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Abstract

Present work is a numerical analysis of fuel oil combustion inside an inert porous medium where fuel oil flows through the porous
medium under gravity wetting its solid wall with concurrent movement of liquid fuel and air under steady state conditions. A one-dimen-
sional heat transfer model has been developed under steady state conditions using a single step global reaction mechanism. The effects of
optical thickness, emissivity of medium, flame position and reaction enthalpy flux on radiation energy output efficiency as well as the
temperature, position and thickness of vaporization zone have been presented using kerosene as fuel. Low values of optical thickness
and emissivity of porous medium will ensure efficient combustion, maximize downstream radiative output with minimum upstream radi-

ative loss.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Combustion of premixed gaseous fuel-air mixture inside
the solid porous matrix releases energy to heat up the
matrix which converts sensible heat of combustion to radi-
ative energy. The radiative energy not only preheats the
gas—air mixture for combustion augmentation but also
emits radiation in the downstream end to heat up the load.
The porous gas burners in comparison to conventional
burners have higher thermal efficiency, higher power den-
sity (compact), low emission of CO and NO, and better
flame stability. Various thermal applications have been
reported in last few decades utilizing these advantages [1,2].

Many analytical and experimental studies have been
made to analyze the combustion characteristics of porous
medium burner for premixed gaseous fuel-air mixture sys-
tem [3-7]. But only a few experimental and numerical stud-
ies have been reported for combustion of liquid fuel using
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porous medium. Kaplan and Hall [8], Durst et al. [9] used
premixed fuel oil sprayed droplets in air in place of gaseous
fuel-air mixture and studied the effect of various parameters
on stabilized combustion inside porous ceramic mixture.
Howell et al. [10] measured the effects of porous matrix
on reaction rates, flammability limits and flame stabiliza-
tion, radiant output using single-stage and multi-stage gas-
eous burners. Tseng and Howell [11] have conducted both
experimental and numerical studies of liquid heptane drop-
let vaporization and combustion of vapour—air mixture
inside inert porous medium made of zirconia. The flashback
and blow-off limits of combustion within the porous struc-
ture were determined. It was concluded that smaller droplet
size (<25 pum) of heptane could be vaporized in the low tem-
perature region before the flame front. Kayal and Chakrav-
arty [12] presented numerical analysis of combustion of
liquid fuel droplets suspended in air inside an inert porous
media. The effects of absorption coefficient, emissivity of
medium, flame position on radiative energy output effi-
ciency and optimum oil droplet size at the entry, defined
as the maximum size for complete vaporization before
entering the combustion zone, have been studied. Fuse
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Nomenclature
. —1
a specific area, m
A pre-exponential factor in reaction rate, s~
¢y average specific heat of gas stream at constant

pressure, J kg ' K !
d diameter of each fiber, m
D diffusion coefficient, m> s~
E activation energy, J kg mol ™!
E emissivity of inert solid medium
E downstream radiative efficiency, ¢*(L)/q’

E’ total radiative efficiency, [¢"(L) — ¢*(0))/q’

f equivalence ratio

g acceleration due to gravity, m s >

hg heat transfer coefficient between gas and liquid,
Wm 2K!

hgs heat transfer coefficient between gas and solid,
Wm2K™!

hg heat transfer coefficient between solid and

liquid, Wm > K™
radiation intensity, W m >

i

iy black body intensity, W m >

k average thermal conductivity, Wm ™' K™

Ky mass transfer coefficient between gas and liquid,
kgm 25!

l dimensionless vaporization thickness, 6/L

L porous layer length, m

L optical thickness, oL

m fuel oil flow rate, kgm 25"

M average molecular weight, kg kg mol ™!

M, M,, M5 dimensionless quantities as in Eq. (18)

n number of vertical fibers per unit cross-sectional
area of medium, m >

ne fuel concentration, kg mol m >

no, oxygen concentration, kg mol m~>

p pressure, N m >

Dy partial vapour pressure, N m >

q radiative heat flux, W m >

q net radiative heat flux, W m—>

q reaction enthalpy flux, W m >

o’ dimensionless reaction enthalpy flux, ¢'/oT?

