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Abstract

The study of combustion waves during the filtration of lean methane–air mixtures in inert porous media is carried out using the one-
temperature approximation in a semi-infinite canal. The analytical solution is built in three different regions, the pre-heating region, the
reaction region and the region occupied by the combustion products. By means of the solution, the temperature and mass fraction pro-
files of the methane are built for three regions, as well as the longitudinal extension of the reaction region, the ignition temperature of the
mixture and the combustion wave propagation velocity in the system. The results obtained are validated by means of comparisons with
the known numerical and analytical solutions and experimental results found in literature. Finally, an analysis of the built analytical
solution in terms of five dimensionless parameters is made, which define heat and mass transport in mathematical model.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently, the combustion of gas in porous media has
been the focus of numerous researchers who work in the
areas of combustion and the environment due to its inter-
esting industrial applications [1–4] such as: oil extraction,
infrared burners and heater development, ceramic materi-
als synthesis, porous catalysts, grounds polluted by toxic
organic shedding recuperation, destruction of volatile
organic compounds (VOC) in air, hydrogen production,
diesel engines, and pollution control. The process by which
the region of exothermic chemical reactions propagates
along inert porous media must be viewed within the frame-
work of combustion waves in these types of media as pre-
sented schematically in Fig. 1.

It is known from the literature [5–7] that during gas mix-
ture combustion in inert porous media, combustion waves
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that move up-stream or down-stream along the system can
be observed. The direction of these movements depends
generally on the physical properties of both solid and gas
as well as the initial speed, temperature and excess air of
the mixture. Conjugating these parameters, movement
speeds of said waves are achieved that are much lower to
those of gas and the temperature profiles showing a very
pronounced maximum in the reaction region.

Due to the active participation in this process of both
the porous media and the reacting gas, three characteristic
regions can be identified inside the porous media. There is a
region in front of the combustion region, where reacting
gases are mixed in naturally and pre-heated using heat lost
by the porous media. At the entrance of this region, the
temperature, the gas speed and the equivalence ratio are
controlled. At the same region of the porous media,
0 < z < l1, the gaseous mixture is inflamed as a result of a
pre-heating of a the porous media zone of several centime-
tres in length by an external heat source (for example, an
electrical resistance). The second region is a luminous tight

mailto:kdob@itmo.by


Reaction Region Porous Media

Products Z

Methane + Air

Pre-Heating

Region
l1

Fig. 1. Scheme of the considered physical problem.

Nomenclature

a heat transfer coefficient [W/(m2 K)]
Cp specific heat [J/(kg K)]
d diameter of glass tube [m]
dp diameter of the solid alumina spheres [m]
D molecular diffusion coefficient [m2/s]
E/R activation energy [K]
h convection heat transfer coefficient [W/(m2 K)]
hc heat of chemical reaction [J/kg]
K pre-exponential factor [s�1]
T temperature [K]
t time [s]
ug average interstitial gas velocity [m/s]
uFC combustion wave velocity [m/s]
w mass fraction of species, dimensionless
x spatial distance in moving coordinates [m]
x dimensionless spatial distance
z spatial distance [m]

Greek symbols

bv effective coefficient for heat exchange with sur-
roundings [W/(m3 K)]

e porosity, dimensionless
e 0 emissivity, dimensionless
e00 transmissivity factor, dimensionless
u coefficient of excess air, dimensionless
k thermal conductivity [W/(m K)]
h dimensionless temperature
q density [kg/m3]
r Stephan–Boltzmann constant

Subscripts

g gas
s solid
0 inlet
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one, and represents the chemical reaction region which
moves in the same direction or against the gas flow, and
it is here where a huge amount of enthalpy is absorbed
by the porous media and directed to the first region where
the fresh mixture enters. Because of the big specific surface
of the porous media, this last region delivers energy to the
incoming gas mixture which is transferred by convection to
the reaction region. Thus, heat regeneration occurs which
implies an enthalpy excess at the chemical reaction region
and a partial increase of the front temperature, which can
exceed the adiabatic temperature [8,9]. Moreover, the mass
transport by diffusion and the heat transport by thermal
radiation are considerable at this region. Finally there is
a third region which is placed forward of the front, and
has combustion products, which actively exchanges con-
vection heat with the porous media leaving the system at
almost ambient temperature. These systems are character-
ized by the presence of two dynamic fronts, one is the
chemical reaction front and the other is the high tempera-
ture front. As a result of the adequate selection of geomet-
ric properties, dynamic flows and thermal parameters, the
two fronts can superimpose and intensify reciprocally.

