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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, a Lattice Boltzmann Method (LBM) has been developed to calculate the distribution of a
Received 31 July 2016 scalar quantity, like temperature, in a natural convection flow field under the condition of varying fluid
Accepted 07 November 2016 thermal conductivity. The standard form of an LBM usually considers the fluid properties to be constant

Auvailable Online 18 December 2016 . . . . . S
vl : without any source term in conservation equations. The model developed is to account for variation of

thermal conductivity with temperature in the presence of an external heat source. The proposed model

Keywords: X . A . . I .

Erg'or analysis has been examined against various case studies. It is shown that it is capable of modeling the extremely
Lattice Boltzmann method nonlinear problems. To magnify the nonlinear term in the natural convection case under study, the
Variable thermal conductivity radiation and other thermal sources have been used. The multiple relaxation time scheme has been

Natural convection applied to assure the solution stability. Using Chapman-Enskog analysis, the error associated with the

proposed model has been estimated. The part of error which was not due to variations in the fluid
properties may be eliminated by introducing a correction term in higher order terms in Chapman-
Enskog analysis. In addition, it has been shown that the correction term associated with the fluid
conductivity variations create an error of second order in terms of Knudsen number and is negligible.
The present LBM model has an error of the second order of magnitude with respect to time.
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Fig. 7 Comparison of temperature profile (T/T,) between current model
and Mishra et al. [26] on the central line of domain for various aspect
ratio and N=0.01 and ®=0.5
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Table 2 Comparison of Nusselt Number between with and without
correction term model

(NU) cdug sas
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7.688 7.743  Ra=500,000, y=0.1
8.161 8.181  Ra=500,000,7=0.3
8.601 8632  Ra=500,000,7=0.5
9.041 9.065 Ra=1000,000, y=0.1
9.687 9.713  Ra=1000,000, y=0.3

10.165 10.194  Ra=1000,000, y=0.5

12 o plads 16 055 1395 il s rde lSe uwdige

New LBM, =1, 2and 3 (s), ¥y = 50

Implicit Finite Volume Method, = 1(5). . ¥ = 50
Implicit Finite Volume Method, = 2(s). ., ¥ = 50
Implicit Finite Volume Method, = 3(s). . y = 50

I..-
Ty @
\ ¥

€  NewIBM. ~1(s), y = 0,25 and 50
08\ @ Implicit Finite Volume Method, = 1(s). ¥ = 0
O Implicit Finite Volume Method. = 1(s), ¥y = 25
osl- Implicit Finite Volume Method, = 1(s). y = 50

04}

02

0.
(b)
Fig. 5 Temperature contour in the first half of the horizontal line
through the middle of the square, calculated by current model and
implicit finite volume method, for below conditions:
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Fig. 6 Relative error for standard and corrected lattice Boltzmann
method for one dimensional problem with ums=1.0, y=0.08 and w=n/5
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Fig. 8 Isothermal lines for steady condition with Ra=1000,000 by
variable thermal diffusion assumption (solid line: with correction term,
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Fig. 9 Results for 61x61 grids, Ra=1.8x10° and Pr=0.71 (a) temperature
profile (b) comparison of temperature and velocity profile between
current simulation and Barakos et al. results [27]
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