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Abstract: The accurate prediction of dynamic derivative is of significant importance for the successful develop-
ment of missile weapons. Taking the dynamic performance of a certain missile as research subject, the free vi-
bration method is used in FD06 wind tunnel to accomplish the dynamic performance experiment, and get the
typical decay curves of amplitude and dynamic derivatives in pitching and rolling directions. On the basis of dual
time-stepping approach, the unsteady N-S equation and forced movement equation are solved by numerical val-
ue, which can obtain the pitching and rolling dynamic derivatives of the missile. The results show that the CFD
numerical simulation results are in accordance with wind-tunnel test data, which can provide a reference for the
following engineering model development in a certain range of Mach numbers and angles of attack.
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Fig. 1 Installation of test model in wind tunnel

AT mm
500 260 ‘20

2 ®ERANE R A

Fig. 2 Missile configuration
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Table 1 Calculation condition

Ma a/(*) P,/Pa Ty/C
0.4 —8~8 101 200 285
0.5 —8~8 103 106 270
0.7 —8~8 110 355 268
0.8 —8~8 113 104 283
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Fig. 3 Decay curve of amplitude in typical pitching motion
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Fig. 4 Decay curve of amplitude in typical rolling motion
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Fig.5 Pitching dynamic derivatives changed with

angles of attack
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Fig. 6 Rolling dynamic derivatives changed with

angles of attack
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Fig. 7 Model meshing
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Fig. 8 Pitching dynamic derivatives changed with

angles of attack
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Fig. 9 Roll dynamic derivatives of finner missile

changed with angles of attack

M9 AT LA Y FE AN [R] b AT L iR 5% 1
g FROTE SR S5 A5 R & B, H AR £
KT a= 0L XS FR .

3 &% it

SHES ST SbA LR A s
PR 5k 56 3830 9 i 90007 0 918 1 25 SR
£ BT R R G

(2) MR350 4 36 45 50 K084 41 2 9
I 5T LU i R IR R R R T A
P A 038 7 1 2 5 R Y 5 S
i) T A 1358 1 60380 5 K e 40
Bl o= 0BT X 2 AR 7 BT ) o
b 30 R P A A 2 (0 00 8

(3) A 3C CFD KOt B 5 i 50H0 15 82
LR 1047 914 7 R AT LU T 205 B3
S T LT L P K P 4 1 80 S 5
THE.

5% 3k

[1] Jr Brock J] M, Jolly B. Application of computational fluid
dynamics at Eglin Air Force Base[ C] // 1998 AIAA and
SAE World Aviation Conference. Anaheim: ATAA, 1998:
5500-5504.

[2] Bartowitz M E. Determination of static and dynamic stabili-
ty coefficients using Beggar[ D]. US: Air University, Air
Force Institute of Technology, 2008.

(3] ZJ%. KRS HOR M. dbnt: itz Tl b it ,
2010.

Li Zhoufu. Special technology of wind tunnell M]. Beijing:

Aeronautics Technology Press, 2010. (in Chinese)

[4] Zhang Weiwei, Ye Zhengyin, Zhang Chen’an. Supersonic
flutter analysis based on a local piston theory[]]. AIAA
Journal, 2009, 47(10). 2321-2328.

[5] 52, MRS, JRARAR. B ol 5 i AT AR 3 T 2
O TR LT ], A B EOR . 2008, 38(3) ¢ 28-31.
Lu Xuecheng, Ye Zhengyin, Zhang Weiwei. A high effi-
cient method for computing dynamic derivatives of super-
sonic/hypersonic aircraft[ J]. Aeronautical Computing Te-
chniques, 2008, 38(3): 28-31. (in Chinese)

L6 XUER, sRAlifli, HUbK, 5. — il o ey o 2 2l 80

MR RO ST R [0, MU AL Dol K2 2% 4R, 2013, 31(5).
824-828.
Liu Yilang, Zhang Weiwei, Tian Balin, et al, Effectively
calculating supersonic and hypersonic dynamic derivatives
[J]. Journal of Northwestern Polytechnical University,
2013, 31(5): 824-828. (in Chinese)

[7] Hassan D, Sicot F. A time-domain harmonic balance me-
thod for dynamic derivatives predictions [ ] ]. Journal of
ATAA, 2011(2): 231-235.

[8] Da Ronch A, McCracken A J, Badcock K J. Linear fre-
quency domain and harmonic balance predictions of dynamic
derivatives[J]. Journal of Aircraft, 2013, 50(3): 694-707.

[9] David H, Frederic S. A time-domain harmonic balance me-
thod for dynamic derivatives predictions[ C]// 49th AIAA
Aerospace Sciences Meeting Including the New Horizons
Forum and Aerospace Exposition. Orlando: AIAA, 2011:
1242-1249.

(100 BiEs, BRUSSR, R, 5. 8 BOT-fr ik 76 2 S 40w
HE LI SELT . 122, 2014, 46(2) : 183-190.
Chen Qi. Chen Jiangiang, Yuan Xianxu, et al. Application
of a harmonic balance method in rapid predictions of dyna-
mics stability derivatives[J]. Chinese Journal of Theoretical
and Applied Mechanics, 2014, 46 (2). 183-190. (in Chi-
nese)

C11] skZE, AR, R, S0 U B i 3 5 808 7y sk ir g LT .
LI S AR 24, 2016, 30(12) . 1812-1817.

Zhang Mang, Dai Jing, Chen Nong. Transient dynamic sta-
bility test method for shock wind tunnel[ J]. Journal of E-
lectronic Measurement and Instrumentation, 2016, 30

(12): 1812-1817. (in Chinese)

EE @I

HEEEHA982—) B Wi+, TG, EEHFI A SN
2 RATE ARSI R R AT A R T A

IR (1980—) B M, m% TR, ZEBR M. JEE
WA R N AR AT B 2 K AT R 4 oKL S B 1 2 0
B,

(HRiE:MH1H)





