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Abstract

The present model is based on a combined self-sustained liquid fuel vaporization–combustion system, where the liquid fuel vapori-
zation occurs on a wetted wall plate with energy transferred through the plate from the combustion of vaporized oil. The vaporization
energy has been derived through the radiative interaction of the vaporizing plate and an upstream end surface of the porous medium. The
inert porous medium, used in the flow passage of combustion gas, is allowed to emit and absorb radiant energy. The radiative heat flux
equations for the porous medium have been derived using the two-flux gray approximation. The work analyzes the effect of emissivities
of vaporizing plate and porous medium, the optical thickness of medium and equivalence ratio on the kerosene vaporization rate, com-
bustion temperature and radiative output of the system. Combination of low and high emissivities of vaporizing plate and porous med-
ium respectively with low optical thickness of medium makes the system operable over a wide range of power. The study covers the data
concerning the design and operating characteristics of a practical system.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Porous media gas burners have been used in various
thermal applications [1,2] due to their several advantages
over conventional burners. The advantages are higher ther-
mal efficiency, high power density (compact), better flame
stability and low emission of CO and NOX. Many analyt-
ical and experimental studies have been performed to ana-
lyze the combustion characteristics of porous medium
burner for premixed gaseous fuel–air system [3–7]. But only
a few studies have been reported for combustion of liquid
fuel using porous medium. Kaplan and Hall [8] and 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
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ceramic matrix. Martynenko et al. [10] investigated, by
numerical simulation, self-sustaining combustion of a gas-
eous mixture in inert porous medium with prior vaporiza-
tion of fuel droplets. The collision of the fuel oil droplets
on the porous matrix and effect of heat transfer coefficient
between liquid and solid on the porous matrix superheat
were incorporated in the heat transfer analysis. Kayal
and Chakravarty [11] investigated, by numerical analysis,
the combustion of fuel oil droplets suspended in air inside
an inert porous medium where the complete vaporization
of fuel oil droplets occurs prior to their entry in the com-
bustion zone inside the medium. The effects of various
properties of the medium on the radiative energy output
and optimum fuel oil droplet size at the entry, defined as
the maximum size for complete vaporization before enter-
ing the combustion zone, have been presented. Kayal and
Chakravarty [12] have performed a numerical analysis of
fuel oil combustion inside an inert porous medium where
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Nomenclature

a specific area, m�1

b fraction of area of plate 1 used for fuel oil pre-
heating

cp average specific heat, J kg�1 K�1

D1, D2, D3 distances in Fig. 1
E* downstream radiative efficiency, q*(L)/q0

E0 emissivity of plate 1
E00 emissivity of porous medium
f equivalence ratio
h heat transfer coefficient, W m�2 K�1

h1 heat transfer coefficient between plate 1 and fuel
oil in preheating section of the plate,
W m�2 K�1

h2 heat transfer coefficient between plate 1 and fuel
oil in fuel vaporizing section of the plate,
W m�2 K�1

i radiation intensity, W m�2

ib black body intensity, W m�2

k average thermal conductivity, W m�1 K�1

L porous layer length, m
L* optical length, aL

m fuel oil flow rate, kg m�2 s�1

Mav average molecular weight, kg mol�1

M1, M2, M3 dimensionless quantities as in Eq. (12)
nf fuel concentration, kg mol m�3

nO2
oxygen concentration, kg mol m�3

p pressure, N m�2

q radiative heat flux, W m�2

qv heat flux for fuel oil vaporization, W m�2

q* net radiative heat flux, W m�2

q0 reaction enthalpy flux, W m�2

Q* dimensionless reaction enthalpy flux, q0=ðrT 4
i Þ

R universal gas constant, J kg mol�1 K�1

s scattering coefficient of porous medium, m�1

T temperature, K

T 0 combustion temperature, K
T* dimensionless gas temperature, (Tg � Ti)/Ti

T*0 dimensionless combustion temperature,
(T 0 � Ti)/Ti

u average gas velocity, m s�1

uL laminar burning velocity of stoichiometric fuel
oil–air mixture, m s�1

V* dimensionless burning velocity, u2u�1
L

x axial coordinate, m
X dimensionless axial coordinate, x L�1

~y mass fraction of gaseous product

Greek symbols

a absorption coefficient of porous medium, m�1

/ porosity
q average density, kg m�3

k latent heat of vaporization of fuel oil, kJ kg�1

r Stephen–Boltzmann constant, W m�2 k�4

D difference

Superscripts

+ forward direction
� backward direction

Subscripts

a air
b boiling point
g gas
gs between gas and solid
i inlet
s solid
l liquid
L at x = L

v vapor
1, 2, 3 interfacial planes
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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. Effects of vari-
ous properties of porous medium and operating parame-
ters on radiative energy output have been presented.

