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In this paper the coupled lattice Boltzmann model is developed for simulation of multi-step
combustion mechanism of methane jet diffusion flame. The lattice Boltzmann scheme employs
the double-distribution-function model, one distribution function for solving flow field and
another for temperature and species concentration fields. The density and temperature fields are
coupled through low Mach number flow field. The solution parameters such as species properties
and rate of chemical reactions are adjusted in each time step according to temperature and
concentration of species variations. Using combustion mechanisms instead of one step fast
chemistry reaction and considering effect of temperature and species concentration on solution
parameters are the main advantages of the developed model. For validation of the model, four-
step reduced mechanism with six species is used for simulation of combustion in methane jet
diffusion flame configuration. Results show that the developed model predicts the concentration
of chemical species and flame temperature with good accuracy. It is important to note that the
relaxation time in lattice Boltzmann equation must be function of both temperature and space to
gain these results. Variation of the relaxation time eventuate in divergence of solution in usual LB
Models. To overcome this problem the time steps are adjusted according to temperature
variation. Agreement between the present results and experimental data confirms that this
scheme is also an efficient numerical method for more detailed combustion simulations.
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Table 1 Forward rate constants (as Tb e-E/RT (Units kg, m, s, kmol, cal, K) 
A b E

 0.44×1012 0 30000
0.30×1009 0 30000
0.68×1016 -1 40000
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Fig. Computational domain and boundaries 
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Fig. 2 Methane mole fraction contours. The lines (a, and c) show the cross
sections at which the concentration profiles are calculated. 
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Fig. 3 Temperature contours. 
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Fig. 4 Density contours.
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Fig. 5 Velocity Vectors. 
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Fig. 6 Mole fraction pro iles established 1.2 cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21]. 
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Fig. 7 Mole fraction pro iles established 2.4 cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21]. 
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Fig. 8 Mole fraction pro iles established 5.0 cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21]. 
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Fig. 9 Temperature pro iles established 1.2 cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21]. 
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Fig. 10 Temperature pro iles established 2.4 cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21]. 
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Fig. 11 Temperature pro iles established cm above the inlet. Solid lines
denote LBM computed profiles. Dashed lines are theoretical profiles and
triangle symbols are experimental data from reference [21] 
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