578 10 B O% X @ K F OF R Vol.57 No. 10
2023 4E 10 A JOURNAL OF XI’” AN JIAOTONG UNIVERSITY Oct. 2023

KAMAEIBMENEESFIZITMULTIE

FOIRAR . AW, R, B, REE
(TG R3EBAR ¥Rl 5 8h 1) TR BE, 710049, V%)

BE. ASBHEAHHBIKRZTHRAHTEGR S BEFEREEES AN A TR R
FRERBZ AN EE A TMELTARESETRAE, T R o4 ik 09 % 46 23 %3t
AT ER, B BETERT S AHAERY A ALMDERAT LB KRG E - EHK
RN EREAEFCERESHEALE—ZARELS AR R R LSS R AR SRA
BREAEMN EZS TN MEBRMLEZRE HELR TS AHARHER L N oh A7t BHALH &
AL BETEHERADHREBRAIESR ; RIS, 8 T A4E 548 £ M5 A 3F Jo 208 £ mik AT A2
BT T IR, FFRLEREAN B TR IR R RA . F LT IRE B RACIE R T 3R 13 89
BB P IEHANR T AR E BT S ABDBERMT F, AR T 4.8% . A& KT ik
BAT 19.9% A L I T % sm iR iR A Sk 09 A R,

KER . AHBRETHAA PRI, T ARHDE; N et ihi; SR AFEREHEL
hESES. TK421.4 XEERES: A

DOI: 10.7652/xjtuxb202310006 X E4HS :0253-987X(2023)10-0053-11

Knowledge Transfer-Accelerated Intelligent Aerodynamic
Design Optimization

GUOQO Zhendong, LI Cunxi, SONG Liming, LI Jun, FENG Zhenping

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the gap between the minimum number of evaluations required for refined
aerodynamic shape optimization tasks and the maximum number of evaluations constrained by the
mission period, a study on intelligent aerodynamic design optimization accelerated by knowledge
transfer was conducted based on the concept of transfer learning in the field of machine learning.
Firstly, an airfoil variational autoencoder (VAE) model was built. The model’s decoder enabled
the intelligent parameterization of aerodynamic shapes, while its encoder unified samples from
source tasks into the parameterization space of the target task. Secondly. the Bayesian transfer
optimization algorithm was established, incorporating both single and multi-fidelity surrogate
models. Then, an intelligent transfer optimization framework for aerodynamic shapes was estab-
lished by integrating the airfoil VAE model and Bayesian transfer optimization algorithm. Last,
task correlation analysis was made to discuss the mechanism of the optimization process acceler-
ated by knowledge transfer. The results from airfoil optimization test demonstrate that such a

framework improves the performance of median of the optimal solution by 4. 8% compared to
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using VAE optimization lack of knowledge transfer, and by more than 19. 9% compared to other

methods, confirming the effectiveness of knowledge transfer strategy.

Keywords: aerodynamic shape optimization; knowledge transfer; variational autoencoder;

Bayesian optimization, multi-fidelity surrogate model
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Hg. 2 Schematic of multi-form transfer optimization
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Table 1 Expression of target and source tasks for testing the TGO algorithm

PRI £ 44 R H #5AT: 55 R 5L 2 58 AT 55 H 5 o AL
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Table 2 Mathematical expressions of testing functions

d 1 d
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10 3 17 3.50 1.70 8 1312 1696 5569 124 8283 5 886
Hartman6
0.05 10 17 0.10 8 14 2329 4135 8307 3736 1004 9991
M= ; P=10""
3 3.50 1.70 10 17 8 2348 1451 3522 2883 3047 6 650
17 8 0.05 10 0.10 14 4047 8828 8732 5743 1091 381
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Fig. 8 Comparison of results of XFOIL and experi-

mental data
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obtained by different design methods

WIRZS Cy. Cp G+ Cp!
RAE2822 0.308 1 0. 008 70 35. 410
NURBS-EGO  0.6557 0. 008 69 75. 455
NURBS- TGO  0.734 2 0. 008 86 82. 867
FFD-EGO 0.988 0 0.011 13 88. 769
FFD-TGO 1.087 6 0.011 13 97.718
VAE-EGO 1.206 4 0.010 72 112. 540
VAE-TGO 1.2629 0.010 71 117. 920

Dor

10f ----RAE2822  ——FFD-EGOJjik
—— NURBS-EGOJj 7 VAE-EGO J5 ik
1.5 !
0 0.2 0.4 0.6 0.8 1.0
] 5% K
() A AH H AT B R %
-2.0

1.0 ----RAE2822

‘ FFD-TGO Jj i
NURBS-TGOJj i —— VAE-TGOJ5 1%

0 0.2 0.4 0.6 0.8 1.0
Hhn) 5% K

(o) i F AR GE 7% S g
P11 R (R f 2 k  Th  I AR Bod A

Fig. 11 Distribution of static pressure coefficient of airfoils

3.4 EBMAUMEITIE

T 50 UE A0 A i v B A M Y A T AR Y 0
PR AT B A5 AT 55 U0 1k 2F 78 00 J5t IRk A7 1 4R
5. RH VAE ZHACRIE L 1 024 DNRIZRFEAS,
A3 58 AT 55 TR B AR AT 55 T T A — 32
R FERE L, IF % LR AT A DM 3 B, 45 2 9 25 3 n
Bl 12 s, H AT UL, J JR A OC R ECH 0. 911 0,
FHXF Ma=0.75 W HIRAES TS Ma=0.4

http: // zkxb. xjtu. edu. cn

i B 58 AT 55 T 00, 38 8 3 T I 80 A7 1 — 52 19 A AU
P 35K 5 4R I P S SR U 0 AR ) 3 B - O
T8 W Wy 5 B BDAE I R A B LR L AT
AL BB 2 1 s 2 R 00 A AT U {8 M A
R F) B (L PR B . X — I S A B ik B |
PEE T B 58 AT 55 5 H AR 55 8] B9 AR 5G4

300
B RIS R =0.911 0

o3 [Se]
(=3 wn
S =1

HARESS L0 N THRE B
3

0 50 100 150 200 250
C5E AT LR (¥ THRELLE
B 12 A —3E B[R] T80 044 BE TS A A 56 1k
Fig. 12 Correlation between performances of identical

airfoil under different working conditions
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