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Analysis of aerodynamic characteristics of a rotating
missile with sine and cosine command control
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Technology, Nanjing 210094, China)

Abstract: To study the influence of positive and cosine control canard on the aerodynamic characteristics of rotating
missile, the nested grid method is used to simulate the missile rotation and the deflection of the canard in CFD
software. Based on the comparison with the wind tunnel test results and the verification of the accuracy of numerical
simulation, numerical simulation was carried out on the aerodynamic characteristics of the rotating missile with
positive and cosine control modes at different speeds, angles of attack and Mach numbers, and the following
conclusions were drawn; When the same maximum canard deflection angle is used, the normal force coefficient of
the missile is smaller than that of the static condition, while the lateral force coefficient and lateral moment
coefficient are larger than that of the static condition. The lateral moment coefficient of the missile under the control
of sines and cosines is smaller than that under the control of no control. The variation of rotational speed has
relatively little effect on the normal force, lateral force and the normal force provided by the canard. The lateral
force coefficient and lateral moment coefficient of the missile under subsonic condition are larger than those under
supersonic condition. During the coning motion of the missile, the changes of the synthetic angle of attack I' have
little effect on the periodic average lift coefficient and the lateral force coefficient, and the greater the I' makes the
periodic average yaw force coefficient increase. The rotation effect is the reason for the lateral force of the rotating
missile with positive and cosine control mode, and the lateral force of the canard and tail is dominant.

Keywords: aerodynamic characteristics; numerical simulation; rudder deflection; sine and cosine command

control ; rotating missile; wind tunnel experiments
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Fig.1 Canard layout missile model
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Tab.1 Balance load capacity and static calibration index performance
HH Y/M, M./M, X M, Z/Ms M, /Mg
B AT (N,N - m) 200 10 160 3.0 100 5.0
BHMERAT(N,N - m) 200 9 160 3.2 96 4.8
FRER (%) 0.08 0.07 0.04 0.05 0.07 0.05
#i X522 (N,N - m) 0.2 0.009 0.24 0.0045 0.1 0.005
FRHERL (% ) 0.1 0.1 0.15 0.15 0.1 0.1
BRI 2E (%) 0.3 0.3 0.45 0.45 0.3 0.3
AN (%) 0.02 0.02 0.08 0.09 0.02 0.03
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Fig.24  Curve of missile lateral force coefficient during coning motion
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Fig.25 Curve of missile yaw moment coefficient during coning motion
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