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Study the Effect of Initial Temperature and Equivalence Ratio on

the Pre - mixed Flame Propagation

Sadoun Fahad Dakhil, Tahseen Ali Gabbar
Technical college / Basrah

Abstract:

In this study a two dimensional, steady state propagation of the laminar premixed flame was
numerically and experimental are investigated. The energy, momentum, continuity equations for
species and global reaction mechanism with equation of stat for ideal gases were solved. Constant
temperature boundary condition is applied on axi — symmetric in y — direction domain.

The governing equations were discretized by using computation fluid dynamics (CFD) and
finite-volume method - central differencing scheme, then solved using Gauss-Seidel Iteration
method on uniformed grid with VISUAL BASIC code. Effects of equivalence ratio and initial
temperature of fresh gases (air — fuel mixture) were investigated for three types of fuel Methane,
Propane and Butane. Also the flame speed and flame temperature were experimentally measured
for air — fuel (Methane, Propane, Butane and LPG) mixtures. The burning velocity was calculated
depending on the flame speed and flame temperature measuring. The flame speed and flame
temperature were measured by using optical technique. Effects of equivalence ratio and initial
temperature of fresh gases (air — fuel mixtures) on flame speed and flame temperature are
investigated experimentally. Results were generated for the detailed description of the local fluid
flow and heat transfer characteristics including temperature, axial velocity, density and mole
fractions profiles. For example the flame speed reached 274.4 cm/s as a maximum value at @=1.1
for propane air mixture, and flame temperature comparison give a good agreement between
thearetical and exnerimental results at rich mixtvre
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Symbols
Symbol Definition Sl Units
A Area , constant m?
Cp Specific heat at constant pressure J/kg.K
D mass diffusivity m°/s
Ahg Enthalpy of formation kd/kmol
K Thermal conductivity W/m.K
Koy Water — gas shift equilibrium constant -
KG(T) Bimolecular rate confident -
L Computation domain length m
MW Molecular weight kg/kmol
MW, Molecular weight of species i kg/kmol
MW o Molecular weight of mixture kg/kmol
n; Number mole of species i kmole
N iotal Total number moles for mixture kmole
S Stoichiometric air / fuel ratio -
SL Burning velocity m/s
T Temperature K
Te Activation temperature K
Tin Temperature of fresh gases K
T, Flame temperature K
u Velocity in x-direction m/s
\ Velocity in y-direction m/s
\Y Vorticity 1/s
a Number of carbon atoms in fuel -
Xi Mole fraction of species i -
S Number of hydrogen atoms in fuel -
U Dynamic viscosity N.s/ m?
O Equivalence ratio -
S5 Flame thicknesses m
p Density kg/ m*
adi adiabatic --
wj rate formation of specie i kmol/m®.s
Subscript:
Symbol Definition
n North
S South
W West
e East
i Speeches i
mix Mixture
in Unburned
adi Adiabatic
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INTRODUCTION

Most of the energy approximately
(88%) is produced by the combustion
of fossil fuels like oil, natural gas, and
coal. According to the U.S.
Department of Energy reports, the
demand in the industrial sector is
projected to increase by 0.8% per year
to the year 2020[1].

When a combustible gas is
confined in a channel, the flow induced
by the thermal expansion of the gas in
the combustion wave is restricted by
the tube wall. The flow attains much
higher velocities than flow under
conditions of free expansion in an open
flame. The thermal expansion with the
wave generates continuous flow of
burnt gas toward the open end i.e.
owing to viscous drag. This flow is
retarded at the wall and accelerated in
the centre of the tube. The later
acceleration produces as thrust which
pushes the unburned gas in the central
region of the tube toward the closed
end. Since the gas cannot escape there,
it is forced to reverse its direction so
that it flows along a curved path away
from the center and toward the open
end. Figure (1) shows the dashed lines
mark the path of various particles, and
the arrows represent the particle
velocity. It is seen that near the center,
the unburned gas flow (at velocity is
known as unburned gases velocity
which different from flame speed and
burning velocity) away from the
combustion wave and near the wall it
flows toward the wave, so that near
center the wave is driven toward the
closed end and near the wall it is
driven toward the open end. The wave
surface becomes curved as shown in
figure (1).

