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Fig.1 Flow chart of 3D wing shape optimization design

4 SEMERR
4.1 CFDitE 78I

CFD M55 i AT Stk BB R BT 45 R i T
{5 . b7 AL BT, X RAE2822 32 71 76 30 1 4
2.32° Ma 0.75 WG OL T, 64T T i Bt o, IHE 4R
SR A5 R T A C 0 AR B P 2 TR i 1
B Ma 5y At BLANIE 3 s . G5 BoR  THREE R 56 45
AR BT, TR A TS BLAT S U . T UL, AR S
AR TR B CFD 5 T B A R i i ml S B i
R TS MEAAL T
4.2 K& 737-800 MIESEIMEMRALIZLT

ARTOF I 737-800 HLEL AT T K ShIMEAR AL,

B

0.5

1.5

-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2
x/m

K2 RAE2822 7 | F 3 ) R EO
Fig.2 Comparison diagram between pressure coefficient of upper
and lower airfoils of RAE2822 airfoil

-0.5 0 0.5 1.0 1.5
x/m

K3 RAE2822 3L T F 4 Aii
Fig.3 Mach number distribution of RAE2822 airfoil flow field

BB B I8 175 I A SR I 235 W A I S, L3 3 1 B X T
AR S A IE DL AN 4 IR A AR B 614804,
TAESAFEE N Ma 0.8395. EAL B FE R 255 T /g
FHC,=0.3, [7] 24 SR JR 1) 14150 43 A1 11 5 A S BE AN
ANFIRUELE 1) 90% , AT J3 AN /N TR0 MR (L, BT 43 A1 175 20
W s iR . HL3E I AME K H FFD # il iR 2k 15 S 5tk &
ik, E 8 AN TS R i SU2_DEF A4 i T #h 352
(11x16x2) /] s AR A, FL53 A an el 6 i o
MU INEILABETHEA T 10 55 B0 RELC, #a1n)
FUS, b Bt T 28k C, KB 50 €, Bl A5



22 i 2t BEE B

Nov. 25 2024 Vol. 35 No.11

B4 P 737-800 32 i M A%
Fig.4 Boeing737-800 wing grid

K5 Ao

Fig.5 Section distribution

K16 FFD-box(4I i)
Fig.6  FFD-box(red)

MRS DL 7 B . LT shal AR ZEA AR e it
TR T ) RBOEARAEAE B0 1l 2 T 29 %A, B
B E A

AT T 1 BB ) R XT HEAS DL L2 1, 1
AL LI B 1 R BCH €,=0.0137, HAL)5 78 H €,=0.0078,
BARALATREAR T 43% , FHRH LU 5 T L/D=77.8%. K8 %
TS AN EE OL AL ETS I LR XS FAS 5L . R L 8 T LA

0.015 0.5
CD

0.014
—v— C, 04

0.013
0.012 —————y— v—v—v 0.3

U 0.011 S

0.010 0.2

0.009
0.1

0.008
0.007 0

0 2 4 6 8 10 12

IS
K7 iefelessfe

Fig.7 Optimization convergence process

&1 MABIEH N RBENDRENL
Table1 Comparison between lift and drag coefficients before
and after optimization

o C, c, L/D c,
Ak 0.2961 0.0137 21.6 0.0091
At 0.2999 0.0078 38.4 0.0198

AR AEALE /% 1.3 43 77.8 117.6

& LRI AR A AT, W R 2R A

EIOLEE_E 320 7315 64 5 A R0AT A LR 3T S
Aii 3 BB AT R AR AR A PEH], dn P 9. &
10 7 o AT T L, 2 L3R ) —f AL A e 9 T 2
BORTICAHT 4 e 3 Z 580, DRI A2 1 1 i) 4 0 R
DEACRTEG , T 0L 22 B 7080, X5 18T 11 P 12 s 2 [T i
DUARTT & o

P11 25 T AL R R 0 25 PR EE AR B0, B 11
AT DA 3 AR R O R X A A AL
Fe 22 BT BR s DAL B PILFRARG T XA 250, T 1 A
) RZEB RN 24 TS R SR s
P B0, A 12 Rl U (I A AT ATLER b 3 1 e A
DX A5 UG o DX 3l o P S, R b FL A e B L, i
PALIE BIPLIAETH I L A Z IGO0 T B R HURE AR 1 i
R DX I S TR, SR o 1) AR A T4

5 ¢5i8

SERTBFIE T LA LR 458

(D) A SCHE T B BORk Bt 7 3 , AR CHLBEL S 8 A,
FRMLI R 16 R 343 A F0 T BB A b, TFIR T
LR HRABIIIST, B TR M.



