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GRAVITY WATER WAVES IN A DRUM CENTRIFUGE

Hideo Sexicuchi and Ryan PHILLIPS

SYNOPSIS

The generation and propagation of gravity surface waves in a drum centrifuge
is discussed, with application to seabed mechanics. The dispersion relationships of
the surface gravity waves in rotating fluids are derived with due consideration of
the Corliolis effect. They clearly indicate that a forward wave at a given
wavelength has a larger phase-velocity, compared with a backward wave with the
same wavelength.

An approximate theory of wave-making is developed, with reference to the
method of rapidly immersing a float of rectangular section into water in a rotating
drum. The interaction between the motion of the float and the generated waves
going sideways, is formulated. The nonlinear drag resistance also is allowed for.
The theory successfully predicts that the float-water system forms a highly damped
system owing largely to the radiation damping. The theory also gives a workable
waveform in the source region.

It is found from Test WAVE 12 that the wave-induced porewater pressures in
fine sand exhibit marked phase-lag, compared with the water pressure measured just
above the sand surface.
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Fig.1. Free water surface in a drum
rotating at a slow speed.
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Fig. 2. Free water surface in a drum
rotating at a sufficiently high
speed.
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Fig. 3. Plan view of a drum rotating
at an angular velocity @,
with a ‘forward’ wave inside.
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Fig. 5. Predicted depth of immersion (h) of a float into
water against time, and the associated,
predicted rise in the adjoining water surface,
7, against time.
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Fig. 6. Predicted variation of a damping parameter D

with time, in association with the motion of
the float given in Fig. 5. Note that D: comes
from the wave-making resistance, D: from the
nonlinear drag resistance and Ds from the
friction between the float and its guide.
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Fig. 8. Measured motion of a float

after release in Test WAVE]12,
at a centrifugal acceleration
of 48.8 gravities at the level

of still water surface.
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the normalized wave-induced
pressure at the seabed and
the ratio of wave length, L,
to water depth, d, for the
forward- and backward-travell-
ing waves in a rotating drum
with a/d =10.6. The dotted
curve is a well-known, theo-
retical curve for ordinary
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free surface at rest.
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Fig. 12. Predicted relationships between

the normalized phase-velocity
and the wave-length to depth
ratio, under exactly the same
situation as described in Fig.
11.
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Fig. A-2. Dispersion relationships predicted for water
waves in rotating drums. The dotted curve
indicates the situation of a/d—><° where
Corliolis effects vanish.
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Fig. A-3. Predicted distributions of wave-induced pressures

with depth for water waves in a rotating drum
with a/d =20. The dotted curves indicate the
classical distributions of pressure at the
given values of d/L.
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