Tseng and Howell [13] have conducted experimental and
numerical studies of liquid heptane droplet vaporization
and combustion of gaseous mixture inside the inert porous
medium made of zirconia. The flashback and blow-off lim-
its of the combustion within the porous structure were
determined. It was concluded that the smaller droplets size
(<25 lm) of heptane could be evaporated in the low tem-
perature region before the flame front.

Takami et al. [14] studied the performance of combus-
tion of kerosene oil when it was added dropwise at the
top surface of the porous ceramic plate and ignited on
the bottom surface. Jugjai et al. [15] developed a porous
medium burner where kerosene oil was supplied dropwise
to the top surface of the burner and swirling combustion
air was supplied at the lower side of the medium where
an opposite flow mixing of oil vapor and air occurred.
Combustion occurred inside the medium. Jugjai and Polm-
art [16] used a set up containing porous medium and
packed bed with air mixing chamber in between them. Ker-
osene was added dropwise to the top of the ceramic matrix.
Kerosene vapor, formed during the passage of fuel oil
through the matrix, was mixed with air in the combustion
chamber and the combustion gas finally passes through the
packed bed to convert a portion of gas sensitive heat to
radiant energy. Temperature profiles for both axial and
radial position of the set up were measured and analyzed.
Fuse et al. [17] used a porous ceramic plate as the fuel evap-
orating element where the radiant energy from the flame
and furnace walls penetrate through the large pores of



T.K. Kayal, M. Chakravarty / International Journal of Heat and Mass Transfer 50 (2007) 1715–1722 1717
the ceramic plate to the downstream end and vaporize the
kerosene oil in a container. This way the radiant energy
was utilized effectively to sustain oil vaporization. Here
the sustenance of fuel oil vaporization was primarily con-
trolled by the optical thickness of the ceramic plate.

It is seen that recent works are mainly aimed at utilizing
a portion of fuel oil combustion enthalpy for fuel oil evap-
oration prior to its combustion. Then the hot combustion
gas is finally passed through the porous medium for effi-
cient conversion of gas sensible heat to radiant energy at
the downstream end.

In the present study, all the above operations and pro-
cesses are incorporated in a system where the fuel oil
vaporization occurs on a wetted wall plate. The heat
released from the combustion process is used to preheat
and vaporize the fuel by heating the plate. Heat transfer
from the combustion products to the porous matrix gener-
ates radiative output from the downstream end of the
burner.
2. Mathematical analysis

2.1. Analytical model

The schematic diagram representing two-dimensional
model under steady state condition is shown in Fig. 1.
The system is divided into three regions A, B and C where
A and B region are open spaces and C region contains a
porous medium. The interfacial planes (1, 2, 3) are perpen-
dicular to x-direction and separating the regions. The ver-
ml
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Fig. 1. Schematic diagram of oil combustion system.
tical plate 1 separates region A and B. The fuel oil (Tl = Ti)
enters at x = �D1, y = 0 and moves from y = 0 to y = D2

under gravity in the form of a thin film along the vertical
plate 1. During this passage, the liquid fuel is heated from
Ti to boiling point Tb and vaporized completely at y = D2.
A suitable air ejector sucks the fuel vapour from region A
through bottom opening (height = D3 � D2) of plate 1 to
region B. The air ejector is at the bottom of region B at
y = D3 between x = 0 to x = �D1. This not only prevents
the flashback of flame from combustion zone of region B
to region A but also uses region B as a well-stirred combus-
tion reactor having high swirl and back mixing of gaseous
components for completion of combustion at Tg = T 0. In
region B, the combustion zone is assumed to be in the space
between x = 0 to �D1 and y = 0 to D2. Heat of vaporiza-
tion of fuel is transferred from combustion zone at region
B to region A through the plate 1. The combustion prod-
ucts move from combustion zone in x-direction in between
y = 0 to y = D2 through the porous medium in laminar
flow in region C and leaves the region at Tg = TL.

