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Optimization of Aerodynamic Characteristics of Mechanical Expansion
Reentry Vehicle
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(School of Astronautics, Beihang University, Beijing 100191, China)

Abstract: Mechanical deployable reentry vehicles can achieve aerocapture and decelerate effectively because of
their large aerodynamic areas. The design and optimization of aerodynamic profile parameters directly affect the
deceleration effect. Aiming at the large amount of computation and time consumption of computational fluid
dynamics (CFD) for reentry vehicle shape optimization, an approximate calculation optimization method based
on the back propagation (BP) neural network is proposed. First, based on the parametric modeling of the
reentry vehicle, the orthogonal design is used to generate the samples. Second, the high-precision aerodynamic
performance is calculated by CFD. Variance analysis is carried out on the results of sample calculation. Third,
the nonlinear fitting for the sample set is conducted by the BP neural network, and the approximate
aerodynamic performance model is built. Finally, the multi-island genetic algorithm and the BP neural network
model are used to optimize the aerodynamic shape design with the greatest resistance, and the parameter
sensitivity analysis is carried out for the optimization results. The results show that the optimization method can
quickly and accurately solve the optimization model. The proposed approach ensures the accuracy and improves
the computational efficiency, thereby provides a reference for future engineering design and application.
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Fig.1 Parametric model of reentry vehicle shape
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Table 1 Initial parameters of reentry vehicle
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Fig.3 Mesh correlation test of reentry vehicle
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Fig.4 Establishment of BP neural network approximate model
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Table 2 Results of orthogonal experimental design and calculation
= Ry /Ry, Ry/Ry 0/, Ma a Cyq C, X,
1 0.8 0.9 0.8 1 1 1.230 2 0.012 5 0.922 2
2 0.8 1.0 1.0 5) 5) 1.492 0 0.110 1 1.7514
3 0.8 1.1 1.1 10 10 1.5114 0.233 1 1.2918
4 1.0 0.9 0.8 5 10 1.2398 0.096 0 1.034 0
5 1.0 1.0 1.0 10 1 1.508 3 0.0211 1.346 2
6 1.0 1.1 1.1 1 5 1.364 6 0.107 8 2.000 0
7 1.1 0.9 1.0 10 5 1.490 0 0.108 9 1.252 3
8 1.1 1.0 1.1 1 10 1.340 5 0.200 3 1.920 0
9 1.1 1.1 0.8 5 1 1.310 1 0.007 6 1.019 6
10 0.8 0.9 1.1 5 5 1.529 6 0.125 3 0.894 1
11 0.8 1.0 0.8 10 10 1.490 1 0.230 6 1.2334
12 0.8 1.1 1.0 1 1 1.3252 0.017 3 1.2241
13 1.0 0.9 1.0 1 10 1.267 2 0.170 2 1.408 4
14 1.0 1.0 1.1 5 1 1.5512 0.024 2 3.2414
15 1.0 1.1 0.8 10 5 1.2355 0.038 6 1.020 2
16 1.1 0.9 1.1 10 1 1.571 6 0.020 4 1.8429
17 1.1 1.0 0.8 1 5 1.2324 0.067 9 1.163 3
18 1.1 1.1 1.0 5 10 1.447 0 0.2110 1.4019

XFIE A2 1 50 BT A 3 09 R AR B 45 2R 1R 25 R0
HEATT5 25 53 BT, R I A 58 43 7 2% TR 3R i 4 245
AR M R . IR BB n, IR DB m,
% R W IKEECh 0, A7 A R 8] 52 5 AR, AT
BRI EAHEd EREARE L GREAR
BEd AnF s

d,2=n—1
d =

d=d,~ >\,
i=1

FAE R4 R ¥8g 220 7 M5 1R 22 ¥ 8
ZE VI MZ G, RO T 45 PR 3R 0 56 45 SR 52 i A
KANe BFE,=Fop(d,d,) i Z R E X556 45
RZ W 8% F, = Foo(d,d,)W R R
FHREXNH R C T 2200 d ks
FT7RN o

ARYGRIG M H =17, % NEAMEd—=
2,REAME =7, FF,x2,7)=4.741E N F K&

%3 MARBC,FESWER

Table 3 Variance analysis results of drag coefficients
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R 7 0.020

B B, Fon(2,7)=9.55VF Al i 25 1 1)
Ho & KEXTC, 05 mm E A R B/ IMRIR R 6>
Ma™> Ry > Ry, > a, H 0 F1 Ma X} C 52 2 .
3.2 BPHEMEKES]

BP # & 2% 47 R i A )2 e B 2 R 2 R
FEAARSNE ] OEAR 1 S 800 B R 5 A2 L B )
FBUE BT R R E R &R R R

L=VM-N (3)
KL ARS EMAEITTEGM R ARG N
S B R R T R AR B h M=5,N=1, Il|
MR A5 Z % B R 2 2o B v e L=3, A
5X 3 X 1A BP #ft 28 [ 28 i AU AU, T[] 6 i /s o
MANE  REE WdE

R,

R, —=0O

0 G

Ma—+()

a—)

Bl 6 A KATHS BP 2 0 4 25 14

Fig.6 BP neural network structure of reentry vehicle
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Fig.7 Training result and error of BP neural network
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Table 4 Optimization design variables of reentry vehicle

oAb 7E 4 WILR1E Ak X [
R, Ry, 0.9R;~1.1R,,,
Ry Ry, 0.9R~1.1Ry,
0 0, 0.90,~1.10,

4.2 HRUEZX

2 5 19 4% 5 7% (Multi-island genetic algorithm,
MIGA ) J2& £ 38t 1% 5 1 J i i ok i) — b AR Ak J7 12
BRI AT B — DR IR A R R R B
1978 S 38 SURI TG FEAE By 1k AT, B0 38 I B o 4K
FH VAP i B DI e, G 4 ) SRR 52, 4% B T
(3L #% A By T Bk )R 8 e O A o R
i 2 & 5t 4% S ok i 5 A RAT B Lsh A E L1k
AR (1 O A 2 ] 8 BT o

| mmesEEn |
i

| Rk |
!

| FBP## 2 /) 28 T LA 2
TR RIS L

| BRI |
!

. ERFLRREE |
¥

| FHBPA# 2 f 28 ST LA A
T EREAE N A

| muBREAGSE |
8 2SR R
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Table 5 Optimization design results of reentry vehicle
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