Tl 2 JET BBk R Y Ik 0 —AEpLESMER AL BE T

23

0.04 -

y/m
<
T

-0.04 -

-0.08 |-

() I 1

0.06

0.04 -

y/m

-0.02 -

-0.04

-0.06

-0.08 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
x/m

(b) #if 2
0.04

0.02 -

y/m

-0.02 -

-0.04 -

0.4 0.6 0.8 1.0

0.02

y/m

-0.02 -

-0.04 L L
0.6 0.8 1.0 1.2
x/m

(d) #If 4

Fig.8

0.01

-0.02-

-0.03

0.9 1.0 1.1 1.2 1.3
x/m

(e) B 5

K8 JLAkni)E AL L AR X

Comparison between wing section geometry before and

after optimization

Ma
o
>

T

----- Yilki
— itk

Ma
=
T

0.8~

0.6 -

0.4

1
0.2 0.4 0.6 0.8 1.0
x/m

(b) fIH 2

Ma

0.9

0.6

0.6 0.8 1.0 1.2
x/m

(c) #M 3



24 ML Bl He A Nov. 25 2024 Vol. 35 No.11

1.6 15
141 Lok
12+
05
g or o oL
0.8
0.5
0.6
~1.0 1 L L L
0.4 I I L I L 0.45 0.60 0.75 0.90 1.05
0.6 0.7 08 09 1.0 12
(d) i 4 s
1oF
05
&
ok
-0.5
~1.0 ! | ! 1 I
0.6 0.7 0.8 0.9 1.0 LI 12
0.9 1.0 11 12 13 x/m
o (d) 4
(e) #&fi 5 1.5
(SRl T o R AT RR 73 @A (S
Fig.9 Mach number distribution diagram of upper and lower Lor
wing section sk
Lo - i .
............ — ik RN
(O A A :
—05|
0F
2 -1.0 1 - L
0.90 1.05 120 135
0.5 x/m
(e) #1171 5
-1.0f st s o "
B0 HLIAAT bR 3 R R A0 L
R ! . . . ! Fig.10 Comparison between pressure coefficients of upper
0 02 0.4 0.6 0.8 1.0 ) )
x/m and lower wing section
12 (2)TEBS A BT, HLFE R I otk B R, il ik A S
08k ISP BEF 5 B A 43% TR EL £ 55 77.8%, TIE
BT M5 VR AT
04
) (3) FE T B P Bl A6 B2 SR04 T3 0 TR0 B A 42
$
’ e LA N, BT LUS T A7
—0.4f
s
05 oa oG oS 5 [1] Lynch F T. Commercial transports-aerodynamic design for
x/m

(b) 2 cruise performance efficiency[J]. Transonic Aerodynamics,



Tl 2 JET BBk R Y Ik 0 —AEpLESMER AL BE T

25

JEJ1Z5:04 0675 095 1.225 1.5

W 3
(a) Ay

JENFE: 04 0675 095 1225 1.5

TIm b3

b) AL
B 11 Pefersa e BT aEmE = E

Fig.11 Pressure contour of upper and lower wings before and

after optimization

) T [T
KEAFB: 212 -08 <04 0 04 08

P

A

]

(a) PLALHT

KRB -12 -08 04 0 04 08

THEm o B3

o) Pt
K12 feferiE e bF 3 i i s A

Fig.12 Mach contour of upper and lower wings before and

after optimization

1981, 30(5): 81-147.

[2] Jameson A. Aerodynamic design via control theory[J]. Journal
of Scientific Computing, 1988, 3(3): 233-260.

[3] Mavriplis D J. Formulation and multigrid solution of the
discrete adjoint problem on unstructured meshes[M]. Berlin:
Springer, 2004.