R universal gas constant, J kg mol~! K™

s scattering coefficient, m ™'

Sc Schmidt number

t thickness of oil film, m

T temperature, K

Taa adiabatic flame temperature, K

T gas temperature (K) at vaporization zone at
x=x'

Ta autoignition temperature, K

T\ dimensionless autoignition temperature,
(Ta — T/ T;

T dimensionless gas temperature, (T, — T3)/T;

T dimensionless vaporization temperature,
(T' - T)/T;

T dimensionless peak gas temperature, Ty,/Taq

u average axial velocity, m s~

uy, laminar burning velocity of stoichiometric oil-
air mixture, ms~ !

v dimensionless burning velocity, us/u;

X axial coordinate, m

x* axial coordinate at flame plane, m

x' axial coordinate at vaporization plane, m

x" axial distance between vaporization plane and
flame plane, x* — x’

x" value of x where 7" =0.01

X dimensionless axial coordinate, x/L

X dimensionless axial coordinate at flame plane,
x*/L

X" dimensionless axial distance of vaporization
plane from flame plane, x"/L

y mass fraction of gaseous product

Greek symbols

absorption coefficient, m~'

porosity

average density, kg m >

latent heat of vaporization of liquid, J kg™
vaporization zone thickness, m

Y kinematic viscosity, m*s "

o Stephan—Boltzmann constant, Wm 2 K *

1

PN

Superscripts
+ forward direction
— backward direction

Subscripts
e exit plane

f flame plane

g gas

1 inlet

1 liquid

m maximum

o liquid surfaces

s solid

00 bulk

1, 2, 3, 4 interfacial planes

et al. [13] used radiant energy of kerosene flame and furnace
walls for penetration through porous ceramic plate to
vaporize the oil from the oil container for continuous oil
vaporization and sustenance of its stable combustion.

Takami et al. [14] studied the combustion behavior of
kerosene when the oil was added drop wise at the top
of the porous ceramic plate and ignited at the bottom
surface. Jugjai et al. [15] developed a porous medium
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burner where kerosene was supplied drop wise to the
top surface of the burner and swirling combustion air
was supplied at the lower side of the medium where
the mixing of oil vapour and air occurred. Finally, com-
bustion occurred inside the burner system. Effects of
various parameters on the thermal performance of the
burner were studied. Jugjai and Polmart [16] used a
set up containing porous ceramic medium and packed
bed with air mixing chamber in between them. Kerosene
was added drop wise to the top of the ceramic matrix.
Kerosene was vaporized while traveling through porous
matrix and met the swirling air in combustion chamber.
The packed bed was used in the downstream section to
convert a portion of gas sensitive heat to radiation
energy for emission. Temperature profile for both axial
and radial position of the setup was measured and ana-
lyzed. Martynenco et al. [17] investigated, by numerical
simulation, self-sustaining combustion of a gaseous mix-
ture in inert porous medium with prior vaporization of
liquid droplets. The heat transfer between solid, liquid
and gaseous phases has been analyzed keeping into
account the collision of oil droplets on the solid wall
of the medium and effect of heat transfer coefficient
between liquid and solid on the medium superheat.

The present study numerically investigates the thermal
behavior of a liquid fuel combustion within a highly por-
ous ceramic matrix. For this study, the liquid fuel is con-
sidered to be added in a drop wise fashion uniformly over
the top surface of the matrix and allowed to trickle
through the system. The air inlet is also at the same loca-
tion, through the top of the matrix. In this system, the
vaporization is assumed to be complete in the precombus-
tion zone of the porous medium. The effects of various
properties of medium and operating parameters on the
vaporization zone and radiant output have been investi-
gated in this study.

2. Mathematical analysis
2.1. Analytical model

The schematic diagram representing one-dimensional
model under steady state conditions is shown in Fig. 1.
Liquid (kerosene) fuel and air both uniformly distributed
over top horizontal surface of inert porous medium of
length L, flow vertically downward through the medium
inside an adiabatic duct in x-direction. The air with mass
velocity pu along with liquid, both in laminar flow, enter
medium (x = 0) at temperature 7;. Vaporization of liquid
occurs at x = x’ over thickness ¢ and mixture of liquid
vapour and air burns near the region at x = x* and flows
out at x =L at temperature T.. The porous medium is
divided into three regions where A, B and C represent pre-
combustion, combustion and post-combustion regions
respectively. The interfacing planes which are perpendicu-
lar to x-direction are separating the regions and designated
by 1, 2, 3 and 4. The radiative heat fluxes in forward and

TgZTI y=0
q°  m pu q
I O N S AT
vy Vv v |
A
Te=T’ —szx’
A 8 <
2y
B 3 — x=x*
C 4
e
y=1 Tg=Te
q* q

Fig. 1. Schematic diagram of liquid combustion system in a porous
medium.

backward directions in the porous medium are ¢ and ¢~
respectively.

