i R B S X A AR
BRI PRAE W BE 531
1.2 ZWHH

S I R SR R S B 00 e B — S i i i A i
5 Sz iy BESF-  AAE R) 3161 43 J@ A4 RE 3D T ER I
Ao R R RSE L %K Ly 104 mm, B
= H M 105 mm, H#HEE 1 5 83 mm. M H ¥ HI45
75 1T T 2% W ) TG ¥ A0 A A HLHE 35 S AL,
JEm B A HEAT . o AL E A2 D B 1 mm, i)
fBRHff B R 367, JE M Af 2 90°, BF R AR o R
BETET 1, 1 ALk 11 R ) 250 A A BAHE 10 A4S
i fL . L2 D By 2 mm, SEE A BARSS  nEl 3
B

TE I8 T A7 A Y R e T
TR b ) Y R T R TR A
EF AR I AR KR 2 vh AL o s AR
FEFL AL 1 TR AR 58 T it e i SRR/ il B AR
. SCE N R R T S AN 4 TR L R SE AT A
i A £ A 3R SARASAE T X6 I R i 5 300 4k X 3 5 Tk
PR 0.8 Ay ME G BE AR, L) R 2T Ah k1R I v
B

zkxb. xjtu. edu. cn

&3 Srmmt g oehdy/ SRR SR A
Fig. 3 Test vane structure Leading-edge impingement/film

combined cooling configuration of the test vane

4 SR R R T G

Fig. 4 Test vane and surface paint

1.3 KBSHIEHE
T WRSE R R s s /RS A

ESOb A TR N R o AN R = =87 = =37 S w1 N

_ pU L

myg
s o I EWHEL U, N W L M F 54
ER B S MR i R 52K 5 e D I A 3E 1Y 20 25
KN
S T 3o KR v AR AT A SR U R L
PRIE UL BRI 5L L R AT

M= Pp—fgc 2)

A po M ZWRIREFE ;U Rk .
FHGERHMER I b/ REE &
WEIPEREIR TS . ZR G ERCR R TR R AU
B E B A, R AT
T,—T,
T,—T.
A T, HERIRE T, it REEE: T. =
UL BE  J ) - 25 G R HIT UK 0, 5 8 LA [A] —
it 1) T A B L W R R ) T A S 2R A e A
RO O W BHE  BAR- 25 5 R HIROR 0. A

Rein (1)

0= (3




136 [N 7 . i

%60 %

I 2% W 7 T 4 8 DXl PN B 6 0 1 B ORS- 34 1A

HR A AN 2 BE 2N 2K 25 V2 B A8 I A i o 2
e (D E LT
it = [EREE T R T

(4
Ay w(T) (T, FouTO WKy F 00 o A
25 T U BE N R AR AN E B, i (O3
BT LR GV BRI E N 4. 2%,
1.4 WMEFE

AR S 55 30 3 (5 FH 2T A BRGNS X
WO BE A AT T AR IO 45 A 25 5 1 HISOR .

Ry PR I 45 2R o AR T, S 8 X £ A AR A
HEAT T IR A A% . S50 A UG AR A% SR 5 A () X
R 0 7 e R AT . AT IR AE — e TR
XS U PR B I R AT R IR AR E S %) [ —
78 A A AR A DL S £ A R B A I  . JFA
[ A5 7 e 7m0 o B4 g 6, 5 B 22 A VL BE R L
Wi, U6 AR A IR B A A 2 .

PG M e & 5 frw , T R bk
ASCH I IR AL, T, SRy R IO A 8 R i 3000 SR AL, 4005 1t &
H:T, =1.00149T, +0.26251(R* =0.9999), 5L
00 N i ek 88 B 1 2 I B R R AR A

420

o BAZiE
400 F— i LA it 2k

380
,\MN 360
340

320

300 320 340 360 380 400 420

/K
Bl 5 oA RRUR AR Bt 4
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Fig. 10 Spanwise distribution curves of integrated cooling
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Fig. 11 Spanwise-averaged integrated cooling effectiveness
distribution curves on the leading-edge suction surface

under different blowing ratios at Re, =2. 8 X10°
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mainstream Reynolds numbers at M=1. 2
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curves on the leading-edge suction surface under

the experimental conditions
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