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3-Dimensional Large Eddy Simulations of Lock-Exchange Gravity Currents
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Synopsis

The gravity currents generated by a density difference within a fluid are the phenomena

to be seen in the various scenes of nature. It is one of the important problems to understand

the behaviors of the gravity currents in the fields of disaster prevention and environment.

The purpose of this study is to recognize the properties of the lock-exchange flow problem

that is one of the basic models of the gravity currents. The large eddy simulations of the

lock-exchange gravity currents are carried out to investigate the Reynolds number effects

for the propagations of the gravity currents and the 3-dimensional flow structures.
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Fig. 1 Schematic diagram of lock-exchange gravity

current.
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Integral time =0~15
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Casel Re=4,000 with no-slip wall
Case2 Re=10,000 with no-slip wall
Case3 Re=40,000 with no-slip wall
Cased Re=10,000 with free-slip wall
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Fig. 2 Contour maps of fluid density at Re=10,000 and y=1.0 with no-slip boundary condition (Case2),
(a) £2, (b) =4, (c) =6, (d) =8, (e) 10, (f) =12, (g) =14.
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Fig. 3 Iso-surface of fluid density for (=0.5 together with contours in the boundary plane at Re=10,000 and 15

with no-slip boundary condition (Case2).
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Fig. 4 Comparison of the positions of gravity current

fronts between experiment and computation.
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Fig. 5 The positions of gravity current fronts for each

Reynolds numbers.
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Fig. 7 Time sequence of maximum streamwise

vorticity component wi.
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Fig. 8 Contour maps of (a) w1 (interval: 0.1), (b) w: (interval: 0.02), (c) w: (interval: 1.0) and (d) w2
(interval: 2.0) at =10, y=0.925 at Re=4,000 with no-slip boundary condition (Casel).
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Fig. 9 Contour maps of (a) w1 (interval: 0.1), (b) 2 (interval: 0.02), (¢) w1 (interval: 1.0) and (d) w2
(interval: 2.0) at 10, y=0.925 at Re=40,000 with no-slip boundary condition (Case3).
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Fig. 10 Contour maps of fluid density C (color) and streamwise vorticity component wi (solid lines: anticlockwise,

dashed lines: clockwise) at =10 and x=4.1 at Re=4,000 with no-slip boundary condition (Casel).
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Fig. 11 Contour maps of fluid density € (color) and streamwise vorticity component wi (solid lines: anticlockwise,
dashed lines: clockwise) at =10 and x=2.0 at Re=40,000 with no-slip boundary condition (Case3).
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(a) &5

(b) £10

z

t=10 Re= 4,000
Q=30 %"
w1=£2.0

(c) =15

Fig. 12 Vortex tubes (yellow: ¢=3.0) and iso-surfaces of streamwise vorticity wi (red: w1=2.0, blue: wi=-2.0) together
with contours of fluid density in the boundary plane at Re=4,000 with no-slip boundary condition (Casel), (a) £S5, (b)
=10, (c) £=15.
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(a) &5
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t=15 Re=10,000
Q=30

Fig. 13 Vortex tubes (yellow: ¢=3.0) and iso-surfaces of streamwise vorticity wi (red: w1=2.0, blue: wi=-2.0) together
with contours of fluid density in the boundary plane at Re=10,000 with no-slip boundary condition (Case2), (a) 5,
(b) £10, (c) £15.
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Fig. 14 Vortex tubes (yellow: ¢=3.0) and iso-surfaces of streamwise vorticity wi (red: w1=2.0, blue: wi1=-2.0) together
with contours of fluid density in the boundary plane at Re=40,000 with no-slip boundary condition (Case3), (a) £=5,
(b) £10, (c) £=15.
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Fig. 15 Vortex tubes (yellow: ¢=3.0) and iso-surfaces of streamwise vorticity wi (red: w1=2.0, blue: w1=-2.0) together
with contours of fluid density in the boundary plane at Re=10,000 with free-slip boundary condition (Case3), (a) £S5,
(b) £10, (c) £15.
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