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Abstract: In order to solve the problem that many factors may lead to the increase of calculation
cost of optimizing air film cooling efficiency, a coupling model of flow angle, length-diameter ratio and
coating thickness at three blowing ratios (0.5, 1.0 and 1.5) was reasonably designed by Box-Behnken
design method. Realizable k-& turbulence model was used for numerical simulation. Response Surface
Methodology (RSM) was used to analyze the simulation results to obtain the response equation, finally the
optimal parameters were predicted by the regression equation. Researches showed that flow angle and
coating thickness are the main factors affecting the cooling efficiency of film holes with thermal barrier
coating (TBC), and the length-diameter is the secondary factor affecting the cooling efficiency. The
response equation was used to predict the optimization model with best film cooling efficiency. Within the
studied blowing ratio range, the results showed that the film cooling efficiency of the optimized model was

55.45%—90.95% higher than that of the reference, and the prediction error range of the response equation
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was 2.71%—13.42% with higher accuracy.

Keywords: film cooling; thermal barrier coating; length-diameter radio;

response surface analysis; geometric parameter
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Table 1 BBD method design of experimental conditions

T fLisifA/(°) KAzt TRJZIEEE/mm

2% 45 1.75 0.325
Case 1 60 4.375 0.5
Case 2 45 7 0.15
Case 3 45 4.375 0.325
Case 4 30 4375 0.15
Case 5 45 1.75 0.15
Case 6 60 1.75 0.325
Case 7 45 4.375 0.325
Case 8 45 1.75 0.5
Case 9 60 7 0.325
Case 10 30 1.75 0.325
Case 11 60 4.375 0.15
Case 12 30 4375 0.5
Case 13 45 7 0.5
Case 14 30 7 0.325
Case 15 45 4375 0.325
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Fig.2 Calculation model and geometric parameters in hole
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Fig. 7 Distribution contour of film cooling efficiency under three blow ratios was designed
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Table 3 Variance analysis of surface average film cooling

efficiency at the downstream of hole outlet when M=0.5

T5 2R SEITM A Y7 P1H
el 417474 9 463.86 0.001 1
AfARE) 1914.47 1 191447  0.0001
B(KAZLL) 52.43 1 52.43 0.147
CUREE) 16913 1 1691.3 0.0002
AB 38.35 1 38.35 0.2024
AC 69.1 1 69.1 0.106 1
BC 5.88 1 5.88 0.590 8
A 152.62 1 152.62 0.0328
B 39.05 1 39.05 0.1989
c 261.08 1 261.08 0.0123
B2 89.15 5 17.83
PR 89.15 3 29.72 <0.000 1
4R 1.67x107 2 8.33x10°°
S 4263.88 14
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Table 4 Variance analysis of surface average film cooling

efficiency at the downstream of hole outlet when M=1.0

Ty AR SER AmE ¥y PfH
e 1132.22 6 188.7 0.0005
AUREE) 787.11 1 787.11 <0.000 1
B(KAZIL) 04217 1 0.4217 0.8558
CUREE) 242.45 1 242.45 0.002
AB 11.86 1 11.86 0.348 5
AC 75.6 1 75.6 0.036 1
BC 14.77 1 14.77 0.298 8
Bk 95.71 8 11.96
ES 95.71 6 15.95 <0.000 1
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Table 6 Optimized parameters and predicted values with
RSM method

WAL FLifA/(0) KAz W2 /mm SR AR 7,

e AR T Yt A 7] T R X3 PN 1 ¥4 S8 (i 0 A i R
S XA AT AN 7 TR, 6T M=0.5.,
1.0, 1.5 B g J 5 78 A 003000 5% 22 43 5 R 13.42%.
2.71%. 2.73%, B FARMRKULL T, ER IR ER
AEETRIR R, S BUBUE T EAE M=0.5 I i 3
) U0 15 2 R, AEATFE 5 BB T N . R IR 3
53 iy g 1 7 AR LA — s R W TSR, Bk
Ji e AT AR R B (4 T

M=0.5 30 1.75 0.15 0.0832

M=1.0 30 1.75 0.15 0.043 6

M=1.5 30 1.753 0.15 0.0377
E

n 0 0.05 0.10  0.15

-5 0 5 10 15 20 25 30 35

XD
BH N (45-1.75-0.325)

020  0.25 030 035 0.40

-5 0 5 10 15 20 25 30 35
XID
HeAAR AL (30-1.75-0.15)

(a) M=0.5

=5 0 5 10 15 20 25 30 35

X/D
B (45-1.75-0.325)

. ) -
5 0 5 0o 15 20 25 30 35

- 1
X/D
ALY (30-1.75-0.15)

(b) M=1.0

-5 0 5 10 15 20 25 30 35

XD
BHRI(45-1.75-0.325)

-5 0 5 10 15 20 25 30 35
XD
AR (30-1.753-0.15)

(c) M=1.5

14 ARG S RAUR R IR XL T 992 580 ]

Fig. 14 Distribution contour of film cooling efficiency of the optimization model and the reference model with different blowing ratios
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Table 7 Analysis of optimization results
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