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L R PSO Bk B & R SRR ), A GR1R
T HABWE M EPSOBPE 8.1k,

2 BRI

T EPSOBPE 5.7k M RE , 4% SCXF PSO 45
7 ,DE 59, CSA 559, EPSOBPE 5% fil RADPSO
LT HR R, M R A I 1 TR R
PRI E AT S5 SCHk[ 8 ] .

F1 WikEH

A T

e A Fi(x) = 2(2)

I PR KL fo(x) =ma)i(%| x, 1,1 <i<nf

SR A = X 0100(x,, —x)* + (5, - D]

U fiw) = X —sin(/TaT)
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I CSA LA MR BCE 4K+ F A 0.7 4tk
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®3 RBONKHE R

MR 250 PSO DE CSA RADPSO EPSOBPE  pR¥fn/ME

Mean 1.17 2.21x10° 2.53x10°  3.14x107""  1.06x10 0
o Std 8.02x10™" 1.19x10° 6.11x10" 3.85x107"  7.55x107

Mean  2.37x107 1.74x107  9.93x10™"  6.89x107"  1.50x107* 0
S0 Std 1.06x107"  9.27x107%  1.16x107"  3.08x10”'  6.48x107°

Mean 3.58x10' 1.35x10" 2.67x10' 3.18x10' 1.84x10' 0
Ko Sid 2.63x10' 2.34 1.34 1.93x10'  9.98x10™"

Mean  -6.64x10° -7.08x10°  -8.71x10° -9.76x10°  -1.05x10*  —12509.7
Sl Std 6.37x10° 4.46x10° 2.66x10° 7.17x10° 8.52x10°

Mean  1.33x107  4.93x10™*  1.19x107°  2.38x10”°  1.39x107" 0
S0 Std 1.10x1072  1.88x107°  1.43x107°  5.62x107°  4.72x107"

Mean 3.30 9.98x10™"  9.98x10™ 1.99 9.98x10™" 1
folo) Std 2.73 0 5.09x10™ 1.78 2.66x107"

Mean  -3.862 8 -3.862 8 -3.862 8 -3.862 8 -3.860 0 -3.86
S Std 2.45x107°  2.71x107"°  9.79x107°  2.64x107°  2.32x107"

Mean -5.897 -10.153 -10.151 -6.569 -10.153 -10.153 2
Jot) Std 3.42 6.90x10"°  3.53x107° 3.51 1.48x107"°
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KPR £, (x) ,EPSOBPE 535 9 A B A% fe i 1) =
EgsH, X e EEE R AR R f(v) B —2
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PAE IR SR B SOK T DE Bk
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AR B R R T, BEAEAE AN R A2 R, TR s
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3.1 #Z CFD EHI%IE
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T RE Ma=0.73, FHIEEL Re=6.5%10° i ff a=
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BERGRE, X ULIASCR Y CFD 815 05k
SR il A 3R S S R P B B B AU
KR
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0 02 04 06 08 10

K4 AR A%

32 EBEMR{ER
FEEIE TR BRI R SR R

S AL B T B BT G 3R O & ol S &
RAE2822 A1 BEiRA A M, =0.73, Re = 6.5
10°, MRS TR AN A R FH I =5 C, /)
Sk I REL ¢, F5bE, BT R 5 C, N AR
AN R A 1 2% 1 25 A8 AT L3 T A 25 R4 )
B, BOmAR AL B bR A d T

min:F(x)=C,

g,(x):C, =0.8

g,(x):C,, = Cpy =0

g3(x):;;1021 ()

ll’"ﬂx
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L nax0

s A S EEAY S A 50, SRR KR ; £
bR 0 SNPGRS B S50,

BRIBEAL I3 CST Jrkt " i
J12 4 A B R RIS 6 4. PR CSA &
% \DE B35  EPSOBPE 7%  PSO 5% Al RADPSO
LI T AR T, 45 SRR R B

24, HARZHS B th S0 B AR

CFD & & 555 95 kAR [], SR H k- SST i it
BRI A% B 3 0, HE R AL A TR L
CPU 4 Intel(R) Core(TM) i7-10700F CPU, N1FH
32 GB, I TEIETHA] CFD SR e vksit £ i LU
FHEET Kriging {CHAR R 9440 5

