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Abstract: In order to study the integrated cooling efficiency of air—cooled turbine blade and its influencing
factors, the infrared thermal imager was adopted for the measurement of blade surface temperature field, and 15
thermocouples were set up in the middle section of the turbine blades for calibration, obtaining accurate surface
temperature field distribution. The influences of flow ratio, temperature ratio and pressure ratio on the blades inte-
grated cooling efficiency were thus deduced. The experimental results show that the temperature field distribution
of the blade is affected by both internal cooling and external surface heat transfer, with the leading edge and the
tip part of blade at a higher temperature state. Under experimental conditions, the integrated cooling efficiency of
the blade is effectively improved by increasing the flow ratio. With the flow ratio increases from 0.02 to 0.07, the
arc—averaged integrated cooling efficiency rises from 0.426 to 0.645, which means a growth of 51.4%. Although
the large temperature ratio can reduce the blade temperature , the temperature ratio is found having no obvious ef-
fect on the integrated cooling efficiency. When the pressure ratio increases from 1.3 to 1.5, the arc—averaged inte-

grated cooling efficiency goes up from 0.524 to 0.565, resulting in a 7.8% growth.
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Fig.2 Configuration of test blade with thermocouples
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Fig. 3 Nominal emissivity along different section plane

Fig. 4 Photos of test blade with thermocouples
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Fig. 5 Calibration results of infrared result
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section plane at different mass flow ratio

IR AR J A R — 7 T A 9 AR R
FAGINBE TS, 75— J5 AR 2 R B B Bk, 5
PR SRL BT o R — A B LR T N
AR B T AN A

1.0
0.8 |
0.6 |
<
0.4+ —=— Thermocouple
—*— Infrared
0.2 K=2.6
p=1.45
00 i L 1 1 1 1
0.0l 0.02 0.03 0.04 0.05 0.06 0.07 0.08

B
Fig. 9 Arc-averaged integrated cooling efficiency with

various mass flow ratio

33 mEEXH RS EANERF N

E 1045 1 T B=0.04,8 = 1.45 B} AR LT, 0
T R T TR A = . N R DUE
B, i 2 T L BE B R 0 B T RIS, AR T
M 3T BE 3 A I B, T S Y TR L
AR AR SRS I 2R T A NG DR — 3
25 LG U T EE AR A AN K, BT DA R AR R 3 R
B AR A R B AR AR AR /N AT A I A X
LA B | [ A B 1 5 R R B R YA A XoF I 46 R B
BEASAZ AR i 2 5 ¥4 20 A R A B S AT 0, 20
5t A F R 22 5 3 RO R 22 BUE W BT DL I
T AT, it o T U B AR

B 11 A ] 32 R L 25 5 2 HVBCR W R Y
A Ak it 2 T S 50 DR R S A R I R AN AR 5 A e
AR YR R S b Y AR Al R IR R B R L
7o =T o (= = 3 I I 7 N i /R e T2

G H BN ILT A IR A 2R %
RORP= BRI, F 1245 MR TH 2.7 E 2.4
B, 3255 Ve B AR B A R FEAE 0.556 , QT SCHT 43
Br L B R L Y 3G, i 2 T TR BE AT AR, AR
BT AR AR AS K W S BB A A B 5, T LA

T/K 414 442 470 498 526 554 582 610

(d) k=24
Fig. 10 Infrared temperature contours at different
temperature ratio
1.0
= K=2.7
0.8 —*—K=2.6
Lo ——K=25
06k % v K=24
= -\;&
0.4
p=145
B=0.04
2 N\ /|/ \\ /
(Cooling|film holes

00 1 1 1 1
-1.0-08-06-04-02 0.0 02 04 06 0.8 1.0
Leading edge Suction side—>
XIS

<« Pressure side

Fig. 11 Integrated cooling efficiency along the middle

section plane at different temperature ratio



Fa2E Holl

TREE O LR A HIRCR LR A 5T 241

NG GV AROR S ERmR T
34 EIELEXMREELANNERNZM

13 B=0.04,K=2.6 i} , AN [Al V& EL R, 0F A
116 A TR S . T LLE B T R L
14 38 K, I e 2% T T R 2 T B ALG L AP A s SR

1.0
08 F
0.6
04 | —=— Thermocouple
—e— Infrared
02} p=1.45
B=0.04

00 1 1 K 1 1 1 1
235 240 245 250 255 260 2.65 270 275
K
Fig. 12 Arc-averaged integrated cooling efficiency with

various temperature ratio

442 470 498 526 554 582 610

TIK 414

(d) p=15
Fig. 13 Infrared temperature contours at different pressure

ratio

BRI U R R R L 3 R R R, L 3 VRO R
R FEAN A RBER R S AR KA, W
LU A 3 R (R AR i N ERAS B T A i R AR
[ Fsf o3 IR 1 A0 T AL 8 A HE O P R, RO 2 TR
I, X E 5 T B T S B AR T DB 3 R T L
RSN, it % T I R A TR AIR .

