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Abstract--The phenomenon of self-sustaining combustion of a gaseous mixture in inert high porous 
medium with prior vaporization of liquid droplets is studied by means of a numerical simulation. The 
complex heat transfer includes convective, conductive and radiative heat transfer between three phases : 
gas, solid and liquid. Evaporation and different modes of convective heat transfer between liquid, gaseous 
and solid phases are considered in detail. In particular, the behavior of particles which collide against and 
deposit on the skeleton of porous medium is taken into account, as well as the dependence of the heat 

transfer coefficient between liquid and solid on the skeleton superheat. (C'~ 1997 Elsevier Science Ltd. 

1. INTRODUCTION 

Considerable practical benefits from the preheating 
of a combustible mixture have been pointed out by 
Weinberg [1], who proposed several recuperative 
schemes for practice [2]. In these schemes generally 
unused heat of combustion products was regenerated 
to the reactants. Practically, the regime of excess 
enthalpy burning was realized in many types of heat 
exchangers. Among them the porous material burners 
have promising industrial applications because of 
good combustion enhancement performance as 
reviewed by Echigo [3]. The preliminary radiative 
heating of combustible mixtures in porous materials 
extended the limits of self-sustaining combustion of 
lean fuels. Unique features of gas combustion in a 
porous medium result in the superadiabaticity 
phenomenon [4], which means that the gas tem- 
perature exceeds the theoretical adiabatic flame tem- 
perature in free space. In particular, Hanamura et 
a/. [5] theoretically showed that in combustion with 
reciprocating flow the maximum flame temperature 
attained in the porous medium is 13 times higher than 
the adiabatic one in free space. Also, analytical solu- 
tion for superadiabatic reciprocating flow combustion 
is proposed to estimate an optimum period of reverse 
in a limiting case when convective heat transfer is 
dominant [6]. Under an optimum period of reverse 
the gas temperature exceeds the theoretical adiabatic 

flame temperature in free space at the most. On the 
basis of the applicability to dilute fuels and additional 
control over various waste products, such combustion 
has commercial applications for the incineration of 
organic pollutants [7]. Moreover, applications of reci- 
procating flow combustion system for advanced 
power generation are considered by Echigo et al. [8], 
and its combustible limit has been found analytically 
by Hoffmann et al. [9]. 

On the other hand, the combustion of liquid fuel 
is widely applied in industrial furnaces. The actual 
combustion phenomenon for liquid is complicated by 
different modes of heat exchange including phase 
change ; for example, evaporation rate determines the 
intensity of heat transfer as well as burning. The prob- 
lem of liquid droplets has a background based on the 
theoretical and experimental investigation of vapo- 
rization and flaming of liquid droplets [10-13]. In ref. 
[10], different vaporization models are compared for 
single droplet and also for spray. The classical droplet 
vaporization model was re-examined by Abramzon 
and Siringano [11] in order to develop a model for the 
spray combustion calculation, which traces the life 
histories of many individual droplets. Elperin and 
Krasovitov [12] developed the quasi-steady model of 
combustion and evaporation of a large and moderate 
size single droplet in a quiescent atmosphere. 

Although past investigations have dealt with drop- 
let combustion of liquid fuel principally in the free 

117 



118 V.V. MARTYNENKO et al. 

NOMENCLATURE 

A frequency factor for reaction kinetics 
c specific heat at constant pressure 
d diameter of liquid droplet 
D mean size of element of porous 

material structure 
E activation energy 
E,, exponential integral function of nth 

order 
h heat transfer coefficient 
hb heat transfer coefficient between end 

surface of porous medium and gas 
H combustion heat 
1o, It incident radiation intensity 
lh blackbody radiation intensity 
k absorption coefficient 
L latent heat of evaporation 
Mf evaporation rate of spray in the specific 

volume 
n number density of liquid droplets 
n~o, number density of spherical obstacles 
Nu Nusselt number 
q heat flux 
Q volumetric heat flux 
r radius vector of the droplet 
R radius of spherical obstacle 
Rg universal gas constant 
Sd specific surface area of liquid droplet 
Stk Stokes number ( = p~dZuo/181~gR) 
t time 
T temperature 
7 ~ initial temperature within porous 

medium 
u0 velocity of gas flow 
v velocity vector of inviscid flow 
V dimensionless velocity vector of 

inviscid flow 
xd, Yd dimensionless space coordinates of 

liquid droplet in Section 2.3 
xL thickness of porous medium 

Ydc distance from the centerline of the flow 
to outermost trajectory of droplet 
which collides with obstacle. 

