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Fig. 1. Three-dimensional underwater horizontal jet model and grid: (a) The grid of the

three-dimensional model; (b) the grid on vertical center profile.
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Fig. 2. The flow characteristics of jet: (a) The results

of simulation; (b) the results of experimental.
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Fig. 3. Simulation results of jet structures with buoyancy and gravity: (a) Expansion; (b)

bulge; (c) necking/breaking; (d) back-attack.
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Fig. 4. Simulation results of jet structures without buoyancy and gravity: (a) expansion; (b)
bulge; (c) necking/breaking; (d) back-attack.
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Fig. 5. Experimental results of jet with buoyancy and gravity: (a) expansion; (b) bulge; (c)

necking/breaking; (d) back-attack.
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Fig. 6. The pressure distribution on the wall of the jet in initial stage.
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Fig. 8. The experiment analysis of jet disturbance in initial stage: (a) Rising; (b) rising and expanding; (c)

reflecting and sinking; (d) forming gas bubbles.
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Fig. 9. The force of engine without buoyancy and gravity: (a) Force in X direction; (b) force in Y direction;

(c) force in Z direction; (d) torque in X direction; (e) torque in Y direction; (f) torque in Z direction.
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Fig. 13. Pressure distribution on wall in the 6th pulse of a typical process of underwater jet.
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Horizontal jet characteristics of an underwater solid
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Abstract

Compared with the conventional solid rocket motor which works in atmosphere, the underwater solid rocket motor
has different performance characteristics, because the buoyancy of water cannot be neglected, while in the atmosphere
only gravity is present. In order to get a deep understanding of the mechanism of thrust oscillation characteristics and
of the jet structure of underwater solid rocket motor, a 3-D numerical simulation using the volume of fluid (VOF) model
is given in this paper to investigate the horizontal jet structure and the oscillating flow field induced by the gravity and
buoyance. The principle of momentum is carried out to analyze the oscillating flow field in the initial working period.
Result of analysis indicates that the behavior of rising gas bubbles is remarkably influenced by gravity and buoyancy.
Compared to the conventional solid rocket motor in the atmosphere environment, the phenomenon shows that the rising
gas bubbles are more obvious in the water. It is concluded that thrust-gravity and buoyancy coupling can generate bigger
roll moment in the vertical direction than the conventional solid rocket motor. Numerical calculations in conjunction
with experiment in the references proves that the model contains gravity, buoyancy and the VOF model can be used
to describe the jet structure and thrust oscillation of underwater solid rocket motor; gravity and buoyancy cannot be

ignored in the research of underwater solid rocket motor performance characteristics.

Keywords: underwater solid rocket motor, horizontal jet, gravity and buoyancy, oscillation characteris-
tics
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