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Lattice Boltzmann simulation of convection heat transfer in a cubic
cavity with different local cold and hot wall conditions
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Abstract: Based on the lattice Boltzmann method, the multiple-relaxation-time (MRT) model was
selected to simulate the three-dimensional natural convection heat transfer in a cubic cavity with local
hot and cold walls. The D3Q19 model and the D3Q7 model were used to describe the velocity field and
temperature field, respectively. The effects of different Rayleigh numbers Ra (103SRaS 105) and local
hot and cold wall position on the natural convection in the three-dimensional cubic cavity were studied.
The results reveal that the arrangement of the hot and cold walls has a significant effect on the flow heat
transfer, and the larger the Ra, the more obvious the effect. The strongest natural convection heat

transfer capacity is obtained by Case 5 with the hot and cold walls in the middle position. As the Ra
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increases gradually, the natural convection ability increases and the streamline becomes more

complicated. Under the same working case, with the increase of Ra, the average Nusselt number Nu,,

also increases gradually, and the heat transfer capacity is stronger. The Nu,, value of Case 5 is the

largest at the same Ra, indicating that its natural convection heat transfer capability is the strongest.

Keywords: Boltzmann simulation; multiple-relaxation-time model; natural convection; 3D cubic

cavity
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Fig.1 Physical models with different hot and cold wall positions in a cubic cavity
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Tab.1 Boundary conditions for the five different cases

T T
X=0,H;U=V=W=0
Y=0H;U=V=W=0
1—5 Z=0,H;U=V=W=0
Z=0,00/0Z=0,Z=H,00/0Z=0
X=0,00/0X=0, X=H,00/0X=0
Y=0,05<2Z<10,0=1Y=H 0<Z<0.5,0=0
! {Y:O, 0<Z<05,00/0Y=0;Y=H,05<Z<1.0, 00/3Y =0
Y=0,05<Z<1.0,0=1;Y=H, 0<Z<0.5, 00/3Y =0
2 {Y:0,0<Z<0.5, 00/0Y=0.Y=H,05<Z<1.0,0=0
Y=0,05<Z<1.0,00/0Y=0,Y=H, 0<Z<0.5, 80/3Y =0
3 {Y:o,0<Z<0.5,@:1;Y:H,0.5<Z<1.0,@:0
Y=0,05<Z<10, 00/0Y=0;Y=H, 0<Z<0.5,0=0
4 {Y:O,OsZso.s,@:1;Y:H,0.5<Z<1.0, 00/0Y =0

5 Y=0,0<Z<025& 0.75<Z<0.1, 00/0Y=0; Y=H, 025<Z<0.75,0=0
Y=H 0<Z<025 & 0.75<Z<0.1, 060/3Y =0; Y=0,025<Z<0.75, 6=1
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Fig.7 Streamline results of case 5
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Tab.3 Average Nusselt number Nu,, on the hot wall at
different cases
Ra T 1 Th 2 T3 T 4 TS
10° 1.392 1.443 1.298 1.373 1.712
10° 2.032 2.384 2.713 2.530 3.022
10° 3.065 4.920 5.516 5.190 6.313
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