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ABSTRACT

In this investigation, the structure of one-dimensional flame propagation in uniform cloud of volatile
organic particles has been analyzed in which the structure of flame is divided into three zones. The first
zone is preheat zone which is divided into three subzones itself. In the first subzone (heating), particle
cloud is heated until the moist particles reach to vaporization temperature (water vapor). In the next
subzone (drying), particle moisture comes out, and in the final subzone the pyrolysis phenomenon
takes place. The second zone is the reaction zone, and the last one is the post-flame zone. In this
research, an analytical method is used in order to solve the governing equations of particle cloud
combustion in aforementioned zones. The overall investigation of this study leads to a non-linear
burning velocity correlation. Consequently, the results show that a decrease in particle moisture
content or an increase in equivalence ratio (¢, ) or Lewis number causes to increase in moisture

evaporation and devolatization rates, and consequently both flame temperature and burning velocity

increase

doi: 10.5829/idosi.ije.2014.27.05b.16

1. INTRODUCTION

In recent years, many discussions about completion of
fossil fuel resources have been negotiated. In many
countries, fossil fuels are the main energy source of
human activities. These resources can afford human
necessity just for a few decades, thus finding new
replacements for energy sources is a challenging issue
for energy security. Investigations to produce energy
from biomass and municipal solid waste have been done
by many researchers [1-4]. Biomass is presently
estimated to contribute of the order 10-14% of the
world’s energy supply [S]. It is notable that biomass
consumption does not have any by-products like co,

generation [6, 7]. Biomass has low energy density,
therefore transportation of these fuels to power plants
isn't economical. However, small scale biomass
conversion system is suitable for local usage. The
Stirling engine is one of the best available technologies

*Corresponding Author Email: a-mostafavi@araku.ac.ir (S. A.
Mostafavi)

for small-scale power production from biomass. To
achieve a reliable model for biomass combustion,
research on organic particles cloud is necessary.

On the other hand, more than 70% of dusts
processed in industry such as wood processing and
storage; grain elevators, bins and silos; flour and feed
mills; starch or candy production; spice sugar and cocoa
production and storage; coal handling or processing area
are combustible [8]. Understanding of burning
mechanism of organic particles may help us to prevent
dust explosion and its hazards [9]. The history of the
industrial development has been punctuated by a
number of hazardous explosions with a frequency and
severity level increasing in proportion of the spreading
of process industry [10].

The most important dust explosions happen in coal
mining industry. These accidents spread little by little
throughout the whole industry field. It commonly
admitted that one dust explosion occurs in each
industrialized country every day [11].

A dust explosion is likely to occur when a finely
divided combustible solid (in practice, the mean
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diameter of the particles should not exceed 1 mm)
happens to be dispersed as a cloud in air (with a typical
mass loading between 10 and 1000 grams of dust per
cubic meter or cloud), and when an appropriate ignition
source (hot body, flame, electrical or mechanical spark,
etc.) is activated inside the mixture. The heat evolved
from the ignition source initiates the combustion of the
particles located in the vicinity of the ignition point.
These particles act themselves as an ignition source for
the adjacent slabs of the mixture so that a ‘combustion
zone’ is allowed to propagate without additional input
of energy throughout the cloud. This ‘combustion zone’
has generally a finite thickness and is called the ‘flame’
[12].

Experimental researches show that moisture content
and particle size have great impact on dust explosion.
According to previous investigations, some definitions
were characterized, like MIT point. The lowest
temperature at which ignition occurs is characterized as
‘minimum ignition temperature’ (MIT). MIT increases
with the presence of moisture in dust cloud, but it
decreases by decreasing the particle size and increasing
in volatile matter, oxygen concentration, and thickness
of dust layer [10].

