The Society of Naval Architects of Japan

23

BEHROLHHOME (i)

EE B B 2 3 %48 & M B &
2ER B H #® rgp b W B

Structure of Head of a Gravity Current (Second Report)

by Nobuhiro Baba, Member, Tetsuo Katsuragi, Student Member,
Sadahiro Kan, Student Member, Ken-ichi Kitaura, Member

Summary

The structure of the head of gravity currents spreading out in all directions is investigated in the
experiment and in the computation by extending the method developed in the previous paper for the
two-dimensional gravity currents. A finite volume of fluid contained in a rectangular region was
released instantaneously in another fluid of slightly different density in a larger region. Box
models of fluid dispersion were described to elucidate the mechanisms of energy conversion in
different stages of development of spreading gravity currents.

Visualization experiments were made with dye to trace the head of the spreading gravity currents.
‘By opening the lock gate equipped obliquely in the corner of a water tank of square section, a finite
volume of salt water of slightly different density in the corner of the tank was released
instantaneously so as to form the gravity currents spreading over the whole area. The computation
was also made in the same conditions as the experiments to study the flow structure of the head of
spreading currents. The incompressible Navier-Stokes equation for an inhomogeneous fluid
together with the transport equation for solute was solved by the finite volume method.

Both the experiment and the computation produce the formation and development of the gravity
currents spreading in an axisymmetric manner. The results indicate that there exist different
stages of development of this kind of spreading gravity currents. After the released fluid spreads at
a constant speed, it slows down in the self-similar stage, and then it decelerates further in the
viscous stage. It is found that the structure of the head changes according to the stages of
development, which affects the mixing of fluid by spreading gravity current and that the head
extending in a circle or a circular arc is subject to the three-dimensional instability to form the
mountain-valley structure.
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Fig. 1 A schematic diagram of generation of a
spreading gravity current by releasing a finite
volume of fluid into another fluid with different
densities
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Fig. 2 Side-view images of a spreading gravity
current with the contours of their brightness
superimposed, at (a) r=1s, (b) t=28, () t=4s, d
t=6s,(e) t=8s,® r=10s, after opening the gate
for case of xy =50mm , Ap/py=2.0%.
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Fig. 3 Top-view images of a spreading gravity current
with the contours of their brightness superimposed,
at (@) r=1s, (b) t=2s, (c) t=4s, (D t=6s, ()
t=8s,( t=10s, after opening the gate for case of
xo=50mm , Ap/py=2.0%.

(b)

Fig. 4 Comparison of side-view images of (a) a
two-dimensional gravity current and (b) a spreading
gravity current at f=35s.
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Fig. 5 The position of current fronts with time
measured by the experiment.
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plane of the computed gravity current at Re=3300,
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Fig. 7 Density contour maps on the bottom plane of
the computed gravity at Re=3300, Adp/p,=1.0%
at @ ¢/T=0, () ¢/T=5, @ t/T=10, @
t/T=15,() t/T=30,® t/T=50.
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Fig. 8 The position of current fronts with time

computed at Re=4600, Ap/p,=20%, x,=100mm .

Numbers attached to the lines denote the thresholds
of density used to recognize the front of the head.
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Fig. 9 The effect of the initial height of gravity
current on the position of current fronts with time at
Re=4600, 4p/ py =2.0% .
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Fig. 10 Time variation of the proportion of the
volumes of fluid in the range of specific densities at
(@) Re=3300 Ap/py=10% , and (b) Re=4600 ,
Ap/ py =2.0% . Numbers attached lines in the
figure denote the lower value of density of the range.
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