5 52 45 6 1) Moal it & it KR ¥ o ik Vol. 52 No. 6
2020 4£ 12 H Journal of Nanjing University of Aeronautics &. Astronautics Dec. 2020

DOI:10. 16356/j. 1005-2615. 2020. 06. 017

HEEBRIURBAREGCANERN R LA
Fifi

KA, KFA, BRE, XH, T&AF
PR K35 AU 5 9 00 2 T4 A2 3000 7 6 T A S0, 210016)

WE: AREROERLBAFGESLHAR RA LB MEEMF AT IR TG RERAAER  EL T o E
BEERALFTARE T ARSI EMAUFFTTHRATFL, R T ETARAAMILAR AEILHEFR GRS
8] 3B e i 6 ) BB, A B AR T A A AR S B AR, AT EELENEEF T EZTR A A QKRR
it ERASEEEBRANETLRAET G = 2.647kg/(m*s) ¥ TATF ,HAEW d PFSHHH 0845
Smm, AT R R, KA TG A Hp M R B A DA AL AL AR d Fe R v AL SE P, A BCEE P A4 IR e 1) B
S, AT AE LM KB AL KA ENRBREDRAAGAUREL  BRARAHRBEANZHBE, L
B 38 3 W B KA AP b Fp A R AR

KRR AL BB KBS P 5 G b A A R AR AL

hESES V2341 XEEARAEAD : A X EHE:1005-2615(2020)06-0972-08

Geometric Optimization of Effusion Cooling Configuration to Improve
Overall Cooling Effectiveness for Transverse Wavy Shield

ZHANG Xiaoying, ZHANG Jingzhou, TAN Xiaoming, ZENG Wenming, WANG Chunhua

(College of Energy and Power Engineering, Jiangsu Province Key Laboratory of Aerospace Power Systems, Nanjing

University of Aeronautics &. Astronautics, Nanjing, 210016, China)

Abstract: In order to improve the overall cooling effectiveness of a specific transverse wavy shield, we
investigate the optimization of structural parameters of effusion cooling configuration. It is under a fixed
coolant mass flow rate per unit area on the film-cooled surface, by using three-dimensional numerical
simulation and support vector machine (SVM)-based surrogate model approximation. Three design variables
are selected as film-hole diameter, streamwise hole-to-hole pitch and spanwise hole-to-hole pitch of an
effusion cooling array. The genetic algorithm is used to search the optimal design point among the ranges of
design variables, selecting the area-averaged overall cooling effectiveness as the objective function. Under the
condition of G; = 2.647 kg/(m®:s) , the optimized d, P and S are 0.8,4,5 mm. The results show that the
optimal cooling configuration of this transverse wavy shield has a smaller film-hole diameter, a smaller
spanwise hole-to-hole pitch and a moderate streamwise hole-to-hole pitch. With respect to the reference
cooling configuration, the optimized cooling configuration improves the film coverage along the streamwise
direction and shortens the length of effusion-cooling initial developing zone with high temperature. As a
consequence, the overall cooling effectiveness on the transverse wavy shield is enhanced.

Key words: transverse wavy shield; effusion cooling; overall cooling effectiveness; numerical optimization
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Table 1 Thermal conductivity of wall material

T/°C k/(We(m-K)™") T/°C k/(We(mK)™")
600 26.79 1000 35.74
700 29.05 1100 37.96
800 31.14 1200 40.12
900 33.44 1300 42.14
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Table 2 Design variables and scopes

Design variable Lower bound / mm  Upper bound/ mm

d 0.6 1.4
P 3 7
S 3 7
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Fig.3 Validation of numerical results of turbulence model
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Table 3 Training samples and testing samples

FEA No. d/mm P/mm S/mm

1 0.6 3 3

2 0.6 4 4

3 0.6 5 5

4 0.6 6 6

5 0.6 7 7

6 0.8 3 4

7 0.8 4 5

8 0.8 5 6

9 0.8 6 7

10 0.8 7 3

11 1.0 3 5

12 1.0 4 6

Training 13 1.0 5 7
14 1.0 6 3

15 1.0 7 4

16 1.2 3 6

17 1.2 4 7

18 1.2 5 3

19 1.2 6 4

20 1.2 7 5

21 1.4 3 7

22 1.4 4 3

23 1.4 5 4

24 1.4 6 5

25 1.4 7 6

1 0.6 4 7

2 0.7 6 6

3 0.8 5 5

. 4 0.9 3 6

Testing

5 1.0 4 5

6 1.1 5 6

7 1.2 7 4

8 1.3 4 5
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Table 4 Cooling structures before and after optimization

28 d/mm P/mm S/mm Duvr
S 450 1 1 3 5 0.842
5 A 2 2 1.2 3 6 0.835
S5 3 0.8 6 7 0.738
R | 0.8 4 5 0.870
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