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Elucidation of the Structure of Free Surface Shock Waves about a Wedge Model
by Finite-Difference Method

by Akihiro Kanai, Member Hideaki Miyata, Member

Summary

The free surface shock wave (FSSW) generated by a wedge model is numerically studied. The
numerical simulations performed by the finite difference method employing density function method
show the systematic variation of the shock phenomenon due to the Froude number based on the draft
as obtained by experiments. The typical nonlinear phenomena like wave breaking and abrupt changes
of velocity vectors are successfully captured and the details of wave breaking induced by the FSSW
are clarified. Wave breaking occurs to weaken the nonlinearity and shear vortex and longitudinal
vortex are generated from the overturning point on the free surface. After the wave breaking a steep
wave is reproduced due to the nonlinearity. This seems to be periodically repeated.
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Fig.1 Variation of the wave-front-line angle 8, which
systematically depends on the entrance angle o
and the Froude number based on the draft Fd.
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Table.1 Conditions of Computations

Table.1 Conditions of Computations

Section 4 Section 5

| Computational Region
length(m) -0.29~1.0 -0.21~0.71
width(m) 0.0~0.6 0.0~0.705
depth&height(m) -0.28~0.267 -0.253~0.262

Grid Spacing

longitudinal(m) 0.02 0.02
lateral(m) 0.015 0.015

vertical(m)| 0.008(minimum)| 0.002(minimum)

Number of Celis 50"40*50 46"47*135

Time Increment(sec) 0.00037(Fd=0.8)|0.000092(Fd=1.4)
0.00027(Fd=1.1)

0.00021(Fd=1.4)

Acceleration Time(sec) 1.01(Fd=0.8)
1.39(Fd=1.1)

1.77(Fd=1.4)

1.77(Fd=1.4)

Computational Time(sec) 2.96(Fd=0.8)
2.835(Fd=1.1)

2.94(Fd=1.4)

2.576(Fd=1.4)
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Fig.2 Perspective views of the wave around a wedge
model of @=20deg at three different speeds:
(a) Fd=08,(b) Fd=11,(c)y Fd=14.
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Fig.3.2 Measured wave height contour of the wave
around a wedge model of ¢=20deg at Fd=
1.1
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Fig.4 Wave profiles and velocity vectors below free
surface on the x-z plane at y/d=0.225 away
from the center line at three different speeds :
(a) Fd=08,(b) Fd=11,(c) Fd=1A4.
(z : uniform flow direction, y : transverse direc-
tion, z: vertical direction, d : draft)
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Fig.5 Velocity vectors on the disturbed free surface
compared with those on the x-y plane at z/d =
0.5 at three different speeds: (a) Fd=0.8,
(b) Fd=11,(c) Fd=14.
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Fig.9 Time-sequential wave pattern around a wedge
model of @=20 deg at Fd=14. The flow field is
accelerated up to T=1.77 sec.
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Fig.13 Time-sequential contour of the y-axis compo-
nent of vorticity on the x-z plane at y/d=
0.525 away from the center line, interval =20,
bald line is clockwise. (7=1.472 sec ~2.208
sec)
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Fig.15 Time-sequential contour of helicity on the -z
plane at y/d=0.525 away from the center line,
interval =10. (T=1.472 sec~2.208 sec)

Fig. 14 Time-sequential contour of the magnitude of
Lamb Vector on the z-z plane at y/d=0.525
away from the center line, interval=5. (T =
1.472 sec~2.208 sec)
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Fig. 16 Contours of helicity on the x-z plane at y/d= U/(29) #RL T2 8,5 T, NV X — BIBUAHHE (X)
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Fig. 17 Velocity vectors on the free surface at 7=1.84
sec and 2.116 sec.
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Fig.18.1 Bernoulli function across the bow wave crest
on the lines parallel to the centerline and the
disturbed free surface, y/d=0525, z/d=0,
0.08,0.16, 0.24, 0.32 and 0.4 at (a) T=
1.84 secand (b) 2.116sec.
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Fig.18.2 Distribution of static pressure (z) and loss of
velocity head (o) for a wedge model of 45
deg, d=0.15m, Fd=1.0 and y/d=1.0.
(from ref. 4)
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Fig. 21 Time-sequential contour of helicity on the -2z
Fig.19 Time-sequential contour of the y =axis compo- plane at y/d=0.525 away from the center line,
nent of vorticity on the x-z plane at y/d= interval=10. (T =2.3 sec~2.576 sec)
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