Initially region B space is heated through combustion of
a fuel gas (methane) in air where both gas and air enter
through air port. After sufficient temperature of combus-
tion is reached in region B, the radiative heat becomes suf-
ficient in region B to heat plate 1 for vaporization of fuel
oil. Then the fuel gas is switched off. The system becomes
self-sustained for vaporization and combustion of fuel
oil. The system is insulated and assumed to have no heat
loss. The radiative heat fluxes in forward and backward
directions in the porous medium are q+ and q� respectively.
The principal assumptions used in the formation are as
follows:

(a) The rate of fuel flow entering region A is optimum
such that the fuel oil vaporization is complete just
when fuel oil reaches the bottom edge of the plate 1
at y = D2 i.e. ml = mv.

(b) The temperature along the fuel oil thickness of thin
falling film in x-direction on the plate 1 is uniform.

(c) The plate 1 is thermally thin and highly conductive,
so that the temperature of the plate is uniform at
T = T1 in all directions.

(d) The gases present in the system are non-radiating.
(e) The porous medium in region C is having a high

porosity and the gas flow is laminar so that the pres-
sure drop across the medium is negligible.

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

(g) A one-dimensional radiative propagation occurs in
x-direction in the porous medium without any reaction.

(h) Inlet air at Tai = Ti and the oil vapor from region A
are thoroughly mixed before the mixture enters the
combustion region at y = D2 between x = 0 to
x = �D1.

(i) The combustion reaction starts and gets completed in
the region at constant temperature Tg = T 0.
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(j) Radiative energy exchange in region B occurs
between two parallel large surfaces (1 and 2) having
equal areas.

(k) The one step global irreversible reaction mechanism
between fuel oil vapor and air is considered.

Some of these assumptions are discussed in detail. The
assumption (d) is realized as the emissivity of gas is much
less than the porous solid medium. The assumption (e) is
justified as the usual matrix structure of radiant burner
[18] is in the form of ceramic porous open cellular foams
of ceramic fiber structure having porosity in the range of
0.95–0.99. Low pressure drop is justified for laminar flow
of gas through these highly porous medium. The assump-
tion (f) is justified to cover most of the porous medium such
as ceramic foam [5] and porous metallic medium [19]. The
assumption (g) is reasonable due to high thermal insulation
outside the duct in presence of negligible radial flow. In the
assumptions (i) and (k), the one step global reaction rate
for combustion of kerosene vapor in air [20] is given by
kc = 5 � 1011exp [ � 30,000/RTg][nf]

0.25[nO2
]1.5 g mol/cm3/s

when nf and nO2
are fuel vapour and oxygen concentration

respectively using kerosene (C12H24). With reaction tem-
perature of this system assumed at 1500 K and 99% com-
pletion of reaction in a well-stirred reactor, the distance
d1 between the interfacial plane 1 and 2 along x-axis in
region B is estimated [20] to be about 2.0 cm for reaction
enthalpy flux, Q* as 7.5 � 103. This minimum space for
region B is used in the system for completion of combus-
tion reaction.

2.2. Basic equations

Using above assumptions, the continuity equations for
species, energy equations for solid, liquid and gas phases
are formulated respectively [4,21]. In the vaporizing region
A, the heat transfer equations can be divided into fuel oil
preheating and vaporizing sections where b is the fraction
of area of plate 1 used for fuel oil preheating.

qv ¼ ml½kþ cplðT b � T iÞ�
¼ bh1ðT b � T iÞ= ln½ðT 1 � T iÞ=ðT 1 � T bÞ�
þ ð1� bÞh2ðT 1 � T bÞ

at x ¼ �D1; y ¼ 0 to y ¼ D2 ð1Þ

where h1 and h2 are heat transfer coefficient between plate 1
and liquid in fuel oil preheating and vaporizing section
respectively; T1 is the temperature of plate 1.