unburned

<«—— C(losed end Openend —»

Figure (1) view of direction of flow and particle
velocity for laminar combustion wave propagation

from open end to closed end of tube.
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The elementary case of a one-
dimensional laminar flame propagating
into a premixed gas (fuel mixed with
air) is a basic problem in combustion,
both for analytical and numerical
techniques. The flame speed also
called the burning velocity, normal
combustion velocity, or laminar flame
speed is more precisely defined as the
velocity at which unburned gases move
through the combustion wave in the
direction normal to the wave surface.

The thermal theories date back to
Mallard and Le Chatelier as cited in [1]
, who proposed that flame propagation
with heat back through layers of gas
which is controlled mechanism in
flame propagation by using the energy
equation as the Dbasis for the
development of the thermal theory.

The theory of particle diffusion was
first advanced in 1934 by Lewis and
von Elbe as cited in[1] in dealing with
the ozone reaction. Tanford and Pease
cited in [2] carried this concept further
by postulating that it is the diffusion of
radicals that is all important, not the
temperature gradient as required by the
thermal theories. In the thermal theory,
the higher the ambient temperature,
higher the final temperature and
therefore the faster the reaction rate
and flame velocity. Similarly, in the
diffusion theory, the higher the
temperature, the greater is the
dissociation, the greater is the
concentration of radicals to diffuse
back, and therefore the faster is the
velocity. Consequently, data obtained
from temperature and pressure effects
did not give conclusive results.

Later, there were improvements in
the thermal Flammability limited
theories. These theories are two types
of flammability limits: Lean limit and
Rich limit. Lean flammability limited
(LFL) can defined as the minimum
composition of a fuel in air over which
a flame can propagate. But the rich
flammability limited (RFL) is the
maximum composition of fuel in air
under which a flame can propagate.
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Many  researchers  steady  this
phenomenon some of them M. Vidal et
al [3] and Thierry Poinsot [4]

Finally there are many ways to
compute laminar flame structure and
speed depending on the complexity of
the chemistry and transport
descriptions. However, when
chemistry and transport are suitably
simplified, analytical or semi-
analytical solution may be developed
and these shed an essential light on the
behavior of flame and on the numerical
challenges to face when on tries to
compute them in simple or complex
situations.

The aim for the present work is
to study the effect of initial
temperature of mixture on the laminar
flame speed through experimental
measurement and calculation with the
effective factors:

Theoretical Analysis:

The physical model studied is shown
in the schematic Fig. (2) which
represents the laminar two -
dimensional axe-symmetric
combustion problem. The domain of
solution have length (L=10mm) and
width (W=3mm). The fluid enters with
a uniform velocity u;, equal to laminar
burning  velocity and  uniform
temperature Tip,.

VY Axi-symmetric line

B I .

inlet —» —» out let

P X

N

Figure(2) sketch of solution domain

Isothermal Wall

Representation the combustion of an
arbitrary hydrocarbon as:
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C,H,+a(0, +3.76N,) -bCO,

1
+cCO+dH,O0+eH, +3.76aN, W)

Which for lean or stoicometric
conditions (®<=1) becomes
CqHp +a(02 +3.76N2) —bCO )
+0dH20 + fO2 +3.76aN9 2)

And for rich conditions (®>1)
becomes as equation (1):

Since the coefficient (a) represents the
ratio of the number of moles of O, in
the reaction to the number of moles of
fuel, we can relate (a) to the
equivalence ratio as [5]:
. +p14
0]
The mole fraction defines as:

number mole of species (i)

(3)

i = -
sum numbre of moles for mixture

_ N
NTotal

(4)

To find the mole fraction of all of the
product species, we will study as:
For lean combustion The coefficient ¢
and e in equation (2) are zero because
there is sufficient O, to have all the
fuel C and H react to form CO, and
H.0, respectively. The coefficient b, d
and f can be found by C, H and O atom
balance, respectively
The total number of moles of products
(per mole of fuel burned) can be found
by summing the above coefficients
together with 3.76a moles of Ns.
a+ﬂ/4)

)
*(1- D +3.76)
The mole fractions are then determined
by divided each of the coefficients

above by N, for example.