The principal assumptions used in the formulation are
as follows:

(a) The working gas is non-radiating.

(b) The structure is having high porosity and the gas flow
is laminar so that the pressure drop across the porous
medium is negligible.

(c) The porous medium is a homogeneous continuum,
the physical properties of which are given by multi-
plying those of porous material by a factor of (1 — ¢).

(d) The porous material is able to emit and absorb radi-
ation in local thermal equilibrium while radiative
scattering is ignored.

(e) A one-dimensional radiative propagation occurs in
x-direction without any reaction occurring in regions
A and C.

(f) The liquid film does not participate in radiative heat
transfer within the medium.

(g) The heat transfer coefficient between solid and liquid,
hg 1s estimated using a simplified flow structure inside
the medium such as laminar flow of thin liquid film
over the surface of a bundle of vertically stretched
non-adhering thin fibers [18].

(h) The temperature of falling liquid film flowing over the
solid surface of the medium is uniform over its thick-
ness at any value of x.

The assumptions in the region B for reaction system are:

(i) The porous medium is non-catalytic.
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(j) The liquid vapour—air mixture enters the region at a
temperature T, < T where T is the autoignition
temperature of liquid vapour—air mixture.

(k) The reaction starts and gets completed in the region
at constant temperature Ty = Tp,.

() The medium at interface 2 absorbs radiation as
upward radiation flux in region A.

(m) The one-step global irreversible reaction between ker-
osene vapour and air is considered.

Some of these assumptions are discussed in detail. The
assumption (a) is realized as the emissivity of the gas is
much less than the porous solid medium. The assumption
(b) is justified as the usual matrix structure of radiant
burners [6] is in the form of ceramic porous open cellular
foams or ceramic fiber structure which has very high
porosity in the range of 0.95-0.99. Also low pressure drop
across the porous solid is justified due to laminar flow of
gas through these highly porous medium. The assumption
(d) is justified to cover most of the porous medium such
as ceramic foam [5] and porous metallic medium [19].
The assumption (e) is reasonable due to high thermal
insulation outside the duct in presence of negligible radial
flow. In the absence of published data for transmittance
of transparent liquid kerosene (C,Hyg), the data [20] of
transparent optical glass at 0.2-2 u wave length may be
used. For the maximum thickness of 18 um (as is esti-
mated in present study), the transmittance of glass is esti-
mated [21] using Lambert’s law as more than 99.9%. So
the assumption (f) is justified because the radiation activ-
ity within the porous material between solid and gas will
not be affected due to the presence of liquid adhering to
the solid surface. The assumption (h) is realized as the
value of Biot number (hgt/ky) is estimated [22] as around
0.1.

The assumptions (j), (k) and (1) are discussed in totality.
As the porosity of the solid medium is very high (¢ > 0.9)
and the mixture flow is laminar, the flow may be assumed
to be of plug flow in nature. In kerosene—air combustion
[23] the one-step global reaction rate is given by k. =5 X
10" exp[—30,000/ RT ] **[no,]'> g molem > s™'  when
ng and no, are fuel and oxygen concentration in g mol cm
respectively using the composition of kerosene as Cj,Hyy.
With reaction temperature of this system assumed at
2000 K and 99% completion of reaction under plug flow con-
dition, the reaction thickness is estimated to be about a frac-
tion of millimeter. This dimension is smaller or nearly equal
to the dimension of cavity for highly porous ceramic [5] or
metallic structure [19]. With high permeability and porosity
of matrix structure, the combustion can be realized as if in
open space flow condition in such a small thickness so that
the assumption of constant temperature (7,) of reaction
temperature zone is justified as in assumption (k). The max-
imum temperature of the gas mixture before it enters the
reaction region B is its autoignition temperature, 75. How-
ever, the inlet temperature at interface 2 is determined by the
absorptance of the porous medium facing reaction zone tem-

perature, T,,. At steady state, the gas mixture at Ty < Ta
when enters the reaction region instantaneously reaches
the reaction temperature 7y, because of high reaction
enthalpy flux. For methane combustion in porous matrix,
the gas entry temperature, 7, was obtained to be less than
T [3]- So the assumption (1) is justified as the interface 2
exchanges radiative enthalpy from reaction region B only
through emissive/absorptive interaction between reaction
temperature 7T, and low solid temperature at 2. Other
assumptions (g), (i) and (m) are taken for computational
simplicity.

