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Experiment on film cooling characteristics of dustpan shaped holes at
different positions of turbine blade

CHEN Lei!, ZHANG Lingjunl, WANG Wenxuan', CAO Feifei’, LIU Cunliang2

(1. Sichuan Gas Turbine Establishment,
Aero Engine Corporation of China, Chengdu 610500, China;
2. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The distribution characteristics of film cooling effectiveness of dustpan shaped holes at
different positions of suction surface and pressure surface of turbine blade were studied by pressure
sensitive paint (PSP) measurement technique. The effects of blowing ratio (blowing ratio of 0.5, 1.0, 2.0)
and turbulence intensity (turbulence intensity of 0.62%, 16.0%) on film cooling effectiveness were
analysed. The experimental results showed that the optimum blowing ratios of the dustpan shaped holes on
the suction surface and pressure surface were around blowing ratio of 1.0 and 2.0, respectively. The
dustpan shaped holes on the suction surface had higher film cooling effectiveness under low turbulence
and medium blowing ratio (blowing ratio of 1.0). The dustpan shaped holes on the pressure surface had
larger film coverage area and film cooling effectiveness under high blowing ratio and high turbulence. The

film coverage area and spanwise averaged film cooling effectiveness on the suction surface were
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significantly higher than those on the pressure surface. And the film cooling performance of dustpan

shaped holes at the position with large curvature was the worst on the pressure surface. The influence of

turbulence on film cooling effectiveness was similar to that of blowing ratio. The enhancement of

turbulence reduced the film cooling effectiveness on the pressure surface, but improved the film cooling

performance on the suction surface under high blowing ratio, and reduced the sensitivity of the film

cooling performance to the change of blowing ratio on the suction surface.

Keywords: turbine blade; dustpan shaped film hole; film cooling effectiveness;

pressure sensitive paint (PSP) measurement technique; turbulence intensity
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Fig. 2 Details of film hole locations and configurations

JUAAT T AR AH R) A 5 208 AL ELFLHE A AR ) . SR
T AL A B AT FL I ALKt 1 [ Bs fE4 5 38 ) D
] 1 47 5K JE B A 4 5K B AL . FLAE AR @=30°, fL B
& d=1.4 mm, ] ] 4 5% A AU 55K A p=o=11°,
LI b p/d =4, BIH B K LAFLK LZ A
0.47, fabr s Fom HALEL .
1.2 EWTR

T L BE T . W AU EE MD R 7 BR800 C, 1 i XL
(I

T,=— (1
1%
M= P (2)
pgvg,local
Dg.local _p*
| Pai 3
1/2p,v;

Sy i 943 91 g = ORI DAY AR AR T A5 Ak £ Jk
Sy A JEE B 405 35 o T v 535 O 0 35
FIHEE, 0y vy o 89 2 085 BE AT - 36 17 24 4
U, 1/20v B THIE K o vgroca I I B0 BE
AR pg G AL 17 %
FEALIUAS 9 88K pgtoca» 38 1L UTT S 5 3K

20220368-3



IR DA

%39 %

Vg local = \’2 (pz - pg,local) (4)

i AR A 1B AE R TSR 275 mm Ak oKk

AR R L, T RS M UE S 22 mm. TEA

Joli ks, i i 5 BE 53 5 0.62% F1 16.0%.
R O A% K TR B Re = 1.71x 10°, 5286 v
PRAE FE RN AR, 28 BT Ui BE T, ok A
UL Y T U A, A3 AT T 3 RO S g
FLRSEE T A 1 fis,

F1 IRIASH

Table 1 Experiment conditions

Re/10° 1.71
Tu/% 0.62 (Teimimtsh), 16
M 0.5,1.0,2.0

1.3 PSPMEFESREDT
Zhang S5 J AR PR B2 LR S SR
(PSP) AR i TR ZNRERE . Wright 515 Xf
PSP FH TV 2500 £ 14 Jt BRI N, FH 64T T 32
IR o TR AT ZE P A i, —
MRS SHEREHAN T, 51— DR AANAE
R ENA BT AR Rni g R AR S E 0 R
p (O A KRB SERWEE b 158452
Tow=Ty  buw=by:  p(0y) ;= p(Oy)
T.-T, b(N,) —bg p(0y)

mix

]7 =
air

(5

KPR TRHIEE, T Frawd R 46 HOBETH , R A5 air,
mixZF AR EW . FRSREIES 0.
T 38 2ok W e SRR B AR AT RV AL, 7T S A A
FARTE A ity 258 78 THT NS 2% U0 A B 1 FH B ok 1Y
iR 220,

S 55 v Al B 22 AR HL(CCD) i 53 25 Al
RS MNERBEA R, PSP B &5 & K%,
%5 5 55 S0 06 BT R R T - s AR o i 4 i
JE A G o PRI, 52 e AR VA A1 450 0 £ A
P 1 T2 R 2R R A M R T ) 1 AN i
S B 56 v A & e B I i . R A Kline T M-
clintock! 7 45 H (4 AN B 22 43 A7 7 A B8 T 24 i R
FH B0 A A T 6 g B 4 3580 55 I AN A O
Wk 2 Fros o 525 v 3 U o AR R 1E 2 7R +1%
AN, FE J1 2 80 C, R I B T, 00 A i o 12 43 i)
H4.01%F15.6%.

®2 SERUTHEE

Table 2 Film-cooling effectiveness uncertainty

n (An/n) |%
0.5 1.41
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0.2 5.66
0.1 12.7
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