XN, =3.76(c + B/ 4) (DN ) (6)
For rich combustion (®>1), no oxygen
appears, so the coefficient f is zero and
four unknowns (b, ¢, d and e). To solve
for these, we employ the three element
balances (C, H, and O) and the water-
gas shift equilibrium

NTotal =@+ 812 +(
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~ (Peop /P)(PHy IP) e
P~ (oo /P (Prig0 1P) 04 0

Where:  PeoyiPioo Paa Poo  represent

partial pressure of CO,, H,O, H, and
CO respectively

P Total pressure of mixture then
equation (7) can be written as [7].

Kp = exp[— 433 +@j

(8)

Mole fractions and mass fractions are
readily converted from one to another
using the molecular weights of the
spices of interest and of the mixture:

Y = Xi MW; / MWpix 9)

Xi = YiMWppix / MW; (10)

Where:Y;  x;mass and mole fraction
respectively and Mw;, MW, are the

molecular weight of species and
mixture respectively.
After that, we can calculated the mass
fraction of fuel in the fresh gases(air-
fuel mixture) as [3]:

1

Yi = 11
MW (11)
1+—§) (1+3.76 Nz)

MWo,
Where: s stoichiometric ratio equal to:
aMWo2

MW ¢

$= (:—?)St = (12)

The rate, at which the fuel is
consumed, can be expressed as [8]:

——=A exp[__rij[Yf ]n [Yox]m (13) Where

the notation [x] is used to denote the
molar concentration (kmol/m?), and m,
n are constants f [8]:

A: is a constant termed the pre-
exponential factor or the frequency
factor. (Te) activation temperature (K).
The parameter pre-exponential,
activation temperature and m, n
constants are shown in the table (1)

Basrah Journal for Engineering Science /2012

Table(1)single- step reaction parameter([8]

Fuel Pre-exponential factor Activation m n
A temperature
Te ®
CH, 1.3*10° 24358 -0.3 1.3
C;Hg 8.6*10™ 15098 01 | 1.65
C4Hyo 7.4%10™ 15098 015 | 1.6

The combustion process is
governed by mass, momentum, energy
and mass- fraction conservation
together with an equation of state. In
atmospheric combustion(at atmosphere
pressure), the influence of pressure
variation on density (p) may be
neglected: therefore, density is a
function of temperature (T) only [4],
according to the equation of the state.
This property is used to reduce the
system of equations by introducing a
stream function-vorticity formulation
[4].For laminar steady state tow -
dimensions premixed flames, the
conservation equations are:

The total mass conservation
equation is unchanged compared to
non — reacting flows (combustion dose
not generate mass).
o(pu) + o(pv) ~0 (14)

OX oy
The species conservation equation for
species (i) can be written as[3] :
Mi, M a[ o avij

x Py Tw

+%[pDi %J-ra).

pu

o (15)

A. The vorticity (V) is defined as

v X (16)

Within the calculation domain the
vorticity (V) is found from the
momentum equation [4]:

2012/ Gausaig o slall 5 ) dlas




o [d%u 8%
E*‘{a—aﬂ
L op ¢ _dpog
oX 0y 0y oX
Where ¢ = (u?+v?)/2
B. The stream function(y) is

defined so that flow field solution
always satisfies the continuity equation

[4]

oV
pu_

6xpv

(17)

oy

U =—
oy
__ %y
o= OX

The stream function is calculated from
the vorticity definition equation (17):

93

yow Mg ¥ g
oy oy

T _g Mg o

"oy "oy

Numerical Modeling:

A computation fluid dynamics (CFD)
procedures  for the  governing
differential equation, are explained by
using finite volume method [FVM],
through solution of the mass , species,
momentum and energy equations to
obtain the discretization equations for
the velocity, mass fraction and
temperature fields.

