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A STUDY ON THE CHOICE OF THERMAL MODELS IN THE COMPUTATION OF NATURAL
CONVECTION WITH THE LATTICE BOLTZMANN METHOD

Seok-Ki Choi™* and Seong-O Kim®

A comparative analysis of thermal models in the lattice Boltzmann method(LBM) for the simulation of laminar
natural convection in a square cavity is presented. A HYBRID method, in which the thermal equation is solved by
the Navier-Stokes equation method while the mass and momentum conservation are resolved by the lattice Boltzmann
method, is introduced and its merits are explained. All the governing equations are discretized on a cell-centered,
non-uniform grid using the finite-volume method. The convection terms are treated by a second-order
central-difference scheme with a deferred correction method to ensure stability of the solutions. The HYBRID method
and the double -population method are applied to the simulation of natural convection in a square cavity and the
predicted results are compared with the benchmark solutions given in the literatures. The predicted results are also

compared with those by the conventional Navier-Stokes equation method.

In general, the present HYBRID method is

as accurate as the Navier-Stokes equation method and the double-population method. The HYBRID method shows
better convergence and stability than the double-population method. These observations indicate that this HYBRID
method is an efficient and economic method for the simulation of incompressible fluid flow and heat transfer

problem with the LBM.
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Fig.1 Velocity directions of D2Q9 model
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Fig. 2 Natural convection in a square cavity
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Table 1 Comparison of predicted results
Ra=10° Ra=10" Ra=10° Ra=10°
De Vahl Davis (1983) 3.649 16.718 34.730 64.630
Hortmann et al. (1990) - 16.176 34.740 64.837
U Kuznik et al. (2007) 3.636 16.167 34.962 64.133
max NSEM 3.647 16.177 34.762 64.815
HYBRID 3.643 16.155 34,711 64.797
DPLBM 3.643 16.160 34.808 64.938
De Vahl Davis (1983) 0.813 0.823 0.855 0.850
Hortmann et al. (1990) - 0.825 0.837 0.850
v Kuznik et al. (2007) 0.809 0.821 0.854 0.860
max NSEM 0.811 0.820 0.846 0.846
HYBRID 0.811 0.820 0.855 0.855
DPLBM 0.811 0.820 0.855 0.855
De Vahl Davis (1983) 3.697 19.617 68.590 219.360
Hortmann et al. (1990) - 19.629 68.639 220.461
v Kuznik et al. (2007) 3.686 19.597 68.578 220.537
max NSEM 3.695 19.614 68.623 220.613
HYBRID 3.692 19.616 68.727 221.297
DPLBM 3.692 19.502 68.621 220.714
De Vahl Davis (1983) 0.178 0.119 0.066 0.038
Hortmann et al. (1990) - 0.120 0.066 0.039
X Kuznik et al. (2007) 0.174 0.120 0.067 0.038
max NSEM 0.180 0.122 0.066 0.038
HYBRID 0.180 0.122 0.066 0.037
DPLBM 0.180 0.122 0.066 0.037
De Vahl Davis (1983) 1117 2.238 4.509 8.817
Hortmann et al. (1990) - 2.245 4,522 8.825
Nu Kuznik et al. (2007) 1.117 2.246 4.518 8.792
U NSEM 1.117 2.244 4,521 8.829
HYBRID 1117 2.244 4,521 8.827
DPLBM 1.117 2.244 4.521 8.833




Lattice Boltzmann & A3 AAdF oA dude]...

A16¢H, A4, 2011. 12 / 11

2~
T
Al 3719k A X (location), 8 SA41A(y/L=0.5)°l41 2]
e8] A7l A, 2 A 92 2 W
9] 3t Nusselt 9] el gk Vahl Davis[13]Z
Hortmann et al.[14]¢] benchmark 3|7} A8t 2 odtol A
Reyleigh 57} 10°, 10, 10° 2 105¢1 7Z$-o gk Axk
Z=8)5}o] benchmark &<} v atsic.
Table 12 Navier-Stokes W44 HH(NSEM), ©]a-=3E ek
S|4 H(DPLBM) = HYBRID "ol <3t sj&Ax=
benchmark 3 2 71¥<] Lagrangian FEfe] LBM3} o] F-8E
St S AFES Kuznik et al[3]9] AxEzel g7 B
o gtk B AFA] AMEE 122122 Rt AR}
2 $JollA AF3E BE Reyleigh 52] dXolA 4=X4x12]
29} F#3- 3li(grid independent solution)E & 4 UL,
2 Ao 3o AlkE 352 B benchmark 39k <
Z7F 1 % PRkelE e 4 vk 2 A5 fEkA A el
7]%3k LBM®] HYBRID "3} DPLBMo2 AMte aﬂr~
o] FUZ FAAAZ AE-E NSEMel| ©)e Azfe} 4 3ws}
ks AR LBMO AE3E BAFE & o]
7)ol AFeE Fas FHE LBMo 25k 71]@& T4
V&
*

ru{o rir

s7h uf2 WAl Ao tiFe Ml wle- 4

== ARdolth B ko] Z71dAlelAE vl wiu
M did AEEez 149 AHIEE zhe AT
(upwind scheme)= ARE3sla, YA Jox= 23k
& ZHE HLPA siH[15]< A}&;}Oﬂ olgst W
= diFds A 19 At 04 ylFell Hikek
FEo] EABh: 499 fEddel de] A= Wl
2 AFME NSEME ARS8 A9-ol= Agst slg s
o Aol ¢ty 2@y 2 A5 HYBRID iz
DPLBM2] &|1A R Rayleigh T7} 10991 ZSoll= FX AR
of g} ek B|E F8l] flete] 256 256°] APt H e
SFt) o] FAE sl S8t A AlLtd el 2xke] A
Seg zhe FYREHES ARSSRTE okelA AFE nket
ol FYAEYY AR MMEE $X73 EQPAS
Khosla®} Rubin[10]9] =% 1.2d"(deferred correction method)
S AMgete] SAskeitl olelgk WMo R HYBRID Wt
DPLBM2] 314 A¥}7} NSEMS| 74-9-9 FUshl 122122
HITtd AzLE ALgsld e AR Fae slE 7 5
AATE olEet LBMO AT FALAHAE(A (@)-(G)e°l
hyperbolic3 A48 zv7] wliel Aoz A4t} & LBMS

’,_,1 ; Ifﬁ[f

(c) Ra=10° (d) Ra=10°
Fig. 3 Isotherms predicted by HYBRID method
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(c) Ra=10° (d) Ra=10°
Fig. 4 Streamlines predicted by HYBRID method
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