Greek symbols 
c~ collision probability 
C~d collection efficiency of droplets on 

single obstacle 
6 Kronecker symbol 
q) polar angle 
7 volumetric heat transfer coefficient 

between different phases 
~: porosity of porous medium 
e,w, p effectiveness of evaporation 
2 thermal conductivity 
tt dynamic viscosity 
0 dimensionless time 
p density 
T optical coordinate (= kx) 
r~ optical thickness of porous medium 

( = kxl ) 
dimensionless radius vector of the 
droplet. 

Subscripts 
0 initial 
a air 
d single droplet 
g gas phase 
gl between gas and liquid phases 
gs between gas and solid phases 
f fuel 
1 liquid phase 
r radiation 
s solid phase 
sat saturation 
sl between solid and liquid phases 
v fuel vapor 
vpr evaporation product. 

space, there are a few articles devoted to the inter- 
action of surface of solid and the combustion of liquid 
fuel. Boyarshinov et al. [13] reported the experimental 
results of ethanol evaporation from a porous surface 
and its combustion in an air flow. Michaelides et al. 
studied droplet vaporization in a channel with con- 
stant wall temperature [14], and also under turbulent 
flow [15]. Howell et al. [16] pointed out that much less 
analysis has been published on liquid fuel combustion 
in porous media burners. 

The main objective of the present work is to for- 
mulate a fundamental model to consider the evap- 
oration and combustion of a fuel droplet mist in an 
inert porous medium. By extending the theoretical 

study on the phase change phenomenon inside the 
porous medium without combustion [17], we try to 
combine combustion and different heat transfer 
modes as well as the droplet behavior in the porous 
medium. Special interest is focused on self-sustaining 
combustion within the porous medium. 

2. MATHEMATICAL MODELING 

2.1. Description of  physical model 
Since the formulated subject of study incorporates 

so many phenomena, considerable simplification is 
necessary to make the physical model capable of fur- 



Self-sustaining combustion in inert porous medium 

Vaporization region I naming zone [ 

119 

porous m e m u m  ~ , ~  ~ ,  ~ r  . . . .  ~ - -  

k - Absorption coefficient 

Fig. 1. Sketch of physical model. 
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ther numerical simulation. The proposed one-dimen- 
sional (l-D) model describes the interaction of the 
three considered phases : gas (air, vapor of fuel, and 
combustion products), fuel in liquid, and porous med- 
ium in solid. Schematically, the physical model is 
shown in Fig. 1. Fuel droplets are injected from noz- 
zles and are evaporated by heat transfer originally 
from the flame located in the downstream within the 
porous medium. Although this combustion system 
should be first ignited by an external heat supply such 
as a preheated porous medium, self-sustaining com- 
bustion can be realized after ignition of relevant con- 
ditions are suitably adjusted. 

The porous medium of high porosity is modeled 
by uniformly distributed spheres; moreover, there is 
uniform distribution of cavities with equal mean pore 
size in the porous medium. Since modern swirl nozzles 
are able to produce a mist of liquid droplets with 
mean diameter in the order of 10 #m, the behavior of 
droplets with initial diameter 10-50/~m is considered. 
Therefore, the average size of the fuel droplets is small 
enough compared to the average size of the pores. 
Liquid fuel droplets are monodisperse. The inter- 
action between droplets during evaporation is neglec- 
ted. Physical properties of fuel such as latent heat of 
evaporation and healing value are constant. Pseudo- 
steady-state conditions are assumed for the evap- 
oration. The temperature distribution inside of the 
fuel droplet is uniform, but time-varying. 

Basically actual applications with self-sustaining 
combustion are considered to be operated under rela- 
tively small rates of mass flow. Therefore, laminar 
isobaric flow consisting of air, fuel droplets, gaseous 
combustible mixture and hot products of combustion 
with constant velocity u0 is assumed. 

The evaporation gaseous fuel is assumed to be 
mixed immediately with air to form a homogeneous 
combustible mixture. Combustion is modeled using 
the Arrhenius approach for a single-step chemical 
reaction of a premixed flame with relevant kinetic 
constants of reactions from ref. [18]. Overall density 
and thermophysical properties of the gaseous phase 

are treated as constant. Mass fraction of the liquid is 
negligible, and the gas is optically transparent. 
Accordingly, radiative heat transfer between the skel- 
eton surfaces of the porous medium is considered at 
the present stage. The radiative heat transfer around 
liquid droplets are not taken into account. 