The discretization equations are
solved in a formula of the Central

10% _
;ax_z ;6)/_2 - (18) schem_e. A computer program of t_he
C Conservation of ener operation is built according to excplict
' nergy scheme procedure in VSUAL BASIC
The  conservation  energy Language
equation can be written as [3] - For example the finite volume method
uﬁ_TJ,Va_T:L( oy, i(a_T)] is applied on each terms of the energy
X oy pCPlox ox° oy oy (19) equation.
N (h’w; MW;) n e a 1
D J I el
s W'D P 5X
The flame thlckness expressed as [6]: (21)
) K [T], (o Mw;)
_L:% (20) +J. C A- Z—CA
PinCPSL S s PCPLYY* = p P
Where: Kiy=unburned conductivity, Result of integration is
Dy is thermal diffusivity.
Boundary Conditions {i{(“eTeAe) }i{("nT”An) ”:
The boundary conditions for the x| = (uaTwAy)] - Ay = (v TeA)
computational domain can  be K oT
specified, based on the previous 1 Ae(pCp axj
assumptions[3] AX K oT (22)
X =0 u=S,,v=0 _A”[ﬁaTj
T =Tin .P = Pin + K oT ' —Sum; A
x=L U=S, @+ (Tagi /Tin)) ,%:o 1 {ﬁa_yjn
T =Tadi » 2 = Pin (Tin /Tadi) A - (Lﬂj
pCp oy
y=0 u=0, v=0 ;I’She discretized equation can be written
6_ _ O aY| _ O 8,0 0 aF:TP =anTy +tasTs +agTeg +ayTy +b
y o Ty @
Where:
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an _ A KiAy .
28y pyCp,Ay
aq _VsA L KA .
28y pCpsAy
aEz_ueAe+ KeAe .
20X p,CpeAX
oy _UnAw  KyAy .
28x p,CpyAX
ueAe _UWAW +VnAn _VsAs
2AX 2AX 2y  2Ay
K, A KA
ap — + n"n 5 S™'S 5
PrCpyAY°  pCpsAy
L KeA Ay
| PeCPeAX®  PeAx? |
b=—-sum;A
With the same procedure species,
vorticty, energy equations can be
solved.
The procedure of solution can be
described as:
First: the initial temperature, type of

fuel  (all  properties of  fuel
automatically will be known in the
program) and equivalence ratio are
input to program.

Analysis of production gases by moles.
Calculation the heat of combustion.
Calculation the adiabatic flame
temperature.

Calculation the burning velocity.
Starting in two — dimension solution.
Evaluated all properties.
Calculation the MError
comparison with true value.

and

Experimental analysis:

The study of the flame speed needs
accurate measuring system, because
the time to occur it is very small and it
does not exceed thousand part from
second, In this study, In this study, an
optical technique to measuring the
flame speed are used. This method is
allocating the position of the flame
front by using photocell.

The combustion tube (the combustion
chamber) shown in figure (3) made of
copper at length (225cm), inside
diameter (10cm) and thickness (6mm)
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and external spark through the inlet
main valve(1)..

The photocell sensor is a (B-P-X-65)
type has a circle shape and (5 mm)
diameter. It to be distinguished by the
generate voltage from this sensor is
line proportional with the strong falling
light on it, and it to be characterized by
the high response toq,

Figure (3) Sketch the combustion tube and attached

BWN R [Z
<

Name

Main valve
Sensor ( photocell )

Secondary valve
Tube

Body of combustion tube |

External heater
Compressor

© oo ~No Ul

Thermocouple sensor
Vacuum pressure gauge

The experimental proceeding of an
experiment and the manner used in
measuring the flame speed can be
described as follows adaptation and
magnification by the attachment
electronic circle.

1- Preparation of the fuel - air
mixture

2- Measuring the initial
temperature of mixture

3- Flame speed measurement

4- Flame temperature
measurement, which measured by
photocell technique.

5- Calculation burning velocity

Results and Discussion:

The results can be described as of
computational results for fluid flow,
thermodynamic and mass species for
two dimension laminar premixed
combustion. On other hand, laminar
flame speed and flame temperature
were experimentally studied. Since the
computations of this work include
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study the effect of equivalence ratio,
initial temperature and differences type
of gases fuel on combustion.