Today, gas combustion in inert porous media is inten-
sively studied. There are numerical [10,11], analytical
[12,13] and experimental studies [9,14,15] of the topic,
where relations are established like formulas or graphics
between major properties of a combustion wave as the
highest temperature, the speed and the movement direction
of the wave and biphasic system physical properties and
conditions at system entrance. In spite of this, there are rel-
atively few studies of the mixture ignition temperature in
the biphasic system and the chemical reaction region thick-
ness. Normally, to inflame a mixture in the numerical stud-
ies [16], a temperature not inferior to the required is
imposed on a region of several centimetres of extension
in the inert porous media. However, in practice, it is very
important to know the precise value of this temperature,
because higher temperatures compromise solid materials
and originate toxic gases. In analytical solutions, combus-
tion region thickness is normally ignored in order to be
able to integrate the energy equation, in which the right
side has an extremely non-lineal term.

Akkutlu and Yortos [17] study the properties of forward
combustion fronts propagating at a constant velocity in
the presence of heat losses. Heat losses are assumed to
be relatively weak and they are expressed using two
models: (1) a convective type, using an overall heat transfer
coefficient; and (2) a conductive type, for heat transfer
by transverse conduction to infinitely large surrounding
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formations. Like result, they develop expressions for tem-
perature and concentration profiles and the velocity of
the combustion front, under both adiabatic and non-adia-
batic conditions, in analytical form. An explicit expression
is also obtained for the effective heat transfer coefficient in
terms of the reservoir thickness and the front propagation
speed. This coefficient is not only dependent on the thermal
properties of the porous medium but also on the front
dynamics.

Shkadinsky et al. [18] demonstrate the existence of both
one and two stationary reaction zone structures which arise
in filtration combustion in a moving porous medium.
Using the narrow reaction zone approximation, they derive
approximate analytical expressions for the principal com-
bustion characteristics, including the combustion tempera-
ture, the temperature and depth of solid conversion at
the first reaction zone, the locations of the reaction zones,
the inlet and outlet oxidant fluxes, as well as profiles for the
spatial distributions of pressure, temperature, and depth of
conversion, corresponding to the stationary reaction zone
structures.

Foutko et al. [12] present an analytical solution of this
combustion wave assuming that the reaction speed in the
combustion region is infinite and that the longitudinal
extension of said region is null. Nevertheless, the construc-
tion of an analytical solution is here achieved without the
help of those last two assumptions. It is known [19,20] that
for bigger extension of the combustion region, the higher
the production of NOx at front and, consequently, it would
be interesting to find out about the dependence of the
thickness of that region on the rest of the physical para-
meters involved at the studied problem.

In this paper, the study of combustion waves during the
filtration of lean methane–air mixtures in inert porous
media is carried out using a one-temperature approxima-
tion in a semi-infinite canal. The analytical solution is built
in three different regions: the pre-heating region, the reac-
tion region and the region occupied by the combustion
products, and requires one external entry parameter: the
ignition temperature of the mixture. By means of the solu-
tion, the temperature and mass fraction profiles are built
for the three regions, as well as the longitudinal extension
of the reaction region and the combustion wave propaga-
tion velocity in the system. The results obtained are
validated by means of comparisons with the known numer-
ical and analytical solutions found in literature and with
some experimental results. Additionally, based on Seme-
nov thermal exposition analysis [21], an analytical develop-
ment of mixture ignition temperature in inert porous media
is made, and a parametric study is carried out of combus-
tion wave properties as a function of dimensionless para-
meters defined at the mathematical model.

2. Basic equations and boundary conditions

The physical situation for which the mathematical
model is built is represented in Fig. 1. It is assumed that
the semi-infinite porous canal is made up of 5.6 mm diam-
eter alumina spheres forming an e = 0.4 porosity between
particles. Other physical properties of the material are:
specific heat Cp,s = 1300 J/(kg K), mass density qs = 2500
kg/m3, and the thermal conductivity ks = 1.3 W/(m K)
which is considered to be large relative to that of the gas
mixture. The heat transfer between the system and the
environment occurs only through the porous media by
natural convection and thermal radiation, and the effective
coefficient for heat exchange with the surroundings, bv,
W/(m3K), is found from the next energy balance applied
to a cylindrical control volume of diameter D and dx long:

