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Hydrodynamic characteristics of the flow filed of underwater
projectile passing through muzzle gas cloud in launch tube
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(1. China Ship Scientific Research Center, Wuxi 214082, China; 2. National Key Laboratory of Science and Technology
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Abstract: The stored air mass (i.e. muzzle gas cloud) ahead of a projectile nose in a vertical launch tube has
significant influences on the flow field and loads during underwater launching. In this paper the process was
simplified to an impulsively started projectile in a stationary vertical tube, which then passied through air
mass with constant velocity. The flow was investigated using numerical simulation. The primary conclusions
are as follows: The air mass is compressed, pushed out, entrained, and finally forms an annular oscillating
bubble, which is accompanied by intense unsteady vortex around the muzzle platform and the projectile. The
oscillating pressure induced by the bubble propagates through the flow field and attenuates with time and
distance. The oscillating pressure can be considered as being linearly superimposed on original flow pressure,
resulting in a periodic adverse pressure gradient along the projectile surface, which affects flow separation
and cavitation. The oscillating drag coefficient for different volumes of the air mass can be normalized by
dimensionless time defined using the velocity and equivalent spherical diameter of the air mass.
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Fig.1 Schematic diagram of the computational domain and boundaries
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Fig.4 Evolution of the bubble around the muzzle of tube
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