The most probable modes of heat exchange between 
different phases are shown in Fig. 2. It is assumed that 
the heat transfer between gas and solid is dominant. 
Also, the unidirectional characters of heat transfer 
from gas to liquid and from solid to liquid are 
suggested. The fraction of the convective heat transfer 
between gas-liquid and solid liquid is described by 
parameter ~, which is explained in Section 2.3 in detail. 
Because of the preheating of the solid and low heat 
capacity of gas, it is highly unlikely that the tem- 
perature of the liquid will be higher than that of the 
gas or solid. 

On the basis of the above-mentioned assumptions, 
we solve the governing equations consisting of the 
energy conservation equations for the gaseous, solid 
and liquid phases. The basic framework of the fol- 
lowing equations other than combustion, droplets 
motion and droplets heat transfer is similar to that in 
the previous paper [17]. 

q 

I i  

Fig. 2. Scheme of the most probable convective heat transfer 
modes between three phases : liquid, gas and solid. 
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2.2. Mathematieal./ormulation 
The 1-D governing equations are as follows. 
Energy equation .for gas phase. 

g 
~; ~ [(eapa + evp~p~pr) Tg] + a~ [(c~p~, + Cvp~p~p~)Uo Tg]  

= 2g ~ .  _ +)'g~(T~• . -- T~) - (1 - c 0 ( l  - (5)),g~(T~ - TI) 

+ p , "  H" A • exp - - (1 -cO(5~IrL 

where, 

(1) 

Pvpr - -  P f 0 - - P f  

( 5 =  
1 for T~ = T~,, and T~ ~> T,,~ 

H is the combustion heat, L is the latent heat of 
evaporation, and T~t is the saturation temperature of 
solvent-fuel mixture. The right-hand side terms of 
the equation describe thermal conduction, convective 
heat transfer among phases (gas solid and gas 
liquid), combustion, and vaporization, respectively. 

Energy equation for solid phase. 

(2) 

aT,, 
c~(l--e)p~ Ot - ? g s ( L - T g ) - } - ~ ( 1 - ( 5 ) ~ " s l ( T I - T s )  

+ ( l - e ) 2 2 ~  ~2T~ 8.q~ ~5a;/rL 
?x -~ 8x 

where the radiative term is written as follows 

aq~(r) 

?x 

F 
- 2nk L/,,E 2 ('C) + / ~  E 2 ( 'E~ - -  "r)  - -  21h 

+ f ~lh(r')E,(lz'-rl)dz' 1. 

The Dulnev's expression for effective thermal con- 
ductivity of a solid (1 -~)22~ referred to in ref. [19] is 
used in the present formulation. 

Energy equation Jor liquid phase. 

ce, ~ t [p,.T,] + c, ~ [pfu0 T,] 

= ( 1 - ~ ) ( I - 6 ) V ~ , ( ~ - T , ) - ~ ( 1 - 6 h ' ~ , ( T , - L )  (3) 

where pf = p~n(~d3/6) ; this equation is applicable only 
for the region T~ ~< T~,,. 

Mass conservation equation Jor liquid phase. 

~Pf [pfuo] -- (5. A)lf (4) 
ei?t + ex = 

where 

j~ff 
(1 - -  0¢)~gl(Tg - -  Tsat)  -]- ~];sl ( T s  - Tsar) 

(5) 
L +cg(Tg- T~,¢) 

Equation (5) means that the total convective heat flux 

under constant saturation temperature of the liquid 
causes the evaporation of droplets and contributes to 
the change of the temperature of the gaseous phase. 

Mass conservation equation.for fi4el vapor. 

.Sp~c?st (E)R~T~ ~. + ~x[P~U0 ] = 3 " ~ / f - - p ~ ' A ' e x p  - . 

(6) 

Different modes of convective heat transfer are 
described by using the volumetric heat transfer 
coefficient 7- Assuming that both Nusselt numbers 
between of gas-solid and gas liquid pairs Nug~ 
= hg~D/).g and Nu~ = hgld/'2g are equal to 2. the con- 
vective heat transfer coefficients per unit volume are 
defined as 7g~ =(62~/D2)Nug~, and 7gt =(2gNujd)So, 
where Sd is a specific surface are of a liquid droplet. 
In the present model, heat transfer between liquid mist 
and solid phase is described by 7~ = h~lSd, where h~l is 
the heat transfer coefficient between the droplet and 
the solid, and is given in Section 2.4. The parameter 
denotes the probability of the liquid droplet evap- 
orating on a solid surface. 