½hðT � T 0Þ þ e0 � e00 � r � ðT 4 � T 4
0Þ� � dx � p � D

¼ bv � ðT � T 0Þ � dx � p � D
2

4
ð1Þ

Then

bv ¼
4

D
hþ e0 � r � e00 T

4 � T 4
0

T � T 0

� �
ð2Þ

where e 0 = 0.45 is the emissivity of the solid spheres,
e00 = 0.38 is a transmissivity factor for the tube material,
h = 10 W/(m2 K) is the heat transfer coefficient and r is
the Stefan–Boltzmann constant. The previously pre-mixed
methane–air gas enters thorough section z = 0 with excess
air equal to u and an initial temperature T0 and gas speed
ug. In addition, the mass density of the gas is qg = 1.13
kg/m3 and the specific heat is Cp,g = 1100 J/(kg K). The
flow is one-dimensional; the gas is incompressible and
obeys the perfect gas law that assumes a local thermal
equilibrium between the solid and the gas phases. For the
species diffusivity, we assume that the molecular Lewis
number is unity:

kg

qg � Cp;g � D
¼ 1 ð3Þ

It is assumed that the physical properties of both gas
and solid are constant. In the initial part of the canal the
mixture inflames and a narrow reaction region appears
with a width equal to D which, after reaching section
z = l1, begins to move down-stream with a permanent
speed of uFC� ug. The combustion of the mixture is
described by means of the global chemical reaction in a sin-
gle step:

CH4 þ 2ð1þ uÞðO2 þ 3:76N2Þ
! CO2 þ 2H2Oþ 2uO2 þ 7:52ð1þ uÞN2 ð4Þ

where u represents the proportion of excess air in the reac-
tant streams at the inlet to the system. The reaction rate is
considered to obey the first-order Arrhenius equation with
an activation energy of Ea/R0 = 15643.8 K and a pre-expo-
nential factor K = 2.6 · 108 s�1. The entire region over the
z-axis is divided into three regions: the gas pre-heating re-
gion, 0 6 z 6 l1; the reaction region, l1 6 z 6 l1 + D; and
the region occupied by the combustion products,
l1 + D < z 61.
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One of the purposes of the present study is the con-
structing of the temperature T(t, z) and methane gas mass
fraction w(t, z) profiles as well as the reaction zone move-
ment speed values uFC and the width of the reaction region,
D. As a result of these work assumptions, the mathematical
model treated is

ow
ot
þ ug

ow
oz
¼ o

oz
D

ow
oz

� �
� K � w � e�E=R�T ð5Þ

½ðqCpÞg þ ðqCpÞs�
oT
ot
þ ugðqCpÞg

oT
oz

¼
o ks

oT
oz

� �
oz

� bvðT s � T 0Þ þ hc � q � w � K � e�E=R�T ð6Þ

The boundary conditions are

z ¼ 0 : T ¼ T 0;w ¼ w0 ¼ 1=ð1þ 17:16ð1þ uÞÞ
z)1 : T ¼ T 0;w ¼ 0
3. Analytical method of solution

Before integrating the two differential equations (5) and
(6), there is a shift to the reference system which moves
together with the combustion wave: x = z � uFC Æ t,
uFC� ug. Then it is assumed that the diffusion term in
Eq. (1) is considerable only in the small reaction region:
ug Æ w 0 = � K Æ w Æ exp(�E/R Æ T). Substituting the last for-
mula in the exponential term of Eq. (6), the mathematical
model becomes

w0 ¼ Le � w00 � Fk � w ð7Þ
a �H0 ¼ H00 � b �H� c � w0 ð8Þ

x ¼ x
X c

; w ¼ w
w0

; X c ¼
ks

ðq � CpÞg � ug

Le ¼
Cp;g � D � qg

ks

¼ kg

ks

; Fk ¼ K � ks � e�
E

R�T

qg � u2
gCp;g

d1 ¼
l1

X c

; d ¼ D
X c

; H ¼ T � T 0

T ig � T 0

;

a ¼ 1� uFC � ðq � CpÞs
ug � ðq � CpÞg

; b ¼ bv � ks

u2
g � ðq � CpÞ2g

c ¼ hc � w0

Cp;g � ðT ig � T 0Þ

ð9Þ

In Eq. (7) coefficient Fk is a variable that depends on
temperature. The temperature at each one of three regions
will take a constant characteristic value, which allows the
integration of Eq. (7). From the literature it is known
[14] that combustion region thickness in a physical system
like Fig. 1, is a few millimetres. Therefore, a characteristic
distance called Xc is chosen, which for ug = 0.43 m/s and
for the gas and solid physical properties already men-
tioned, has a value of 2.43 mm. The dimensionless bound-
ary conditions are:
x ¼ �d1 : HI ¼ 0;wI ¼ 1 ð10Þ
x ¼ 0 : HI ¼ HII ¼ 1;H0I ¼ H0II;wI ¼ wII ð11Þ
x ¼ d : HII ¼ HIII;H

