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Abstract; In order to study the aerodynamic characteristics of the missiles with tail fins, simulation was
conducted to study the unsteady flow-field of the missiles with rotating tail fins based on sliding mesh
method. The numerical simulation method adopted in this paper was verified by the wind tunnel
experimental results of army-navy finner (ANF) standard model. Taking a certain cross-shaped layout tail-
fin missile as the research object,the variation laws and influencing mechanisms of various aerodynamic-
characteristic-parameters at different Ma (Ma =0.9-2.0), attack angles (2 °,4 °), rotation speeds
(m rad/s, 27 rad/s, 4w rad/s), and tail-fin inclination angles ( 0°, 1°, 2°), were analyzed. The
calculation results show that the rotation speed has litile effect on the longitudinal aerodynamic
characteristics ( drag, lift, pitch moment characteristics ) of the missile, mainly affecting the roll
characteristics and Magnus effect. The inclination angle of the tail fin has little effect on the lift
characteristics parameters and pitch moment characteristics of the missile, mainly affecting the drag, roll
characteristics and Magnus effect. The resistance characteristics parameters and lift characteristics
parameters of the missile show periodic variation during missile rotating around its longitudinal axis
(0°-360°) ,and the instantaneous coefficient of lift and drag is the smallest when the missile rotates to

45°. The body is the dominant factor in generating the resistance characteristic ( about 85%). The
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contribution of the body and tail to the lift characteristics is basically about 50% each. Therefore,in the

design process of the projectile and arrow, attention should be paid to the advantages and disadvantages of

the fin cant angle and rotation speed,and a suitable oblique angle should be selected.

Key words : missile ;ratation speed ;fin cant angel ; aerodynamic characteristics ;numerical simulation
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Fig. 1 Diagram of the projectile computational-domain
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Fig. 2 Model and size parameters of the projectile
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Fig. 3 Schematic diagram of ANF projectile
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Table 1 ANF model calculation conditions

Ma po/Pa T,/K 0
0.035
2.49 44 816 311.1
0.058
0% /(rad-s!) N At/ ps i
385.8
1 440 1.131 20
643
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Table 2 Independence verification results

M Cy C, ACy/ % AC, /%
3.5x10° 0.501 0.245 -0.40 -0.82
4.5%10° 0.496 0.247 -0.60 1.65
5.5x10° 0.499 0.243 - -

At/s Cp C, AC,/ % AC, /%
0.004 0.502 0.246 - -
0.006 0.501 0.245 0.40 0.41
0.008 0.507 0.249 0.99 1.22
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Fig. 6 Variation of averaged drag coefficient
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Table 3 Averaged drag coefficient provided by different components
a=2° a=4°
0.9 0.322 84.3 0.060 15.7 0.344 84.6 0.063 15.4
1.1 0.511 86.7 0.078 13.3 0.548 86.9 0.083 13.1
1.4 0.417 84.5 0.077 15.5 0.444 84.8 0.080 15.2
1.6 0.370 83.1 0.075 16.9 0.393 83.2 0.079 16.8
2.0 0.299 81.1 0.070 18.9 0.319 81.4 0.073 18.6
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Fig.8 Variation of averaged lift coefficient
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Table 4 Average lift coefficient provided by different components
a=2° a=4°
Ma g AR (- RIARILIF HRSR LAY IR F
. T4/ % " T4/ % AL/ % . T4/ %
EPIES L% s A g T s oL
0.9 0.132 49.2 0.136 50.8 0.279 48.9 0.291 51.1
1.1 0.147 49.1 0.153 50.9 0.297 49.0 0.309 51.0
1.4 0.113 46.0 0.132 54.0 0.229 46.4 0.265 53.6
1.6 0.102 47.5 0.113 52.5 0.210 48.0 0.227 52.0
2.0 0.097 51.1 0.093 48.9 0.200 51.7 0.187 48.3
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