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Fig. 2 Sketch of the fluid domain’s symmetry plane for oblique water entry of projectile
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Fig. 4 Displacement and velocity of the flat head cylinder water-entry
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Numerical simulation of multiphase flow field and trajectory of high-speed oblique
water entry of rotating projectile

ZHU Zhu', LUO Song?, LU Bingju', YU Yong’
(1. Henan Key Laboratory of Underwater Intelligent Equipment, Corp 713 Research Institute, China Ship Building Industry,
Zhengzhou 450015, Henan, China;
2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The numerical simulation of oblique water entry of a certain type of ship-borne projectile at high
speed was performed. The FVM method and the VOF multiphase flow model were introduced to solve
RANS equations, and the overset mesh and six DOF algorithms were used to achieve the coupling solution
of the movement of projectile and the multiphase flow field. Based on this method, the influence of projectile
rotation effect on the projectile motion characteristics and hydrodynamic characteristics was firstly studied.
And then the cavitation morphology, the ballistic and hydrodynamic characteristics during the oblique water
entry of the rotating projectile at different inclination angles were analyzed. The simulation results shows
that the rotation of the projectile is beneficial to the ballistic stability of the projectile in the initial symmetric
plane, but it reduces the lateral stability of the projectile. The rotation of projectile reduces the drag
coefficient and pitching moment coefficient of the projectile. With smaller initial water entry angle, the
cavitation shape was more asymmetric, and the change of cavitation shape caused by the change of projectile
motion state was more obvious. At the stage of supercavitation, the motion of the projectile was relatively
stable, and the hydrodynamic coefficients has minor difference at different angles. When the lower surface of
the projectile pierced the cavity wall and wetted, the motion state of the projectile changed greatly and the
hydrodynamic coefficients increased rapidly, and at this stage, the projectile are prone to becoming unstable
if the water entry angle is too small. The wetting of the projectile has an important influence on the cavitation
shape, motion state and stability of the projectile.
Keywords: high-speed rotating projectile; oblique water entry; overset mesh; supercavitation; numerical
simulation
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