0
II ¼ H0III;w ¼ n ð12Þ

x ¼ þ1 : H ¼ 0;w ¼ 0 ð13Þ

First, both equations are integrated in the pre-heating
region. It is assumed that the diffusive term in Eq. (7) is
very small, Le � 0, and the temperature present in the
exponential term of Fk is constant and equal to the mean
between the initial temperature of the mixture and the igni-
tion temperature. In order to integrate the energy Eq. (8) in
the same region, it is assumed that the chemical reaction is
negligible, and w0 ¼ 0. Moreover, the first region extension
is taken to be l1 = 25 cm, for the following three reasons:

• Gas entrance section has to be away from combustion
region, because the front cannot be affected by transient
processes that occur near this section.

• In practice, this region is normally used to inflame the
mixture.

• Some numerical value of l1 is needed to be able to carry
out numerical calculations with the purpose of validat-
ing the constructed analytic solution.

As a result of the integration of Eqs. (7) and (8) with the
boundary conditions w ¼ 1, HI = 0 at x ¼ �d1 and HI = 1
at x ¼ 0, respectively, there is

wI ¼ e�FkI�ðxþd1Þ; FkI ¼
K � ks

qg � u2
g � Cp;g

� e�
E�2

R�ðT igþT 0Þ ð14Þ

HI ¼ c3 � ek3�x þ c4 � ek4�x ð15Þ

c3 ¼ �
eðk3�k4Þ�d1

1� eðk3�k4Þ�d1
; c4 ¼

1

1� eðk3�k4Þ�d1

k3;4 ¼
a
2

1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4 � b=a2

p� � ð16Þ

In the chemical reaction region the diffusion is impor-
tant and Eq. (7) is integrated assuming that in the exponen-
tial term of Fk the temperature is constant and equal to the
ignition temperature. As a result, there is

wII ¼ ek2�x�b; k1;2 ¼
1�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4 � Le � Fk
p

2 � Le

b ¼ FkI � d1; Fk ¼ K � ks � e
� E

R�T ig

Cp;g � qg � u2
g

ð17Þ

Here for the general solution wII ¼ c1 � ek1�x þ c2 � ek2�x the
first term was cancelled, and C1 = 0, because k1 is positive.
Constant C2 was found from the boundary condition:
wI ¼ wII, x ¼ 0. With regards to the combustion region, it
can be said that it starts where the temperature is equal
to the ignition temperature, H = 1, and ends in x ¼ d where
the mass fraction of combustible is nearly null:
x! d;w! n. Therefore, from solution (17) for wII it has
n ¼ ek2�d�b and solving for d:

d ¼ ðln n� bÞ=k2 ð18Þ
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After having replaced the corresponding numerical val-
ues, it was found that ug = 0.43 m/s, n = 10�3, Fk = 1.818,
Le = 1.209 · 10�3, k2 = � 1.814, FkI = 6.258 · 10�4,
b = 6.438 · 10�2 and d = 3.845. The last value of d belongs
to the dimensional extension of reaction region
l = d Æ Xc = 9.34 mm. From this, it is seen that the theoret-
ical predictions about combustion region thickness are cor-
rect because they are in agreement with the experimental
observations of Aldushin et al. [5], Zhdanok et al. [14],
which indicates that this value is several millimetres.
Replacing in (18) the expression for k2 and numerical val-
ues of n, and b, we have

d ¼ � 9:21 � Le

1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4 � Le � Fk
p ð19Þ

It is known [6,20] that combustion region thickness has
a direct impact over the NOx production and therefore it
would be interesting to know the functional dependence
of d = d(Le, Fk). Changing the dimensionless parameters
Le = kg/ks at range 10�5