Experimental evidence gathered over the last two
decades support the idea that the basic flame
propagation mechanism in dust clouds has a general
similarity with premixed gaseous flames [11]. Beside
this, they have differences, a dust particle must first
volatilize before catching fire [9]. In fact, organic dusts
combustion starts after a devolatilization process [13,
14] in which any different particle in material and size
behaves distinctively. In some cases like coal when the
particle is exposed to heat sources, it is cracked to gas,
liquid and solid phases that are named respectively gas,
tar and char. In this study, it is assumed that lycopodium
particles particle is only converted to gas.

The rate and the extent of flame propagation depend
on factors such as nature of dust, dust particle size, and
nature of combustion byproducts. Dust combustion is a
complex phenomenon in the sense that it involves
simultaneous momentum, energy, and mass transport in
a reactive multi-phase system [15].

In this article an analytical, approach has been used
to evaluate the flame characteristics, and finally the
effect of some important parameters such as moisture
content, particle number density and Lewis number on
the flame characteristics has been investigated.

2. GOVERNING EQUATION

A model is developed to describe steady, one-
dimensional, planar flame propagation in a combustible
mixture consisting of uniformly distributed moist

volatile fuel particles in air. The initial number density
of the moist particles, n, (number of particles per unit

volume) and the initial radius r, , are presumed to be

known. All external forces including gravitational
effects are assumed to be negligible. Other
approximations introduced are that diffusion caused by
pressure gradient is negligible, Soret and Dufour effects
are negligible, and heat transport by radiation is
negligible.

In previous researches [16-19], it has been assumed
that lycpodium particles are dry, however in this work,
it is assumed that they contain moisture and final
product of thermal degradation is mainly methane.
Devolatilization rate of moist particle has two steps,
namely moisture evaporation (drying), and volatile
evaporation [16, 20]. The kinetics of pyrolysis and the
kinetic of drying are expressed respectively by:

W, =4mAn r?(T-T,)" (1)

Wy, = 4nAnr* (T -T,)" ©)

Since large portion of gaseous fuel is methane, the
gas properties are considered the same as methane.
Since the fuel is burnt in air oxidizer bed, the
combustion products are assumed to be CO, and H,0.
Reaction occurs in thin zone O(g) whereas preheat and
post flame zones have considerable length. This
assumption is based on high Zeldovich number and ¢
is defined as a reciprocal of Zeldovich number. The
flame structure is divided into to three zones: preheat
zone, reaction zone and post flame zone. The Zeldovich
number, which is presumed to be large, is defined as:

E(T,-T
2o HrT) o

Here the subscripts f and u denote conditions in the
flame and the ambient reactant stream, respectively.

It is assumed that internal resistance versus external
resistance is negligible (Bi=0) since particles are micro-
scale. From this assumption, it is concluded that
heating, drying and volatile evaporation processes do
not occur simultaneously. To observe aforementioned
processes individually, preheat zone itself is divided
into three subzones: heating, drying and volatile
evaporation. In each subzone of preheat zone, different
reactions take place; particles in heating subzone are
heated from ambient temperature T=300K to reach
T=373K. In drying subzone, the moisture content of
particles is evaporated, and finally in volatile
evaporation subzone, volatile evaporation starts and
particle shrinks to become a small fraction of its initial
size. Figure 1 shows a schematic illustration of the
presumed flame structure.
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Figure 1. The flame structure of dust particles

General mass conservations, organic particles
conservation, gas phase conservations equations along
with energy conservations formulate the physical
phenomena in solid particle combustion. State equation
of gas phase mixture is used to close the equations in
condition of atmospheric combustion.

The governing equations in this problem are
nonlinear [16] which can be transformed into a linear
form by introducing an independent variable x that is
related to the spatial coordinate x' as:

XL p '
X = Io (p—u]dx 4
» Mass conservation:
pv = cte (5)
»  Energy conservation:

dT d’T p
vC— =1 +wp —+Q-w
P dx ! dx? i Ie] Mo

H(X_ Xvap )_ Wary pp_qury X H(X_ Xd)

Qpyr %

(6)

A is heat conductivity, wr gaseous fuel consumption
rate, Wpy, organic particles devolatilization rate, Wgry
moisture evaporation rate, Q the heat released from
combustion, Q,, the heat absorbed by particles for
devolatilization, Qqyy, the heat required for drying and C
heat capacity of mixture, and finally H the heavy side
function.