2.2. Basic equations

Using above assumptions, the continuity equation for
the species, energy equation for gas, liquid and solid phases
are formulated respectively [4,24].

Region A

Prior to completion of vaporization (0 < x < x’ — 1/28),
pucy(dTy/0x) = ko(0Ty/Ox%) — hya(Tg — T1) (1)
0q* Jox = ky(O*Ts/ox?) + hga(Ts — Ty) (2)
hga(Ty — Ty) = hga(Ts — 1) (3)
In vaporization zone,
haar(Ts — T1) = hga(T1 — Ty) — A(0m/0x) 4)

Using wet bulb thermometry for air as non-condensable
gas in the system [25],

hga(Ty — Ty) = Kaa12A(M1/Mg)[Dyo/ (P = Puo) = Pyoe/ (P = Py
(5)
ha/K g = 0.294[Sc]"* (6)

For high mass ratio of air to fuel, p,, =~ 0. The values of /,
Pvo and Sc are evaluated at 77 which is constant over the
vaporization thickness Ax = .

For fully developed laminar flow of falling film over n
number vertical fibers of diameter ‘@ under constant heat
flux condition, A is estimated [18] as

(hsl/kl)(VZ/g)l/2 = 2,262[4m/(nﬂdpy)]—1/2 )

In post-vaporization zone, Egs. (10) and (11) are used for
the gas and solid phases.

Reaction region B

pu(Qy/dx) = Dp(&’y/ex*) + Ap(1 — y) exp[—{E/(RTm)}]
(8)

where mass production rate of species is in Arrhenius
form

Equation of state: p = Mp/(RT,) 9)
Region C

puc,(0T,/0x) = kg(azTg/axz) — hgsas(Ty — T) (10)
oq" Jox = ky(O° T /Ox?) + hysas(Ty — T) (11)
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In region A and C, the net radiative heat flux, ¢" is related
to heat fluxes ¢ and ¢~ in forward and backward direction
as

=9 —q (12)

Using two flux gray radiation approximation [24], the
equation of transfer of intensity in each hemisphere is inte-
grated over their respective hemispheres to yield forward
and backward intensities i and i~ as

0it /20x = — (o0 + )it +si” + oty (13)
0™ /20x = — (ot + )i~ + si* + oy, (14)

where 7, is the black body intensity. As each intensity over
their respective hemisphere is constant under the two-flux
model, Egs. (13) and (14) are integrated over each hemi-
sphere to yield

oq"/20x = —(au+5)g" +sq +ooT? (15)
oq~/20x = —(ac+5)qg~ +sq" +ooT? (16)

At the interface 2, the absorptance of solid phase at tem-
perature 7> for incident blackbody radiation of reaction
temperature T, is equal to the emittance of surface at T,
for electrical non-conductors such as ceramics or metal
oxide surfaces in which the monochromatic emittance is

independent of temperature [20].
Atx=xy: ¢ =EoT! —EaT? (17)

Other boundary conditions are

x=0: T,=Ti, ¢ =0
x=x: T,=T
x=x3—Ax: Ty< Ty
Ax — 0 (18)
X=X y=0, Ty =Ty
X = X3 y=1Ty=Ty
x=L: Ty=Te, g =0

These equations are transformed into dimensionless form
using following dimensionless equations:

X =x"/L, T"=(Ty—T)/T;, M, = puc,/(cT;)
My =k/(6TL), M;=ky/(cTL), L =oaL
(19)

The energy balance of the reaction zone B is worked out
by considering the total reaction heat release rate, sensible
enthalpy flux of gas and radiative energy flux at both ends
of the zone. The overall energy balance of the system is
made by equating the total reaction heat release rate to
the sum of latent heat absorption loss, sensible enthalpy
flux at downstream end, radiation heat losses at upstream
and downstream ends. Heat conductivity energy fluxes at
both ends of porous medium are assumed to be negligible

3],

2.3. Numerical solutions

The governing differential equations with boundary con-
ditions were numerically integrated using collocation
method [26]. In this method, the differential equations were
converted to non-linear system of equations and solved
with assumed polynomial spatial profiles for temperature
and heat fluxes.

