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Influence of Multi-control Surfaces on Static Aeroelasticity of
Two-dimensional Wing

MA Binlin, SU Xinbing, FENG Haoyang, WANG Ning

(Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: In view of influence of multi-control surfaces on static aeroelasticity of two-dimensional wing,
the model used in this paper is based on two dimensional wing with leading-and trailing-edge control sur-
faces and the location of elastic axis at the back. Based on the CFD/CSD loose coupling static aeroelasticity
numerical calculation method, the aerodynamic characteristics and torsional deformation of two-dimension-
al wing with different deflection modes of control surfaces are calculated and analyzed under condition of
Ma=0. 3. The results indicate that when leading-and trailing-edge control surface deflect clockwise, the
aerodynamic characteristics is bad while torsional deformation characteristics is good, and peak of torsional
angle (0..x)decreases about 43. 32% ~62. 92% compared with the basic wing. When leading-edge control
surface deflects anticlockwise, the situation is contrary, the maximum of lift coefficient (C,,..) increases
about 42. 96 % ~57.58% and stall angle of attack decreases about4®. The study can provide reference for
the application of multi-control surfaces on active control of aeroelasticity of forward swept wing.

Key words: two-dimentionalwing; static aeroelasticity; multi-control surfaces; deflection mode; torsional

-deformation

Y B H: 2016-12-15
EETIH: MR AREEIS (11402301 s BePi 4 H AR A ZERmE BT 55 1K (2015 M1005)
EE B Dkl (1994—)  F  Hl H g A8 AR, EENF AT KBS s it 58, E-mail : mbinlin001@163. com

S| Buteg. HH K, B, F FEVNOMN - TNEGABER )] ZFETEBAFFRALKHFN ., 2017, 18(3): 21-
26. MA Binlin. SU Xinbing, FENG Haoyang. et al. Influence of Multi-control Surfaces on Static Aeroelasticity of Two-dimensional Wing[ ] ].
Journal of Air Force Engineering University (Natural Science Edition), 2017, 18(3): 21-26.



22 25 TR LR BRE D

2017 4

Bl S I R AR SR LB R T R G
B ) 22—, ARG E R TR AT AR RE 8 2 A I
BB AT AR BB R i . 7 RATHE W AT
H G212 AL Bl 1 i, 7 22 0 sl S5 1) REHAR T
SR AR B

TR sy tEALE (AAW, active aeroelastic
wing) AR R E A 20 a2 80 A AREE 1 H—
AT BT AR . AAW B R rp R I £ 45 il 1rg Bk
e m 7 L TE B h gR e B B A R
il A5 AR LT A5 T THT 8 245 0 28 P s b R R I R
R T AHMEE,MHE TR ERRRKIER.
AAW H AR 7. B AN & JF 8 TR B AT,
B P 7E T AR SR I J T — e A g [ P AR
AAW FEARBIBFFE R Z B T 2 5 1 T 10C 5 i % %o
Bl SRR R IR B R 22 45 ) TR S O e R i
SRR S ST D . WS HILEL (Y S BN SRR R )
S L, DL e ML B AR SR I A R R s
s LA e WL B AR AL S i, W5 20 42 o T 0B 5 s 2
Xof AL SRR I Y 2 e B AT R R

1 8Tk Sy

1.1 H&FH*E

H A8 SR G T B i B AR A
BR A SCR T 2 1K M A% i) CFD/CSD #3 #
B AT R A A S S AR R e — ool
AT BUE B L. CFD 3K fi# &% & H % % Navier-
Stokes J7 R, 2 il 77 R Al FH A PR AR B 0k E AT B
K H Spalart-Allmaras(S-A) it 3 50, 29 5%
TR I B 3 AR XL iR s 22 0 Ak
iRl R NG N S NP A RN TR S R (]
B 2 Z2 08 WA R 22 3008 A8 T B8 7 3 19 R
SUHR R A% AR TR B 0 DA T 4 U Stk . CSD K i
R AR IC I i G5/ A% R = M IE M AE . R
FH & AR B 3 (CVT 3E X CFD Al CSD A% 47 i 1
(33 ) RIS B AT B 1% 3% . CED [ A% 22 JE >R 1]
1) R B Tk

il NACA0012 32 AU Ay — 4k ¥ < 3h o vk &
(51 %ot A SC T A RO T R IR AT R OUE . B R
Y47 22 30 WA K] 4 o 38 RL 25 A kAT = M B
Do A% 0] 43 o A% ] 43 I T S I R R 45 A T A% SR IT A
B4k 19 347 F1 3 253,

WPl A F RN Ma=0.15,0=5", Re
=6X10°,T=293. 15 K.E=108 GPa.,;=0. 33, 0=
4 500 kg/m°*,

Bl e 2 AL 5 . NACAO0012 32 AU i

IEE RO R IE GEVA KIS/ UE - NS Oy T s
RIS SOk (15 W) & 3 by 45 A 22 B 7 626 A
P s PRI AT 5 B AR SO H B3 v ) T 1

F1 NACAOOI2 ERIBSHEMETHEILER

Tab.1 Comparison of static aero-elastic computational

results of NACA0012 airfoil pm
o7 & ENS'S CHRLL5] 12
HIEES 5.625 5.763 2.39%
J5 % —4.537 —4. 802 5.52%

1.2 tEER

AR SCAE 8N B TR b ol Y oo AL B AR R
LA NACA64A010 Y Sy BEof . 38 i w2 F 5 2% 4%
) T 5 T EE A AW RS R e o IE L UL 1

(QR:E stii]

(OFEE et
K1 ZooHlms R

Fig. 1 The model of two-demensional wing used in computation
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Fig. 2 Deflection modes of control surfaces
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of two-demensional wing
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Fig.4 Lift and drag coefficient of model when

control surfaces deflect syntropy
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Fig. 5 Comparison on pressure distribution when

control surfaces deflect syntropy
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syntropy
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