
Forward andReverse Combustion Linking in UndergroundCoal Gasification

M.S. Blinderman 1, D.N. Saulov ∗,2, A.Y. Klimenko 2

Abstract

In the present study, two techniques used for wells linking in Underground Coal Gasification (UCG), namely, Reverse Combustion
Linking (RCL) and Forward Combustion Linking (FCL) are compared. Linking time in FCL is estimated using two-dimensional
model and assuming stability of the combustion front. Effects of instabilities during FCL are discussed.
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1. Introduction

Underground Coal Gasification (UCG) is a process of
conversion of coal in coal seams into synthesis gas (syngas)
using injection and production wells drilled from the sur-
face. The key step in the development of the underground
reactor is establishing a link between the injection and pro-
duction wells which allows production of syngas at com-
mercially significant flow rates. As described, for example,
by Skafa [1], several techniques can be used for linking the
wells, including the Reverse Combustion Linking (RCL)
and the Forward Combustion Linking (FCL). The RCL is
a method of linking which includes injection of an oxidant
into one well and ignition of coal in the other so that com-
bustion propagates towards the source of oxidant as shown
in Fig. 1(a). In the course of the the FCL coal is ignited in
the injection well, and the fire propagates toward the pro-
duction well as shown in Fig. 1(b).

Flow of oxidant into the injection well is maintained un-
til the fire reaches the bottom of the injection well in the
RCL or that of the production well in the FCL. This out-
come is accompanied by a significant drop in the injection
pressure indicating creation of a low hydraulic resistance
link between the wells, which establishes a low hydraulic
resistance path between the two wells.
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The combustion linking techniques were invented in the
USSR at Podmoskovnaya UCG plant in 1941. Since then,
the combustion linking technique was extensively applied
and studied in the Soviet operations. The results of these
studies were summarized by Skafa [1] and Kreinin et al. [2].
RCL was widely used for the well linking in the Soviet

UCG plants at Yuzhno-Abinsk (Siberia), Shatskaya and
Podmoskovnaya (Moscow Region), Lisichansk (Ukraine),
Angren (Uzbekistan), and others. For example, at Pod-
moskovnaya UCG plant, the total length of underground
channels created by RCL reached up to 5 km per year.
RCL was also utilized in the US UCG program in the 1970s
and 1980s. Most recently, RCL was successfully used in
the UCG operations at Chinchilla (Australia) and Majuba
(South Africa). At the same time, FCL was not so preva-
lent as RCL. It has been observed from practical UCG op-
erations that links between the wells made by FCL have
a pear-like shape, while those made by RCL are predomi-
nantly tube-like channels. As pointed out by Skafa [1], this
results in a sufficiently higher consumption of coal per unit
of the link in FCL compared with that in RCL. The linking
speed is also considerably lower in FCL.
Both the RCL and the FCL involve filtration of air and

product gas through porous media (coal). Combustion
linking techniques also involve devolatilisation of coal and
chemical reactions in the gas phase and between oxygen in
the gas and solid carbon. Devolatilisation of coal and chem-
ical reactions that take place in coal combustion are widely
described in the literature (see, for example, Ref. [1]).
Processes, which involve filtration of gases through

porous media and chemical reactions, are generically re-
ferred to as filtration combustion. Filtration combustion
has been studied extensively in the literature. The forward
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filtration combustion has been studied, for example by
Schult et al. [3], Aldushin et al. [4, 5] and Lu and Yort-
sos [6], while such studies as Refs. [7–14] are devoted to
the reverse filtration combustion. The one-temperature
model, in which the thermal equilibrium between gas and
solid phases is assumed, has been used in most of the
previous studies. However, Wahle et al. [15] studied both
the forward and the reverse filtration combustion in terms
of two-temperature model and determined effects of the
gas-solid non-equilibrium on various aspects of filtration
combustion. Stability of the flame front in the filtration
combustion has also been studied extensively (see, for
example, Refs. [7, 11, 13, 16, 17]).

In the present study, we use the previously developed
techniques to analyse the filtration combustion of coal in
the context of UCG. In particular, we investigate FCL using
two-dimensional model for a gas flow though a coal seam.
Stability of the flame in FCL is also analysed.