The computational domain is extended over the 
region upstream of the porous medium as well as the 
porous region in order to predict the gradient of the 
gas temperature in the region immediately upstream 
of the porous medium. 

Initial and boundary conditions are given as fol- 
lows: 

T~(-- ~ , t )  = To 

p: ( -  ~o, t) = P,I 

p ~ ( - ~ , t )  = 0  

TAx, O) = T,, ~ ( - ~ , t )  = To 

T~(x,O) = 7~(x) . ~?2~(XL, t ) 

7"1 (X, 0) T0 t.g -- 0 = (?x 2 (7) 

pf(x, O) = p,o 8L(O, t) 
(1 -c)22~ 

p~(x, 0) = 0 8x 

= hb[Tg(0, t ) -  L(0,  t)] 

- ( 1 -  ~:) 2).~ 3 T'~(xL' t) 
c?x - 0 

2.3. Description of liquid droplets" motion and their col- 
lection on the skeleton of solid 

Variation of ~ in equations (1) (3) and (6) within 
range [0, 1] allow us to simulate the different regimes 
of fuel vaporization. To improve understanding of the 
collision dynamics and to provide the most probable 
value of ~, the model involving droplet impingement 
on the skeleton of the porous medium is suggested. 
The applied model is mainly based on the trajectory 
analysis of the droplets captured by immersed solid 
obstacle of simple shape [20]. As shown in Fig. 3, a 
trajectory of moving droplet follows the streamline of 
gas flow, but deviates from it in the neighborhood of 
the obstacle because of inertia. Depending on starting 
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Fig. 3. Sketch of liquid droplet motion. 

conditions, the droplet either is intercepted by an 
obstacle or moves away from it. If Ydc denotes the 
distance between the outermost trajectory for which 
the particles still collide with the obstacle and the 
centerline of the flow, collection efficiency of droplets 
on sphere is defined as c~d = (ydc/R) 2 [21]. 

Here, we assume that the interaction force of the 
droplet with the flow is only the ordinary Stokes drag, 
and we neglect the variation of the droplet diameter 
during the motion around a single obstacle. Conse- 
quently, the equation of droplet motion at r is written 
in the form of the second law of Newton : 

~z 3 d2rdt ~ 3~/.tgd(v- ~dr) ~ d  p, = . (8) 

Equation (8) can be rewritten in dimensionless form 

d2~ d~ 
S t k ~  = V -  dO (9) 

using the following variables 

r v uot pld2U0 
¢ = ~  v = - -  o= Stk= (10) 

U0 R 18#gR " 

In the case of inviscid flow around an obstacle of 
spherical shape, substituting explicit expression for 
the velocity component, equation (9) is rewritten for 
xd = ~ 'cos  q) and )'d = ~" sin q) projections, respec- 
tively [20]" 

S" d2xd 2x,] --y~ dxa (11) 
t R ~  = 1 2 2 5,2 2(xd +Ya) dO 

Stk d2yd - 3ydxd dyd (12) 
d0 2 2(x 2 +y2)5..2 dO ' 

Required boundary conditions are written as follows- 

xdl,=o = --or Ydl,=0 =.vo 

dXd° = dydo 
dt I,=0 u0 dt [,=0 = 0. (13) 

By increasing Ya0 step by step, the critical value Ya~ is 
obtained. 

This model of deposition efficiency is extended for 
the case of manifold obstacles by the addition of some 
simple assumptions. In the case of a uniform dis- 
tribution of solid spheres with equal distances between 
them, the volumetric number density of solid spheres 
is nvol =(1-e)6/TrD 3. Consequently, the amount of 
solid spheres equaled to n~,o~ = [(1-~)6/~]~3/D are 
disposed equidistantly. We may consider the spheres 
as a single obstacle with character size [ ( 1 -  e)6/~z] 1/3. 
Accordingly the collision probability within one pore 
is 

= ~a" [(1 --e)6/rc] 1'3 (14) 

2.4. The estimation o f  heat transJer coefficient between 
liquid and solid 

The assumptions for the derivation of heat transfer 
coefficient between liquid and solid are based on the 
results given by Ganic and Rohsenow [22]. They sum- 
marized experimental data of the effectiveness of evap- 
oration ~vap presented by different investigators. Also, 
they tried to fit these data by the simple analytical 
expression based on wall Tw and saturation T,~, tem- 
perature : 

Tw ,, 

The expression (15) for e,,ap with m = 2 passes through 
the middle of the scattered experimental data. Because 
of this, the following formula for specific heat transfer 
from the solid to the liquid droplets is used in the 
present study 
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= exp E, t t , ,6, 

Thus, heat transfer coefficient between solid and liquid 
is 

h~ = q~,/(T~- T O. (17) 

2.5. The computational technique 
The solutions to the system of coupled heat and 

mass transfer problems in equations (1)-(4) and (6) 
with initial and boundary conditions (7) are obtained 
numerically using finite differences. The governing 
equations are discretized into algebraic equations by 
using the control volume method. The gradients of 
the functions are stated in backward difference. 