6 Le < 10�2, it was found that
the combustion region dimensionless thickness changes
slightly staying at about 2.5. However, with an increase
of 1–4 in Fk, decreases from 4.6 to 1.16, are observed
in the value of d, which is desirable in practice. From
the definition of Fk as a dimensionless number, it is seen
that this value can increase, for example, filling physical
systems with solid particles of greater thermal conductiv-
ity, ks, or filtrating the mixture with the least possible
speed. Besides, it is also possible to decrease the
combustion region thickness using mixtures with minor
activation energies and higher ignition temperatures.
Now, in order to integrate the energy differential equation
in the second region, the derivative w0 in Eq. (8) is
replaced from Eq. (17) for wII. The resulting energy equa-
tion is non-homogeneous and is solved by means of the
Lagrange method:

HII ¼ ek3�xðc7 þ c7ðxÞÞ þ ek4�xðc8 þ c8ðxÞÞ ð20Þ
where

c7ðxÞ ¼
c � k2 � e�b

ðk3 � k4Þ � ðk2 � k3Þ
� eðk2�k3Þ�x

c8ðxÞ ¼
c � k2 � e�b

ðk4 � k3Þ � ðk2 � k4Þ
� eðk2�k4Þ�x

ð21Þ

Finally in the third region w ¼ w0 ¼ 0, and the solution
to Eq. (8) with the boundary condition H ¼ 0; x!1 is

HIII ¼ c10 � ek4�x ð22Þ
where the constants c7, c8, c10 and the combustion wave
displacement speed uFC are found together from boundary
conditions HII = 1 at x ¼ 0, HII = HIII and H0II ¼ H0III at
x ¼ d and H0I ¼ H0II at x ¼ 0, respectively:

c7 ¼ �c7ðdÞ; c8 ¼ 1� c7ð0Þ � c8ð0Þ þ c7ðdÞ
c10 ¼ c8 þ c8ðdÞ

ð23Þ
1� uFC

ut
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C � hc � w0

Cp;gðT ig � T 0Þ

� �2

� 4b � ks

ðuCpqÞ2g

vuut

C ¼ e�b 1� eðln nþbÞ1

1

� �
; f ¼ 1� k3

k2

; ut ¼
ðq � cpÞg � ug

ðq � cpÞS
ð24Þ

It is seen from formula (24) that unlike the solution of
Foutko et al. [12], the combustion wave displacement speed
depends on the characteristic parameters of both heat
transport and mass. However, when k3/k2! 0, 1! 1,
and C! 1 implies that formula (24) fully coincides with
result of Foutko et al. [12].

To obtain the analytical prediction for the dimensionless
combustion wave velocity uFC from Eq. (24), the ignition
temperature Tig must be defined. The former may be esti-
mated by considering the temperature evolution of a gas
element moving through the heated porous media in a
self-sustaining combustion wave. Assuming a moderate
interfacial heat exchange coefficient and that the reaction
(fuel consumption) is almost completed for the distance
of the order of the porous size, the temperature increase
for the gas element may be treated as a thermal explosion.
Thus, one can directly apply the corresponding theory of
Frank–Kamenetzki [21] with the correction for fuel con-
sumption, and derive an approximation for the ignition
temperature Tig in the following implicit form:

e
E

R�T ig
�1

ðE=R � T igÞ7=3
¼ h2

c � w2
0 � R5

2 � p2 � C2
p;g � E2

 !
� dp � e � T 0 � K

ug

� �
ð25Þ
4. Results and discussion

To support and to test the analytical solutions obtained
here, a computational procedure was performed using a
full set of the basic equations. These were calculated using
the implicit finite difference discretization and the Tree-
Diagonal Matrix Algorithm. The time step was 0.01 s
and 800 grid points were used for numerical calculations.
In Fig. 3 the analytical solution obtained in this paper is
compared to the numerical solution built in the same
paper. Many coincidences between the compared cases
are observed in the figures. Apart from that, the maximum
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temperatures reached at the combustion front according to
our solution are found within the maximum temperature
values in the numerical solution. Furthermore, it was
found that the analytical solution was very sensitive to
the value of the wave displacement speed. Consequently,
the exact calculation of its value is fundamental for the
construction of the correct solution.