» Gaseous fuel conservation:

dy, d?y,
E_p D F_WFpu+Wpyr

dx 0 ax? P P (7

H (x— Xyap )

In the above equation, Y is mass fraction and D
mass difiusion coefficient.
» Equation of state

pv

pT = cte (3)

» Mass conservation of solid organic particles:

dY,
pv dxs :—Wdry%x H(x—xd)— W e /;” X
©)
H(x— Xvap)

The heat capacity of mixture C is the combined heat
capacity of the gas C, and the particles C;, can be
evaluated from the expression:

4 3
C=C +M) (10)

p 3 p
» Boundary conditions are:

At: x = —0 T=T,Y,=YsY=0

(11)

At: x = +o0 T =Y,Y, = finite

3. NONDIMENSIONALIZATION OF GOVERNING

EQUATION

These parameters are used to nondimensionalize the
governing equations:

T-T, Y, Y,
0 = ( u) YF =Lt Vs = .

TfiTu YFC YFC (12)
m=L Z:—p“V“Cx Z = A

vaU 2’ll puDuC

In the above equation, T; is flame the temperature
and Y, is defined as:

Y Q= (T, - T,) (13)
Finally, these dimensionless quantities are defined:
A’uWF
0, = —2uWE
' (P u Vu )2 CYFC
_ 47mspsr3
° 3pYFc
_ ery _ prr
q1 = 0 q __Q (14)
) 4836 An,' 2 (T, -T,)
' Vel Peypipdl
4.836 An,'"*2, (T, - T, f
V2=

2 4/3 1/3 2/3
Vu Pu CYFC Ps

In the above equations, V, is burning velocity of
flame. q, has negligible quantity (close to zero) which
means heat release from reaction is greater than heat
absorbed by particles for devolatilization. Hence, q; is
vanished in the next analysis step. In the same way, q;
is supposed to be negligible to solve the conservation
equations analytically, but in the resumption, the effect
of moisture evaporation is added to the solution.
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de  d?e P
m—-= —+ o, —-
az az P
d 1 d? 2
Yr o _ 1 YF Y, .30 x
dz Le dz?
H(Z-Z,,,)-opPu (15)
P
dy EIg p
m dZS =—7,Y30"xH(Z-2Z,4)- 0y < —

2
yz)/s?QHXH(Z_Zvap)

It is presumed that m=1, in this case we replace 0
with 6° and thus dimensionless equations yield to:

o’ _d0’  p,

= w
dz dz? " p
dy r 1 dZYF 2 on
Yr _ 30
oz Le dz° tY2Ys3 x

H(Z~Z,) -0, 22 (16)
p

dy E on
dzs =-7,y;30° xH(Z-2,4)-

E n
72)’5390 XH(Z_ZVap)

4. FLAME STRUCTURE ANALYSIS

Now, the above equations are solved in each zone by
appropriate assumption to analyze the problem and
evaluate the flame characteristics.

4. 1. Preheat Zones (-00<Z<0) In the asymptotic
solution (e—0), reaction term can be neglected, because
in preheat zone particles devolatilize and formed
gaseous fuel without any reaction. Energy equation and
boundary conditions are:

Z=0->0°=1
Z=-0—>0°=0

(17

By solving the above equation, the nondimensional
temperature field is:

0° =exp( Z),Z<0 (18)

Considering the effect of moisture in the energy
equation, a coefficient F(M, ¢,) is multiplied to the
solution of energy equation. This coefficient is obtained
via comparing the adiabatic temperature of dry dust
flame with a dust flame which has moisture content.
Consequently F(M, ¢,)<1 and

0" =F(M,¢,)exp( Z)

n(6°%) 7 - n(0°) (19)