The computation was carried out using kerosene—air
system in ceramic porous medium. Taking composition
of kerosene as C,Hyg, the properties of Cj,Hy6 as function
of temperature were used [23]. The autoignition of kero-
sene, 7o = 503 K was used. The adiabatic flame tempera-
ture, T,q of CoHyg in air at =1 is taken [29] as 2277 K.
The value of hga were estimated using long fibers of
100 pm diameter [27]. The value of 4 is assumed to vary
proportionately with Reg'5 in laminar flow condition [18].
In estimating /gas, d =100 pm was used [27]. For kero-
sene—air system, laminar burning velocity, uy for f=1 at
477 K is taken [28] as 0.40 ms~'. The base line data are
as follows:

O =1x10" T;=298K, f=10, L=0.1m
®=095 ¢,=1105kIkg' K", d=100um
ke =0078Wm 'K, & =018Wm 'K
s=0, E'=03, hga,=2x10"Wm™' K"

3. Results and discussion

The temperature of gas, liquid and solid coincide due to
firstly, high value of hgas imposed [4,5], secondly high
value of hy and hy prior to start of vaporization
(0 < x < x"—1/26) and thirdly, the negligible effect of
small heat of absorption rate for vaporization of liquid in
comparison to high value of radiative heat flux and sensible
heat of gas in the vaporization zone (x = x’). With peak
temperature remaining above 2000 K, the assumption of
constant reaction temperature (7,,) is satisfied. In the
post-vaporization zone, the air—fuel oil vapour mixture
moves in region A so that the combustion of single phase
occurs in region B. For combustion of single phase mixture
containing by hydrocarbon and air at constant equivalence
ratio f, flame can be stabilized [3,4,30] at any position of X
inside the porous system.

Fig. 2 shows the gas temperature 7™ profiles along the
axial coordinate X inside the porous medium at different
optical thicknesses L* are shown with flame location
X" =0.5. The absorption coefficient o of porous medium
can be changed to vary L* (=«lL) while L remains at
0.1 m. It is seen that the prereaction temperature zone
length shortens significantly with increase in L*. Here pre-
heating temperature zone length (x™ — x”)/L is defined
arbitrarily as the dimensionless distance between x = x*
and x = x” where T* = 0.01 at x = x”. However the inter-
face solid temperature 7, of the reaction zone B remains
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Fig. 2. Gas temperature profiles for several optical thicknesses when
X =0.5.

same at autoignition temperature (77, = 0.688). Similar
observations have been reported [4] for methane-air
system.

Fig. 3 shows the effect of optical thickness L* on the
reaction peak temperature 7, burning velocity V", vapor-
ization temperature 7', thickness /, location X" and radi-
ative efficiencies E’, E"”. As L" increases, the radiative
energy feedback from the post-flame region to the reaction
zone increases. But due to increase in L*, the increase in the
radiative energy feedback is partially neutralized with
increase in radiative output at both downstream and
upstream ends. These combined effect results in only mar-
ginal increase in 7™ and V* with increase in L*. However
the reaction temperature is slightly greater than the adia-

0.4
o
0.35 —
o—— —
0.31 E
w
- D x X
i 0.25 10
>
5 0.2
- \
~ 0.15
3|:_ T*”(x0.1)
0.1 o )
0.054 1(x 10)
0 ‘ ‘ ‘
0 5 10 15 20

Fig. 3. Radiative output, peak gas temperature, burning velocity as well
as temperature, position and thickness of vaporization zone for varying
optical thicknesses at X* = 0.5.

batic flame temperature i.e. 7™ = 1 with increase in L".

However, the reaction temperature is slightly greater than
the adiabatic flame temperature i.e. T ~ 1. With increase
in L*, the combined effect of shortening of preheating tem-
perature zone length and increasing of radiative heat flux in
the region A results in increase in vaporization temperature
T and decrease in vaporization thickness / and position
X". Pattern of decrease in / and X” with increase in L* is
similar. It may be noted that the value of vaporization tem-
perature 7" is much lower than the autoignition tempera-
ture 7, for the entire range of L.

Fig. 4 shows the radiative fluxes as a function of X in the
porous medium when X* =0.5. Maximum radiative heat
flux exchange occurs at the reaction zone X* =0.5. This
supports the concept of radiative energy feedback in such
system proposed by Weinberg [31]. At the reaction zone,
there are sharp changes in forward and backward heat
fluxes. At both ends of the porous medium, the net fluxes
represent heat losses. Similar observations were made by
others [3,24].