A predictor~corrector method scheme of fourth- 
order is used with Richardson extrapolation during 
the predictor step. For reducing computational time 
the technique of adaptive time step is applied. Also a 
non-staggered space mesh is used with maximum 
space step 0.01 "xt. The finer meshes are set at the 
entrance region, and combustion and vaporization 
zones within the porous medium. Re-meshing is car- 
ried out when combustion and/or vaporization fronts 
change their position. Time increment is adjusted dur- 
ing computational procedure in order to minimize 
amount of iterations on every time step. To ensure the 
validity of the numerical scheme, the test calculations 
are performed, in particular the limiting case of gase- 
ous premixed combustion without vaporization. 
Numerically obtained radiative heat flux distribution 
is compared with published computational results of 
high temperature gas flow without phase change [23] 
Also the overall energy and mass balance is calculated 
to check accuracy of computations. A steady-state 
solution is obtained when the mass and energy imbal- 
ance becomes less than 0.5 and 1%, respectively. 

3. RESULTS AND DISCUSSION 

3. I. Behavior o f  liquid droplets 
Prior to the discussion on thermal and reaction 

characteristics of the system, the fluid dynamics of 
liquid droplets is of primary importance. The system 
of equations (11)-(13) is solved numerically under 
different values of Stokes number. Predicted tra- 

jectories of liquid droplets with streamlines of inviscid 
flow are shown in Fig. 4 under Stk = 1. The value of 
Yds, is equal to 0.67. Since the maximum value of Stk 
is about 4 under the postulated condition ( d=  50 
/~m,R = 150 /~m, u0 = 0.1 m s '), Fig. 5 shows the 
variation of~d for Stk = 4. The computational results 
are fixed are fitted well by the following polynomial 
equation using a least-square method for Stk within 
range [0.5 +4] : 

~d = 0.093+0 .387"Stk-O.O54"Stk2.  (18) 

Therefore, we can rewrite equation (14) in the form 

~ = "(0.093 + 0.387. S t k -  0.054- Stk2). 

(19) 

3.2. Typical result o f  stable selJZsustaining combustion 
In order to check the applicability of the com- 

putational model described in Chapter 2, a number of 
the numerical calculations have been done by widely 
changing the principle parameters. As a result, a ste- 
ady solution corresponding to the stable self-sus- 
taining combustion of fuel vapor is obtained. A gen- 
eral discussion for a variety of the relevant parameters, 
however, is very difficult, because of difficulty to sta- 
bilize the flame zone within the porous medium. 

Hence, a typical result corresponding to the steady 
solution is shown in Fig. 6, under the operating con- 
ditions listed in Table 1. There are three temperature 
distributions, mass fraction profiles of liquid phase 
and combustible vapor, and reaction rate. The ambi- 
ent temperature is used to normalize the temperature 
of each phase. The mass fractions of liquid and fuel 
vapor are normalized on the initial mass fraction of 
liquid. The amount of liquid diminishes by evap- 
oration only and the mass fraction of gaseous fuel 
increases in the vaporization region and quickly van- 
ishes by combustion. The differences between solid 
and gas temperatures is small except in the flame zone. 
The distributions of volumetric heat fluxes and evap- 
oration rate are shown in Fig. 7. At the entrance 
region evaporation is governed by the heat transfer 
between the solid and liquid phases. With increasing 
x, however, the collision probability ~ decreases owing 
to the decrease of the droplets diameter d; as a result 

Trajectories~f Obstacle of Streami/nes ol 
liquid droplets spherical shape lnviscid flow 

Fig. 4. Streamlines of inviscid flow and trajectories of liquid droplets around spherical obstacle. 
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~erature and mass fraction distributions within porous medium. 