Pl 14 28 9% He F X I 255 Ve B RCRSE mm BFLAe, AT
PLE H, 2% A5 &R 0 b PR R R 2R (m fm,=
0.04) B, bifi 25 7% F& B 0% 38, ok A 3 T P s I AU
By B 2 4G O A R M R T R U I o N B
T O E AR RN AR | PRI AT 2 I B A TR L Y
BT HG N, — T3 T A5 ¥ S5 R P S A R 4 A
A5 LU as , 3 — 77 1 i R 3R 0 00 v AR R R
I, 0 BB g i SO A 4 AR S, DA B AT 4K B B
o A AT R R ) A X S g A DR e R Y B
Th J Lb B 1T AR A5 25 A v AR RO R
P15 AT, 2SR FE N 13 B AR 1.5 I SR R
R HZCEH 0.524 LFHE0.565, F+ i 1 7.8%

1.0
—— =13
08 —e— =14
ﬁ —a— p=1.45
—v— p=1.5

§ oAs-//j/M

04 %
NN/

Cooling film fholes

5 _—

00 1 1 1 1 1 1 1
-1.0-0.8-0.6-04-02 00 02 04 06 08 1.0
< Pressure side Leading edge  Suction side—
XIS

Fig. 14 Integrated cooling efficiency along the middle

section plane at different pressure ratio

1.0
0.8 -
0.6 -
o ./_.———-——_'
=
04 | —=— Thermocouple
—e— Infrared
02 B=0.04
K=2.6
00 L 1 L 1 L
125 130 135 140 145 150 155

B
Fig. 15 Arc-averaged integrated cooling efficiency with

various pressure ratio

4 &£

oK F e 2 i 4 e A e A B 7 2 A R A



342 ot

#HoR

2021 4

FNZL AP BAR AN [ Bof >R B 7 i vl 480 T L 82 P 4 3R T
(6L B 2 B AR 9T T 2 KU A EL IR B RN A A
X B 25 A W HVSCR B S R DR SR 4518 AT

(1) AR 488 A0 R £ D00 25 5 SR A it 3 S [ 46 44
SRR 4y KAB IE L1 AMR B = B 25 R RAF A AR
P 3R 20 AN A BE S R R I i 45 AR
AN VRS 0] 8

(2) i ik B2 3 [R] B Bk D9 95 % 20 F0 Ak 3% T
e ml TGO A B A 2 HER AL A F A
DI 0k (o A5 BE O e, > U & B Dl 0.02 B i £
RN E . AR m T RA SRR TR H,
Y b F 3¢ e W IR

(3) 7 ik L R 5 R L — 28 0 2510, 18 i &5 e
AT DA RCH i 2R A Ve JIROCRE S T AL 0.02
B E] 0.07 B, i R 255 HICR M 0.426 T 5
] 0.645, 3T 51.4%

(4) Ik XTI B 256 ¥ F AR i AR B &8, (iR
TR L3 R, Ve AR BE BE AR, AT LLA AR AR
T . M R X 2R A R HACRE R R,
VR TR N 1.3 3 3] 1.5 1), SF 45 5% JIB0R
0.524 FJF%0.565, 7155 1 7.8%.

FEA K B TAE T X BE % 45 0 T il fe it
HVRE P AT S 56 RECE F 5T, 45 AF 5T 0 AR IR B Ay
5 R
B it G 5 3l Iy MU T 5 T R A B Y G B B 5
HE,

&% 3k

L] skagfA, Wil A M) do st B2 AL,
2015.

AR, P, WEAR, L EARUR R PLR R
BT O R L] R LB R, 2015, 28
(3): 6-13.

Han J C, Dutta S, Ekaad S.

[2]

Gas Turbine Heat Transfer
and Cooling Technology[ M ]. USA:CRC Press, 2012.

JRIWIER, BEA AR, BURCZL, 45 e BH ZE LL I AkE T8 XS
T AR S s B e (0], EHEER 2018, 39(2)

335-341. (ZHOU Ming-xuan, XUE Shu-lin, HE Yi—

[4]

hong, et al. Experiment Investigation on Convective
Heat Transfer Characteristics of High Blockage Ribs
Channel[ J]. Journal of Propulsion Technology, 2018, 39
(2): 335-341.)

EH R, INE S, BV, AF L R R R BE ZE LD
AT T e AR SEER AT SE [) ). R LR R (A
SRBF), 2019, 33(4): 174-181.

[ 6] Chyu M K, Yen C H, Siw S S. Comparison of Heat

[7]

[11]

[14]

Transfer from Staggered Pin Fin Arrays with Circular, Cu-
bic and Diamond Shaped Elements| C]. Monireal: ASME
Turbo Expo : Power for Land, Sea, and Air, 2007.
Dogrouz M B, Urdaneta M, Ortega A. Experiments and
Modeling of the Hydraulic Resistance and Heat Transfer
of In-Line Square Pin Fin Heat Sinks with Top By-Pass
Flow [ J]. International Journal of Heat and Mass Trans-
fer, 2005, 48(23-24): 5058-5071.

