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A Numerical Study of Stably Stratified Flows over Two-Dimensional
Topography by FDM

—— Influence of the topography model and the grid resolution —

Takanori UCHIDA and Yuji OHYA

Abstract

This paper describes the numerical study of stably stratified flows over two-dimensional
topography in a channel of finite depth by using a FDM (Finite-Difference Method). In this study
we have mainly concentrated on two factors such as topography model and grid dependence on the
flow field around topography. In the former the numerical results reveal that as topography model
becomes smooth, the strength in the columnar disturbance with mode #=1, which propagates
upstream of topography, becomes weak, as it is expected. In addition, the period of Cd oscillation,
which is certainly consistent with that of the shedding of columnar disturbance with mode »n=1,
becomes long. In the latter we have carried out a high-resolution DNS (Direct Numerical Simula-
tion) (1001201 mesh points). In the numerical results it is clarified that the previous DNS results
(421X101 mesh points) are free from the differences in the numerical method and in the grid

resolution.
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Fig. 2 Generalized curvilinear coordinates based on a MDFDM using a regular grid.
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Fig. 4 Computational grid near topography
Fig. 3 Topography models. (total : 421 X101 mesh points).
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Fig. 6 Comparison of the time history of Cd and u,, K=1.5, Re=2000.
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Fig. 7 Comparison of the streamlines corresponding to low- and
high-Cd states, K =1.5, Re=2000.
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Fig. 8 Generalized curvilinear coordinates based on a collocated grid.
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Fig. 9 Computational grid near topography
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(b) Influence of the grid resolution

Fig. 10 Comparison of the time history of Cd and u;, K =1.5, Re=2000.
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1001 X201 mesh points, t=163
(a) Low-Cd state
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1001 X201 mesh points, t=188
(b) High-Cd state

Fig. 11 Comparison of the streamlines corresponding to low- and high-Cd states,
K=1.5, Re=2000.
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Fig. 12 Cartesian non-uniform staggered grid. K=1.5, Re=2000, Cartesian non-uniform

staggered grid (interpolation method).



10 PWH « KE @ L8 2 R8O Z DT

Cartesian non-uniform staggered grid (interpolation method)

Generalized curvilinear coordinates based on a regular grid (MDFDM)
(a) K=0 (Neutral flow)

Cartesian non-uniform staggered grid (interpolation method)
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Generalized curvilinear coordinates based on a regular grid (MDFDM)
(b) K=1 (Stably stratified flow)

Fig. 13 Comparison of the instantaneous streamlines, =100, Re=2000.

Fig. 15 Comparison of the streamlines corresponding to low- and high-Cd states,
K=1.5 Re=2000, Cartesian non-uniform staggered grid (interpolation

method).
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Fig. 16 Instantaneous streamlines, =20, Re=2000.
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