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Numerical simulation of heat transfer physics of film cooling

under rotating conditions
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(National Key Laboratory of Science and Technelogy on Aero-Engine Aero-thermodynamics,
School-of Jet Propulsions Beijing University of Aeronautics and Astronautics,

Beijing 100191+ China)

Abstract: Large eddy simulation was used to investigate the effect of rotation on film
cooling over flat plate with single hole. The Reynolds number at the jet exit was 2600, and
the blowing ratio-was 0.5. The flow and heat transfer without rotation and with rotating
number of 0. Q2 were calculated, and the heat transfer mechanics under rotating condition
was analyzed through the evolvement of turbulence structure. It was found that hairpin
structure determined the heat transfer of film cooling, and the shape and trajectory of hair-
pin structure was mainly affected by Coriolis force under rotating condition. The film was
driven towards high radius side by spanwise Coriolis force, resulting in less mixing between
main flow and jet and maintaining low temperature of the film. The Coriolis force normal to
the wall reinforced the film attachment and reduced the strength of counter rotating vortex

pair, leading to less entrainment of mainflow and better coverage of film.
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Fig.1 Geometry of computational domain
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Fig. 3 Turbulence structure colored by non-dimensional

temperature under stationary condition

B3 Hp FESUBEFL T B B 0 2R BT i B —
F I KR B P 45 4 AT DL R R e 32 R
5 SR AU AR EL AR R A e A A TR D 1 Y e A 2
JR L R R I A Sk I Rl R A
ST 317 A 5 R i Y R U U S 5 o A

2 S A T X A s X A G

KR RS e AR AL B89 i AT
JH AL P A 3 S 10 PR R B I8 45 4L O 5 i
SR X R R AR ALL BRI 25 0 4 O 16
5 0 R R ot 1 T e T 1 AR TR L kT R Y
TR T e A T 04 55 B2 L i S 3 000 1
(14 32 i R AR T L5 52 VF 1 B AN 58 AR T
P8 RO 38 DR AL 58 2 AN W i 553

eI A R Ve UM I Z B Y B TR X
S A PEREAT B . R Y R 2
M = O A9 320 52 AR I O R A X, S B R R
5 BE T figh K v =0 B BE T MR T 3R UR A BE
TET FF) 45 A o D2 V4 KT B T ) o AV 0L R
F14 Sk 08 2 WA A ) 0 = U 5 T =2 ) ) R k52
e 5 RV SR JEE T o< T AR 4 SOKT B THT A ¥ 2

Y4 2 e e DR 2 M Ve 0 ) i I 45

P4 R,=0.02 T B 35 000 I U 25 44

Fig. 4 Turbulence structure colored by

non-dimensional temperature under

rotation condition of R,=0. 02

MIEL 4 0 DU Y SO AL R B A 57 BV E 78
YRR T T S A /N RO T I A5 A
X2 PR A Ji ) LG BRI 58 T S E
R RN Y 87 N SR oV e ¢ I A I
Uit Sl AL T 305 R R [ 304 O 5 L T 4R
B K AR A A R R B KR TR R AZ AR EL RS
AN AR R Z TR) 4 TR 1) B R B X R iR B
ARANIZ Bl LAY B 5 R v S T IR = ] 4 A
MU A A 32 B8 TR 5E L P T 52 ) R T A R 94 0
3.3 mEXNBRSRES AN

N TSk — 20 25 S v i 4G F B R AE



840 it = &

g1 AR %26 &

K A PO AL R 10 P4 1T LA 4% B2 i i
TUASF I A0S, P 5 S 1k A e AR 5 R AL o
A TRCTAT P9 A R 1) Y 5 o)) 0 4 2 BT, OB FL N Y
e SR T PR R A 5t 5, IR B 2 AR T T Y
R Sk TSR S 3 B DAY e 58 L OF 5 kR iR
F14 Sk T8 AH T

ZD
I

w,

, HT [ |
(U./D) =2.0-1.2-04 04 1.2 2.0

& 68 10 12 14
D
(a) Wik

D

10

XD
(b) R =0.02
B 5 AL A R R o,/ (UlD) =
Fig. 5 Contours of spanwise voriticityew,/(U./ D)

in the centerplane-of film, cooling hole

M S AT ELF i fL R i 5 D Z SR X 480 A1
X L PR AT 35 58 A bR 2 2 R 9 110 Sk A /v HL
54 J3E 557 . X T DU AR O v B
Vo ST B I TR P O 455 R At 32 84 o ) B g
Ve HICR.

TEIE LA i BRI N, AL S /9 0 3l B
AR R N ol B 2 AR AL
TESEAL R G™ T i 8 73 7 3 AL i 2 i i
TN 55 3 TR S A 7 A A ) R 1) BT U A
FH ke = O 0 5 A B R e HORAS  UBEAL N
P8 A LAY 1o R E iy O A G R ) R I
J7 3RS G 1) 5 2 AR T 1) A e TR S R O O
AR T R A TR I 52 3 ) R G P R 5 L S R
AL PN I S 1] g 2 A28 D ) A A% o DAL PR I T
(U2 N: 5 e ) | T R WS 12 3 DB T N 2 <SR L B
JRE AR 5 3 U 1 ) O 1) o 2 S /N IS5 T
AR B IR.

Jie et A A 0 A TR RS A 2B T A S A AR A
HARR B 0y 5 2 A0 5 B9 0 B T ) 9 B2 19 22 4k
K6 7E U e A0 m BT 0. 01D Bk -F N 45
HH A 1 s A

6 BT HE 2 B e e AR S TR X Je T X i

WA K — 72 At 2l R G T SRS 19 B A7 R 1)
BB R 1) i 2 A2 07 1) 3L 2l 71T 2R 8 1 S
JEE Ve BT Y RF FQ T BEAR T ¥ UMY T L )
/N TR AN ) A I S 2R S i
7 A R R B T oF ) R R L AL s T I R R
PSR DX AR A T el b T U A RE T A 4
fih o PR35 B B 0 BE 2.