In region B, radiative energy exchange between plate 1
and surface 2 is as follows

½1=ð1=E0 þ 1=E00 � 1Þ�½rT 04 � rT 4
1� ¼ qv ð2Þ

In region C,

qcpguðoT g=oxÞ ¼ kgðo2T g=ox2Þ � hgsaðT g � T sÞ ð3Þ
oq�=ox ¼ ksðo2T s=ox2Þ þ hgsaðT g � T sÞ ð4Þ
Equation of state : q ¼ Mavp=RTg ð5Þ
The net radiative heat flux, q* is related to heat fluxes q+

and q� in forward and backward direction as

q� ¼ qþ � q� ð6Þ
Using two-flux gray radiation approximation [21], the
equation of transfer for intensity in each hemisphere is inte-
grated over their respective hemispheres to yield forward
and backward intensities i+, i� as

oiþ=2ox ¼ �ðaþ sÞiþ þ si� þ aib ð7Þ
oi�=2ox ¼ �ðaþ sÞiþ þ si� þ aib ð8Þ

where ib is the black body radiation intensity. As each of
the intensities over their respective hemisphere is constant
under the two-flux model, the Eqs. (7) and (8) are inte-
grated over each hemisphere to yield

oqþ=2ox ¼ �ðaþ sÞqþ þ sq� þ arT 4
s ð9Þ

oq�=2ox ¼ �ðaþ sÞq� þ sqþ þ arT 4
s ð10Þ

Other boundary conditions are

x ¼ �D1; y ¼ 0 : T li ¼ T i

x ¼ �D1; y ¼ D2 : mv ¼ ml

x ¼ �D1 to 0; y ¼ D3 : T ai ¼ T i ð11Þ
x ¼ �D1 to 0; y ¼ 0 to D2 : T g ¼ T 0; ~y ¼ 1

x ¼ L; y ¼ 0 to D2 : T g ¼ T L; q� ¼ 0

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

X ¼ x=L; T � ¼ ðT g � T iÞ=T i; M1 ¼ qucpg=ðrT 3
i Þ;

M2 ¼ ks=ðrT 3
i LÞ; M3 ¼ kg=ðrT 3

i LÞ; L� ¼ aL ð12Þ

The energy balance of the reaction in region B is worked
out by considering the total reaction heat release rate, sen-
sible enthalpy flux of gas and radiative energy flux at both
ends. The overall energy balance is made by equating the
total reaction heat release rate to the sum of heat for vapor-
ization of fuel, sensible enthalpy flux and radiative heat loss
at downstream end. Heat conductive energy flux at down-
stream end of porous medium is assumed to be negligible
[22].

2.3. Numerical solutions

The governing differential equations with both boundary
conditions were numerically integrated using collocation
method [23]. In this method, the differential equations are
converted to nonlinear system of equations with assumed
polynomial profiles for temperature and heat fluxes. These
algebraic equations have been solved using computer. Col-
location method has been used in solving similar problems
reported [11,12].

The computation was carried out using kerosene–air
system in ceramic porous membrane. Taking composition
of kerosene as C12H24, similar to that of C12H26 in absence
of detailed data of C12H24, the properties of C12H26 as a
function of temperature has been used [20]. The values of
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h1 and h2 have been estimated for falling liquid film using
the ratio of height to width of plate 1 in the range 1–5
[24]. The value of hgs a of the porous medium was esti-
mated by Sathe et al. [4]. The kerosene–air system, laminar
burning velocity, uL for f = 1 at 477 K is taken [25] as
0.40 m s�1 The base line data are as follows:
T i ¼ 298 K; f ¼ 1:0; L ¼ 0:05m; / ¼ 0:95;

Cpg ¼ 1:105 kJ=kg=K;

T b ¼ 489 K; kg ¼ 0:078 W=m=K; ks ¼ 0:18 W=m=K;

hgsa ¼ 2� 107 W=m3=K;