- F(M.¢,) ¢ F(M.¢,)

4. 2. Heating Subzone (-00<Z<Z) Mass

conservation equation of organic particles:

dy, _

dz

Zoo o>y =t Yo (20)
Yic

d Yy, =a

Yry and Yiory in the above equation are the amount
of available fuel and moisture in initial particles
respectively. Conservation equation of gaseous fuel:

dy, _ 1 dZ.VF

dz Le dZ* (21)
— y, = Pexp( LeZ ) + P,

4. 3. Drying Subzone (z,<z<z,,) Mass

conservation equation of organic particles:

2
dys = —ny?(F(M,(i)u)eXp( Z)) !

dz
Z=Z4> ys=a
Y ’
Z=Z,, >y, =—=a
Yrc (22)

> Vs :[;_?(F(M ,ou )" exp(nz)
+TL(F (M .9, )" exp(nZ) + o' T
n

By defining a;=y,/3n the upper equation changes to
below equation:

- ys=(-a(F(M,p,)" exp(nZ)+

a (F(M ,o, )" exp(nZd)+ocl/3)3 23)

To obtain explicit expression of Z,:
a’ = [—31 (F(M5¢u ))” exp(nZvap

a;(F(M,$,))" exp(nZy)+a "

)+

/3 _ _11/3 (24)
L FOML9,) " exn( nZ )+ 42—
a;
— Zvap =—In —
n (F(M,$,))

Conservation equation of gaseous fuel:

dy, _ 1 dZ.VF

dz Le dZ* (25)
— yp = Pyexp( LeZ )+ P,

4. 4. Volatile Evaporation Subzone (Z <Z< 0)

vap

Mass conservation equation of organic particles:
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2

dy 3p0n
= - 0°" x H(Z - Z
97 Y2 Y (

Z:Zvap - .VS:O‘/

vap )

Z=0— y, = finite (26)

>y, =[‘3%<F<M,<pu )" exp(nz) +

;/_Z(F(M,(Du))nexp(nZ y+aPP

vap

By defining a,=y,/3n upper equation changes to below:

vs =[-ay(F(M,,))" exp(nZ) +

ay(F(M.0,)" exp(nZy) + ()3T @7

Conservation equation of gaseous fuel:

2 2 n
dyp _d7yr | Y,y 50" xH(Z-Z

aZ Z2 wap )

A.Le B.Le
- = Z _— 2nZ
- Le)eXp( nZ) + 02— Le)eXp( nZ) + (28)
C.Le
mexp( 3nZ )+ Ps exp( Le.Z) + Pg

By solving gaseous fuel conservation equation in all
three subzones according to the boundary conditions
mentioned below, it is possible to determine all of the
six constants which are revealed in their solutions.

Z=-0 > yp=0

dyp dyp
Z_Zd—>{yF 2 =YF AT Zo dz 1z
29
dyp dyp
Z=Zvap—>{)’F pr,:YF Zmpﬁ,,—dz Zmp’: 4z |z

Z=0—>yF:ny =0

4.5.ReactionZone (z = 0) In this zone, the rate
of reaction is considerable and convection and
devolatilization terms are negligible in comparison with
diffusion and reaction terms (asymptotic solution €—0).
It means:

o’ dy,
dz 7 dz

2 n
=0,,,7y30° =0 (30)

Governing equations in this zone transform to:

%zO—) y, = cte
d’o’ P,
Ty 61
I__dzy‘” - Pu
e dz® °f
p

In the above equation, gaseous fuel reaction [16] is
defined as:

we, =v W, k.C,
(32)

E
k. = B, exp( — ==&
F F exp( RT )

The subscript F denote gas C, W and k are the molar
concentration, molecular weight and the rate constant of
the overall reaction; v is stoichiometric coefficient of
the fuel component which can be substituted by relevant
gas yield in devolatilization process.

