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Study on Multimodality in Aerodynamic Airfoil Optimization Design
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Abstract: Studying on the multi-extremum characteristics of airfoil aerodynamic shape optimization design space
is helpful for people to choose a reasonable optimization algorithm in the airfoil design stage, improve the opti-
mization efficiency and shorten the design cycle. This paper explores the multimodality of the RAE2822 airfoil
optimization of drag minimization provided by AIAA Aerodynamic Design Optimization Discussion Group
(ADODG). The airfoil is parameterized by using the FFD(free-form deform) parameterization technique, and
the initial perturbation is added to the airfoil by using the uniform latin hypercube method. Then the gradient-
based optimization algorithm is used to optimize the airfoil after different disturbances, and the optimization re-
sults are compared with the optimization results of the global optimization algorithm. The results show that
ADODG case2 is probably a convex peak design problem. The gradient-based algorithm can obtain a relatively
satisfactory optimal solution and has a higher optimization efficiency. The conclusion can be inferred from this
study that airfoil transonic minimising drag optimization subject to area constraint is possible a convex peak de-
sign problem. Gradient optimization algorithms can be used directly.

Key words: airfoil aerodynamic optimization; global algorithm; gradient-based algorithm; multimodality

W EHE:2019-07-11;  1&[E HE:2019-09-23
BIS1EE A # , menghe029@mail. nwpu. edu. cn
SIRE Al AR, B 2F T A BT R S B AR TELT]. Ml TR B, 2019, 10(5): 664-672.
He Meng, Bai Jungiang, Chang Min, et al. Study on multimodality in aerodynamic airfoil optimization design[J]. Advances in

Aeronautical Science and Engineering, 2019, 10(5): 664-672. (in Chinese)



g A - 3% R B0 A i 18] R 2 A (R P T 5 665

=]
w
i

KAT SR MBI B B T B
R O S s  RERE B Hh R I RE R 3L AY
ERRHITE 2RI, AT 8RR
ENAMEARAL R WA E B R i B Ak
# (Computational Fluid Dynamics, fij & CFD) Hl
AL B Bl CFD /R h — B A M AR E T2
9 H] T AR 2 b AR A SRR AT SR A AR R Y
K JEAs ], PSR 2 rY G B B AR T Ak 1)
WhIB P U AR A 2B () N B AR E £ (AR
Bt TR T2 ) A R a5 (— Bk U 6 T KR 4
A Il Bt s (R 26 1) .

A E ARk ] Lo s — 22
BT B RO S L X SR A T L E bR pR B
FEAR . 191 G e R Rk P A1) R R Bk (Se-
quential Quadratic Programming, faj # SQP) 4;
7R R X R A2 B AR R
(B, T AN 5 22 H A oK ARy A6 B2 AF R 1) kL 5 HE AR
2R D R B R 2R
e EHAL A AR A A R AT LA 83 4 Jmy S A
it o DA S8R TG J32 B i L T B R 1 I A B
T2 36 R T W S 3 JRy R R A A . A S Ak 1)
R — > JE AR L | 20 W Y [ L, 6 T B8 1Y)
AR SR 3 2H% ) ST S ) 49 0 8 T a5 ) 3 R
A AR SR R PE | XE AR TS A R R AR . AR R B
e A 1) 0 g — A B U (T [ 200, D) s R B 1k B A6 7 31
AR 85 25 09 e 0 e O LA B i AR RO
I X B AME LA IR B T 23 18] Y 22 10 (R R 1 A
JIF T 2t o 0 A BT IRATT AR B A B3 B B
AR L R AT SR S AME AL
AR RLRAT AR BT R

TE— S FME AL B R b, 22 B AR AR P A7
EMY B0 H. P. Buckley %55 F 57 3 W 76 3 1 &
SR A B P A JRy #8545 T EL Hicken S0
Al R R WIHLIE J 1) 2 & )7 m AME AL 2= D
P Ja 78 g G s B R /N LR /N ERL T L
Zhoujie %P # & 7 CRM (Common Research
ModeD) HLIE AL Ak 0] 1 1) 22 A% {80 45 P o LA 55 45
WEH] CRM AL 3 5 I Ak 1) 802 B R {1 1) 5 O,
Chernukhin %458 T 32 A8 VAR T AL 72 2 T+ )
ol BEL A A T 50 g 22 (B R 1 L 45 SR R W, 3R AU AR

HAE 45 78 B RS LY )T & — A AR A 5]
G RPN PR e SR DINTE IR 24
TEARAAT 1 Z WA 5 15 N. P. Bons % #F 58 T
ADODG (Aerodynamic Design Optimization Dis-
cussion Group) case 6 W ZWAERFM:, K BHLE S
BAME LA 25 R B e T35 5 BH 3 ORGP BE D 2 18]
AR . AH bR 5 % 38 R 7 5 7l sl A Ak i
PR Z B R PR ST 8 el b AR i i
(6] A DA TEU AN B A ke 2 s 2 R AR 4 Sy R Y A
BRI G R TEL X L

A FEZALTH A HA2IE J7 5 (Free-Form De-
form, i #% FFD) \J& T 1 Bl 149 86 B2 UL AL 0% 42 )R
KA F LR ADODG case 2 ' RAE2822 3
R B0 A IR R % 22 W (B R P O i B SR A BT
23 (8] o AR A AR B 25 A R . 2 R BE Rk A
.

