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Computation of Two-dimensional Gravity Current

by Koichi Kawanaka, Member Nobuhiro Baba Member

Summary

Computational results of a two-dimensional gravity current in a lock-exchange flow is presented in
which a finite volume of homogeneous fluid was released instantaneously into another fluid of slightly
lower density when a lock gate was opened. The computations were performed in a two-dimensional
channel by solving the incompressible Navier-Stokes equation for an inhomogeneous fluid, the continu-
ity equation and the transport equation for solute by the finite volume method. For accurate represen-
tation of small density difference, the density variation relative to the characteristic density difference
was used as one of primitive variables. The finite volume formulation holds the conservative property
with respect to mass at the boundaries as well as at the density interface so that the total mass of the
two fluids with different density remains constant. Some of standard numerical schemes were used to
examine their performance to the density jump of the interface. The computed gravity current moves
steadily in an initial phase, and the front speed decreases with distance in a self-similar phase when an
internal bore on the interface reflected from the back of the lock reaches the front of the current. The
effects of the bottom boundary layer on the internal structure of the current is investigated from
numerical experiments with no-slip and free-slip boundary conditions. The volume of the diluted fluid
in a gravity current by the entrainment of ambient fluid is evaluated as a function of time to quantify
the mixing. The result indicates that at low Reynolds numbers the subsequent mixing occurs in the
early stage of the evolution of the gravity current in a lock-exchange flow.
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Fig.1 Comparison of density distributions at the bot-
tom between the difference schemes at ¢t=12.
thick line: QUICK method, thin line: Centred
differencing, broken line : Donor-Cell method.
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Fig.2 Development of a gravity current in a lock-
exchange flow computed with the free-slip
boundary conditions at Re=1000. Density con-
toursat (a) t=4, (b) t=8, (c) t=12,(d) ¢
=16, (e) t=20. The interval of contours is

109 of the initial density difference.
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Fig.2 (continued.) (f) t=24, (&) =28, (h) =32,

(i) =36, (j) t=40.

Fig.3 The flow structure of the head of a gravity
current computed with free-slip conditions at
Re=1000. Contours of (a) density, (b) hori-
zontal velocity and (¢) vertical velocity at {=
12.
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Fig.4 The flow structure of the head of a gravity
current computed with free-slip conditions at
Re=2000. Contours of (a) density, (b) hori-
zontal velocity and (¢ ) vertical velocity at =
12.
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Fig.5 Development of a gravity current in a lock-
exchange flow computed with the no-slip bound-
ary conditions at Re=1000. Density contours at
(a) t=4, (b) ¢t=8, (c) t=12, (d) t=16,
(e) t=20. The interval of contours is 109 of
the initial density difference.

f ]
Eraz |
g
RS 5=\
h
I &
]
===
J
= L&

Fig.5 (continued.) (f) ¢t=24, () =28 (h) t=32,
(i) t=36, (j) t=40.
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Fig.6 The flow structure of the head of a gravity

current computed with no-slip conditions at Re

=1000. Contours of (a) density, (b) horizon-

tal velocity and (c¢) vertical velocity at ¢=12.
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Fig.7 Position of the front of a gravity current with
time. ; thin line : QUICK method with free-slip
conditions ; dash - dotted line: Centred
differencing with free-slip ; broken line : Donor
-cell method with free-slip ; thick line: QUICK
method with no-slip conditions ; circles: exper-
iment.
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Fig.8 Proportion of volumes of fluid beyond given
density thresholds with time. Numbers attached
to lines in the figure denote the thresholds. The
total mass is also shown by thick line.
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