Expansion parameter e=1/Ze is used to analyze the
flame structure in reaction zone, and to define following
parameters:

_ 1-0°
rl:é y= Yr—YFF f=— 0 (33)
& & &
Thus:
dzt P 1
= g0 u 2
dn 2 F d°(t——1y)
T P Le _ —0 (39
1 d’y _ P dn
Le dn®  OF
n P

Hence, t=y/Le.
By substituting the relevant quantities, they yield to:

d?t
dn2

2
A:g_z LeA,v  Br exp| — E
V2| pC RT;

u

:A<y+y8—F)exp( 1)

(35)

By solving the above equation in reaction zone
according to these boundary conditions:
d
n - 400 _t = d_y = O

dndn (36)

mo e Lo F (Mg,
dn

By introducing new variables and their related
boundary conditions, it is possible to solve Equation
(35) as below:

dt
dn -F
{P=—F(M,¢,,)

n——o

t =+ 37)
n — +o p:0

t=0
pdp = A{bexp(—t) + texp(—t))
Thus:
(F(M.¢,)) =2A(b+1) (38)
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2 2Le(1+ by, A, B’

=

exp(-—)
p.C(F(M.4,)) RT,
The matching condition across the reaction zone is

used to obtain another expression for determination of
Ty

0 0
{dyF ] | 40 _ {dyF ] | 40 39)
dz |, | dz | Ldz |,- [ dz |,
For sufficiently high values of Ty, it is reasonable to

set Yrr—9, which implies that b=0. By assuming that the
gradients at 0" are of the order of ¢, it results to:

A.Le N B.Le N C.Le
(n—Le) (2n—-Le) (3n-Le)

F(M,¢>”)+[ +P5Le]:o (40)
By solving Equations (38) and (40) simultaneously,
it is possible to achieve flame characteristics.

5.RESULTS

The structure of premixed flames propagating in a
uniform cloud of organic fuel particles is considered.
Explicit algebraic equations are obtained for predicting
the burning velocity of the flame as a function of the
initial size and number density of the particles.

For ¢,>1, the equivalence ratio based on the fuel
available in the initial fuel particles and the final
adiabatic temperature can be calculated:

- 274 .56
ou 16(1 - YFu )_ 18 MYFu F“

Vey , M - Vg, oM .
C(Tb—Tu)= CH 4 CHAQ H,O0 HZOQdy Yozu

Vo, MO2

In the above equations, Q is heat released per unit
mass of gas fuel consumed and Qqy is latent heat (hg,) of
H,O per unit mass. The chemical and thermo-physical
characteristics of presumed fuel is listed in Table 1.

To evaluate the presented model accuracy, flame
temperature is compared with the experimental data
calculated by Proust [21]. As shown in Figure 2, the
evolution of flame temperature as a function of mass
particle concentration is in reasonable agreement with
the experimental data.

In gas flame analysis, we deal with two resistances
against flame propagation, heat transfer resistance and
combustion resistance. In dry dust flame propagation,
evaporation or devolatization resistance is added to
those resistances. If this resistance is neglected, we can
treat particles like gasses fuel. As shown in Figure 3,
increase in ¢, causes a decrease in adiabatic flame
temperature, because excess reactant that not
contributes in reaction is increasing and these unburned
reactants absorb fraction of released heat from

combustion. Also, it is concluded that increase in
moisture content causes adiabatic temperature to
decrease, because part of combustion heat is used to
vaporize moisture content.

TABLE 1. The list of Chemical and thermo-physical
characteristics [16, 20]

Parameter Quantity Unit
Q 50009 [Kj/Kg fer ]
Qury 2257 [Ki / KE yaer ]
A 3.4%x107° lg/(cmz.K.s)J
A’ 3.1x107° lg/(cmz.K.s)J
n 1.33 -
Ay 1.46 x 103 [ /(em.s.K)]
Ps 1 Lg / cm3J
Pu 1.135 x10 g/ em? |
1900
= = Present model
~ 4 Measurment [21]
ey Linearmeasurment [21]
Calculation [21]
. 1500
2
,% 1300 ek
i _,_ -
E‘; 1100
3] A
200
700
500

T T T T T T
0 20 40 60 20 100 120 140

Concentration (gr/em?)