1 HEXRER X

AT RANS J7 B8R fiff i 247 %E W oK i
YA E TR N-S R AR O R R

;ﬂﬂQdV%iQF(-dSﬂ%u'ds (D

AP .Q HFHEHEE;F AN RAEBE; F, it
i,

25 8] 2 HORs X o s S IR R S-A
(Spalart-Allmaras) 5 B A Jii I AL Y

2 SHUFERMEERTE

K FFD S8k 7 7 e 75 S 5k i
JULT AN J8 Bl 2 5 FED #5804, 38 3 % FFD 45 31
TRTH S R 3, 52X FED 45 44 vh i B bR JL AT
& AR IE . FFD S804k 77 i e LR D I 152 AR
OB MR AR iR il = LR B LA AME
FEBE 7 (5 H )W T R BB AN EAE B T, X AR S
PSSO AL . [T R TE S A B 10 AR ] Uk ko
AR L ANE 1 TR

1 FFD ¥l fE
Fig. 1 FFD control box



666 fiias TR

Lt R 10 %

AL R4 R T C RIA% AN & 2 B .

2 AV AL RS

Fig. 2 Airfoil optimization mesh

K F T 386 PE 25 A0 5 4 {6 (Inverse Distance
Weighting Interpolation, faj #k IDW) J7 i 3 Sz 3
23 (0] A BT L I D7 U5 B R R . R FFD AE
ozl K & AR B R 1 i 3 (a) BT , AT LA - 4
Bl i 16 A AT A B A 1 1E A 5 U S TSR AR AR ISk
il I3 3 AT A1l 3(b) TR .

z C/,

C, -4 080604 -0: 0020‘40‘808-‘ L_x :%3
-1.0
-0.8
-0.6
-0.4
-0.2

0
0.2
0.4
—~ 0.6
\ 0.8
1.0

(b) I )5 A E T =

3 WA IE
Fig.3 Mesh deformation

3 ERHEAEZX
S B E A0 D A 595 B AR AR M St AL

2 H B KT PRI U 2 5 8 v RUHE B A B AR, AR
SCOR T BE T PR Bl 0 0 B DR AR T 3k R Bl Dy B 1l
i SR i S G 7 R B BE D R T DL —UOKR A s H AR
PREET XS A Bt s B iy A, Hit R R EAR Y
B AR A BT G TS ROCR R, JF HoBE 8 PR 47
RGFBIRE L .

SRR B R R BB N © 4 B LY H AR R AL
K g Oy B A, 4 S B O 20 A BE
. AR Bl 7 R 09 B 2N A O 3 4 R O #R Y
BB 358 40 R AT LAR A R T H bR pR AR
AR 5 R B BOR 20 U RS 1F 2L

TER B AME AL, H AR sR B — R B )
B E AR R AR IR AR

Fo=f[G(x).Q0(x)] )

K. x AIMERIT &G (x) AT & x i E
9 CFD 155 4% 5 Q Sy Ui 7 ff 1) 4k

TR SRR A

R,[Q(x).G(x)]=0 (3)

KRy AR .

P P B 7 R R AT R B SR R

R, Ty [OFAT
[ax]"’—[ax} )
SKAF H br pREON BT AR Y A

dFy _9oF4s gt 9Ra

dx  ox v ox (5

4 MMUHEE
4.1 BERULEZE

B AL AR B T Z 4% i 5 ik R T SNOPT
(Sparse Nonlinear Optimizer) 8 ¥, BEM% = 2%t
A B R RS A 2 1 249 SR [ ARk o SR A 25 B 3 I
g . SNOPT By REAS BB O A 29 R AR 2k
PR AL IR B — A~ R QD B R A o — o &)
[ el 7 A — 20 b B LR ) R bR 2 M 1k
ZYPIRAT T AU IE R AR B H ek B OB R Y 4 A
e IR] A

4.2 E=RMUHEE

AR AT R A7 8 ) S k% 1) H 3fe 1k
TR AL B 1 (Augmented Lagrange Multipli-
er Particle Swarm Optimization, & #& ALPSO),
BT BEA AL & B2 (Particle Swarm Optimiza-



5 5

g A - 3% R B0 A i 18] R 2 A (R P T 5 667

tion, i FK PSO) J& — Fi 82 40 & F0 0 B 4L 25172
M3 T B R BB 1Y HE 5 k. PSO H Wl g2
Eberhart I Kennedy &iT#F &1 . 7 PSO W, 4
R T 501 SR St 28 2% 3 Ao 3B Y A Y S5 A R 4R
FUEIF2S ], R T AT R R Y W R R S ) Y B
L 7E 0] 28 (0] PR 2

ALPSO J¥EMFH T PSO J5 ¥k B4R o5, AT fifg ke
A B bR eh B AL ) B8, 5 A 0] g R 3 4 R e i
H. ALPSO J7 ki 3% 7 $i ks 91 H 9fe 7 4b #1124
W AT DA T e dE Sl R AT AR R R

5 ETHERELEEZMMMAL LT
HEZR

AR SR A e A B T HE 28 4 45 L AT 2 B A
BBl AR AR I 7 5 AR B LB R A EOR g A R
RARAC R, P 4 iR, B R#HEAT R
fift  DEAL SRR AR F AR R RO B AR BE £ ™ A —
BT i T 3R S T A% K S T A 5 RS
HEAT H b3 ek B S b bR O BT A R AR A 5
e Ja K AR R S B B AR B AL 4 AL 5k
AT IL S & DAL IR R Y 29 ACEOR 77 AT —4lix
TR WA PR L

HERE TRk A2
[nTw-[5T
dF oF

dEs _ oFy g7 9Ky
dx ox v ox

P4 BB EEAR AL R AR

Fig. 4 Gradient-based optimization algorithm flow chart
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Table 2 Gradient-based algorithm optimization

results under different initial disturbance
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Table 3 Aerodynamics of mean variables airfoil
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