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Numerical simulation and water tunnel experiment on the stalling
characteristics of wedge rudders

HUANG Chuang, DANG Jianjun, LUO Kai, LI Daijin

(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an, 710072, China)

Abstract; To obtain the stalling characteristics of wedge rudders under cavitation conditions and to explore the
mechanism leading to the stalling, the ventilating cavitation flow field around supercavitating vehicle which uses a
24° wedge rudder as the aft control plane was investigated by establishing the three-dimensional numerical
simulation model and the water tunnel experimental system. The change law of the wedge rudder’ s lift, drag, and
cavitation characteristics along with rudder angle were studied by the numerical simulation and water tunnel
experiment, respectively. According to the research results, the proposed numerical and experimental methods are
reasonable ; the drag coefficient of the wedge rudder varies slightly with the rudder angle in the range of 0°=5°; the
lift coefficient has good linearity in the rudder angle range of 0°~8° and 9°~12°, but the slope of the former range
is considerably bigger than that of the latter range. Moreover, when the rudder angle exceeds 8°, the lift coefficient
of the wedge rudder will reduce sharply, stalling will happen, and the low-pressure surface of the wedge rudder will
be covered by cavity. Therefore, the cavitation occurring on the low-pressure surface of the wedge rudder may be
the main reason leading to the stalling. Furthermore, it is suggested that the allowable rudder angle of the 24°
wedge rudder should not exceed 8°.
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Fig.1 Distribution of grids near wedge rudder
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Fig2 'The structure and boundary conditions of computational domain
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Tab.1 The numerical results of hydrodynamic characteristic of

wedge rudder
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Fig.3 The cavitation extent of the low-pressure surface of wedge rudder under different angles
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Fig.4  The three dimensional shape of cavity under different

rudder angle
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Fig.5 The contrast of pressure distribution and velocity vector
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Fig.6  The operating principle of steering control system
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Fig.7 The construction of experimental device
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Fig.8 The installation of experimental model in water tunnel
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Tab.2 The experimental results of hydrodynamic characteristic

of wedge rudder
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Fig.9 The supercavitaty generated in water tunnel
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Fig.11 The cavitation conditions of low pressure surface of wedge rudder when angle changes from 0° to 12°
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