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Fig. 1. Schematic of the water-entry experiment.
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Fig. 2. Sketch of profile of models: (a) Sealing cylin-

der; (b) semi-closed cylinder.
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Table 1. Parameters of models.

4ME D/m W1E d/m K L/m

Wt K Le /m

AL E ze /m Wi M kg

0.04 0.032 0.20

0.19 0.08 0.345
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Fig. 4. Mesh generation for field domain: (a) External
field; (b) internal field.
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Fig. 5. The photos for water-entry cavity: (a) The sealing cylinder; (b) the semi-closed cylinder.
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Fig. 6. (color online) Comparisons of the cavity profile at typical time.
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Fig. 7. Time evolution of expansion coefficient of the

cavities.
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Fig. 8. Flow performance of cavity during air jet stage:

(a) Photographs; (b) diameter at detach point.
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Fig. 13. (color online) Flow structure in the multiphase field.
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Fig. 18. (color online) @ distribution and streamline during part shedding of cavity.
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Fig. 19. (color online) Pressure distribution and velocity distribution in the cavity shedding domain.
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Abstract

The purpose of this present study is to address instability flowing characteristics and mechanism of the water-entry
cavity created by a semi-closed cylinder. For this purpose, an experimental study and a numerical study of the water-entry
of a semi-closed cylinder are carried out. According to the results of the experiments and comparison, the cavitating flows
between the semi-closed cylinder water entry and the sealing cylinder water entry, and the fluctuation flow pattern form
of the semi-closed cylinder cavitation is found around the body. The flow characteristics of the cavity shape are gained
by analyzing the image data. A further insight into the mechanisms of perturbation to the flow structure and the cavity
fluctuation by the air in the opening cell are studied based on the law of conservation of energy in water entry. According
to the results of simulation and comparison with the cavity visualization of experiment, three instability flow phenomena
of cavity are formed during the different stages of water-entry, i.e., flow separation destroyed, local flow transformed near
cavity, and unique cavity shedding pattern. A further insight into the characteristics of the flow and the distribution of
pressure and velocity during the stage of the cavity unstabilized flow is gained. Finally, the formation mechanism of the
cavity unstabilized flow is studied based on the boundary layer theory and Helmhotz vortex theory. The obtained results
show that the water poured into the cell of cylinder after the opening end has impacted free surface causes the internal
air to compress and expand, and as a consequence of these effects, periodic disturbances of flow structure occur around
the cavity, then the cavity presents an identical periodic wave flow with air piston motion and the flow stability of cavity
is destroyed. At the eve of impacting, the opening end approaches the free surface, which leads to the inflow velocity
attenuation rapidly and the pressure increasing in the cell, which creates an initial pressure higher than ambient pressure.
Because of the high pressure, air efflux from the cell forms a gas jet injected into the cavity for the first air expansion
stage, then the detaching flow is destroyed and the cavity extension diameter is enlarged. The flow in the gas-liquid
mixing domain of cavity is seen as an approximate boundary layer flow pattern where favorable pressure gradient on the
upwind side and adverse pressure gradient on the lee side appear alternately. As this flow pattern, re-entrant flow acting
on the trough of wave cavitation results in the fact that the laminar-turbulent transition is weakened in the trough field
and the local gas-liquid mixing domain is thickened to be involved in unstabilized structure as cloud cavitation. The
wave cavity presents a partial and multiple shedding pattern occurring at the trough positions in sequence. There is
no mutual interference between shedding cavity and the main cavity. Following the cavity shedding, vortex shedding is
formed. The vorticity concentrates on the inside of shedding cavity, and the pressure and velocity present a coherent

structure.

Keywords: semi-closed cylinder, perturbation, flow structure, cavitation flow instability

PACS: 47.20.Ma, 47.27.nb, 47.55.Ca, 47.55.db DOI: 10.7498/aps.66.064702

* Project supported by the National Natural Science Foundation of China (Grant No. 11672094), the Natural Science
Foundation of Heilongjiang Province, China (Grant No. A201409), and the Special Foundation for Harbin Science and
Technology Innovation Talents of China (Grant No. 2013RFLXJ007).

t Corresponding author. E-mail: weiyingjie@gmail.com

064702-14


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.064702

	1引    言
	2研究方法
	2.1 实验系统及方法
	Fig 1
	Fig 2
	Table 1

	2.2 数值方法
	Fig 3
	Fig 4


	3入水空泡演化特征及空腔扰动机理
	3.1 空泡波动特征
	Fig 5
	Fig 6

	3.2 空腔扰动机理
	Fig 7


	4空腔扰动作用下入水空泡失稳现象及形成机理
	4.1 腔内气体外泄引起的结构性失稳特征
	Fig 8
	Fig 9
	Fig 10
	Fig 11

	4.2 局部云化流动性失稳
	Fig 12
	Fig 13
	Fig 14
	Fig 15
	Fig 16

	4.3 空泡局部脱落的漩涡结构特征
	Fig 17
	Fig 18
	Fig 19


	5结    论
	References
	Abstract

