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Study of sand transport in the ocean
(First report) Experiment on the behaviour of sand particles in an oscillatory flow

by Sadahiro Kan, Student Member Nobuhiro Baba, Member -
Tetsuo Katsuragi, Student Member Hiroki Hashimoto
Ken-ichi Kitaura, Member Mitsuo Kishi, Member
Summary

The sand transport that causes the movement and deformation of a sand hill in a periodically oscillating flow is
investigated in the laboratory. An experimental technique is developed to assess the variation of the state of
concentration of sand particles in the process of the interaction of the particles with the fluid in motion around the
sand hill as well as with the particles themselves. The method of measuring the concentration of sand particles
is based on the digital image processing. It is confirmed that under the well-controlled experimental conditions
of homogeneous distribution of sand particles, the decrease in brightness of the digital images of an area is
determined by the concentration of the particles in the area. Taking a space average on the images with an
appropriate scale to the size of sand particles to fade out the unfavorable effect of each particle makes it possible
to predict inhomogeneous and continuous distribution of the concentration of sand particles from the brightness of
the digital images with the limited resolution.

We make a visualization experiment of the two-dimensional flow field around a sand hill on sand bed in a flow
sinusoidally oscillating in a straight channel with square section. The digital images of the unsteady flow field
with suspended sand particles around the sand hill is analysed to estimate the concentration of sand particles.
The results show that in the periodically oscillating flow the sand particles repeat a basic motion every half period
such as sand particles running up the slope of the hill by accelerating flow, running off the hill by flow separation
at the top of the hill, running down the hill as suspended in a turbidity current, and running into the roll by the
rotational motion of shed vortices. It is found that these periodic motions of sand particles have particular
distinguishing features of the change in the state of concentration in the process of fluidization, movement,
transport, sedimentation, and accumulation.
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Fig. 1 A schematic diagram of the water tank for
generating an oscillating flow; (a) front view, b

side view.

Fig. 2 A schematic diagram of making a sand hill

on sand bed.

Fig. 3 Image of a sand hill in water at rest.
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Fig. 4 Images of sand particles in various states of
mass concentration (a) C=0.2, (b) C=0.4, (c) C=0.6,
(d c=0.8.
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Fig. 5 The relation between the mass concentration,
C, of sand particles and the relative brightness, I,
of the digital image.
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Table 1 Experimental conditions.
W (mm) 165 99 70
U (mm/s) 13 187 265
Kc 3.52 5.82 8.25
Re 2.857X10* | 4.27X10* | 6.04x104
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Fig. 6 Images of sand particles in an oscillatory
flow in the second cycle at (a) t/T = 1.125, (b) t/T =
1.250, () /T = 1.375, (d) t/T = 1.500, (e) t/T = 1.625,
® t/T = 1.750, () t/T = 1.875, (h) /T = 2.000, at
U=187Tmm/s, Kc=5.82.
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Fig. 7 Images of sand. particles in an oscillatory
flow in the former half of the tenth cycle at (a) t/T =
9.125, (b) t/T = 9.250, (c) t/T = 9.375, (d) /T = 9.500,
at U=187mm/s, Kc=5.82.
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Fig. 8 Contour maps of the variation of the mass
concentration of sand particles in an oscillatory
flow in the former half of the second cycle at (a) t/T
= 1.0625, (b) t/T = 1.125, (c) t/T = 1.1875, (d) t/T =
1.250, (e) t/T = 1.3125, (® t/T = 1.375, (g) tT =
1.4375, (h) t/T = 1.500, at U=187mm/s, Kc=5.82.
The contours show the difference of the mass
concentration of sand particles from the initial
state of this cycle at t/T=1.000; solid lines: positive

value; broken lines: negative value.
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Fig. 9 Contour maps of the variation of the mass
concentration of sand particles from the initial
conditions at (a) t/T=2.0, (b) t/T=4.0, (c) t/T=6.0, (1
t/T=8.0, (e) t/T=10.0, at U=187mm/s, Kc=5.82; solid

lines: positive value; broken lines: negative value.
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Fig. 10 Time variation of the volume proportion P
of the sand particles with the concentration in the
range denoted in the figure, at U=187mm/s,
Kc=5.82 in (a) the former half of the second cycle,
(b) the former half of the tenth cycle.
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Fig. 11 Time variation of the time variation rate of
volume proportion P of two groups of the sand
particles with the concentration at U=187mm/s,

Kc=>5.82 in the former half of second cycle.
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Fig. 12 Time variation of the time variation rate of
volume proportion P of two groups of the sand
particles with the concentration at U=113mm/s,
Kc=3.52 in the former half of second cycle.
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Fig. 13 Time variation of the time variation rate of
volume proportion P of two groups of the sand
particles with the concentration at U=265mm/s,
Kc=8.25 in the former half of second cycle.
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