a ¼ 20 m�1; E0 ¼ 0:05; E00 ¼ 0:3
3. Results and discussion

The temperature of gas and solid inside the porous med-
ium in region C coincide due to high value of hgs a imposed
[3,5]. In this study, the combustion temperature, T 0 remains
above 1500 K in the range 1500–2240 K. So the assump-
tion (i) of constant combustion temperature, T *0 is satis-
fied. In the system, the optical thickness L*(=aL) can be
changed by varying the absorption coefficient of the porous
medium, a while L remains same at 0.05 m. Fig. 2 shows
the effect of optical thickness of porous medium, L* on
the thermal performance of the system for constant emis-
sivities of plate 1 and porous medium, E0 and E00 respec-
tively. The combustion temperature, T *0 determines the
liquid fuel input rate ml as per the assumption (a) which
is elaborated in Eqs. (1) and (2) with boundary conditions
at Eq. (11). As T *0 increases, the fuel input rate ml increases
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Fig. 2. Effect of optical thickness of porous medium on combustion and
exit gas temperature, burning velocity, reaction heat flux and downstream
radiative efficiency at E0 = 0.05, E00 = 0.3.
due to increase in heat transfer rate to the flowing liquid on
the plate 1 from the combustion zone at region B. As L*

increases, the reaction temperature T *0 and burning veloc-
ity, V * increase due to increased radiative energy feedback
from the post flame region to reaction zone. Similar obser-
vations have been made earlier [3]. In other words, the
increase in L* leads to increase in fuel input rate, ml and
reaction enthalpy flux, Q*. The effect of L* on Q* is signif-
icant as Q* increases by nearly 450% with only 50%
increase in L*. This sharp increase in Q* also leads to the
decrease in radiative output efficiency E* with increase in
L*. It can be concluded that the optical thickness of the
porous medium affects the fuel input rate significantly.
Low values of absorption coefficient have been obtained
using low pore density of medium [16] and will fit into
the range of L* used in this paper. From the point of view
of radiative energy usage to heat the load at downstream
end, it is desired to use low optical thickness of porous
medium.

Fig. 3 shows the effect of emissivity of the porous med-
ium, E00 on the performance of the system for constant
emissivity, E0 of plate 1 and optical thickness, L* of the
medium. Emissivity of the porous medium affects the radi-
ative energy exchange between plate1 and surface 2 of por-
ous medium as indicated in Eq. (2). As E00 increases, more
radiative energy flux is transferred for fuel oil vaporization
resulting in the increase of fuel input rate, ml, and combus-
tion enthalpy flux, Q*. This ultimately increases the com-
bustion temperature, T *0 and burning velocity, V *. It is
seen that effect of E00 is similar to that of optical thickness,
L* of the porous medium. The thermal performance of the
system is only affected by the change in radiative character
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Fig. 3. Effect of emissivity of porous medium on reaction heat flux,
combustion and exit gas temperature, burning velocity and radiative
output for E0 = 0.05 and L* = 1.03.
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of surface 2 of the porous medium. So surface coating of
suitable emissivity, E00 on the surface 2 of the porous med-
ium is only required to affect the thermal performance of
the system instead of changing the emissivity of the entire
porous medium to E00. The porous ceramic medium is usu-
ally made of Al2O3 or ZrO2 in the form of foam or fibers.
At 2000 K, the values of emissivity, E00 for Al2O3 and ZrO2

are 0.28 and 0.31 respectively [2]. SiC, which is having high
emissivity [2], may be suitably used in coating the surface 2
of the porous medium in wide range of E00 for the system.

The effect of either of emissivity, E0 of plate 1 or emissiv-
ity, (E00) of porous medium is similar on the thermal perfor-
mance of the system. So the increase in E0 will increase the
combustion temperature, T *0 as shown in Fig. 4. Whereas
the effect of decrease of optical thickness, L* on the system
is to decrease the combustion temperature, T *. So to main-
tain constant T *0, the increase in emissivity, E0 of plate 1 is
to be coupled with decrease in the optical thickness, L* of
the porous medium. Fig. 4 shows the thermal performance
of the system at constant combustion temperature
T *0 = 6.215 (i.e. T0 = 2150 K). For E0 < 0.06, L* decreases
sharply with increase in E0. For E0 > 0.06, the decrease of
L* is not significant with increase in E0. With increase in
E0, the fuel input rate, ml and reaction enthalpy flux, Q*

increase due to increase in the radiative energy exchange
rate between surface 2 of porous medium and plate 1 as
indicated in Eq. (2). The effect of E0 or E00 is interchangeable
in Eq. (2). The effects of E00 and E0 on different variables are
similar as shown in Fig. 3 and 4. The change of emissivity,
E0 of plate 1 in the low range (0.045–0.12) is practical
because the values of emisivity, E0 of gold plating on steel
[26], silver, oxidized zinc and aluminium [27] at 489 K are
0
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Fig. 4. Effect of emissivity of vaporizing plate on exit gas temperature,
burning velocity, reaction heat flux and downstream radiative output with
varying combination of optical thickness of medium to maintain
T*0 = 6.215 for E00 = 0.3.
nearly 0.05, 0.02, 0.11 and 0.113 respectively. These metallic
materials may be used for construction of plate 1.

