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Abstract. This paper presents numerical methods for the simulation of combustion processes in porous media using a 
1-step global mechanism. The model is based on a macroscopic formulation of the heat and mass transport equations 
for laminar flow.The effects of the model on temperature, and species are examined.  
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1. INTRODUCTION  

 
According to Pantangi et al. (2006), porous media combustion devices can be classified into two categories, one in 

which the combustion is fully confined within the pores of the porous structure and the other one in which the 
combustion takes place over the surface of the porous matrix. The first one is receiving more attention of researchers 
due to the numerous advantages, burning of lean combustible mixtures, higher ranges of flame stability, lower pollutant 
formation, etc. (Howell et al. (1996)). Systems based on fluidized bed combustion, in-situ combustion for oil recovery, 
household heating combustion, are just a few examples of such applications (Trimis and Durst (1996)). 

In most of the studies of premixed combustion within inert porous media the flow is assumed to be laminar and one-
dimensional, the change in the pressure across the flame is generally negligible compared to the absolute pressure, and 
the pressure is assumed constant (Baek (1989),Yoshizawa et al. (1988),Hsu et al. (1993),Neef et al. (1999)). The use of 
single-step global chemistry (Mohamad et al. (1994)) is common. The inadequacies of global kinetics are well 
recognized, Hsu et al. (1993) presents a comparison between one-step and multi-step chemistry.  

Studies on macroscopic transport modeling of incompressible flows in porous media have been based on the 
volume-average methodology for either heat or mass transfer.  

Because of important influence of lateral heat loss in porous medium burners, a two dimensional model is necessary. 
The present paper follows the foregoing works and presents a two dimensional mathematical model for laminar pre-
mixed flame combustion in porous media. Although in this work only one-dimensional plots are presented 
computations of a two-dimensional laminar pre-mixed flame of methane/air were run. The numerical methodology 
employed is based on the control-volume approach with a boundary-fitted non-orthogonal coordinate system. The 
reactor consists of a two-region burner with a small pore size upstream and a large pore size downstream in order to 
achieve steady combustion in the porous media, the flame can be stabilized at the interface between the two different 
porosity blocks. The effects of thermal power and radiation are discussed. Multi-step, dispersion and thermal 
nonequilibrium are subjects of ongoing investigations and will be addressed in subsequent papers. 

 

2. MACROSCOPIC TRANSPORT EQUATIONS 

 
2.1 Macroscopic continuity equation 

 
0. =∇ Du  (1) 

 
where,  is the average surface velocity (also known as seepage, superficial, filter or Darcy velocity). Equation Du

(1) represents the macroscopic continuity equation for an incompressible fluid. 
 

2.2 Macroscopic momentum equation 
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where the last two terms in equation (2), represent the Darcy-Forchheimer contribution. The symbol K  is the 
porous medium permeability,  is the form drag coefficient (Forchheimer coefficient),  is the intrinsic 
(volume-averaged on fluid phase) pressure of the fluid, 

55.0=Fc ip〉〈
ρ  is the fluid density and is a function of temperature, μ  

represents the fluid dynamic viscosity and φ  is the porosity of the porous medium. 
  

2.3 Macroscopic Energy Equation 
 
( ) ( ) { } fu

i
feff

i
Dfp HSTTc Δ+〉∇〈⋅⋅∇=〉〈⋅∇ φρ ,Ku                                                                          (3) 

 
where,  is the averaged temperature for both the solid and the liquid according to the concept of local thermal 

equilibrium Kaviany (1995), 

iT 〉〈
HΔ is the heat of combustion, Sfu is the rate of fuel consumption determined by a one-

step Arrehnious rate equation, to be shown below, is the effective conductivity tensor given by, effK
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where,   and  are the thermal conductivities for the fluid and for the solid, Kr is the local Rosseland mean 

attenuation coeficient, σ is the Stefan-Boltzmann constant.  
fk sk

 
2.4 Macroscopic Mass Transport Equation 
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where mfu  is the local mass fraction for the fuel. The effective dispersion tensor, Deff , is defined as:  
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where Ddiff is the macroscopic diffusion tensor,  
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2.5 Combustion model 

 
Premixed fuel and air enter the system which is characterized by two regions having different porosities. The region 

at the upstream end has a lower porosity than the one at the downstream end which works as a combustion chamber. 
The combustion reaction is assumed to occur in a single step according to the chemical equation 

 

2222224 )1(52.722)76.3)(1(2 NOOHCONOCH Ψ++Ψ++⎯→⎯+Ψ++  (8) 
 
where, ψ is the excess air in the reactant stream at the inlet of porous foam and is related to the equivalent ratio Ф 

by, 
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 where, 
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 The ratio of fuel consumption is given by, 
 

]/exp[2 i
a

i
Ox

i
fufu TREmmAS 〉〈−〉〈〉〈= ρ  (11) 

 
where, A is the pre-exponential factor, Ea is the activation energy and R is the universal gas constant. The gas 

density is updated using the ideal gas equation in the form, 
 

iTRP 〉〈= *
0 /ρ  (12) 

         

where, P0 is a reference pressure, which is kept constant during the relaxation process, and  and M is 
the gas molecular mass. 