P 6 (b) ik al LAF H O 1) 363 52 04 20 A A P
KT AL EAS B L 3K 55 U 1T A 3 3 A
i 1) 985 2P AR AT 5% < 3% 7 T ) B T A A £
T 47§ [) IR 2375 A 43 1) B THT A9 F LG 0y, e i 5 0
G 0t R TR

© ]

-2.0-1.2 0404713, 2.0

or
8
™
a6
>'s
4l
b:
(a) W IERAS
, [
(U/0) [-20-12 -04 04 1.2 2.0
{;] -
R L
? L
-
N g
5k
4tk
3t '
4 6 & 10 12 14 16
XD
(b) R =0.02

K6 BRI L5 0. 01D KK
WM iR & o,/ (U/ D)= Kl
Fig. 6 Contours of streamwise voriticity w,/(U./D)
in the plane 0. 01D away from

the film cooling wall

ERTHE R e F AR B B IR ITHN S T R
T 1 Sk T MR 1) AR L A T B RS R
YB3 BE L PR o AR 5 58 T 4
B A S I R 3R DX AR T O S o S O i o
BETHT 38 5 1 LR AP ORI AS SO 3 25 A
T BEFCIRAS B VS TR e R RS I .
SE A — B



o554 X

T R PR S R R AL B ) K 841

4 % g

ARSI 5T T B 5 IR 25 7 A 2 1T 1Y
BV H) 25 5 S REE A H) 1 i I 5 4 52 e e R )
M W A 2 S HLHE A AR L OF B IR R T
B S SRS B A BEAL A L AR E .

D KRR S A H I 3h A A
F L LA . BERRASTR  AF G & R IR Sk
AR /N R AR AL I EL s 2 AR 1

2) SEFL P9I 5 3 32 BF EC T R R ) R A AR
Jr AL o A T 22 G A T 2 AR — i Y i
Grui i Wb T S S Y T 1) Bl 2 S AT
Hl 55 T AR AR 19 18R L A B TR R RE R Y
TR

3) AL P I R 1) R Ay S L TR B AT
A RF B T W/ 1A U S Y S i 2
S PR U A 0 X T8 o B B A L o T o A B R
JRE TR X114 = U A, A LR A RO s LA
TS Y 1 2 ARy 1) 14 B AT A A 1) B TR Y R
FC 7 o e 1l A B W A i T BT ORG , BAT E B 4%
TF R SV H 1 BE A T

SEH:

L1 B8 QB e rp, 8 RS 20 MY, b nt kb2
fiAt 1985,

[ 2] Han]J C,Dutta S,Ekkad S. Gas\turbine heat ‘fransfer and
cooling technology[ M. Iiondon: Taylor ‘& Franeis, 2000.

[ 3] Dunn M G. Convective heat transfer and aerodynamics in
axial flow turbines[ ] J«-Journal’of Turbomachinery, 2001,
123(4):637-686.

[4] Dring R P,Blair M F,Joslyn H D. An experimental inves-
tigation of film cooling on a turbine rotor blade[ J]. Journal
of Engineering for Power,1980,102(1) :81-87.

[ 5] Takeishi K, Aoki S, Sato T, et al. Film cooling on a gas

[8]

[9]

[10]

[11]

[12]

[13]

[141

[15]

[16]

turbine rotor blade[ J]. Journal of Turbomachinery, 1992,
114(4) .828-834.

Abhari R S, Epstein A H. An experimental study of film
cooling in a rotating transonic turbine[ J]. Journal of Tur-
bomachinery,1994,116(1) :63-70.

T I8 78 T it RS TR AR H i ot 5 S O A2 R AL B Y
FELD]. dbut AL HTH s fil K R, 2007.

YANG Xiaojun. Study on the film cooling over the curved
walls under rotating frame[ D]. Beijing: Beijing University
of Aeronautics and Astronautics,2007. (in Chinese)
Acharya S. Large eddy simulations and turbulence model-
ing for film cooling[ R]. NASA/CR-1999-209310,1999.
Guo X,Schroder W, Meinke M. Large-eddy simulations of
film cooling flows[]]. Computers & Fluids,2006,36(6):
587-606.

Rozati A, Tafti D K. Large-eddy simulations of leading
edge film cooling: analysis of flow structures, effective-
ness,and heat transfer coefficient| ] ]. International Journal
of Heat and Fluid Flow,2008,29€¢1).:1-17.

Tyagi M, Acharya S. Large ‘eddy simulation ¢f film cooling
flowfrom an inclined, cylindrical jet[ ]J]. Journal of Turbo-
machifiery,2003,125(4) : 734-742.

Iliu K L,Pleteher-R H. Large eddy simulation of discrete-
hole film cooling in a\flat\plate turbulent boundary layer
[RIAIAA 2005-4944), 2005,

Niceno B. An“unstructured parallel algorithm for large ed-
dy and conjugate heat transfer simulations[ D]. Delft: Delft
University,2001.

Mendez S, Nicoud F. Large-eddy simulation of a bi-periodic
turbulent flow with effusion[]]. Journal of Fluid Mechan-
ics,2008,598:27-65.

Liu N, Hanjalic K, Borello D, et al. Large-eddy simulation
of periodic discrete-hole effusion without and with rotation
[R]. Graz:8th European Conference on Turbomachinery,
Fluid Dynamics and Thermodynamics,2009.

Dubief Y, Delcayre F. On coherent-vortex identification in
turbulence[ J]. Journal of Turbulence,2000,1(1):011(1-
22).



