Wi 2% Bk 27 B R

Aeronautical Science & Technology

V5ot EHL I 2 B

5 A S REZ Bk A
UL ve RIS

ESOY I v 53

HER", FE

PEALEREFEBE, dbat 100012

W EAXENEFRTATELANE TEEREERARITEAR, IR AT A8 = R AR =% s

BRI, RXEENAT B d/LAZH (FFD) LA S BT ik B Mk S RAE E W 7 ik & T RANS T M B

A5 B AR A7 % (CFD) 247 77 3% 43 17 4 B 30 (RBF) (R IB A A 7 3 B F B 346 (PSO) 7 3 4 3 K, 4 B % NASA CRM

BE E TRty W2 AL RAEA BIF T B30 S8 R = E RS Rk, B X R AR R E

CRM B & 4 &K R m b % w5 8 W2 AL R AR R s M0 34T 3 40 oy Ao A, K IR AL G ) CRM 3 & 41 64K W2
MEAR R ARSI SN o M AR B BB Tt 2 T RE AR A BOR R A T a8t 5 7 2 WAL = 2 Ko MRt i

Sept. 25 2019 Vol. 30 No.09 9-18

AR, FRHESET IT A 8 BB AR G v R i T B oy I A A SR

F4#iR . FFD, # 4 4, RANS 7 2, RBF RIE# A, fr T A4 5

FES#ES.V211.3 XHkARIRAD A

RASCHE AT 3 BN R BRI 3 2 1O 2R A
LU0, DO R T I B 2 B 08 J , B2 1B 52 2 e ™ A
AR, 2R TSN AME BT RERS SE BURS A0 A ) Y TR 5L DA
Ll R 2B 2 BAR 230 BB 2SR . XA LA SE
4 DRI T 6 B T 4 75 (CFD ) “Tah A A Al 45 R
A, OB B 1% O R B AME RO DR T
IRE Bk, AN TIE B IE Ik E B R AME B X K
HARE IR S 4 S BOR ELI IR RO, R
T2 BB U B SME B T I 4 ZOR IR -5 o8 &
2, MMEDASE L Z 28 2 HAR 28T 2 AR
SMBEBAT I ZEOR . MRE N TRB B AR E I, &
REREGN LAY BB T AR SRR s M BT
BARFEZA =R (1) BT AEE AL B 5 (2) B T&
] {5 B CFD B B S E LA A 5 (3) B T I 5 & CFD
BB BB LA BEAR . BB R B R el
OB HES AR, (R XTI B4 8T 2R B AR A g , X
T B =T B e AR BB B R 0 0 A, AN REARIIE
PS4 R O & R AL, BOEAR I 2 BT M A B 20K

DOI.10.19452/j.issn1007-5453.2019.09.002

LA s BT AT {5 B2 CFD & 2 ) BUE ML AR B AR W] A
SO PRIE ZR W = AE SN LR G v )8, (E2 XE AW 2 AR
I RHURE AL SME e By 220K, BARATE B UBh it A
KA TR, AR R B RIT A BT E e FE
CFD B8 f) FE AL AL BT 3R R il RANS AL CFD i1 5507
TR F U AME TR RRERRE B TR
FOTE B L 2 22 BT RO 2 2 R ST R S5 D7 T e =26
TEZ AT,

BT i AT A5 B2 CFD A5 AL Y BB AR Ak 75 vk AT RAGT
MR JBE 1 D0 A T3 VAN OB AE B2 A DAL T 5 , S8 T R
BRI AL T ¥4 £ 22 Antony Jameson®™ &z B BT Fl
TR BE AL I , AU 3G 3 T IR S AR B R R B T R Y
DAL T 52 Y AN USRS BE RO O ¥ R 2R AR A P
F IR (Surrogate Based Optimization) B4 Ak 5 AR, H
RACSRE B EL T A AN P R A B A A ) 45 B
PALTAR , At L5572 (Generic Algorithm, GA) IR K55
¥ (Simulated Annealing, SA) ¥ F#£ 1 4k (Particle Swarm
Optimization, PSO) , 1% SE A4 B 14 0 1k 7 1T S 2 i