[4] Mavriplis D J. Discrete adjoint-based approach for optimiza-
tion problem on three dimensional unstructured meshes[J].
ATAA Journal, 2007, 45(4): 741-750.

[5] Christakopoulos F, Jones D, Miiller J D. Pseudo-timestepping
and verification for automatic differentiation derived CFD
codes[J]. Computers & Fluids, 2011, 46(1): 174-179.

[6] Lyu Z, Kenway G K, Paige C, et al. Automatic differentiation
adjoint of the Reynolds-averaged Navier-Stokes equations with
a turbulence model[C]. 21st AIAA Computational Fluid Dynam-
ics Conference, 2013: 2581.

(7] BA. BTt e A S AL BT BORWIFE D). T84 -
PEAE Tl R, 2002.

Yang Xudong. Research on pneumatic optimization design
technology based on control theory[D]. Xi’ an: Northwestern
Polytechnical University, 2002.(in Chinese)

[8] Rk, JuAMk, PRl , 55 JETHERES T 0 AL i R
KAL), 23 h 2243, 2012, 30(6): 719-724+760.
Wu Wenhua, Fan Zhaolin, Chen Dehua, et al. Fine optimization
design of large aircraft aerodynamic layout based on concomi-
tant operator[J]. Acta Aerodynamica Sinica, 2012, 30(6): 719-
724+760.(in Chinese)

(9] FRIEAR. BT itk m ALk it (D). i
AR, 2018.

Chen Xiaodong. Optimized design of airfoil based on genetic

JRUE : W IRV

algorithm[D]. Harbin: Harbin Engineering University, 2018.(in
Chinese)
[10] sRBbIG, 2 2E 10, ok . B 7 Hs f UL s/ 4 it it
V-5 AeroStruct ) & JiE K b F[T]. B as BR2F 4R, 2022, 33
(4): 47-56.
Zhang Keshi, Ling Shengbo, Han Zhonghua. Development and
Application of AeroStruct, an aerodynamic/structural optimiza-
tion platform for transonic transport aircraft wings[J]. Aeronau-
tical Science & Technology, 2022, 33(4): 47-56.(in Chinese)
[0 ] Ui, S wh A . 8 ) e 2 s s A B[], = Bk



26

Nov. 25 2024 Vol. 35 No.11

2FHIR, 2024, 35(2): 23-30.

Gu Wenting, Ma Kun, Han Jie. Multipoint aerodynamic design

Euler equations by finite volume methods using Runge Kutta

time stepping schemes[C]. 14th Fluid and Plasma Dynamics

optimization of powered-on nacelle[J]. Aeronautical Science & Conference, 1981: 1259.

Technology, 2024, 35(2): 23-30.(in Chinese) Sederberg T W, Parry S R. Free-form deformation of solid geo-
Economon T D, Palacios F, Copeland S R, et al. SU2: an open- metric models[C]//Proceedings of the 13th Annual Conference
source suite for multiphysics simulation and design[J]. AIAA on Computer Graphics and Interactive Techniques, 1986:
Joural, 2016, 54(3): 828-846. 151-160.

[13] Jameson A, Schmidt W, Turkel E. Numerical solution of the
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Abstract: Nowadays, the fuel consumption problem of civil aircraft is serious, so it is important to carry out
aerodynamic shape optimization to improve the aerodynamic performance and fuel efficiency. Under the condition
that the lift force is constant, the wing thickness and pitching moment is no lower than the constraint value, the
aerodynamic shape optimization design of Boeing 737—800 wing is carried out with the design goal of reducing the
wing drag and improving the lift-drag ratio of the wing. The gradient information is obtained based on discrete adjoint
method, the FFD is used in the wing surface parametrization and the numerical simulation is based on the
compressible Euler equation for shape optimization. The results show that FFD is feasible, the resistance of 3D wings
decreases significantly, the lift-drag ratio increases markedly, and the optimization effect is significant under the
conditions of transonic speed and small angle of attack. The optimization design method established in the paper
provides a reference for the aerodynamic optimization design of civil aircraft and can be widely used in engineering
practice.

Key Words: discrete adjoint method; FFD technique; aerodynamic shape optimization; lift-drag ratio; CFD
technology
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