2. Basic Relations of Filtration Combustion

In the present study, we, to a large extent, follow the prin-
ciple formulation of filtration combustion used by Schult et
al. [3, 10] and recently by Liu et. al. [12]. Unlike one of Brit-
ten and Krantz [7], this formulation provides for analysing
both oxygen-deficient and carbon-deficient flames. We as-
sume, however, as did Britten andKrantz [7], that gas phase
in the reaction zone is not dominated by diffusion. In the
present analysis of the plane flame we use a unified notation
for the reverse filtration combustion, as well as the reaction
leading and reaction trailing regimes of the forward filtra-
tion combustion which are described in detail in the litera-
ture (see, for example, [3, 18]). We do not consider the liq-
uid phase separately, assuming that the underground water
is either supplied with the injection flow or represents the
coal moisture content. Hence only two phases, the gas and
the solid, need to be indexed explicitly.

2.1. The modelling equations

The equations governing transport and reactions in
porous media are represented by the equations of conser-
vation of mass, energy and species and the Darcy low,
which can be written in the form

∂ρ

∂t
+∇·(m) = 0 ; (1)

∂ρi
∂t

+∇·(mi) = Wi ; (2)

∂ρh

∂t
+∇·(mh)−∇· (λ∇(T )) = 0 ; (3)

u = −κ

η
∇·p . (4)

Here, mi ≡ viρi is the mass flux of the ith species, ρi is
its density. In the gas phase, ρi is the partial density of the
ith species, while in the solid phase, ρi is fictitious “partial

density” of the ith species, which is the product of the actual
density and the volume fraction of the species “i” in the
solid phase. The mass fraction of the species Yg(s),i in the
gas (solid) phase is determined by Yg(s),i = ρi/ρg(s), where
ρg(s) is the gas (solid) density.
The species velocities vi are given in the moving system

of coordinates attached to the flame front, which is moved
with the velocity s in a stationary frame of reference. The
filtration velocity u is given in the stationary frame of ref-
erence. The velocity of the solid phase vs is then expressed
by vs = −s, while the velocity of the gas phase vg is ex-
pressed by vg = u + s in the reverse combustion and by
gs = u− s in the forward combustion. The velocity of the
species “i” coincides either with the vg, if the species be-
longs to the gas phase, or with the vs, if the species is solid.
Wi is the chemical reaction source terms of the ith species;
κ is the permeability of the porous media; η is the dynamic
viscosity of the gas; and λ is the heat conductivity coeffi-
cient. The total enthalpy of the ith species per unit of mass
is denoted by hi. The over-bar denotes the superficial av-
erages: m =

∑
i ϕimi and mh =

∑
i ϕimihi. The summa-

tion is performed over all species (reactants and products)
in all phases. If the species “i” is not present at a particu-
lar location, its density ρi assumed to be zero. The specific
volumes ϕ occupied by the phases (gas or solid) are deter-
mined by the porosity of the solid phase. It should be noted,
that both the velocity v and the specific volume ϕ are the
same for all species of a given phase, although v and ϕ are,
generally, different for different phases. The averages that
are applied to a specific phase involve summation only over
the species of this phase. The averages that are applied to
a single species such as mi = ϕimi do not involve summa-
tion. The temperature T is considered to be the same for all
phases and does not need averaging. The intrinsic averages
simply coincide with the values determined within a spe-
cific phase, since we do not consider variations of the val-
ues in the inter-particle space. Hence, no special notation is
needed here for intrinsic averages. The temporal pressure
derivative ∂p/∂t is conventionally neglected in the energy
equation.
All of the reactions that take place in the coal combustion

are presumed to form a global reaction, which takes the
form

µ−
g (G)− + µ−

s (S)
− → µ+

g (G)+ + µ+
s (S)

+ (5)

or, in terms of species,∑
i

µ−
i (Species)i →

∑
i

µ+
i (Species)i . (6)

The coefficients µi are on the mass basis. The superscripts
“−” and “+” denote values before and after the reaction
respectively and (µ+

i −µ−
i ) represents themass change of ith

species in the reaction. In the rest of the paper we put µ−
g ≡

1 without loss of generality. The global reaction is presumed
to be specified so that the stoichiometric coefficients depend
on µ−

s so that µ±
i = µ±

i (µ
−
s ) for any species “i” (or phase
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“i”). For any i and j, the species source terms Wi and Wj

are related to one another by

Wi

µ+
i − µ−

i

=
Wj

µ+
j − µ−

j

. (7)

The total enthalpy hi of each species can be represented
as a sum of the sensible enthalpy and enthalpy of formation

hi = h
(s)
i + h◦

i , where the sensible enthalpy h
(s)
i = h

(s)
i (T )

is a function of temperature and the enthalpy of formation
h◦
i is defined as the enthalpy at a certain reference tem-

perature T ◦. The conventional value of T ◦ is 250C. In the
considered problem, however, the best choice for T ◦, which
accurately defines the heating value of the reaction, would
be a constant temperature that is close to the temperature
in the reaction zone.

