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Study on the Influence of Tail Hole on Aerodynamic Characteristics of Missile
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Abstract; To facilitate missile transportation and launch, tail fins are commonly designed to be foldable.
When the folding compartment cannot be completely sealed, a hole-like structure connecting the upper
and lower surfaces of the missile body may be formed,thereby altering the aerodynamic characteristics of
the entire missile. To investigate this issue, a three-dimensional numerical model of conventional-
configuration missiles with different hole-widths was established, and the accuracy of the numerical
method was validated through comparison with wind-tunnel test data. The axial force coefficient, normal
force coefficient,and pitching moment coefficient were calculated using CFD method, and the effects of
different hole-widths, angle of attack ,and Mach number on the aerodynamic characteristics and local flow-
field of the missile were studied. The results show that the axial force coefficient, normal force coefficient,
and absolute pitching moment coefficient of the missile with holes are generally greater than those of the
missile without holes. As the hole width increases,the axial force coefficient generally increases, whereas
the normal force coefficient and the absolute pitching moment coefficient first increase and then decrease.
At Ma=0.3and « = 15°, the missile with a hole width of 4 mm exhibits the maximum normal force
coefficient,,which is 4.2% higher than that of the configuration without holes. Meanwhile, the absolute

pitching moment coefficient increases by 4.6% , indicating improved pitch maneuverability. Flow-field
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analysis shows that the holes alter the velocity and pressure distributions upstream of the tail fins,and that

variations in the effective areas of the high- and low-pressure regions near the hole exits are primarily

responsible for the non-monotonic variation in aerodynamic forces. As the angle of attack increases, the

flow velocity within the holes rises,and the low-pressure vortices upstream of the tail fins intensify , further

increasing the normal force coefficient and the absolute pitching moment coefficient.
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Table 1 Grid independence verification results

AC, Ac, AC,,
N C, C, Ch
/% /% /%
7.36x10° 0.4592 1.56 2.7956 221 -1.6362 3.45
8.51x10°  0.466 5 - 2.7352 - -1.581 6 -
9.66x10° 0.4763 3.67 2.7423 0.26 -1.5858 0.27

1.5 HEFIERIE

AR S % SCHk [ 27 ] Ry, o ikt
AR ETERCR KRS R AET S SO
T, WE R DI Ma=0.13, 7391 % % a=0°,
5°,10°09 3 Fp B R T 300, 38 A B(E AL, AR LA T
LR ) B2 C, kI I R B C, LA )
FERELC,., 530k KGR B 25 Xt L, an &l 3 F
o BEMM S=mD?/4=0.002 826 m* , S % K FFHL
WK E AR D=0.06 m, A0 J1 45 R E0 S % G HE sk
0.555 m, SREZS KRB BE I HAB RN &)
FB 5 R 3 6 a0 1) e e — 3, B 5K
WAEMIA R R, 76 SO R 10° 0 R, 3 1) 1 B2 4L

(7 EL0E 5 0 B 1) O 25 AN A 2.7 % , BRI AR SCR
P EAE T R A ] 5
0.50
045

U040

0.35

.3 1 J
0 00 5 10

al(®)
(a) il 1) J1 2%

—— CRB
G 30l —— G

~0- C RIS
o~ C, P HLIE

L= L -6
0 5 10

al(®)
(OFSEPIBIUPIFES

3 BEFERIELR

Fig.3 Numerical verification results
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Fig. 4 Changes of missile aerodynamic coefficients

under different hole widths
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Fig. 7 Changes in missile aerodynamic coefficients

at different angles of attack
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different angles of attack
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longitudinal positions under different angles of attack
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