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Analysis of tail-slapping and ballistic characteristics of supercavitating
projectiles under different initial disturbances

ZHAO Chenggong, WANG Cong, SUN Tiezhi, ZHANG Xiaoshi

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; In order to investigate the influence of initial disturbances on the cavity profile, tail-slapping and
ballistic characteristics, the computational fluid dynamics (CFD) model that can be used to solve the coupling
equations of rigid body dynamics and unsteady reynolds averaged navier-stokes (URANS) of fluid under different
initial disturbances is established based on the CFD program CFX and its expression language CEL. The cavity
profile pressure distribution of the projectile tail and ballistic characteristic when the tail-slapping occurs are studied
using this model. The result shows that the tail-slapping of the projectile destroys the symmetry of cavity profile ; the
initial disturbances have slight influences on the velocity and displacements in x-direction but have obvious
influences on the vertical displacements; the amplitudes and frequencies of the pitch angle, angular velocity and
angular acceleration increase with the increase of the initial disturbances.
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Fig.2 Computational model and mesh generation of projectile
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Fig3 Comparison of pressure coefficients under different mesh numbers
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Fig.4 Comparison of cavity profiles
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Fig.5 Variations of cavity profile during the tail-slapping of
projectile( T as tail-slapping vibration period, T=0.025 s)
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Fig.6  Pressure distribution of the projectile tail
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Fig.7 Variations of pitch angle under different initial disturbances
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Fig.8 Cavity profile of projectile tail
30
—=—2 rad/s
—e—4 rad/s
. 20 —a—0 rad/s
T —v—S8 rad/s
Z 10
=
=
g 0
3
-10
_20 Il 1 1 I}
0.01 0.03 0.05 0.07
t/s
B9 AEVEHE TSI fRiEETN

Angular velocity variations of pitch angle under different

Fig.9

initial disturbances

—a—2 rad/s
4 —®4radls
—A—6 rad/s
—¥ 8 rad/s

WA E/(10° rad - s7)

‘O.(l)l ‘
t/s

B 10 AREMAEI TSR H RN B nEETH

Fig. 10

Angular acceleration variations of pitch angle under

different initial disturbances
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Fig.11  Variations of horizontal velocity under different initial
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