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Simulation Study on Dynamic Aerodynamic Characteristics of
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Abstract: After the missile is launched, the flight altitude changes from near ground to high air-
space, and the air pressure and temperature change greatly. At the same time, the flight Mach
number also changes from low speed to supersonic and hypersonic. The aerodynamic performance
of fixed shape missile is difficult to adapt to such changing flight environment. The shape of the
deformable wing missile can be transformed by the wing surface deformation, so as to adapt to dif-
ferent combat environments. In this paper, by analyzing the influence of different wing contraction
velocity (fast, medium and slow), the aerodynamic performance of missile varying with wing con-
traction velocity is studied. It is found that the lift coefficient and drag coefficient change linearly
with wing contraction velocity. At the same time, the changes of pressure, velocity and tempera-
ture in the flow field around the missile before and after deformation are analyzed, as well as the
influence of these physical variables on the missile. The results show that the telescopic wing that
changes the area and aspect ratio of the wing has high ratio of lift to drag when the wing is extend-
ed, which is favorablefor subsonic cruise. Meanwhile, the wing contraction can reduce the drag at
high Mach number and improve the whole flight range of missile.
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Fig. 1 Three dimensional model of missile
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Fig. 3 Schematic diagram of HB-2 model
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Fig. 4 The numerical simulation results compared

with experimental results
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Fig. 5 Aspect ratio versus time
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Fig. 6 Drag coefficient
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Fig. 7 Lift coefficient
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Fig. 8 Pressure contours before deformation
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Fig. 9 Pressure contours after deformation
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Fig. 10 Lift and drag coefficient during wing

deformation in slow mode
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Fig. 11 Pressure contour around missile tail before deformation
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Fig. 12 Pressure contour around missile tail after deformation

BT, ERREUN BRI T N E E, X
N AT AR 22 RO TR AT AR R /N R 52 HRTR
JR AR

UeAh . mE 13 T RLA Y, I E R REEAR L
T3 A B SR SR 1 R R SR R W A Ak
AR P A L /0 o B 3R A4 0 EE X ) AR MR
M AN AR B A

0.2
[ e NS P j‘:‘
—-_— - - Fm‘ ) :ﬂ:‘:\
I (15
0.1F — /NP
GO TR I T S
-0.1F
~02 I N B
-0 0.2 0.4 0.6

tls

B 13 HERH
Fig. 13 Moment coefficient

K 14 M1 15 AR e i SR = BT AT AT
Ry RSk DX I G R PR RN AR, U R
TE RIS 0 Xk A T A2 f . B 20 AR
PP A KA R, B B Sk o
BEHRAL . LS T R AR R, IR TR X L X
WA, SEASNE Y K . R
R, DA™ A 7 B K k.l AT R 46 O Sl B T
U ) el A N DDA S N 5 SN -3 W A
s )| I I I R I AV T B A N D P
EE N BUAE T o Rk B AT T . S 09 3R T T AN



I
NS

5 5 AR

T RS SR B B AE T 65

FEURIX o 3 S 5 3L T 5 DX U R e AR PR O R
AL TR SRl R R R T R A
TR P AL IAL 0 A LA RS I i T A A B AR R R I
[ DX BI A L R A 160 TR SRR R DX 5 i K
e fEFRREIGIMAAL, W2 EK. TR
AT RN 8 R i DX, R T B, X R
22 eI MR R B T B AR TR, Ig Ak ) R DX R R A
o XA AR Y A TE e A T H 22 0 JEE DR kA
e . FEA S B, AR 8 R 9 i, T REA
Wffy . RV LE 70 B T AN X AR Y

S

'ﬁ===>

—ohbionNxe =ik

e e L

B 14 EREWISHBZE

Fig. 14 Mach contour before deformation
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Fig. 15 Mach contour after deformation

H L3 23 A m] R, AR D b B SR R R 5
OSBRI . e T B R /N R X e R 3, W LI
LA NN S A BN 1 8% O S A e a1

Je T B3 9 s L 3 R R R A B 9 3 R 9K L
A8 AT e 2R AR Al . AN T 3 3R 4 el ek R Ok BEL ) &
BT 3 2B 2 Wi LA TR

5 #Hig

A AR B S P R E SME T 5 s T AN )
(9 RATER G MR AR 55 . HL AT R B0 R R
(GEGE T G N TR D AN & G N 2
A TR, I S AT LAY/ s D b R AT I
FEAI I L Ay AR SO A BUE AL g T AR
SEHRAS T U E A R 4 el R xR R AL TH
BN R B 2w L, b 7R R T S TR
SR AR E AR AL, s T T RO )
FR R0 L B 4 DR AR R M A B LA, S SR
RS IR A R B —E S,

%k

[ 1] Rodriguez A R. Morphing aircraft technology survey
[R]. AIAA 2007-1258, 2007.

C2] FIms, BRek. o B, 45 8 BE AT 28 I A7 e S R
RIEBUIR B B[] ]2 3l 1 % 2% 4. 2019, 37 (3) .
426-443.

[ 3] Barbarino S, Bilgen O, Ajaj R M, et al. A review of
morphing aircraft[ J]. Journal of Intelligent Material
Systems and Structures, 2011, 22(9) . 823-877.

[4] Mecdaniel M, Wilks B. Oblique wing aerodynamics
[RI.ATAA 2004-5194, 2004.

[5] Bael] S, Seigler T M, Inman D J, et al. Aerodynamic
and aeroelastic considerations of a variable-span mor-
phing wing[R]. AIAA 2004-1726, 2004.

6] EiLfe, 4 R ZBEM. (400 3K 5 5 < sl S B
MAWEFELI ] ®ATJ1%, 2009, 27(6): 37-40.

7] BRARNE.BRITA .M, 55, & A28 S iR Y L3
KRG AL L] BROR S AR, 2016(2) .
10-15.

(8] Bl b, sk AV A AR S A5 &L .
fi A BHEHOR L 20111 11821,

[9] Vukovic D, Damljanovic D. HB-2 high-velocity corre-
lation model at high angles of attack in supersonic
wind tunnel tests[ ] ].Chinese Journal of Aeronautics,

2019, 32(7): 1565-1576.

IR AR RS, AT 3 S 5 3 25 s itk 0 O L 52 (0 ). T B AR 4 AR . 2021.5(5) : 60-65.

Citation: Cong X Y, Wu J. Simulation study on dynamic aerodynamic characteristics of deformable wing missile[J]. Astronau-

tical Systems Engineering Technology, 2021, 5(5): 60-65.





