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Effect of air-filled through hole on flow and heat transfer characteristics of
rotor blade composite cooling structure

DONG Aihua'?, YAN Peigang', QIAN Xiaoru', HAN Wanjin', WANG Qingchao'

(1. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 15001, China;
2. Harbin Electric Corporation Central Academy, Harbin 150028, China)

Abstract; Aiming at the high-temperature rotating blade with composite cooling structure of a gas turbine, the high
temperature flow field on outer gas side and the inner cooling flow fields in the double cambers with serpentine
baffling passages and composite cooling structures were simulated using the gas-thermal coupling numerical
simulation method. The influence of the presence or absence of ventilating hole on the cold air flow resistance
characteristic and the heat transfer performance were investigated. It is found that the air film/impingement/
turbulence composite cooling structures used in the serpentine passages inside the blade without ventilating hole
design have a better heat transfer performance, and both the internal and external surface temperature distribution
are in a reasonable range under the given cold air flow flux. However, the total pressure supplied by the inlet of the
cooling air is too large, which is resulted from the higher flow resistance of the entire inner cooling channel. By the
design of local ventilating hole, the internal flow resistance is effectively reduced. Under the condition that the heat
exchange effect is only slightly influenced, the required cold air supply pressure and the cold air volume are both
significantly reduced, and the air volumes for the double cambers get a better match. The prototype blade has a
better engineering application by the redesign.

Keywords: gas turbine; high temperature rotor blade; cooling structure; air supply through hole; numerical
simulation
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Fig.4  Contour of pressure on surface of inner camber with or

without ventilating holes
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Fig.5 Contour of flow resistance in serpentine inner camber
with or without ventilating holes
&1 6 2 509 -y s I 48K I 140 O S (E o [
A 6 w2, T AL, AN — g A TR YRk
ASTEEE Y 4 AW, 5 7 8 SR AT X R
e SR 5 o3 I i R e T T | BT R B4R
JEFLIEA T, 10 T A AL A 1 e T i
AR5 S E A PR S AL i R T AR
AL E W, EA T AL A H cooll F
cool2 #E AL EAHFEAL T , 3 A TGl S LA B i
B RS AR T, & 6 FrR, #HX G
HAALIF O, AR S AL T 38 3 1 AR 1 T
WL TR AR, Tl A B AR
Wl G H R, EF AR EWRET C.D WA
i, AR, BEE VA S0 B A D, 45 TE SR
A 4 I 2 R A R R B AR R R R
SO AL B I e S BRI Ah, B R
AR fb A B 2SR T SR e Y 38 TE P B I B
FHTT

5
E ABF C GHD
(a) FTHAAL (b) AISAL

6 S07%MEEMFEERESERE
Fig.6  Contour of mass flux at 50% blade height
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Fig.7  Distribution of mass flux of film cooling holes at blade

leading edge
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Fig.9 Contour of temperature on surface of serpentine camber

with or without ventilating holes
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Fig.10  Contour of temperature on surface of film cooling holes

at blade leading edge
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Fig. 11
serpentine camber with or without ventilating holes
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HEOEAFREAMR X BEGENDARNIE XA AA D EENY ", Y BFE XA AT
“IREWH WA A, MEMEMRREXNFFAZRALE TR T AREBEAEH L
WAPHLA , ZHA EE d AC 1 kW DELTA 17 R AL 5 5 &A% st HLAG 78 30 A B A5 R 28 3 A
N RS AR, T K AR AR R AL PR A ey A7 o T B AE Bh R 3 o 0° 2] 60°3 £ SE B A Y IE BT R B
LRHEARANERGAFRNGFESRA R, L P B EEHA 45, RZK 80 mm; £ E G A 40°,
e K 155 mm; A B 3 mm, B 45 B EIAT N 45° st AR Bl A AL TR, B H B b ok @ 3R 9% 4R
BLHEERN T, FEE XA FELE T RN T A BN (ER 1 mm 2 4), #THAN
LB EATHNFALG A REEEETE L FEN S RFREG, B A EERE LR
535 h B BF B A

X ERFRAAGE ZERREHE LB EENRATFRET SHBETE (g/c, #51 K -0.15,
-0.05,0.,0.05 A1 0.15) T Hy XA F KM G &M (k27 h 0.0375 5 0.600 0) i {72 5h o 5%, 2 R %k
D AERFEOHE, KEAENEERRERALE T RERUE, FEBEA N ZHA LR K
EFHEMENAG FASAATHEEANRBEAE TRANRSA, ARATHNE, 2L NS
MEFTHREEAAEERNEFER, BRTBEANASZH 2)EFHEMNBE , BERRAEERT
TEO, TEABERHUANPHBEALHE, AFATHNR, ANATREFANEENLAFES
HR T ARG, C A RE X A RN B RGO E A, A v B R R B A T U 8 X
B EAREARNBEANZRAZRADA, HIMEEME, KAMITHEKEFANEERAAS R
BRE, EEGHMIR, 2N FEN4ETRESHEGENLERY Y, KEARANBERERAN
THNANA BT LEERNFE AR, R A ST ERNERA  BA T THENRKEGRANEER S
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