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We improve the immersed boundary-lattice Boltzmann method using the discontinuity of the stress tensor. In
the immersed boundary method, the body force which is applied to enforce the no-slip boundary condition is
equivalent to the discontinuity of the stress tensor across the boundary. In the stress tensor discontinuity-based
immersed boundary—lattice Boltzmann method, the boundary is expressed by Lagrangian points independently of
the background lattice points, and the discontinuity of the stress tensor is calculated on these points from desired
particle distribution functions which satisfy the no-slip boundary condition based on the bounce-back scheme.
In this study, we remedy two problems of the original method (i.e., penetration and spurious oscillation of local
force) by a smoothed-profile preprocessing and a relaxation of the bounce-back condition. In order to validate the
present improvements, we apply the improved method to simulations of typical benchmark problems, i.e., flows
around a stationary circular cylinder and particle migrations in a planar Couette flow. As a result, the present
improvements can remedy the two problems of the original method effectively, and the results obtained by the
improved method have a good agreement with other numerical results.
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Fig. 4: Streamlines in the flow past a circular cylinder
at Re = 40 for (a) the original method () and (b) the
improved method.
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Fig. 5: Distributions of (a) the pressure coefficient
Cp, and (b) the friction coefficient Cy on the circular
cylinder in a uniform flow. The numerical results by
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shown with the numerical results obtained by He and
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Table 1: Comparison of the drag coefficient Cp and the
wake length Ly, /Ds at Re = 20 and 40.

Re References Cb Ly, /Dy

20 Tritton (¥ 2.09 -
Coutanceau and Bouard (19) 0.93
Dennis and Cheng (20) 2.045 0.94
He and Doolen (1% 2.152  0.921
Taira and Colonius (21 2.07  0.94
Wu and Shu (22) 2.091 0.93
Original method ) 2.091 0.94
Present 2.064 0.96

40 Tritton (18) 1.59 -
Coutanceau and Bouard (19) 2.13
Dennis and Cheng (29 1.522  2.35
He and Doolen (1%) 1.550 2.25
Taira and Colonius (21 1.54  2.30
Wu and Shu (22) 1.565 2.31
Original method ) 1.568 2.36
Present 1.542 2.34

Table 2: Comparison of the drag coefficient Cp, the lift
coefficient Cp,, and the Strouhal number St of the vortex
shedding at Re = 200.

References Cp CyL St
Roshko (23) — — 0.19
Liu et al. (2% 1.31 £0.049 +0.69 0.192

Linnick and Fasel (?®)  1.344+0.044 40.69 0.197
1.354+0.048 +£0.68 0.196
1.4340.051 +0.75 0.195
1.46 +0.050 +0.74 0.196
1.374+0.048 +0.71 0.195

Taira and Colonius (21
Wang et al. (26)
Original method ()

Present
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Fig. 6: The domain of computation for the migration
of a particle in a planar Couette flow.
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Fig. 7: Lateral migrations of a circular cylinder in a
planar Couette flow for various initial positions.
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Fig. 8: Distributions of (a) the pressure coefficient C,
and (b) the friction coefficient Cy on the circular cylin-
der in a planer Couette flow. The numerical results

by the present method and the original method ®) are
shown with the numerical results obtained by Feng et
al.(27)
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