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Tab. 1 Cases with different densities for upper and lower layers

T p1/ (kg-m™) 2/ (kg-m™) by/m br/m k I 5 A AR /m
Case 1 1020 1022 50 50 0.028 7 (750, 0), (750, 50)
Case 2 1020 1024 50 50 0.018 0 (1200, 0), (1 200, 50)
Case 3 1020 1026 50 50 0.014 1 (1500, 0), (1 500, 50)
Case 4 1020 1028 50 50 0.0120 (1750, 0), (1 750, 50)
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Fig. 4 Time series of horizontal velocity at point (750, 50) for Case 1
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Fig. 6 Distribution of horizontal velocity along water depth at the moment for wave crest under the assumption of free surface
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Tab.3 Consistency analysis between the numerical and analytical results for the horizontal and vertical velocities of different cases

d Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
d(wll@)R 0.999 8 0.999 8 0.998 7 0.9973 0.9389 0.988 4 0.993 2 0.994 2
d(wl“%)F 0.996 4 0.996 0 0.998 9 0.998 2 0.9275 0.984 2 0.997 0 0.996 6
d(uﬂl%)R 0.9922 0.994 4 0.997 1 0.997 6 09711 0.995 4 0.9925 0.968 3
d(uﬂl%)F 0.994 1 0.996 0 0.997 1 0.9970 0.962 8 0.996 2 0.994 4 0.979 8
dw)r 0.999 8 0.999 8 0.998 5 0.999 8 0.993 4 0.9952 0.994 2 097717
dWw)p 0.994 7 0.9959 0.9973 0.998 9 09790 0.997 4 0.9925 0.978 0
d(utr)g 0.993 8 0.9955 0.997 8 0.998 2 0.977 4 0.996 0 0.996 8 09726
dutt)g 0.995 1 0.997 1 0.998 0 0.9983 09713 0.9958 0.996 8 0.987 5
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Numerical simulation of internal wave propagation in two-layer

fluid under two water surface boundary conditions

ZHANG Zhouhao, ZHANG Hongsheng, WANG Yuxin, MA Tingting

(College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Based on the FLUENT computational fluid dynamics software and its secondary development function, as
well as the VOF (Volume of Fluid) multiphase flow model, a stratified numerical water flume that simulates the
propagation of oceanic internal waves is established with the standard k- turbulence model. In the numerical water
flume, two-layer density-stratified fluid is set up, and the flapping plate method is used as the wave maker. Different
combinations of density differences and water depth ratio between the upper and lower fluid are numerically simulated
under two boundary assumptions of rigid lid and free surface at the still water level, and their numerical results are
compared to their theoretical ones respectively. It is found that the differences of the densities of upper and lower fluid
do not significantly influence the consistency between the numerical results and theoretical ones, and that the
differences of the depths of upper and lower fluid significantly influence the numerical results. When the depth of the
upper fluid is low, the notable vertical velocity appears at the interface between water and air under the assumption of
free surface. Under the two assumptions at the still water level, the calculated horizontal velocities both reflect the
nonlinear effect when the depth of the upper fluid is low, but hardly reflect the nonlinear effect when the depth of the
lower fluid is low. Considering the fact that the depth of the upper fluid is much lower than that of the lower fluid in the
actual ocean circumstance, it is more reasonable to adopt the assumption of free surface at the still water level,

especially when the internal solitary waves with a larger amplitude are numerically simulated.

Key words: internal wave; numerical simulation; free surface assumption; rigid lid assumption
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