A A FH R 3 T Kriging 18 BRAE R (1) £ 4L 5 1
JEE el L T R S 5 il RE D5 % (Latin hypercube
sampling, LHS ) A Bl /> & (1 FF AR 5048 EE ) 4 G B A
TSR I 388 3 R A B 0 SR SR i i sk 5 S B e 4
T[S B R A AR AR B R A I AREAS JE S5
FRURAG LA FRABI IR | AT QB AR ) B, 085 A2
WA, k3R AR A [R]85 rp ) B AR A B
240, i FH IR A a5 7 200 s 200 4, 3 440 K
CFD 15,

A I o7 50 e il A B ok e ) A
(expected improvement, EI) fill &5 #EN, 24 E[I(«x) ]
< 0.01min( F(«x)) B &/ 1 I 1 ( minimize
prediction , MP ) JIll x5 ED]

KT a5 7 D00 35 BB il 55 400 B8 A R 1B 3 AR R
TS B, Wi« W BGEERR N [(x) =
Yo — y(x)  BCEHIER N

B = [ 100 pdi() die) =
f)%(y = y)pdf(y)dy =

Ymin 1 ¥ = }A/
f (Yuin =) 90( dy
- g ag

o, o ARMEIEZS I3 A AU BE S5 B pR 8, X (12)
AR AT
E[I(x) ] =o(x)[u®(u) +e(u)] (13)

K, u=(y,. —9) /o, APRAEIES 0 1) R
i BRI

MP J5 12 BB AR B T (B A Sy H bR
HEAT S, SR SO0 2 A BA /N PO (B A B A
VERm S AL
33 MUEREESH

5 A 6 2t 1 etk ARad sk e A i s JL
IR i BB A

4G TR R EIRERES B AL,
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-1.5}
-1.0f
-0.5¢

EVIES:

0.51
1.0f
1.51

a)  FEULMTIRA

0.012 8f : o _{é%i 0.08f
0.0126r ! — __RADPSO
0.012 4 [ ————— EPSOBPE 0.04F
o 0.0122F {
&) i ~ 0
0.0120 |
0.011 8 I%
0.011 6 g‘“&l{,ﬁ ~0.04r
0.011 4+ EEEEmstT oo
, . L —0.08L.
0 1 2 -0.2
RS /107
K5 #EAMEAEIE R
x4 BEMBULLEREER
H:HE Cy Cy (K JELRE
PIEF I 0.016 306 —0.102 650 0.077 801 0.120 930
PSO 0.011 465 —0.099 134 0.077 802 0.120 993
DE 0.011 429 -0.097 615 0.077 805 0.121 838
CSA 0.011 442 —-0.096 064 0.077 812 0.120 981
RADPSO  0.011 455 -0.100 896 0.077 802 0.121 325
EPSOBPE  0.011 415 -0.100 084 0.077 802 0.120 950

Hr IS a2, JURMR AR B e st B 2l (H
JEREIT IS, EPSOBPE 573k A 45 S o 4 /KL T
EPSOBPE B354 % WA A&k, Bir L AT LA 47 4
FR N A YA PSR R AR i R e 1) s BRH ) R AL
He/ NS, BB 6 R, DR AR IS R 3R 1 3R AT T
JER  ES AT T, PR TSGR, RS
Bt 5 L RM A S A TR, R R,
AR5 BRI Z% W T W W (B A BTG R, o TR EETH T,
A R HTER UG H 0 R B Bk b, o
THER T30, ) B0 o - (B 3 BU% )
FEA AR BN R ) RS WA (E AR
o, FERALEE A 20t PSO 1k i3 A 5 H
AL LA A 3 70 AR 22 3K, FEBH ) R BB AE Lk
JE A FE AR R BT R A T R R R B T
PSO LI 22 B Bk, TEH KRB LT EPSOBPE
A AR B 10 45 A JEEFEE i AR S ) A B R )
8, HE5 R0 R BUZ /MY, B EPSOBPE {1
I A5 B 1) 45 5 2k I L. EPSOBPE 533 1E
B S HT I —FE BT BRI R | TR AR
o (A BRATE TR i fy ok 1) F- AR Ak [l B, 1T LSRR B 4T
(i .

