730

Available onling at www. sciencedirect.com

“*.° ScienceDirect
I Joumal of Hydrodynamics

ELSEVIER 2011,23(6):730-736
DOI: 10.1016/S1001-6058(10)60170-9

www sciencedirect. comy’
science/journal/ 10016058

LA,

PROPERTIES OF NATURAL CAVITATION FLOWS AROUND A 2-D

WEDGE IN SHALLOW WATER"

CHEN Xin

Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China,

E-mail: xinchen@sjtu.edu.cn

LU Chuan-jing

Department of Engineering Mechanics and State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China

LI Jie, CHEN Ying

Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China

(Received December 26, 2010, Revised July 10, 2011)

Abstract: When a body navigates with cavity in shallow water, both flexible free surface and rigid bottom wall will produce great
influences on the cavity shape and hydrodynamic performances, and further affect the motion attitude and stability of the body. In the
present work, characteristics of the natural cavitating flow around a 2-D symmetrical wedge in shallow water were investigated and
the influences of two type boundaries on the flow pattern were analyzed. The Volume Of Fluid (VOF) multiphase flow method
which is suitable for free surface problems was utilized, coupled with a natural cavitation model to deal with the mass-transfer pro-
cess between liquid and vapor phases. Within the range of the cavitation number for computation (0.07-1.81), the cavity configu-
rations would be divided into three types, viz., stable type, transition type and wake-vortex type. In this article, the shapes of the free
surface and the cavity surface, and the hydrodynamic performance of the wedge were discussed under the conditions of relatively
small cavitation number (< 0.256 ). The present numerical cavity lengths generally accord with experimental data. When the cavita-
tion number was decreased, the cavity was found to become longer and thicker, and the scope of the deformation of the free surface
also gradually extends. The free surface and the upper cavity surface correspond fairly to their shapes. However, the lower side of the
cavity surface was rather leveled due to the influence of wall boundary. The lift and drag coefficients of this 2-D wedge basically
keep linear relations with the natural cavitation number smaller than 0.157, whereas direct proportion for drag and inverse proportion
for lift.

Key words: shallow water, natural cavitation, boundary effect, multiphase flow

Introduction

When a high-speed underwater vehicle encapsu-
lated in cavity navigates in shallow water, like off-
shore area, both the flexible free surface and the rigid
water bottom will produce obvious influence on the
cavity shape and the hydrodynamic performance of
the vehicle. In such case, the so called “boundary
effect” will make the flow blocked and affect the

* Project supported by the National Natural Science Foun-
dation of China (Grant Nos. 11002089, 10832007) the
Shanghai Leading Academic Discipline Project (Grant No.
B206).

Biography: CHEN Xin (1976-), Male, Ph. D., Lecturer

motion attitude and stability of the vehicle.

Regarding the boundary effect problems caused
by solid wall, many researches have been conducted
so far in the world through the approaches of theore-
tical analysis, numerical simulation and experimental
investigation. Zhou et al''l numerically studied the
difference between water tunnel experiments and infi-
nite flow field, including the influence of the route
loss and the blocking effect in a water tunnel. They
claimed that the wall of the water tunnel should be
smoothed to reduce not only the blocking effect but
also the pressure drop as far as possible. Chen et al.l’!
utilized the multiphase model based on the RANS
equations to numerically analyze the wall effect on
ventilated cavitating flows around a kind of under-



