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Abstract: The problem of "dimensionality disaster” of design variable is a key technical problem that restricts the ap-
plication of current agent-based optimization algorithms. In order to solve the problem of declining accuracy and
poor optimization effect of surrogate model caused by dimensionality disaster problem, a sensitivity analysis method
based on physical knowledge driven partition surrogate model optimization is improved. The sensitivity of different
partition design variables to the objective function is studied. On the basis of the sequential partition optimization,
the sensitivity is taken as the order of the partition surrogate model optimization. The results show that the method
can solute the high—-dimensional design space into a series of low—dimensional subspaces, improve the prediction ac-
curacy of surrogate model, realize the efficiency configuration, so as to realize the global search. In comparison with
traditional surrogate optimization method, the time spent on establishing the surrogate model is much lower, and
the ability of surrogate optimization method to solve the high—dimensional aerodynamics design problem.
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Table 1 Calculation results of different mesh parameters of
ONERA —M6 wing standard modes
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Fig. 4 Comparison between the pressure distribution of
ONERA-M6 wing mold corresponding to different
longitudinal positions and the wind tunnel test results
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B SORE AL Ak B 18] S 21 5 5593 11

# 3 EGO 5P R XIS L

Table 3 Comparison of EGO and sequential partition optimized wing parameters

JE B t

24 o Cp TV rs E
WIh 0.28 0.018 99 —
EGO 0.28 0.015 58 79 0.000 80
PT 0.28 0.01511 181 0.000 07

0.0788,0.068 5,0.054 6,0.044 4
0.0806,0.068 7,0.053 3,0.045 0

0.0788,0.0705,0.056 6,0.044 4

25h13min 20 s

21h55minlls

Table 4 Sequential partition optimization specific partition parameter comparison

#4 PR XS

M C, Cp L P E JE ‘

srIX1 0.28 0.01593 36 0.000 61 0.0788,0.069 6,0.056 1,0. 044 4 7h18min3s
GrIX 2 0.28 0.015 69 180 0.000 05 0.0788,0.0712,0.057 6,0. 044 5 7h18min2s
4rIX 3 0.28 0.01511 181 0.000 07 0.0788,0.070 5,0. 056 6,0. 044 4 7h18min6s
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Fig. 12 Comparison of pressure cloud image between
optimized wing and initial profile
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Fig. 13 The pressure distribution and geometry correspon—

ding to different spanwise positions of the optimized
wing are compared with the initial condition
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Fig. 14 Comparison of surrogate model accuracy
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1) #EAT AR AL, IE0 A £k 45 A AT 40 B L A, 15
B> 25 ] 43 XA B AR B X H AR eR B BUREPE
KN, FF LA Ry Sl 2647 e R ABURR M /NI 43 X
oA AL A1 3o
3.2.1  FETHUBHER B

DL M6 ML B aG AILE 24T T FH 8 BE 9 FE
it IR B AL E 1. 475 frid |, 2R
() ML 3 4 1 300 A 34, 60 4E AR e AN
M EA 20 iR (E T4 104) .

A DN AR 21 38 9 hy L 1 = A4 3] 1K UK i 44
S B — B VB R e R TR A 0 2 )
PILAT 4 N IX 1 43 IX 2 FIAR X 3. Bl 43 IX AR
A B A XA DL AR AUEE T 3053 IX Y 20 it
AR, FE 54 T BV R A XA AR A A 4
X1 H AR A6 2 80U, 43 IX 5l pE £k 56 — ) T
FH ) Z BRI HA Y 0. 018 99 FREF 0. 015 93,80 H
TRET 16. 1%, 4y X B AR AR S L BT &
NP 0.018 99 F %5 0. 015 83, BHJ) F & T
16. 6% , 43 X Bopl A Ak 565 = 3 o b, BEL 1 & B0 40
U 0.018 99 F K& #) 0.016 02, fH J3 N & T
15.6%

F 5 B T 2 XA AR A 2 X B AR AL 2 R A

Table 5 Comparison of specific optimization parameters for each section optimized separately along the profile

ZH C, C, - I75 E JE ¢

Wik 0.28 0.018 99 — — 0.0788,0.068 5,0. 054 6,0. 044 4 —
X1 0.28 0.01593 36 0.000 61 0.0788,0.069 6,0.056 1,0. 044 4 7h18min29s
GrIX 2 0.28 0.015 83 193 0.000 25 0.0789,0.070 3,0. 056 4,0. 044 4 7h 19 min
4K 3 0.28 0.016 02 177 0.000 54 0.0788,0.069 0,0. 054 8,0. 044 5 7h 18 min 6 s

L ) T3 XA A B B A 3 X A A &6
FE 1 = e 16 firas , 7 LAF A0 1k 25 R i 1
3 DX B A A 5 — T, YR 2 B — T, e
S S =T, R D, 4 IR TR 2 X AR
FIbR bR BH) 8O BE AT HE P, R 5 ) T 2y
DX S — ) ThT 23 D3 = T3 DX, 4R Ok AR OB

IO — W, % M6 HIL3E 4T AR AN ] 2 X B
AR A AT 23 XY 23 AR BSR4 Ak Bt
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Fig. 16 Comparison of pressure nephogram of LRI B A A A 2R

optimized results along individual sections

6P B A A U /NG AR AR LI S 4 e A (120 2)
Table 6 Comparison of sequential partition optimization and partition optimization of wing
parameters according to sensitivity size (120 d)

28 C, Cp W75 E JE t
b 0.28 0.018 99 — — 0.0788,0.068 5,0. 054 6,0. 044 4 \\
EGO 0.28 0.017 27 385 0.00282 0.077 8,0.063 1,0.050 2,0. 045 6 42h 6 min 42 s
PT 0.28 0.01578 60 0. 00020 0.0821,0.074 1,0.056 8,0. 043 6 19h 39 min 15 s

SSPT 0.28 0.01559 179 0.00022 0.0852,0.0777,0.059 7,0.045 8 19h 39 min 21 s
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Table 7 Comparison of specific partition parameters optimized by sensitivity size partition

25 Cy Cp R S E JRE Bz !

IrIX 2 0.28 0.01578 90 0.000 12 0.0788,0.069 7,0.056 0,0. 044 4 6h33minb5s
X1 0.28 0.015 87 166 0.000 78 0.0852,0.0784,0.058 8,0.044 4 6h33min2s
X3 0.28 0.015 59 179 0.000 22 0.0852,0.0777,0.059 7,0.045 8 6h33mings
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Fig. 17 Pressure cloud image comparison between

optimized wing and initial profile
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Fig. 19 Comparison of surrogate model accuracy
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