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An Immersed-Boundary Method for Simulation of
Density-Stratified Flows

Dong-Hyeog Yoon, Kyung-Soo Yang, Jong-Yeon Hwang and Sungsu Lee
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Abstract

An immersed boundary method for simulation of density-stratified flows is developed and applied to
computation of viscous flows over two-dimensional obstacles in a bounded domain under stable density
stratification. Density sources/sinks are introduced on the body surface. Two obstacle shapes are used,
a vertical barrier and a smooth cosine-shaped hill; weak stratification, defined by K=ND/mU <1,
where U, N, and D are the upstream velocity, buoyancy frequency, and domain height, respectively, is
considered. The results are consistent with other authors' calculations, and shed light on computation of

density-stratified flows in complex geometries.
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Fig. 1. Physical configurations and boundary

conditions for the flows over (a) a vertical barrier
and (b) a cosine hill.
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Fig. 2. Computational domain and grid system
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Fig. 3. Linear interpolation scheme for density
source/sink in case of p=0 at the wall; (a)
0<l<zy, (b) zy<l<zz Here C is the density
source/sink point. A and B are respectively, the
first and second grid points outside the body
surface.
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Fig. 4. Bilinear interpolation scheme for density
source/sink
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Fig. 5. Flow over the cosine hill, Re=100. (a)
Fr=co, K=00 (neutral flow); (b) Fr=3.180,
K=05; () Fr=1989, K=08; (d) F=1592,
K=1.0
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Fig. 6. Cosine hill, Re=100. (a) normalized
reattachment length; (b) normalized drag coefficient.
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3.2 Flow over the vertical barrier
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Fig. 7. Flow over the vertical barrier, Re=50. (a)
Fr=oc0, K=0.0 (neutral flow); (b) Fr=3.180,
K=05; (c) Fr=1989, K=0.8; (d) Fr=1.592,
K=1.0
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Fig. 8. Vertical barrier Re=50. (a) normalized
reattachment length; (b) normalized drag coefficient.
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