Figure (4) shows the mole
fractions of burned mixture variation
with equivalence ratio. One can see the
maximum value of mole fraction of
water vapor occur at stiocheometric
such as carbon dioxide. This behavior
can be explained as:

In lean side, since one mole of
fuel burned, then the number moles of
air are changed (decreased) with
equivalence ratio. The number moles
of carbon dioxide and water vapor
productions are constant depend on
number of atoms carbon and hydrogen
in fuel form. For example, when
burned one mole of  Methane, the
number moles production of CO, and
H,O equal 1 and 4 respectively, with
change of equivalence ratio. In other
hand, with increase equivalence ratio
decreasing number moles of access
Oxygen. Since the mole fractions
define in equation (5), therefore the
mole fraction of CO, and H,O
increase.

In the rich side, some of carbon is
formed as CO; and the other CO
because of Oxygen limited. When CO
is found, the water — gas shift doing,
therefore Hydrogen is formed. Then
the mole fractions of H,O and CO,
decreasing.

The Oxygen mole fraction is
changed linearly with the equivalence
ratio in lean side in both figures (4). It
disappears in rich side because of all
Oxygen conserves to water. One can
see it only in lean side as shown in the
figures. The Oxygen mole fraction is
decreased with increasing equivalence
ratio because the linear relationship
between them. This behavior is similar
for Propane and Butane except the
gradient (a+p/4) of equation (4)
depend on type fuel. The mole fraction
of CO and H; depends on the water gas
shift, therefore these mole fractions to
undergo it. The water gas shift
described by equation (8) and (9).
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From equation (9) can be concluded it
depend on adiabatic flame temperature,
therefore the water gas shift is
decreased with increase equivalence
ratio. Return to equation (9) the
number moles of CO and H,O increase
as a result of decrease water gas shift.

Figure (5) shows the species
mole fractions profile for Methane.
These figures refer to the change of the
mole fractions along axial distance.
Fuel and Oxygen mole fractions in
interning region are unchanged (no
reaction) depend on equivalence ratio
and type of fuel. The mole fraction of
fuel was reduced according to the
equation 3 specified fuel
consumption. Oxygen mole fraction
reduced by the same value that
reducing of fuel multiply by
stiocheometry ratio, which depends on
equivalence ratio. In lean combustion
figures (5,a) shows mole fraction of
Oxygen through the exit. But in
stoicheomtry and rich combustion
(figures 5,b ) at exit region Oxygen
molar is eliminated. Hydrogen and
carbon monoxide mole fractions can be
seen in figures (5,c) in rich
combustion only.

Figure (6) shows temperature
distribution with change equivalence
ratio for Methane at T; =300K. The
flame temperature increases with
increasing equivalence ratio in the lean
side until stoichiometry, then the flame
temperature decreasing with increasing
equivalence ratio in rich side. This
behavior can be explained as:

In lean side, when increasing
equivalence ratio, the mole fraction of
CO; and H,0 increase too. This means
although the product moles number of
CO; and H,0 remain constant but the
moles number of O, and N in products
decreases with increasing equivalence
ratio according to the equation (4). The
heat of combustion define as heat of
reaction, its remains constant .Amount
of this heat is per-heated the excess
moles of Oxygen and Nitrogen. The
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other part of this heat is used to rise the
flame temperature.

In rich side of combustion, with
increasing of equivalence ratio, the
mole fraction of CO and H, are
increased but the mole fraction of CO,
and H,O decreased depended on water
— gas shift reaction. Also CO; and H,0
are reacted in endothermic reaction (to
absorb heat reaction), then the heat
release by the combustion in this case
is decreased, therefore the flame
temperature is decreased.

The axial velocity is evaluated
depending on stream function-vorticity
formulation. To explain the behaviors
of axial velocity can be depend on
continuity equation (combustion dose
not generate mass). Therefore, when
gradient found is in density, must be
gradient in velocity. Figure (7)
explained the maximum axial velocity
occur at stoicheometry combustion.
The results show the change in contour
of axial velocity with equivalence ratio
in case burned Methane. This figure
explained the maximum axial velocity
occur at stoicheometry combustion.

