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Fig. 1. Experiment system of water-entry.
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Fig. 2. The mechanism to release the model.
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Fig. 3. Sketch of water-entry model.
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Fig. 4. Comparison of parallel water-entry cavities and single water-entry cavities: (a) Single water-entry cavities;

(b) parallel water-entry cavities.
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Fig. 5. The flow schematic of water entry cavity.
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Fig. 6. Schematic of single water-entry cavity.
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Fig. 12. Comparison of water-entry cavities of calculative and experimental results.
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Fig. 13. Schematic of the influence region of symmetry

plane on the cavity evolution.
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Fig. 16. Comparison of three-dimensional water-entry cavities of calculative and experimental results: (a) ¢t = 0.01 s;
(b) t =0.02s; (c) t =0.03s; (d) t =0.04 s; (e) t =0.05 s.
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Fig. 17. The water-entry cavity in paraller of experimental results and numerical results.
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Fig. 18. Comparison of the numerical results and experimental results.
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Fig. 19. Comparison of the cavity cross-section of calculative and experimental results.
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Fig. 20. The cavity radius of circumferential direction.
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Fig. 21. The of the suppressed region.
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Abstract

During the water-entry of the parallel axisymmetric bodies, the water - entry cavities are asymmetrical due to the
mutual interference between the cavities. In the current study of the cavity dynamic models, the relatively perfect models
of axially symmetric dynamic calculation of low speed single water entry have been established. These models mainly
focus on the evolution of cavitation, and thus simplifying the flow pattern. However, due to the particularity of parallel
water, the fluid forms a relative flow during the evolution of the cavitation in the inner region of the axisymmetric body
axis. As a result, the flow is no longer axisymmetric but develops into a complex three-dimensional flow with strong
nonlinearity, making the the theoretical model more difficult to establish. In order to analyze the evolution of the parallel
cavities of the parallel axisymmetric body water-entry, the flow of the water-entry cavity interference region is simplified
by the existing single water-entry calculation model based on the potential flow theory. The constraint of the relative
flow to the cavity is simplified into a constraint potential, and the variation of cavity shape is analyzed. Based on the
nonlinear hypothesis, the influence function is introduced to establish the calculation model of three - dimensional cavity
and the three-dimensional evolution characteristics of parallel cavities are analyzed. The obtained results show that the
velocity potential of the axisymmetric body water-entry can be regarded as the superposition of a point source and a
line source located on the axis of the cavity. The expansion of the cavity is affected mainly by the point source, while
the shrinkage of the cavity is influenced mainly by the line source. During the parallel water-entry of the axisymmetric
body, the evolution of the parallel cavities in space is mirror symmetric and the mutual interference between cavities
can be analyzed by introducing the potential wall surface. The potential wall has an inhibitory effect on the evolution
of the cavities. The variation of the parallel water-entry cavity radius with the polar angle is related to the depth of the
cavity cross section. In the inhibition evolution area near the closed point, the cavity radius decreases gradually with
the increase of the polar angle, and the void section radius in the inhibition evolution region far from the closed point
increases with the polar angle increasing, and is opposite to the radius law. In the shallower depth of the water-entry,
the excessive evolution is formed in the expansion process of the cavity, and the excessive evolution will gradually weaken

and disappear in the contraction process of the cavity.

Keywords: potential flow theory, parallel water-entry, asymmetric water-entry cavity, cavity evolution

model
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