2.2. The Combustion Temperature in the Plane Flame

Schult et al. [3] analysed traveling waves in the forward
filtration combustion under adiabatic conditions (no heat
losses to the environment) using rigorous asymptotic tech-
niques, although assuming that the enthalpy of the reac-
tion is constant. It was demonstrated that two structures,
namely, reaction leading and reaction trailing, of travel-
ing waves are possible. Temperature profiles of the travel-
ing waves in different regimes of filtration combustion are
schematically presented in Fig. 2, while temperature pro-
files in the corresponding flames are given in Fig. 3.

For each of these structures there exist stoichiomet-
ric (transport-limited) and kinetic (temperature-limited)
regimes. Unlike the reverse filtration combustion, the com-
bustion temperature in the forward filtration combustion
exceeds the adiabatic temperature. This superadiabatic
effect occurs due to the energy accumulation between the
flame front and the heat exchange layer, which propa-
gates slower(faster) than the flame in the reaction lead-
ing(trailing) wave structure (see, for example, the works
by Schult et al. [3] and by Aldushin et al. [5].

Following the approach used by Blinderman and Kli-
menko [13], we compare the combustion temperatures in
the FCL and RCL and discuss the regimes of the FCL. We
use the system of coordinates that is attached to the flame
with the x-axis normal to the flame front and pointing in
the direction of the gas flow. The flame is interpreted as
the reaction zone combined with the adjacent layer of rapid
variation in temperature (see Fig. 3). Eqs. (1-3) then take
the form

∂m

∂x
= 0 (8)

∂mi

∂x
= Wi, (9)

∂mh

∂x
− ∂

∂x

(
λ
∂T

∂x

)
= 0 . (10)

Integration of Eqs. (8)-(10) across the flame yields

(m)(+f) = (m)(−f), (11)

(mi)(+f) = (mi)(−f) +

∫ (+f)

(−f)

Widx, (12)

(mh)(+f) = (mh)(−f). (13)

Here, the subscript “−f” is used to denote values before
the flame while the subscript “+f” denotes values after the
flame front in the direction of the gas flow (see Fig. 3).
To rewrite equation (13) in terms of the stoichiometric

coefficients of the reaction µ±
i , we note that the the reaction

coefficients are linked to the mass fluxes by the equations

µ−
i =

∣∣∣∣ (mi)
−

(mg)−

∣∣∣∣ , µ+
i =

∣∣∣∣ (mi)
+

(mg)−

∣∣∣∣ . (14)

Here, the superscripts “−” and “+” denote the values be-
fore and after the reaction, respectively. The superscripts
should be clearly distinguished from the subscripts “−f”
and “+f”, which indicate the location with respect to the
flame in the direction of the gas flow. Unlike the RCL, where
all the reactants are located before the flame and all the
products are located after the flame, in the FCL both reac-
tants and products are present before the flame and after
the flame as well. Solids represent products in front of the
flame and reactants behind the flame, while gas species rep-
resent reactants in front of and products behind the flame.
It is also worth noting that mass fluxes of the gas species
are positive, while those of solids are negative, since the ve-
locities of gas and solid phases are opposite in the FCL. Di-
viding Eq. (13) by (mg)

−, separating gas and solid species
and using equations (14) we obtain:

hg(T(−f))− µ+
s hs(T(−f))

= µ+
g hg(T(+f))− µ−

s hs(T(+f)).
(15)

Here, the unknown combustion temperature Tb = T(−f)

in the reaction leading wave structure, while Tb = T(+f)

in the reaction trailing structure. In the case of reaction
leading structure, the T(+f) is the ambient temperature of
coal. This temperature is not necessarily the same as the
ambient temperature of the injected gas, which is equal to
T(−f) in the reaction trailing structure.
In the RCL the enthalpy flow balance equation (13) takes

the form

hg(T(−f)) + µ−
s hs(T(−f)) =

µ+
g hg(T(+f)) + µ−

s hs(T(+f)).
(16)

Here, Tb = T(+f) and T(−f) is the ambient temperature of
the injected gas and solid fuel.

