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A Numerical Study on the Free-Surface Effect of Three-Dimensional WIG
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Abstract

A three-dimensional WIG (Wing In Ground effect) moving above free surface is
numerically studied by means of finite difference techniques. The air flow field around the
WIG is analyzed by MAC (Marker & Cell) method, and interactions between WIG and the
free surface are appeared as the variation of pressure distribution acting on the free
surface.

To analyze the wavemaking phenomena by those pressure distributions, the NS
(Navier-Stokes) solver is employed in which nonlinearities of the free surface conditions
can be included. Through the numerical simulation, Cp values and lift/drag ratio are
carefully reviewed by changing the height/chord ratio. The section shape of model is
NACAOQ012 with the span/chord ratio of 3.0. Through computational results, it is confirmed
that the effect of free surface is small enough to treat it as a rigid wavy wall.
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Fig. 1 Coordinate definition for flow computation
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Fig. 2 Generation of 3-D computational grid
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Table 1 Comparison of lift and drag coefficients

Present Hirata | Abbott
solver
CL 0.6136 0.65 0.64
Cp 0.032 0.0117 0.0084
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Table 2 (a) Effect of PAR at h/c=0.10 and =10

Co Ci Co Co
off PAR| 1.0743 0.0106 0.081 0.092
PAR 1 | 1.2918 0.0109 0.082 0.093
PAR 2 | 14778 | 0.0113 0.082 0.093

(b) Effect of PAR at h/c=0.30 and «=10"°

C Ci Co Co
off PAR| 0.7875 0.0101 0.078 0.088
PAR 1 1.2262 0.0104 0.079 0.089
PAR 2 | 14523 0.0106 0.079 0.090

Table 3 Effect of angle-of-attack( e) at h/c=0.8

CL Cs Co Co
a=10" | 0.7295 | 0.0101 0.074 0.084
a=6" 06136 { 0.0099 | 0032 0.042
a=4" 05616 | 0.0104 | 0.028 0.038
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Fig. 4 Pressure distribution at Fn=2.29, h/c=0.3(1hs : wavy-wall condition, rhs : free-surface condition;
above : y/c=0, below : y/c=1.0)
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Fig. 6 Pressure distribution at Fn=6.87, h/c=0.3 (1.h.s : w/o F.S, rhs: with F.S.)
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Fig. 8 Pressure distribution at Fn=35, Rn=10® with F.S,, angle of attack 6° and 8°
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Fig. 9 Pressure distribution at Fn=3.5, Rn=10°, 10°,
10" from above, with F.S. and at @=35°
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