MRR /* =

 

3. NUMERICAL MODEL 

 
The governing equations were discretized using the finite volume procedure Patankar (1980) with a boundary-fitted 

non-orthogonal coordinate system. The SIMPLE algorithm for the pressure-velocity coupling was adopted to correct 
both the pressure and the velocity fields. The process starts with the solution of the two momentum equations. Then the 
velocity field is adjusted in order to satisfy the continuity principle. This adjustment is obtained by solving the pressure 
correction equation. A computational grid of 266x14 nodes is used in x- and y-direction. 

 

4. RESULTS AND DISCUSION 

 
4.1 Geometry and coordinate system 

 
Figure 1 presents the geometry of the porous media burner consisting of two distinct regions with different 

porosities and permeability. The gas mixture enters at the inflow boundary at the left, and the combustion products 

leave the burner at the outflow boundary at the right. The walls are impermeable and isolated. The porosity 1φ  is 

smaller than 2φ . All numerical parameters are found in Table 1, the activation energy and the pre-exponential factor 
were obtained from Mohamad et al. (1994). 

 

 

Figure 1. Geometry of a porous inert media burner and coordinate system. 
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4.2 Boundary conditions 
 
The following boundary conditions are imposed on the solution: 
 
at x=0, u= uin , v=0, = TiT 〉〈 in, = mi

fum 〉〈 fu,in, (13) 
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where, u and v are the components of Darcy velocity vector in x and y. The non-slip condition for velocity is applied 
on both walls.  

 
4.3 Temperature, concentration, and volumetric rate of fuel consumption profiles 

 
Figure 2 presents the temperature, mass fraction of fuel, volumetric rate of fuel consumption profiles and a 

comparison with an experiment obtained by Pereira (2002) for a two-dimensional axisymmetric  geometry with an inlet 
velocity of 0.40 m/s, an excess air ratio of 0.67, and an inlet temperature of 335 K. The values for the one dimensional 
plots were taken at the center line of the combustor.  

The profiles indicate that the effect of the porous matrix on the flame structure is the increase of the flame thickness 
due to the high conductibility of the solid phase.  

 
Table 1. Operating Conditions 
 

                      Quantity                                                             Value 
       Activation energy  (J/mol) - Ea                                           130x103 
     Pre-exponential factor in reaction rate – A (m3/kg.s)           3.0x108   
       Length of the combustor – L (cm)                                          8 
                    H (cm)                                                                        4 
                    R (kJ/kmol.K)                                                        8.3145       
                    R* (kJ/kgK)                                                             0.301 
                    P0 (kN/m2)                                                             101.325 
                  mfuel,in                                                                       

0.033784 
                  Tin (K)                                                                          335 
Matrix 1:   
                 K1  (m2)                                                                0.1477E-07 

                1φ                                                                                 0,86 
Matrix 2: 
              K2 (m2)                                                                    0.3698E-06   

                2φ                                                                                 0,90 
 
Figure 3 presents the pressure drop at the center line of the combustor where, 
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 The inflexion point at the abscissa x/L=0,5 represents the interface between the two porous materials. It was 

observed with additional simulations that the combustion affect the pressure drop slightly when compared with the flow 
without combustion. 
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Figure 2.Axial temperature, mass fraction of fuel, volumetric rate of fuel consumption profiles, and a comparison 

with temperature fields obtained experimentally by Pereira (2002), y/H=0.5, Ψ=0.67, uin=0.4 m/s. 
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Figure 3. Pressure drop at the center line of the combustor, uin=0.4 m/s. 
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4.4 Effect of inlet velocity on Temperature Profile 
 
Figure 4 presents the effect of increase of inlet velocity on temperature profile for a rectangular adiabatic burner 

with an excess air ratio of 0.67. The figure indicates that, for laminar flows, the flame moves downstream and stabilizes.   
Note that decreasing the inlet velocity decreases the temperature, increasing the excess air ratio decreases the 

temperature also. 
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Figure 4. Temperature profiles for different inlet velocities, Ψ=0.67. 
 
 

4.5 Effect of the radiation  
 
      In an optically dense medium the diffusion approximation can be applied, the effect of Rosseland mean 

attenuation coefficient of the matrix 1 is presented in figure 5. In the radiative diffusion approximation the radiation is 
computed like an increase in the effective conductivity. For a combustion occurring  inside a ceramic, with a small solid 
conductivity like Zirconium Oxide plus Aluminum Oxide, with a porosity of 0,86, an extinction coefficient around 500 
(1/m), and Ψ=0.67, the conductivity due to radiation can represent more than 80% of the total conductivity. Hence, 
radiation within the porous media cannot be neglected.  

    In figure 5 the flame stabilize close to the center of the reactor to an extinction coefficient of 2000 and 3000 
(1/m), but, to a smaller value like 1000 the characteristic time of conduction in the matrix 1 is very short making that 
the flame stabilize close to the entrance of the reactor. 

  The lost of heat at the outlet due to the radiation decreases the field of temperature close to the outlet of the reactor. 
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Figure 5. Effect of the Rosseland mean attenuation coefficient at the matrix1. 
 

5. CONCLUSION 

A mathematical model has been developed, and numerically obtained results compared with available experimental 
data for a porous burner. Temperature and concentration of fuel profiles, flame location, pressure drop, and the effect of 
radiation have been predicted. Numerical results compare reasonably well with the experimental data.  

The model can be used to predict the fields of temperature, mass fraction of the fuel, pressure drop, velocity and the 
effect of the increase of the power in a two dimensional steady-state combustion problem within porous inert media, 
better the precision of the values of the physical properties, better results will be obtained. Further work will be carried 
out in order to simulate pollutants formation in a porous burner.  
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