3. The Combustion Regime in FCL

In order to compare the forward and reverse combustion
linking, we use the same major reaction and the same fuel
parameters as used in the previous work [13]. The solution
of Eq. (15) that corresponds to the reaction leading struc-
ture does not exists for the selected fuel. Numerical simula-
tion runs demonstrated that the reaction leading solution
becomes possible only when the amount of inert solids (ash
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and water) in the fuel (coal) exceeds 90 percent by weight.
Since coal with such a high inerts content is not usually
possible to utilize, we exclude the reaction leading struc-
ture from the later consideration.

The the combustion temperatures as functions of the fuel
to air ratio in the forward wave with the reaction trailing
structure and in the reverse wave are presented in Fig. 4.
As discussed, for example, by Schult et al. [3], the reac-
tion can not be fuel deficient in the reaction trailing struc-
ture and oxygen deficient in the reaction leading structure,
since oxygen and fuel can not coexist at high temperature.
For this reason, we exclude from the plot the fuel deficient
branch of the combustion temperature curve in the forward
wave.

As discussed, for example, by Britten and Krantz [7] and
by Blinderman and Klimenko [13], the reaction in the RCL
is, generally, temperature-limited . A typical mass flux of
the deficient component (oxygen) in RCL and in the gasifi-
cation process proper is relatively large. The flux is propor-
tional to the filtration velocity u and exceeds some critical
value, below which the reaction becomes transport-limited.
The critical value of the flux, in turn, exponentially depends
on the combustion temperature.

However, as shown in Fig. 4, the combustion temperature
in the forward filtration combustion is significantly higher
than that in the reverse combustion. Due to the exponential
dependence of the flux critical value on the combustion
temperature, the critical value of the flux in the FCL is by
several orders of magnitude larger than that in the RCL.
At the same time, the filtration velocity in the FCL is of
the same order of magnitude as that in RCL.

As a result, in the case of the FCL without heat losses,
the flux critical value becomes practically unattainable and
we assume hereinafter that all oxygen that has arrived at a
coal surface reacts instantaneously. In this case, the flame
propagation velocity s is proportional to the filtration ve-
locity and, unlike in the RCL, is independent of the combus-
tion temperature. Taking into account that for coal ϕgρg ≪
ϕsρs and µ−

s is of the order of unity, one can obtain

s =
(ϕgρg)(−f)

µ̂−
s (ϕsρs)(+f)

u, (17)

where µ̂−
s is the stoichiometric fuel to air ratio.

4. Two-dimensional model of FCL

In modelling of the cavity growth in FCL, we assume
that the thickness of the coal seam is small compared with
the distance between injection and production wells. This
implies that the flow of gas in the coal seam is virtually
two-dimensional. We also assume that the flow is quasi-
stationery. This assumption is based on the fact that flame
velocity s is small compared with the filtration velocity u.
We also assume that gas does not escape from the coal seam
into surrounding rock.

The filtration of gas through the coal seam is governed
by the Darcy low (see Eq. (4)), the continuity equation

∇(ρu) = 0 (18)

and the equation of state

ρ =
m0

RT
p . (19)

Here, ρ and m0 are density and molar mass of gas, respec-
tively; pressure and absolute temperature are denoted by
p and T ; R is the universal gas constant.
Combining Eqs. (4), (18) and (19) one verifies that the

pressure distribution in the coal seam is governed by the
following Laplace equation

− m0κ

2RTµ
∇2p2 = 0, (20)

subject to the boundary conditions:

B.C.1: p = piw; in the injection well,

B.C.2: p = ppw; in the production well.
(21)

where piw and ppw are the pressure values in injection and
production wells, respectively.