IRFE B H3.2019-07-16; BI1SBHA: 2019-08-24; FABHEA: 2019-08-28

“BISIEL . Tel.. 15811044968 E-mail: leiguodong@cae.ac.cn

SIFE#E . Lei Guodong, Li Yan.Research of the multiple design-points high-fidelity aerodynamics optimization technologies for the transonic
aircraft with the multiple constraints[J].Aeronautical Science & Technology,2019,30(09):9-18. F#E %, =& . BEE XS0 5
BRI RBUARSHHARIHRARHARLI ] RIS A, 2019,30(09) :9-18.



10 Wi RHERAR

Sept. 25 2019 Vol. 30 No.09

/N B R BB R B R AL, JB T8 A0 it R AT S i
D7k, HRETE CFD 82 | _E A7 718, MEASE 2 45
PEREVT AR RETE ), 0 ELSTA  A3 R8 I FH  hy IR HfE 5
TR B BAR T ARG 2R &AL, BRI
SR T ORI BE A T 3% , (B2 W] DAYE CFD JZ T A1l
BEAS J2 T [F] I AT, 2R T B BT IR 96 19 25 1 N IHAE Y
FRF )R] AZINTF AR BB BE A A AR 77 3k (JERL T = CFD if
SRS IR] ), i EL B A R

PLIL R RATAY LAR LA IR Tt I ANER S BTy 1) K B
AR, R LI B B AME B0 AT S B B BT
o BTN 5 SR 0 s BRI AR SR A4 R TR T
SRR 5 P AT A, BRIV PR R R B R
TR B35 2 Fh ARGV BE B IR AE 1Y, PR A 7
TR G B2 P R AT B G ) i), BRI i
PR B R B AME AR AL R 2 T b BRI T Y s B4
7R 32 1 P ) R TE AL Rt I 7 T, L
FRARW AR AT, B B E RIS APLHLI, iR ek i
F R E— IR PLEL , RIAE S % R TR, B
BNHME AT RS AR ML R A BB AL SR B

ALVANASA CRM 3 B 41 & (R 2 ol ise it i W2
PLI B SME , L8 G F AL AR 23T T AL <
EHPERE , FET AT AR P 228 I Ush A R AL 38 T 1 R A
BRI RE AR K, TUAMT 2R AL AT 32 | J SRR KR BE AL RE N
JEJE AT AR AT B BE Z AN B0 A A B3 <3
SME . % T NASA CRM 3 G4 G4, (% Bl it =,
LIFTT F1 R EL0.5 PREFAAL , I HAHRARS AT HAE, /T2
JE R 5 KR BE AL AR PR BN IR A5 F T FEL T AR A
112,44~ H47.(0.0001 g —AN Iy FRAL) 5 X T W2 HL3E, 7E
PRUEBATFIET A BT T 1 REORE  RSL TR,
T | J5 SRR KR BE AL IR BE AN 26 T [R] )25 i A
BT AR I W2 AL B TS SMEAEX PN BT i <
ST REXIFS 3 S22 B UGt , ST T U FE LR A T 2.39,
JETH BT M ECE AN T 1.41,

WL = 4T R GE T AT
NASA CRM #524 HE A i it sl 1 R 2 3 et i 32 5
A Bl SME A — B T W2 L3 &S5RI e T
AVt S B BE R I 2 R e LI, SRR T =
YEPL AL BT I VAR TR A A AN S A, I AL
B Z 80T RN TR R T &%, XA
A AY” R 3 A AL A TR B HAt AT AR AR HEA T = 4E 2R
TR BT, B A AT ER B AME A BT

