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We combine the thermal Lattice Boltzmann Method (LBM) with the Smoothed Pro-
file Method (SPM) to calculate the heat transfer in particulate flow. The SPM uses a
smoothly spreading solid-fluid interface layer for avoiding complicated interpolation. In
the numerical calculation of natural convection between a hot circular cylinder and a cold
square enclosure, the numerical results of streamlines, isotherms, and Nusselt numbers
show good agreement with those of the previous studies. The accuracy of the heat trans-
fer computed by the present method depends on the width of the solid-fluid interface and
on the relaxation parameter. We demonstrate that this method gives reasonable results
for the sedimentation of a cold particle in a vertical channel filled with hot fluid with
thermal convection, and show the applicability of the method to particulate flows with
heat transfer.

Key Words: Lattice Boltzmann Method, Smoothed Profile Method, Thermal-Hydraulics

JASCOME

Smoothed Profile Method 1 [0 [0 0O 0 Lattice Boltzmann

NUMERICAL ANALYSIS OF THERMAL-HYDRAULICS BY LATTICE BOLTZMANN METHOD

(0 930-8555 O 0O0OO0 3190, E-mail: m1171209@ems.u-toyama.ac.jp)
2)00000o0oo00o00o0 (o) (O0930-8555 O OO0OOO 3190, E-mail: seta@eng.u-toyama.ac.jp)

1. 0000

0000000 (Immersed Boundary Method, IBM)(l) O
000000000000000000000000000
000D000000000000000 (Lattice Boltzmann
Method, LBM)? 00000000000 0000000
Navier-Stokes(NS) OO0 O 0OO0OOOO0OO0OOOIBMOOOO
O O Immersed Boundary-Lattice Boltzmann Method (IB-
LBM) 0000000000 ®oooooIBMOOOOO
00000000000000000000000000
000000000D00000000000000000
0000000000000 000000Smoothed Profile
Method(SPM)¥) 0 0000000000000 O00O0O00
0000000000000000000000000000
000000000D0000000D00000000000
000000000000000000000000SPMO
LBMOOOOODOOO Smoothed Profile-Lattice Boltzmann
Method(SP-LBM) 0 000 0000000000000

2. Smoothed Profile-Lattice Boltzmann Method

20110 90 28000020110 110 8000

2.1. Lattice Boltzmann Method
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2.2. Smoothed Profile Method
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Fig.1 Schematic diagram of whole computational domain

with concentric cylinders.
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Fig.2 Profiles of the temperature at the horizontal central

plane y = 100Az.
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Fig.3 Schematic diagram of the annulus between concentric

circular and square cylinders.
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Fig.4 Dependence of the Nusselt number on the interface

thickness.
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Table 1 Comparison of surface-averaged Nusselt number.
Present
L f. f.[1
Ra R/ £=20 =25 Ref.[9] Ref.[10]
0.1 2.322 2.128 2.071 2.08
10+ 0.2 3.651  3.341 3331 3.24
0.3 6.104 5.584 5.826 5.40
0.1 4.308 3.944 3.825 3.79
10° 0.2 5.626 5.123 5.08 4.86
0.3 7.237 6.595 6.212 6.21
or - (v
Nu-—a—n " NU_W/O Nu ds. (24)
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Fig.5 (a) Streamlines; (b) Isotherms.
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Fig.7 Longitudinal coordinates of a particle in a channel.
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(a) Gr=0 (b) Gr =100
Fig. 8 Isotherms for a cold circular particle settling in a

vertical channel.
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