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In this study, the smoothed profile-lattice Boltzmann method is proposed to enforce the
Dirichlet type boundary conditions for thermal-hyperbolic systems. A smoothed-profile
with a smoothly spreading solid-fluid interface layer identifies the solid domain for non-slip
and non-penetration conditions. To satisfy the Dirichlet boundary condition, the present
scheme computes the interaction force and the heat transfer based on the high-order ac-
curate definitions of the fluid velocity and the temperature. The analytical and numerical
solutions for the symmetric shear flows demonstrate that the proposed method effectively
reduces the boundary-value deviation. In several two-dimensional numerical investiga-
tions including those determining the Couette flows, flow around a circular cylinder, and
natural convection, the numerical results of streamlines, isotherms show good agreement
with those of the previous studies or the existing theoretical work.
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Fig.1 Schematic diagrams.
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2.2. Smoothed Profile Method
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Fig. 2 Velocity and temperature profiles obtained through

calculation of the symmetric shear flows.
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Fig.3 Comparison of analytical and numerical solutions de-

pending on the relaxation time.
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Fig.4 Tangential velocity and temperature profiles as cal-

culated by the SP-LBMs in cylindrical Couette flows.
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Fig. 5 Relative error versus number of grid points in the

calculation of the cylindrical Couette flows.
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3.2. Cylindrical Couette flows
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Fig.6 Streamlines for flow past a circular cylinder at Re =
20 and 40. The thick line indicates the zero streamline. The

gray line indicates the surface of the circular cylinder.
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Table 1 Comparison of drag coefficient Cq, wake length
2L/D, separation angle 05, pressure coeflicient at the front
stagnation point Cp (), and pressure coefficient at the rear
stagnation point C,(0) as calculated by the proposed SP-
LBM and in previous studies.
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