Table 1. Computational parameters 

Frequency factor A 3.38" l0 N s -~ 
Specific heat of gas % 1200 J kg ~ K 
Specific heat of solid c~ 1500 J kg a K 
Specific heat of liquid c~ 3010 J kg ~ K t 
Initial diameter of liquid do 25 #m 
droplet 
Mean size of element of D 300 #m 
porous material structure 
Activation energy E 2.3" 105 J mol 
Combustion heat H 18.2- 10 6 J kg 
Latent heat of evaporation L 1.3" l 0  6 J kg L 
Universal gas constant R 8 8.314 Jmol ~K 
Initial temperature To 300 K 
Saturation temperature T~, 341 K 
Velocity of gas flow u0 0.1 m s 
Porosity of porous medium e 0.9 
Thermal conductivity of gas 2g 0.03 W (m K) L 
Thermal conductivity of 2~ 35 W (m K) t 
solid 
Density of solid p~ 800 kg m 3 
Density of liquid Pt 853 kg m 3 
Optical thickness r~ 7.5 

the heat  t ransfer  between gas and  liquid domina tes  at  
the final stage of  evaporat ion•  

The dis t r ibut ions of  the heat  fluxes are shown in 
Fig. 8. Convective heat  flux is d o m i n a n t  in the whole 
computa t iona l  domain .  Unde r  optical  thickness 
re = 7•5, radiat ive flux also plays an impor t an t  role, 
The conduct ive heat  flux of  gas is a lmost  negligible in 
our  system except in the flame zone. On the contrary,  
conduct ive heat  flux of  solid is considerable  in the 
preheat ing region and  achieves its max imum in the 
vicinity of the flame. 

3.3. Comparison with available experimental results 
Though  there are very few works devoted to this 

topic, some experimental  results are available for com- 
parison.  The s imulat ion is carried out  for the geo- 
metric parameters  and  thermophysica l  propert ies  
available f rom exper imental  results by Kap lan  and  
Hall [24]. Their  experiment  was carried out  on com- 
bust ion of  liquid droplets  with  initial d iameter  do = 50 
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Fig. 7. Distribution of the temperature difference T~ T~,t, volumetric heat fluxes Q, mean diameter of 
liquid droplets d/do and collision probability ~ vs dimensionless coordinate X/XL in evaporation region. 
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#m within a magnesia-stabilized zirconia burner. Sev- 
eral configurations of 4-ppcm and 10-ppcm were used 
in the experimental device. The stable combustion was 
achieved under mean velocity of the flow through 
ceramic, about 0.75 m s :, within the range of equiv- 
alence ratio 0.57~).67. The calculated temperature 
profile and measured axial temperature distributions 
along the combustion section of the porous ceramic 
burner at equivalence ratio 0.64 are plotted in Fig. 9. It 
can be seen that good agreement between the present 
theory and the experiment is achieved everywhere 
except at the entrance region of the combustion zone. 
The predicted steep temperature gradient in the 
entrance is associated with the vaporization process. 

3.4. Limitations o f  present model and fi~ture work 
Since the mathematical model is simplified con- 

siderably, the present model is valid within a relatively 
narrow range of geometrical parameters. As has been 
emphasized by Kaplan and Hall [24] and Howell et 

al. [17], much work remains to be done to further 
investigate the combustion of liquid fuels on porous 
media. In particular, the effects of solid-phase proper- 
ties and fluid-phase mixing and diffusion must be 
elucidated. On the other hand, the vaporization of 
liquid by radiation has to be considered in the entrance 
region of the porous medium• Also, the dynamics 
of the droplets and their accumulation in the pre- 
evaporation region has to be considered in detail• 

4 .  C O N C L U S I O N S  

A physical model of self-sustaining combustion of 
the gaseous mixture with simultaneous evaporation 
of fuel droplets in the porous medium is developed 
taking the droplet behavior during the collision into 
account. The regime of self-sustaining combustion 
with steady flame zone is found numerically. The pre- 
diction of the mathematical model are found in good 
agreement with the available experimental result. 
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Fig. 9. Temperature distribution along combustion section: (O) experimental data from ref. [24], ( ) 
numerical simulation. 
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The premixed combust ion of  fuel vapor in inert 
porous medium depends on various heat transfer 
modes. Al though only the typical results were shown 
in the present paper,  it is found that, under a fixed 

thickness of  porous medium, the superficial velocity of  
the gaseous phase, thermal conductivity of  the solid, 

convective heat transfer coefficients among different 

phases and initial diameter of  liquid droplets are the 
most impor tant  parameters for self-sustaining com- 
bustion of  the fuel vapor  in an inert porous medium. 
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