It is seen from Figs. 2–4 that the combination of low
value of E0 and high value of E00 have been used keeping
in view the practical aspect of material of construction of
the system. The equations could not be solved with combi-
nations of high values both E0 and E00. In practical terms,
this combination will lead to high oil vaporization rate
and accordingly high air flow rate when the combustion
energy will exit the porous medium in form of gas sensible
heat without its conversion by the porous medium to radi-
ative heat flux.

Fig. 5 shows the effect of equivalence ratio, f on the per-
formance of the system at constant values of emissivities E0,
E00 and optical thickness of medium, L*. With increase in f,
all the variables increase almost linearly above f = 0.6.

Fuse et al. [17] used the radiative energy flux of a porous
ceramic plate at the downsream end in vaporizing kerosene
from a container while the source of radiative energy to the
plate was the combustion flame, burnt gas and furnace
walls. In the experiment, 10 porous plates of total area
0.015 m2 and optical thickness 0.54 were used. At the stabi-
lized combustion with power input 51 kW i.e. 3.4 �
106 W m�2, average equivalence ratio 0.6 and flame tem-
perature in the range 1500–1600 K, the vaporizing energy
as the radiative energy flux from the ceramic plate is esti-
mated to be 6.9 � 104 W m�2. This energy flux is only
2.03% of the total power input. In the present investigation
(Fig. 5), with power input as 1.18 � 106 W m�2 at equiva-
lence ratio 0.6 and flame temperature 1650 K, the combus-
tion energy has been utilized in supporting both fuel oil
vaporization energy 1.97 � 104 W m�2 and downstream
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radiative energy output 3.22 � 105 W m�2 using porous
medium of optical thickness 1.2. These energy usages are
1.68% and 27.38% of the total power input respectively.

While comparing the data of Fuse with that of the pres-
ent investigation (Fig. 5), it is seen that in both cases, the
temperature of flame and optical thickness of porous med-
ium are of similar order and the vaporizing energy has been
derived from the combustion energy. But in the present
investigation, an additional radiative energy output is
available which may be due to the design of the set up.
In Fuse’s experiment, the radiative energy from the flame
and burnt gas flowing over one face of the porous plate
penetrated in perpendicular direction along the thickness
of the plate due to its large pore size and low optical thick-
ness. The amount of radiative energy flux from the other
end of the plate was small but sufficient to vaporize the fuel
oil from container. In the present investigation, the
required vaporization energy is first transferred from com-
bustion flame and gas through indirect heating. Then the
hot gases passes through the porous medium to convert a
portion of sensible heat of gas to radiant energy flux at
downstream end. The value of radiant energy flux is large
in comparison to that of vaporization energy.

4. Conclusion

A two-dimensional model has been developed based on
a system where the liquid fuel is vaporized through indirect
heat transfer from vaporized fuel combustion zone and the
porous medium converts the sensible heat of the combus-
tion gas to downstream radiative heat flux. The system
has been analyzed in operable power range 2.97 � 105–
4.27 � 106 W m�2. Following are the conclusions in the
present investigation:

1. The material characteristics of the system i.e emissivities
of the vaporizing plate and porous medium as well as
the optical thickness of the porous medium affect the
fuel input rate i.e. power input. Out of them, the effect
of optical thickness of medium on the power input is
most significant as the power input increases 450% with
only 50% increase in optical thickness of media.

2. Combination of low and high emissivities of vaporizing
plate and porous medium respectively with low optical
thickness of porous medium makes the system operable
over a wide range of power inputs.

Efforts may be made to increase the fuel input rate by
increasing the evaporating surface area and heat transfer
coefficients of liquid flow on the evaporating plate. Addi-
tion of fins type extended surface on the plate will serve
these purposes.
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