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Abstract: The rotating axisymmetric cavitator is widely applied in underwater vehicles, and its rotational motion affects the cavita- 
ting flow over the cavitator. This study focuses on the effect of rotation on the flow structure in the cavity bubble. Unsteady 2-D/3-D 
numerical simulations of cavitating flows over axisymmetric cavitators are performed using the volume of fraction (VOF) method 
and the Sauer-Schnerr cavitation model. Firstly, the 2-D simulation of cavitating flow over a circular disk or a cone cavitator is 
carried out at various cavitation numbers (0.15, 0.175, 0.2, 0.225 and 0.25). The simulated cavity lengths and drag coefficients are 
compared with the experimental data, the theoretical estimations and the published numerical results. Then the 3-D simulations of 
cavitating flows over the same axisymmetric cavitators with different rotating speeds are performed using the sliding mesh model 
(SMM). The effect of rotation on the cavity shape and the internal flow structure is analyzed. 
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Introduction  

The supercavitation technology is to use the cavi- 
tation effect for a high-speed underwater vehicle to 
create a gas bubble, which engulfs the whole body of 
the vehicle and greatly reduces its skin friction, and 
then the underwater vehicle can travel at a higher speed. 
The main applications of the supercavitation technolo- 
gy are in high-speed underwater vehicles, e.g., the 
supercavitating propeller (Brave-class, Vosper, Ports- 
mouth, England, 1958), the supercavitating projectile 
(RAMICS, U.S. Navy Forces, 1994) and the superca- 
vitating torpedo (Barracuda, Diehl BGT Defence, 
Berlin, German, 2004). In recent years, the supercavi- 
tation technology attracts more and more interest[1,2]. 

The supercavitation occurs when the cavitation 
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number σ  is lower than 0.1. The cavitation number, 
2= 2( ) /( )vp p Uσ ρ∞ − , depends on the vapor pressure 

vp , the ambient pressure p∞ , the fluid density ρ  and 
the free stream velocity U. The supercavitation condi- 
tion, 0.1σ < , can be reached through: (1) increasing 
U , (2) decreasing p∞  of a closed-circuit cavitation 
tunnel, or (3) increasing vp  through ventilating non- 
condensable gases[1]. The third way is called the venti- 
lated supercavitation as in contrast to the natural 
supercavitation. 

In practical applications, the leading edge of the 
submerged body, i.e., the “cavitator”, is designed to 
enhance the supercavitation. The shape of the cavita- 
tor is one of the main factors affecting the cavity 
shape[3]. Additionally, the rotation of the cavitator can 
also influence the cavity shape[4]. The rotating cavita- 
tor is commonly seen in industrial and military fields, 
and has attracted the attention of scientists for decades. 
The aim of this study is to investigate the effect of 
rotation on the cavitating flow structure inside the 
cavity bubble. 

The supercavitation technology has been investi- 
gated by means of experimental measurements, semi- 
empirical models and numerical simulations[5,6]. With 
the development of computational fluid dynamics 
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Fig.1 Computational domain and mesh in 2-D disk case 
 
(CFD) and computer technologies in recent years, the 
numerical method is used to visualize the internal flow 
structure inside the vapor cavity. The re-entrant jet in 
the cavity closure region forces the gas convection in 
the cavity bubble and induces the vortex flow, which 
is hard to be measured in laboratory. Obviously, when 
the cavitator is rotating with a high speed, the internal 
flow structure in the gas bubble is even more complex 
under the action of inertial forces. In this study, 3-D 
cavitating flows over a circular disk and a cone cavita- 
tor are numerically simulated to see how the rotational 
movement of the cavitator influences the flow structu- 
re of the cavitating flow. 

In the early numerical investigations of the cavi- 
tating flow, empirical correlations are widely used[5], 
and the flow was assumed to be inviscid[7]. However, 
the viscous effect on the shape of the cavity was obse- 
rved experimentally. Furthermore, the linearized theo- 
ry can not predict the vortex structure in the cavitating 
flow. In the Street’s research on the rotating cavitation, 
the vorticity is assumed to be constant, and the stream 
function of the rotational flow is resolved by solving a 
simplified Poission’s equation[4]. 

To further study the complex cavitating flow 
structure, it is necessary to develop new cavitation 
models. Based on the boundary iteration methodology, 
a boundary method was developed for the study of the 
steady sheet cavitation and it can also be used for the 
propeller cavitation[8]. The Rayleigh-Plesset equation 
describing the bubble dynamics was used to simulate 
the cavitation in a rotational supercavitating evapora- 
tor[9,10]. For the unsteady turbulent cavitating flows, 
several multiphase CFD methods were developed, and 
the homogeneous equilibrium model (HEM) was 
widely employed[11]. One type of the HEM method is 
based on the barotropic law of state[12], which is widely 
used but can not capture the vorticity production in a 
closure region due to the cavity collapse. Another 
HEM method is the transport-equation based cavita- 
tion model (TEM), which solves the transport equa- 

tion for the vapor volume fraction with a source term 
describing the mass transfer due to the cavitation 
process. The source term is calculated using the mass 
transfer cavitation model[13,14]. In the past decade, the 
TEM was applied extensively in the numerical simula- 
tion of the cavitation phenomena[15]. 

In this study, the volume of fluid (VOF, Hirt, 
1981) method is applied to capture the boundary of the 
cavity bubble under the TEM framework. The VOF 
technique can capture the small scale vortex flow stru- 
cture in the gas bubble, therefore, it was applied 
widely in the simulation of the natural super-cavita- 
tion, the ventilated super-cavitation and the rotating 
cavitation[1,16]. The TEM+VOF method can capture the 
abundant vortex structures in the cavity bubble behind 
the rotating cavitator, where the rotational movement 
of the cavitator is accounted for by using the sliding 
mesh model (SMM) in the ANSYS Fluent. The prese- 
nt numerical method will be verified by the experime- 
ntal measurements of cavitating flows over a circular 
disk and a cone cavitator. Then the validated method 
is applied to the 3-D simulations of cavitating flows 
over the same cavitators with different rotating speeds. 
The cavity bubble shape, the drag coefficient of the 
cavitator, and the flow structure in the cavity bubble 
will be compared and analyzed. 
 
 
1. Mathematical modeling 
 
1.1 Governing equation 

The governing equations of the two-phase cavita- 
ting flow are as follows: 
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