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Abstract: The interaction between mainstream and cooling air will form a complex vortex structure and
cause mixing losses, while the film cooling protects the high temperature parts. It is extremely important to study
the interaction mechanism between loss and vortex structure for optimizing air—cooled turbine structure. The DES

(Detached Eddy Simulation) method was used to compute the unsteady film—cooling flow field of flat plate cylin-
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der hole, then the evolution law of the vortex system and the mixing loss were analyzed. As results, there are two

different motion modes in the film flow field dominated by the windward vortex with the increase of the blowing ra-

tio. The downstream cooling air at low blowing ratio is mainly controlled by the clockwise windward vortex , and at

high blowing ratio, the anti-clockwise windward vortex and the clockwise leeward vortex simultaneously control

the movement of the downstream cooling air. Spectral analysis shows that there is a clear multiple relationship

among the flow field disturbance frequencies. The fundamental frequency signal is generated by the shedding vor-

tex, and the frequency is linearly related to the blowing ratio. Loss analysis shows that the flow field loss, which

accounts for more than 90% of the entropy loss, is mainly caused by the heat transfer between the cooling air and

the mainstream.

Key words: Gas turbine; Film cooling; Cooling air mixing; Upright vortex; Aerodynamic loss; Reyn-

olds stress; Detached—eddy simulation
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Fig. 2 Grid independence verification

[ ] Exp . EXp
37 —e—DES 3 —e—DES
—A—SST —4—SST
Q 27 Q 21
BN >~
1r 1
0
0 1 0 1
ulu, ulu,
(a) X=1D (b) X=2D

Fig. 3 Structured grids

WEeEA%E

AR SCHUE TR R #E ANSYS CFX 17.0,
it B AR 3 31 SR FH SST A DES . 35 iy Ui /b BE T
SRS R 1 RE TR A R B 0 R T
BN R AR R R S AR AL
F2 3 2 11 w,=60m/s, I T,=450K, kK i it i
BE N 1% 5 ¥ SR B B 2 T,=300K, Jifi 7t J3 e v 45
it VL E 5% ; 0 TR RAUE

K H DES J5 i #4735, 72 AL N 10%,
50% ,90% f= FE Ao B 158 W A5 P1~P3, 78 AL
R 3% 1D, 3D, 5D, = 0.8D ) A0 v B35 B W 5,
P4~P6, We I it 37 1 Uik BE | R RN R 0 AR Ak B ) 2P
A1 5ps, NIEA S B 105,

Sk S UE KR T v 00 TE A PR R ORU L M=1.475 B
AT E S 25 3 5 SCik [ 20 ] i 56 T8 47 X0 b, an [l 4
JE7R R AL U 3L 3 v R TR ) 1 B A A
DES 1 SST i it 5 71 5 58 5 4 b 455 400 3 37 v 10 8 2
I3 A o SR FH 4 A1 2 S R A AR I (. A 5% 25 F
AR Hr, W2 1 TR, DES Jy 3 T A1 (1 ¥4 07 1R
1R 22 AR/ 5 IR0 (R O TS A — BhE R
AR 3C FE AR DES 77 2 B9 1158 45 06 b SR
AT W -

23 BHENX
FE SRR EL M Ay

M:

2.2

u,
Pl (1)
Polbo

AP p, W TREE  u, T, p, W)

] Exp L Exp
3+ —e—DES 3 —e—DES
—A—SST —4—SST
2 ?f Q2
>~ >
1 1
0 0
0 1 0 1
ulu, ulu,
(¢) X=5D (d) X=10D

Fig. 4 Vertical distribution of velocity for numerical method validation
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Table 1 RMSE of numerical simulation

Measuring position X=1D X=2D X=5D X=10D

DES 0.219 0.113 0.140 0.068
SST 0.231 0.121 0.138 0.109
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Fig. 10 Distribution of vorticity amplitude along the flow

direction
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Fig. 13 Distribution of Reynolds stress amplitude along the flow direction with different blowing ratio
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Fig. 14 Instantaneous flat plate entropy generation rate contours of center spanwise plane with different blowing ratio
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