Fig. 5 shows the effect of position of reaction zone X,
on gas temperature distribution. The reaction temperature
T™*" and the interface solid temperature (7>) do not signif-
icantly change in the range of X" =0.2-0.8 for L* = 10.
But in the preheating zone (x <x"), its zone length,
(x* — x™)/L increases and average temperature gradient,
AT”/AX decreases with increase in X*. These have signifi-
cant effect on X”, 7™ and [/ when X is varied.

Figs. 6-8 show the effect of variation of X* on the posi-
tion X”, the temperature 7' and thickness / of vaporiza-
tion zone respectively and have been discussed together.
At constant optical thickness L, the increase in X™ results
in decrease in temperature gradient and increase in zone

6000

4000 -

2000 -

Q+, Q. Q*

-2000

-4000

X

Fig. 4. Profiles in the radiant fluxes in the porous medium for L* = 10,
X =0.5.
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Fig. 5. Gas temperature profiles for several positions of the reaction zone
for L* = 10.
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Fig. 6. Effect of position of reaction zone on the position of vaporization
zone at various optical thicknesses.

thickness of preheating temperature zone (Fig. 5). Due to
increase in preheating zone thickness, the vaporization
position X” increases but the vaporization temperature
T*' decreases. Due to decrease in temperature gradient,
the vaporization thickness / increases. At low values of
optical thickness L”, the effect of X* on X", [ and T" is
prominent and noticeable as the preheating temperature
zone is large (Fig. 2). At high values of L*, the temperature
gradient is so steep that the effect of X* on X", land T is
not noticeable.

Fig. 9 shows the effect of emissivity of medium, E* on
the thermal performance of the system. The effect of E*
and L* are similar except that E* affects only the perfor-

0.25
0.2
x\x\x_x“)(‘x\xﬁx-x—x—x\x
0.15
.
0.1 1
X
<o
0.054 | =
o
A 20
0 \ \ \ \
0 0.2 0.4 0.6 0.8 1

X*

Fig. 7. Effect of position of reaction zone on the vaporization temperature
at various optical thicknesses.

I (x 0.01)

X*

Fig. 8. Effect of position of reaction zone on the thickness of vaporization
zone at various optical thicknesses.

mance of the prereaction zone, whereas L™ affects that of
the whole medium. Accordingly, the effect of E* on I, X”
and T has similar trend but in lesser degree of change.
The increase in E* results in increase and decrease in the
upstream and downstream radiative heat loss respectively.

Fig. 10 shows the effect of reaction enthalpy flux, Q' on
thermal performance of the system. Reaction temperature,
T*" and burning velocity, V* increase almost linearly with
Q'. But the values of X” and / are nearly constant over the
entire range of Q’, which means that the vaporization
activity is nearly unaffected.

Uniform oil vapour—air mixture should enter the com-
bustion zone for efficient combustion of mixture. This will
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Fig. 9. Effect of emissivity of porous medium on radiative output, peak
gas temperature, burning velocity as well as temperature, position and
thickness of vaporization zone at L* = 10, X* = 0.5.
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Fig. 10. Effect of reaction enthalpy flux radiative output, peak gas
temperature, burning velocity as well as temperature, position and
thickness of vaporization zone at L* =10, X* =0.5.

be ensured with high value of X” i.e. high residence time of
mixture in the post-vaporization zone prior to combustion.
Low value of optical thickness of medium (L* ~ 4-5) with
flame position nearer to downstream end (i.e. X*>0.5)
ensures high value of X”. Low values of absorption coeffi-
cient have been obtained using low pore density of medium
[13]. In an industrial application, minimum upstream and
maximum downstream radiative heat loss (for heating
load) are desirable. This will be achieved for porous med-
ium with low emissivity (E* ~ 0.25). Usual material of con-
struction of porous medium is Al,O3 or ZrO, which have
low emissivity, E* of 0.28 and 0.31, respectively at
2000 K [2].

4. Conclusion

A numerical investigation of combustion of fuel oil
inside a porous medium has been presented where the
liquid fuel falls under gravity in the form of a thin film
on the wall of porous medium. Following are the conclu-
sions of the investigation.

Firstly, low value of optical thickness of medium ensures
efficient combustion due to high residence time in mixing of
fuel oil vapour and air mixture in post-vaporization zone
prior to combustion. Secondly, porous medium made of
ceramic material with low emissivity is desirable for maxi-
mum downstream and minimum upstream radiative heat
loss.
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