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Simulation of thermal flows in porous media using the Lattice Boltzmann scheme
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The lattice Boltzmann method (LBM) is adopted to simulate natural convection in porous media at the
representative elementary volume (REV) scale. The influence of porous media is considered by including the
porosity into the equilibrium distribution function and by adding a force term to the evolution equation. The
temperature field is simulated by a simplified thermal energy distribution function which neglects the compression
work done by the pressure and the viscous heat dissipation. A comprehensive parametric study of natural
convective flows is carried out for various values of Rayleigh number (Ra), of Darcy number (Da), and of porosity
(¢). The results of the LBM indicate that the average Nusselt number (Nu) increases with the fluid Rayleigh
number, the Darcy number, or the porosity of the medium. The comparison with those of earlier studies shows
good quantitative agreement for the whole range of Darcy and Rayleigh numbers. It is reasonably concluded that
the lattice Boltzmann method may have applicability to simulate natural convection in porous media.
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Table 1. Comparison of present results with single phase fluid
results (€= 0.9999, Pr=0.72)

Ra 10° 10* 10° 10°
Davis[9] 0.116 2.238 4510  8.789
Nithiarasu[3] 0.127 2.245 4.521 8.800

Present (without)  1.1169 2.2430  4.5334 8.7654
Present (using) 1.1168 2.2427 4.5159 8.7885

Table 2. Comparison of present results with the Darcy-
-Brinkman-Forchheimer solutions (= 0.4, Pr=1.0)

Da Ra Nithiarasu [3] Present
102 10° 1.01 1.0072
10* 1.408 1.3627
10 2.983 3.0005
5% 10° 4.99 4.9871
107 10° 1.067 1.0642
108 2.55 2.5945

Table 3. Comparison of present results with the Darcy-
-Brinkman-Forchheimer solutions (£= 0.6, Pr=1.0)

Da Ra Nithiarasu [3] ~ Present
10 10° 1.015 1.0115
10 1.530 1.4935
10° 3.555 3.4467
5%10° 5.740 5.7498
10° 10° 1.071 1.0674
10° 2.725 2.7677

Table 4. Comparison of present results with the Darcy-
-Brinkman-Forchheimer solutions (¢= 0.9, Pr = 1.0)

Da Ra Nithiarasu [3] Present

10 10° 1.023 1.0170

10* 1.64 1.6337

10° 3.91 3.9250

5%10° 6.70 6.5673

10 10° 1.072 1.0701

' 10° 2.740 2.7854
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Fig.l Streamlines and isotherms for free convection in a
square cavity (Da= 102, Ra 10* £=0.6).
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