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Introduction
The interaction between the cavitation region and the free surface is an important issue for the fast
cruise of surface vehicles. Ventilated cavitation occurs as an extremely complicated problem if the
free surface is close to the vehicle or the cavity boundary [1]. The gas above the free surface can
inject into the cavity, which may change the dynamic behaviors of the cavity significantly. The effect
of wave elevation is also coupled with the distribution of cavitation region.
Relevant research works on the interactions between the free surface and the cavitating flow is
very limited in literature. Most works were focused on the conditions that the free surface is separated
from the cavity. Theoretical and numerical methods were established, and the influences of the free
surface on the cavitating flow around hydrofoils and axisymmetric bodies are obtained[1-4]. On the
other side, neglecting the influence of the free surface, the dynamic characteristics of the cloud
cavitating flow are often linked with the motion of vortexes. Based on the experimental and numerical
approaches, the evolution of cavities including growth, re-entry, shedding and collapse were gained
[5-8].
The cavitating flow around a blunt axisymmetric body very near the free surface is investigated in
the present paper. The typical experiment is carried out in a launching system based on an SHPB
device, and the numerical scheme is established on the basis of large eddy simulation (LES) and
volume of fraction (VOF) methods. The distinctions of evolution features between the cavities on the
up and down sides are presented. The effects of the free surface and the gas injection on the cavity
shape are analyzed.
1. Models
The experiment was performed by using a launching system on the basis of the SHPB technology[8],
which can transiently accelerate the projectile with slight disturbance on the water. The projectile
used in this study is a blunt axisymmetric body. The total length is 150 mm, and the diameter is
37 mm. As shown in Fig. 1, photographs of typical cavitation can be obtained using a high-speed
camera with 12000 fps. The distance between the free surface and the up side of the projectile is
5mm, and the analysis of obtained images indicates that the speed is approximately uniform at
19.1 m/s. The cavitation number calculated as 0.537.
To simulate the motions of fluids including the phase change, a single fluid and multiphase flow
equations are adopted. The governing equations are solved by a LES approach based on
Smagorinsky-Lilly model. Unsteady numerical simulations are performed on the basis of finite volume
method with coupled scheme by using the commercial CFD software ANSYS-FLUENT.
2. Results and discussion
From the experimental and numerical results, the quasi-periodic development of cavity shape is
obtained. Photographs on typical moments of different stages are as shown in Fig.1, and the
volume fraction of liquid water is 0.9 on the iso-surface. The contours of water volume fraction
on the symmetric plane and wall surface are also given, in which the red color represents that

the volume fraction is 1 while the blue color represents zero.
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Figure 2. Time evolution of cavitation patterns

Figure 3. Cavity lengths in experiment

The variations of cavity lengths on the up and down sides are as shown in Fig.2. Refer to
the evolutions aforementioned, we can see the cavity on the upper side stays approximately
stable, and its length varies in a very small range after the growth stage. This may because the
water layer flowing around the upper side is very thin when the vehicle moves closely to the free
surface. In this condition, the restriction of water layer to the flow is weak, which cannot form
high pressure at the cavity closure. The re-entry jet does not also have enough strength and
thickness to cut off the main cavity, so notable fluctuation of cavity shape cannot be generated.
The length variation on the lower side is similar with the case under the same cavitation
number without the free surface but has much larger amplitude. On the one hand, the influence
of the free surface on the cavity on the lower side is relatively small, so powerful re-entry jet can
be generated, and unsteady evolutions including breaking and shedding are still exist. The
evolution of cavity on the lower side is similar with the case without the free surface. On the
other hand, the air injection in the initial stage increases the inner pressure and air quantity, so
the inner pressure is actually remarkably higher than the saturation pressure in the natural
cavitation bubbles, which can be considered as that the cavitation number is decreased.
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