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In this study, we examine the validity of the double-population thermal lattice Boltzmann

method for calculating hydrodynamics with curved boundary in a wide range of Prandtl
number. The multiple-relaxation time collision models are applied to solve the Navier-
Stokes and energy equations for the Prandtl number (0.01 < Pr < 0.71). We proposed
the interpolated bounce back scheme using the quadratic polynomial interpolation for the
curved-boundary walls at constant temperature. In the numerical investigations including
the channel flows, the cylindrical Couette flows, and natural convection, the numerical
results of streamlines, isotherms show good agreement with those of the previous studies
or the existing theoretical work. We found that the three dimensional flows do not affect
the bifurcation phenomena, but interact with the periodic oscillatory flow in natural
convection.
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Fig. 1 Isotherm contour as calculated by using the IPBBs
in 2D channel flows.
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Fig.2 Relative errors in 2D channel flows.
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Fig.3 Numerical solutions of cylindrical Couette flows.
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Fig.4 Streamlines and isotherm contours for different val-
ues of R/L at Ra = 10*, Ra = 10°, and Ra = 10°. Stream-
lines and isotherm contours are shown on the left- and right-

hand sides, respectively.

3.3. Natural convection around a circular cylinder
inside a square enclosure
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Table 1 Surface-averaged Nusselt number and maximum
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3.4. Natural convection in the annulus between hor-
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Fig.5 Streamlines and isotherm contours of dual solutions

in two dimensions for Ra = 10*.
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Fig.6 Nusselt number as functions of Rayleigh number, and
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RN IZ B WT, R Ra $0% i X 7254 D Bifurcation i
RKOFEAEDOHBIZEEII Uz, 2 RITIE AR B AR5 i
EWT, LAY —HELET L, EESICAEN RS
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HENOHERBRIT2HENH L. £z, R (4) DI HIHE
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%. ARfFFEIE ISPS R 16K06070 DB % 3% 1) 724 O T
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