4.1. Linking time under constant pressure difference

Consider FCL of two wells initially separated by the dis-
tance 2L and assume that pressure values in the injection
well piw and the production well ppw are maintained con-
stant in the linking process. Initial radii of the wells are
assumed to be small compared to the distance between the
wells. Select the frame of reference so that the centres of
the injection and production wells are on the x-axis with
coordinates −L and +L, respectively. The linking time t1
can be calculated as

t1 =

∫ +L

−L

dx

slp
, (22)

where slp is the velocity of the combustion front at the
leading point along x-axis.
Since all coal is consumed in the reaction and air pressure

in the injection well is maintained constant, Eq. (17) takes
the form

s =
m0piw

RTµ̂−
s ρc

u ≡ αu , (23)

where ρc is the coal density.
Normalising distances by L and introducing the dimen-

sionless pressure f by

f ≡

(
p2 −

p2iw + p2pw
2

)
2

p2iw − p2pw
, (24)

one finds that

t1 = − 4ηpiwL
2

ακ
(
p2iw − p2pw

) ∫ +1

−1

dξ

(∂f/∂ξ)lp
. (25)

Here, ξ = x/L and (∂f/∂ξ)lp is dimensionless front propa-
gation velocity at the leading point along the ξ-axes.
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Note that f is a solution of the following boundary value
problem

∇2f = 0 subject to:

B.C.1: f = 1; in the injection well,

B.C.2: f = −1; in the production well.

(26)

Note also that

t0 =

∫ 1

−1

dξ

(∂f/∂ξ)lp
. (27)

is the “linking time” for the correspondent moving bound-
ary problem, which has been estimated numerically as fol-
lows.

The injection and production well are defined by sets of
points on their borders and the function f is calculated
using finite-difference method over a rectangular finite do-
main. The domain dimensions are much larger than the
distance between the wells. Then, the formation of the link
is modelled by shifting the points on the border of the in-
jection well on the vectors ∇f . After that, the function f
is recalculated for the new cavity. These iterations are con-
tinued until the cavity reaches the production well. To sup-
press instabilities the calculated gradients were averaged
over five nearest points. The reasons for suppressing insta-
bilities are discussed in Section 5 of this paper.

In order to verify the described algorithm, the growth of
the cavity in the steady-state “source-sink” field have been
modelled. The results of the calculations are presented in
Fig. 5 in comparison with the analytically obtained form
of the cavity. As shown in Fig. 5, the effect of averaging of
gradients and the finiteness of the calculational domain on
the form of the cavity is negligible.

After the verification of the algorithm, the cavity growth
have been modelled with recalculations of the function f .
The obtained form of the cavity is presented in Fig. 6. The
calculated value of t0 is 1.13. The calculated area of the
cavity S0 is 2.79.

4.2. Linking time under constant air injection rate

Now assume that the FCL is carried out with the con-
stant air injection rate Ṁ that is given on the mass basis.
In this case, the linking time t2 can be calculated using S0

as follows.

t2 =
S0bρcL

2

Ṁµ̂−
s

, (28)

where L is the half-distance between the wells, b is the
coal seam thickness, ρc is the coal density, and µ̂−

s is the
stoichiometric fuel to air ratio.

5. Discussion

Eqs. (25) and (28) represent important results. The equa-
tions demonstrate that (in the absence of developing insta-
bilities of the combustion front) linking time is proportional

to squared distance between the wells. This implies that
connecting the injection and production wells using FCL
takes relatively long time and results in consumption of a
substantial amount of coal. For example, if air is injected
at the rate of 2000 normal cubic meters per hour, the es-
timated time for linking two wells at the distance of 30 m.
in a coal seam of 2 m. thickness will be approximately 228
days. Such a long linking time is not suitable for a viable
UCG operation. Furthermore, a prolonged exposure of the
local aquifer to the high pressure product gas may result in
contamination of the ground water system. The estimated
amount of coal consumed in the linking process is approx-
imately 1632 tones.
These results are in qualitative agreement with the ex-

perimental observations. As reported by Skafa [1], the cav-
ity formed in FCL has a pear-like shape, while RCL leads
to a relatively narrow channel between the injection and
production wells. As a result, more air is required and more
coal is consumed per unit length of link in the case of FCL.
According to Skafa, FCL is also characterised by smaller
linking speed (compared to RCL).
Note that heat losses to the surroundings have not been

taken into account in the analysis above. Unlike RCL, where
combustion temperature is a critical factor affecting the
flame propagation, heat losses are less important in the case
of FCL. Note that the combustion temperature in the case
of FCL is much higher than that in RCL due to the supera-
diabatic effect. This allows us to assume that all oxygen
that has arrived at a coal surface reacts instantaneously.
Qualitative agreement of the obtained results with the ex-
perimental observations can be considered as an indication
that, in practical FCL conditions, heat losses are relatively
small to switch the combustion to the transport-limited
regime.
Note also that the estimates above are obtained assum-

ing stability of the combustion front. At the same time, in-
homogeneity of real coal seams as well as changes in coal
permeability due to devolatilisation favours creation and
development of fingering instabilities. The role of instabil-
ities in FCL is briefly discussed below. Detailed analysis
of instabilities in context of FCL, however, is beyond the
scope of the present study.
Development of instabilities of the combustion front in