Chyu M K, Siw S C, Moon H. Effects of Height—=To-Di-
ameter Ratio of Pin Element on Heat Transfer from Stag-
gered Pin—Fin Arrays[C]. Florida: ASME Turbo Expo :
Power for Land , Sea, and Air, 2009.

Liu Z, Feng Z. Numerical Simulation on the Effect of Jet
Nozzle Position on Impingement Cooling of Gas Turbine
Blade Leading Edge [J]. International Journal of Heat
and Mass Transfer, 2011, 54(23-24) : 4949-4959.
Taslim M E, Bethka D D. Experimental and Numerical
Impingement Heat Transfer in an Airfoil Leading-Edge
Cooling Channel with Crossflow[J]. Journal of Turboma-
chinery, 2009, 131(1).

Taslim M E, Khanicheh A A. Experimental and Numeri-
cal Study of Impingement on an Airfoil Leading-Edge
with and Without Showerhead and Gill Film Holes [J].
Journal of Turbomachinery, 2006, 128(2): 310-320.
WEE T, R, AR, S5 30 T AR 6 e A
W I 3 T W 2R S FL 8 02803 5 R i SRR AT AR (T ).
i H AR, 2019, 40(12) : 2783-2791. (YAO Chun-
yi, ZHU Hui-ren, FU Zhong-yi, et al. Experiment In-
vestigation for Effect of Mainstream Turbulence on Film
Cooling Effectiveness of W—Shaped Film Hole on Suction
Side of a Turbine Guide Vane[J]. Journal of Propulsion
Technology, 2019, 40(12): 2783-2791.)

BUELL, XA R, RO, S R Tl R T AU
X i ) I R T OB AR 2w L) . S B
1241k, 2018, 33(3): 521-529.

AL, RN, WA R, 55 WA BR R ST
BV EDE R S W T (1], HESEROR, 2019, 40(3)
583-592. (FU Zhong-yi, ZHU Hui-ren, YAO Chun-
yi, et al. Experiment Investigation of Leading Edge Film
Cooling Characteristics of Subsonic Turbine Guide Vane
[J]. Journal of Propulsion Technology, 2019, 40(3) :
583-592.)

W, RS, B, L iR AT AU
AR [T, iz 3 i, 2014, 29(11) : 2672~
2678.

Boyce M P. Gas Turbine Engineering Handbook [ M].
UK : Butterworth—Heinemann , Elsevier, 2011.

Bunker R S. A Review of Shaped Hole Turbine Film-
Cooling Technology[J 1. Journal of Heat Transfer, 2005,
127(4) : 441~ 453.



a2k 2

R I R 2R 1 FVRCR SR BT 5T 343

[18]

[23]

WM, b AR, BRIETE L O R RS A AR
B9S2 [J]. mE st A AL K R4, 2016, 48(3) :
317-325.

W B IR R SRS v BV ROCR R S I O vk 5T
[D]. Fg&t: ALz AR K%, 2016.

A6 &, = A, Rffie. EAEVHRES TR
A HERALL) ] B oR 5 TR, 2014, 14(5).
Venkatasubramanya S, Vasudey S A, Chandel S. Experi-
mental Evaluation of Cooling Effectiveness of High Pres-
sure Turbine Nozzle Guide Vane [C]. Mumbai: ASME
2012 Gas Turbine India Conference, 2012.

Rhee D H, Kang Y S, Cha B J, etal. Overall Cooling Ef-
fectiveness Measurement on Pressure Side Surface of the
Nozzle Guide Vane with Optimized Film Cooling Hole Ar-
rangements [C]. North Carolina: Turbomachinery Tech-
nical Conference and Exposition, 2017.

TR, AMEA, kOB, L RS mI R SR
bk sc gty 1], #EHEEOAR, 2018, 39(12) : 2772~
2778. (LI Guang—chao, MO Wei—-shu, ZHANG Wei, et

al. Experiment Investigation on Integrated Cooling Perfor-

[24]

[25]

[26]

[27]

mance of Nozzle Guide Vane[J]. Journal of Propulsion
Technology, 2018, 39(12): 2772-2778.)

o, WA, Bk, L R KGR s % iR
MR ENRRPE R SER BT (D). LR, 2016, 37
(3) : 496-503. (MA Chao, HUANG Ming-hai, GE
Bing, et al. Experiment Investigation of Cooling Perfor-
mance of Air—Cooled Turbine Blade in a High-Tempera-
ture Wind Tunnel[J]. Journal of Propulsion Technology,
2016, 37(3): 496-503.)

ERi G, SR, & K, F. RREIERHREGER
BRI W T )], HEIEHAR, 2019, 40(7): 1568
1576. (WANG Pei-xiao, GUO Hao-yan, LI Jie, et al.
Experiment Investigation on Overall Cooling Effective-
ness Turbine Guide Vane[J]. Journal of Propulsion Tech-
nology, 2019, 40(7): 1568-1576.)

W oL LLANARACINIR S SR 2T (1], ALA
A, 1999, (4): 20-24.

WOESR, HMEE, sy, L im0 I O )
2T 5& 0 Jr ik 1], Bizs 80 5124, 2010, 25
(2):302-307.

(%% R Z%)