Figure 2. The variation of flame temperature as a function of
mass particle concentration for both present model (Le=1,
r,=31um and moisture content=0) and experimental data [21].
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2400

—M=0
AR —rme M=10%
2000 WL T

2200 P3D

& 1800+t
il
L= 1600}

1400

1200

1000 1 1 1 1

1 2 3 4 5 6
Phai,

Figure 3. Adiabatic temperature Ty(K) and flame temperature
T«(K) as a function of ¢, for different moisture content
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As mentioned above, in analysis of dry dust
devolatization process resists against flame propagation.
In wet dust, the moisture evaporation resistance
additionally exists in front of flame propagation. As the
moisture content in the particle becomes more, the
moisture evaporation resistance increases thus the flame
propagation slows down which yields to decrease in
flame temperature and burning velocity as shown in
Figures 3 and 4.

As shown in Figures 3 and 4, by increasing ¢,
burning velocity and flame temperature increase.
Indeed, increase in equivalence ratio ¢, or particle
number density causes to increase in moisture
evaporation and devolatization rates. Consequently, the
related resistances diminish which can enhance the
flame propagation individually, so the flame
temperature and burning velocity should enhance. The
flame temperature in Figure 3 and burning velocity in
Figure 4 are presented for r,=100um with different
moisture contents.

As shown in Figure 5, the boundary condition Z = 0
— yp = ypr = 0 causes a peak in the mass fraction of
gaseous fuel (Yr) in preheat zone, while there is no peak
for Y,. The minimum value of Y, occurs at Z=0".

In Figures 6, 7 and 8, the effect of moisture content
on the mass fraction of gas Yr and particle Y are
illustrated. In these Figures, it is considered that ¢, =1
and r,=100um. From these graphs, it is concluded that
when the moisture content increases, the mass fraction
of gas in constant non-dimensional distance (Z)
decreases. On the other hand, increase in moisture
content causes an increase in mass fraction of particle
Y, in heating and drying subzones, but in volatile
evaporation subzone effect of moisture content is
completely reverse.

ru=100,Le=1
5.5 .
— M=0
5L — - M=10%
— "M=20%
45, — M=30% IEPPRRLL
2 =
\g/ 4 —_— _ ]
>3
35 —_ - — =
3/ R
v
25 r r L L
1 2 3 4 5 6
Phaiu

Figure 4. Burning velocity V, (cn/s) as a function of ¢, for
different moisture content.

r,=100, Le=1, M=10%, Phai =1
0.07

0.06F
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0.04}

0.03} !

Mass fraction ()

0.02} 4

0.01} 7
— e
. -
— e —— —T . . LN
4 35 3 25 =2 15 -1 05 0
Non-dimensional distance (2)
Figure 5. Mass fraction of gas Yr and particle Y, as a function

of non-dimensional distance (Z).

1 r =100, Le=1, Phai =1

8

71 ——M=0 ]
— - M=10%

6l — - M=20% 1

s — -M=30% |

0 L

-5 -4 -3 -2 -1 0
Non-dimensional distance (2)

Figure 6. Mass fraction of gas Yy as a function of non-

dimensional distance (Z) for different moisture content.

r,=100, Le=1, Phai =1

0.08
— — = —— M0
0.075} ~ — e Me10% 1
AN — *M=20%
0.07} N — M=30% |
— — - N
5% 0.065} ~N N ]
N
0.06] 7T~ N N\ ,
.~ N AN
N, \
0.055 - . 0\ -
0.05 : : : :
26 2.4 2.2 2 1.8

Non-dimensional distance (2)
Figure 7. Mass fraction of particle Y as a function of Non-
dimensional distance (Z) for different moisture content in
heating and drying subzone.
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r,=100, Le=1, Phai =1