FCL towards the production well can potentially increase
the linking speed and reduce the amount of coal consumed
in the linking process. There is no reason, however, for the
instabilities to develop in the desirable direction towards
the production well. Development of the instabilities in the
opposite direction (or along any streamline that does not
reach the production well in a reasonable time) can result
in a significant increase in linking time and the amount of
coal consumed in the linking process.
Another factor that can be an obstacle for successful FCL

is devolatilisation of coal and subsequent condensation of
the coal volatile matter. Coal volatile matter is released in
the heat wave associated with the combustion front. As the
gas leaves the heat wave and propagates further through
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the coal seam, it cools down. Some part of the released
volatile matter is condensed and can block coal pores. This
results in a decrease in coal permeability in the direction
of the developing instability. The permeability decrease, in
turn, results in a reduction of the gas flow rate and leads to
slower flame propagation in the direction of the developing
instability.

These factors indicate that FCL may not be a reliable
technique for initial linking of the wells. Forward combus-
tion, however, can be used for widening hydraulic links be-
tween the wells which either exist naturally or have been
preliminary established using, for example, hydrofractur-
ing. The link widening process is outlined below.

Consider a narrow fracture in a coal seam. Assume that
the fracture is open enough so that it is not blocked by con-
densed volatile matter. At practical air flow rates, the flow
in a narrow channel is turbulent, which implies that effec-
tive diffusion of oxygen toward the channel wall is high.
Since oxygen reaching the fracture wall is completely con-
sumed in the reactions due to the high temperature of the
wall, all oxygen in the gas would be consumed in a short
distance (several diameters) along the fracture. This result
in widening of the initial part of the fracture, while the
rest of it would remain practically unchanged. The initial
part would continue to widen, until the gas flow in the frac-
ture becomes laminar and effective diffusion of oxygen to-
wards the fracture wall decreases dramatically. This would
result in penetration of a substantial part of unreacted ox-
idant further along the channel and subsequent widening
the next section of the channel. The resulting diameter of
the widened channel will correspond to transition between
turbulent and laminar flows.

Diffusion of oxygen also plays a key role in developing of
instabilities in the FCL. Unlike in the RCL, where insta-
bilities of combustion front result in formation of relatively
narrow and long channels, the development of narrow in-
stabilities in the FCL seems to be impossible due to insuf-
ficient flux of oxidant to the leading points of the insta-
bilities. The authors are conducting further study of this
process to refine understanding of the role of instabilities
in the FCL and quantify their effect.

6. Conclusions

(i) The theoretical framework and numerical model of
FCL are proposed and validated in this study using
comparison with previous work by the authors on
RCL in UCG. The FCL model appears to provide
realistic qualitative results for FCL in coal seams.

(ii) In the specific UCG conditions used for comparison
of RCL and FCL, the speed and efficiency of linking
are considerably lower in case of the FCL.

(iii) Further studies that are being conducted by the au-
thors including numerical experiments on FCL in var-
ious conditions representing realistic parameters of
UCG operations assist in optimization of FCL and

in determining specific UCG conditions when FCL is
applicable and effective.

(iv) The approach to FCL described in the paper is being
applied to the problem of enlargement of natural and
artificial fractures in the coal seam in the process of
UCG.
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(a) Reverse combustion linking

(b) Forward combustion linking

Fig. 1. Schematic views of the reverse and forward combustion linking

in UCG
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(a) reverse filtration combustion

(b) forward filtration combustion with the reaction trailing structure

(c) forward filtration combustion with the reaction leading structure

Fig. 2. Temperature profiles of the traveling waves in different regimes

of filtration combustion

(a) reverse filtration combustion

(b) forward filtration combustion with the reaction trailing structure

(c) forward filtration combustion with the reaction leading structure

Fig. 3. Temperature profiles of the flames in different regimes of

filtration combustion
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Fig. 4. Combustion temperatures in the forward (solid line) and
reverse (dashed line) filtration combustion of coal
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Fig. 5. Shape of the cavity in the constant “source-sink” field. Solid
line - analytical curve, Crosses - numerical calculations.
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Fig. 6. Shape of the cavity formed in FCL.
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