02

=02 0 02 04 06 08 1.0 12
x/c

b) HEEEJ RE

06

Ko IARLMIEIRS M R AL

4 HESZRML

4.1 #1% CFD EfIIiE

AR SC = A R0 SR FH ) 2 28 = A 6 UE AR
ONERA M6 LI 3 37 A BB AL A1), 32253451
P BT =48 CFD AR, B Eh
BAIRE N Ma=0.839 5,10 £ o =3.06°, 5 it %L
Re=1.172x107 , IZ 5 1 (% 115 M 4% 124 108 J7,
AR = HAEMLFL T i A A ) k- SST i It
Rl

7 R T 0.44 £5 70 0.9 15 )R ) o B AL i mm
B R ZE R 5 (8 09 ) 2 A 6T e, ey
e E A7 R B AL AR R R b FOR ML
et 25 R BUERL TS 143040 5 5 R
FEARW) A, I REAE A Sy THE B LA B Y 1 o7 RN i
B, XULAA SR B CFD BB 85 B 7E 3K it
SYENLIE BB RRE T B R B B B

—CFD

—CFD
= R

0 02 04 06 08 1.0
x/c

a) y/b=0.44

0 02 04 06 08 1.0
x/c
b) »/b=0.9

B 7 y/b=0.44 5 y/b=0.9 kb8 S 504

4.2 HEMRMLER

Ph M6 HLE AW Ga HLEL , 73 5ok A CSA B3k
DE .3 |\ EPSOBPE %1% PSO 5.7 Al RADPSO %
BATHLR AR T, & RE AR AR B34y 58,
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HRZHS Rt 2 805 B AR TR, CFD 358
AL E 5 A 56 UEAH ), DA% 5 55 451) 56 31E P AH [+)
¥y 108 J1, =HEHLEPLALATTEL CPU S 2
Intel(R) Xeon(R) Gold 6248R, 774 256 GB,, Hi
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Applying to aerodynamic optimization an enhanced particle swarm
optimization algorithm based on parallel exchange

WANG Peijun, XIA Lu, ZHOU Wenshuo, LUAN Weida

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; The particle swarm optimization (PSO) algorithm is easy to implement and can obtain high-quality solu-
tions to optimization problems. It is widely applied to nonlinear and difficult problems such as aerodynamic optimiza-
tion. However, to solve multi-modal problems, it easily falls into locally optimal values, showing that its robustness
is poor. In order to improve the robustness of the PSO algorithm, an enhanced particle swarm optimization algorithm
based on parallel exchange ( EPSOBPE) is proposed. The algorithm enhances the optimization capability and its ro-
bustness through the parallel evolution of the cuckoo search algorithm ( CSA), PSO population, hierarchical ex-
change operation and reinforcement learning strategy. Therefore, the algorithm has both the global search capability
of the CSA and the local capability of the PSO algorithm, thus making the EPSOBPE very robust. Functional test
results show that the EPSOBPE has stronger robustness and adaptability to different problems than other intelligent
optimization algorithms. Moreover, the EPSOBPE is applied to the aerodynamic optimization design of the RAE2822
airfoil and the M6 wing. Compared with other algorithms, the EPSOBPE is more robust, and its optimization capa-
bility is better.

Keywords: particle swarm optimization algorithm; cuckoo search algorithm; aerodynamic optimization design;

global optimization
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