0.042 MeO

— - ME10%

0.04}
0.038
> 0,036
0.034

0.032

0.03 . . . .
-0.5 -0.4 -0.3 -0.2 -0.1 0

Non-dimensional distance (2)
Figure 8. Mass fraction of particle Y as a function of Non-
dimensional distance (Z) for different moisture content in
volatile evaporation subzone.

r,=100, Le=1, Phai =1
-2.365 T T ; T
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-2.3851 b
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2.4
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Figure 9. Moisture evaporation initiation point (Z4) as a

function of moisture content (M).

r =100, Le=1, Phai =1
u u

0 0.05 0.1 0.15 0.2 0.25 0.3
Moisture content (M)

Figure 10. Moisture evaporation end point (Z,,) as a function

of moisture content (M).

2.5

As shown in Figure 7, it is concluded that increase in
moisture content causes an increase in mass fraction.
This may be is understood according to below equation:

Mey , + My o

Y, =
Mo +my + ey, + My o

In the drying and heating subzones, presence of
moisture yields to higher mass fraction Y, but in the
volatile evaporation subzone, there is no moisture in the
particle. In other words, by omitting H,O from
numerator of the above equation, denominator of
equation does not change. Hence, for volatile
evaporation subzone which is shown in Figure 8, mass
fraction (Y) of wetter particle becomes less than that of
the drier one. Clearly, the moisture content can affect
the drying subzone, both the initial point and the end
point. As it can be seen in Figure 9, increase in moisture
content causes the moisture evaporation initiation point
(Z4) to move toward the reaction zone. It is the result of
flame temperature reduction which causes T4=373K to
occur at closer point to the flame zone. In addition,
according to Equation (19), Z4 is a function of Ty and
increase in moisture content yields increase in Zg.

Evidently, the moisture content can change the
drying end point more than the drying initiation point.
This is also concluded from Equation (24) (Z,,, have an
intense dependency on moisture content). As shown in
Figure 10, Z,, moves toward reaction zone by
increasing in moisture content. By subtracting Z4 from
Zp in Figures 9 and 10, it is deduced that increasing the
moisture content causes the drying subzone to lengthen,
which is expectable. Also, in a higher moisture contents,
the vaporization length get thinner and produced
gaseous fuel become less. Lewis number variation (the
ratio of thermal diffusivity to mass diffusivity) has a
strong effect on the flame temperature and burning
velocity.

r, =100, M=10%
1300 T :
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1200

= 1150

1100
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Figure 11. Flame Temperature as a function of ¢, for different
Lewis numbers.
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Figure 12. Burning velocity V, (cm/s) as a function of ¢, for
different Lewis numbers.

Increasing Le associates with the noticeable rise in the
thermal diffusivity which improves the combustion
condition. Improvement in combustion phenomenon
causes increase in flame temperature and burning
velocity which is shown in the Figures 11 and 12.

6. CONCLUSION

In this article, the structure of moist lycpodium dust
flame has been investigated. Combustion of organic
particle is composed of heating, drying, devolatization
and burning processes. Since the particle size is small
here, these processes do not take place simultaneously.
In diffusion control flame with large Zeldovich number,
the flame structure is divided into three zones: preheat,
reaction and convection. In the preheat zone, particles
are heated in heating subzone upto T4=273K, and then
drying process starts in drying subzone where all
moisture content of the particles comes out. In
devolatization process which begins at the end of the
drying process (volatile evaporation subzone), particles
vaporize to yield a gaseous fuel and finally, the
produced gas burns in the reaction zone. The results
indicate that the moisture resists against flame
propagation, thus increase in particle moisture content
yields to decrease in flame temperature and burning
velocity. Also, increase in equivalence ratio (¢,) or
increase in Lewis number causes in moisture
evaporation and devolatization rates to increase, and
consequently both flame temperature and burning
velocity increase.
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