B I A SR S AT R 1) B AME BT R LB 5T S i
M AN,

1 BEXEE
11 SEHEHE

A % T R S A U A L i
V73, IR T RANS %1 CED T8k I HALR
T SA B, JERER R T ISTH3t, Bl R R A T
DFSPRE S, LR T BCHL RS 28 s 4% 3019 CFD
SRR R T T 6T 5 0 1 P WSRO, FIRE ST AL
T P RN, 3T A SO (3 T2 R I o
DT RIR ) PSR, TR B R R LA T
RN 1/6~1/5, [N SR8 LA T RUSE R0 S
2, AP B AR, AR SOR LA A R TR =
4T FE A8 8 NS T T 5

oU ,
Iﬁ'V'Fc_V'Fv:S E\Qlj‘], >0 (l)
)
P,
U=|pv, (2)
PU3
pE
oo,
. |PYi% +pdy
F. =|pv, +pd, (3)
pvvs + pdy
_p”iH
[0
v Ta
F, =7, (4)
T3
|07 + p,, €, (9T/0x,)
dv. dv. 2
.= —’+—’——5VV 5
Tt ( o o, 30 ) (5)
Moo = F (6)
/‘L:(ol =/"L/Pnl +/‘Llur/Prl (7)

O D SRARI ¢ S )sp L s p S T D i 5
v B E R EEE s H G 8, S TR K S
HoAd P

AICR AT Spalar-Allmaras it i 152 24 , 38 i SR A5 it
TAE R ECH K1) B — 3 0 RS BT LA 2R A, SA finii
BT REATRS



W S P CBLR R 2 B R 2 2 A AL B TR D 5 11

1 J
[Eg;'{(UL +

v J

J J
E(v)JraTci(w")_G”Jr

Jv dv Jv (8)
N Cap U] Y, S,

: ox; ox,
K. v WIHTB S EE v NIRIKIZEHEE ; 6, Rl
AT Y, R S TE AR 5 S, A Ho A AR T

T R

Mo =P V[
A f =X (X + ) x =vhv,

AR BT A% R A PR R B s e B
T, 7 AR A XA 31 4 P T A DO o, 6 A ) R R 2
SRR ) 1/6~1/5 , [l Gk m b 42 il 4 B8 R sl /vt
S, WE FTR, AT RO G, R PR G | PR TE
L DR A 320 R P A /N = T R 2EL AR A O 22 TG AR 1R
23 [A) B R A RS, sP e AR A TR RLE R ) IST 4%
K EH Roe #8115, it & R A L 2= 048 R R
FH B [E) A E A SR AR AR A I 4 IR A, A 37 K Al R
XU ) AR =

v)

© MM T
@ RIASTHL
O MfgHEA L

1 BRI RIEEFHALE
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Table 1 The methods used for geometry parameterization
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the linearized weighted summation method
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Fig. 10 The differences of the airfoils at the 5% 35% 65% 95% position of the spanwise
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Research of the Multiple Design-Points High-Fidelity Aerodynamics
Optimization Technologies for the Transonic Aircraft with the Multiple Constraints

Lei Guodong*,LiYan
Chinese Aeronautical Establishment, Beijing 100012, China

Abstract: This paper focused on the research and development of the high-fidelity numerical optimization
technologies used in the three dimensional optimal wing shape design of the advanced transonic aircrafts. The FFD
geometry parameterization, spring method of the deformed unstructured meshes, the high-fidelity CFD method based
on the RANS equations, the RBF surrogate method, the PSO algorithm are integrated to an in-house code. Taking
account of the single or multiple design-points, the optimal shape redesign of the NASA CRM model with the single
design point optimization, the W2 wing designed by the research group with the dual design-points are optimized. The
aerodynamic performances of the optimal wing-body and wing shapes are obviously improved compared with those of
the original shapes, so it is proven that the numerical optimization technologies can be used in the optimal wing-body
and wing shapes design of the advanced transonic aircrafts. And the technologies and tools developed for the three-
dimensional geometry are correct and practical.
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