Finally, the constructed analytic solution is analyzed in
terms of five dimensionless parameters which define heat
and mass transport in mathematical model (7), (8): a, b,
c, Le and Fk. The first parameter, a, is related with the
movement speed of the combustion front. Considering that
at each test, front speed is permanent and positive, its var-
iation range is 0.01 6 a 6 0.1. Moreover, b = 4.5505 ·
10�3, c = 5.2636 · 10�1, Le = 1.209 · 10�3, and Fk =
1.6091. From Fig. 4 it can be seen that with an increase
in value of a from 0.01 to 0.1 local temperatures decrease
in the pre-heating region (region I in Fig. 2). At this region,
the heating of the solid media is achieved by conduction of
the heat coming from the combustion front and cooling
occurs by forced convection of the entrance gas. Thus,
increasing the values of parameter a increases gas speed,
the porous matrix at that region is therefore cooled and,
as result, lower temperatures are obtained. At the combus-
tion region (region II at Fig. 2) the highest temperature
also increases with an increase in parameter a. These
changes also agree with physical reality because the forced
convection becomes more intensive each time and conse-
quently, brings to the combustion front a larger amount
of absorbed enthalpy from the porous matrix at the pre-
heating region. Finally, in the post-combustion region,
local temperatures get higher when parameter a increases
due to forced convection, which brings heat to regions each
time further away from the combustion zone within the
porous media.

The second dimensionless parameter, b, is related with
heat losses from the system through lateral surfaces as
natural convection and thermal radiation. Its variation
range is next considered: 0.0 6 b 6 0.01. Moreover, a =
8.7916 · 10�2, c = 5.2636 · 10�1, Le = 1.209 · 10�3, and
Fk = 1.6091. The case b = 0 corresponds to a system in
thermal isolation from the environment. From Fig. 5 it
can be seen that at the pre-heating region, local tempera-
tures are not very high and, consequently, heat flow from
the system to the environment (proportional to (T � T0))
is weak. Therefore, varying b shows very little temperature
fluctuations. However, at the combustion region and
beyond, where combustion products are found at high tem-
peratures, considerable changes are seen from local
temperatures.

The third dimensionless parameter in energy equation
(8), c, is related to the combustion enthalpy, hc. Consider-
ing the physical properties of solids and gasses defined pre-
viously, its value is: c = 0.555. Consequently, c is varied in
the range 0.25 6 c 6 5.0, keeping constant the rest of the
parameters: a = 8.7916 · 10�2, b = 4.5505 · 10�3, Le =
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1.209 · 10�3, Fk = 1.6091. From Fig. 6 it can be seen that
with an increase in the value of c, the temperatures increase
both at the combustion region, and in the region after the
front. However, at the pre-heating region were the chemi-
cal reaction practically does not occur, there is practically
no change in temperature for different values of c.

From the mathematical model (7), (8) it is seen that
parameters a, b and c, all influence temperature and do
not affect the distribution of combustible mass fraction
across the system. However, the parameters Le and Fk

do influence combustible mass fraction distribution and,
consequently, the impact of their values on temperature
and fuel mass fraction profiles of the system is analyzed
in Figs. 7 and 8.
The fourth-dimensionless parameter of the methane
mass equation (7), Le, is related with mass transport by dif-
fusion, which is considerable only at the combustion
region. Therefore, its variation is in the range 10�7

6

Le 6 10�1 with values of a = 8.7916 · 10�2, b = 4.5505 ·
10�3, c = 5.2636 · 10�1, and Fk = 1.6091. From Fig. 7 it
can be seen that variations in Le affect both tempera-
ture and mass fraction of fuel distribution across the
system.

However, the fifth parameter, Fk, which is related with
fuel consumption by chemical reaction, considerably affects
the fuel mass fraction and temperature profiles. Its value
varies in the range 0.8265 6 Fk 6 2.429 keeping constant
the following parameters: a = 8.7916 · 10�2, b = 4.5505 ·
10�3, c = 5.2636 · 10�1, and Le = 1.209 · 10�3. The results
of this analysis are shown in Fig. 8, where it can be seen
that the major variations of both fuel mass fraction and
temperatures happen at the combustion region.
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5. Conclusions

The theoretical study of gas combustion in inert porous
media concluded with the analytical construction of a
series of simple algebraic formulas, which represents the
methane mass fraction and temperature profiles in a
semi-infinite inert porous media. Also, simple formulas
were built, which allow the prediction of the combustion
wave velocity in the system and the thickness of the reac-
tion region. Five dimensionless parameters define heat
and mass transport in the mathematical model. The analyt-
ical solution satisfactorily coincides with numerical and
analytical solutions of other works. In the study it is shown
that the reaction region is not infinitely thin, as is usually
assumed. An analytical formula is developed which pre-
dicts the thickness of the combustion region. Consequently,
the results of this research can be used in the analysis of
combustion waves in porous media for technical
applications.
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