Figure (8) shows variation of
flame thickness with equivalence ratio
at three deferent initial temperatures of
fresh gases. Flame thickness was
calculated from equation (19). Flame
thickness, at lean side, decreasing with
increasing equivalence ratio until it
reaches minimum value at
stoicheometry condition. Then, flame
thickness increases with increasing
equivalence ratio in the rich side. This
behavior cause by the increase the
flame temperature which increased the
reaction rate which results increased
the burning velocity then the flame
thickness decreasing. Then can be
concluded the flame thickness is
inversed proportional with burning
velocity.

Measuring of the flame speed
was performed by delimitation the
flame front by using photocell along
the tube for two points. The distance
between them is known (90cm). The
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flame front is moved as a result for
burning velocity and velocity of
unburned gases which moving in the
flame front. The flame speed depends
on chemical rate which depend on
flame temperature, where the flame
speed increasing when the chemical
rate increasing. But the velocity of
unburned gases creates from thermal
expansion, as a result of heat transfer
from flame front by conduction,
convection and radiation to that
unburned gases. Heat transfer in
combustion  wave  depends on
deference  between the  flame
temperature  and fresh gases
temperature. Therefore the velocity of
unburned gases depend on the flame
temperature where it's increasing when
the flame temperature increasing. Then
can be concluded the flame speed
increasing when the flame temperature
increasing too. In figure (9), can be
shown the flame speed change with
equivalence ratio in  polynomial
relationship where the flame speed
increasing with increasing equivalence
ratio until maximum value near the
stoichiometry value (®=1). The flame
speed increased with increasing
equivalence ratio due to increase the
flame temperature.

In lean side (®<1), with increasing
equivalence ratio the flame
temperature increases due to increase
the mass of fuel, therefore the flame
speed increases as a result of
increasing  burning  velocity and
velocity of unburned gases. In rich
side, the increases in equivalence ratio
indicates an increasing the mass of fuel
in mixture (or decreased the mass of
oxygen in mixture). This leads to the
formation of CO instead of CO,, which
leads to a decrease in the release heat
from combustion then a decrease in the
flame  temperature and  burning
velocity. Also, in rich side, products
(CO, CO,, Hy0) at high temperature,
these  products will react in
endothermic chemical reaction
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(endothermic reaction) which
decreased the flame temperature too.
Also, in the rich side, the mixture
has high thermal properties especially
thermal conductivity which
contributes to raise release heat of
combustion to cause a decreased of
the flame temperature. That cause the
maximum value of flame speed occur
in stoicheometric condition (®=1),
but figure (9) shows the maximum
value of flame speed occur in the rich
side. This phenomena was created a
result of dissociation which occur at
higher temperature.
Fig (10) presents the comparison
between theoretical and experimental
results for flame temperature with
different fuel and equivalence ratio ®.
The results show  acceptable
agreement for both propane and
butane fuel, while a good agreement
for methane fuel at rich mixture due to
high temperature releases at rich
mixture.
Fig (11) presents the comparison
between theoretical and experimental
results for burning velocity with
different fuel and equivalence ratio ®.
The results show  acceptable
agreement  for both propane and
butane fuel , while a good agreement
for methane fuel at rich mixture due to
high temperature releases at rich
mixture.

Conclusions:

1. The maximum adiabatic flame
temperature occurred at
stoicheometry condition due to
high temperature releases at
rich mixture for the theoretical
calculations for all fuel types
For example maximum
temperature reach to 2176 K
for methane

2. The maximum flame
temperature occurring at rich
side in experimentally study as
in Fig.(10).
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3. Also, the maximum flame
speed and burning velocity
occurred at the same point
which maximum flame
temperature occurring on it at
same equivalence ratio in
numeric and experiment study.

4. Good agreement for methane
fuel at rich mixture due to high
temperature releases at rich
mixture.
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Methane Temperature Profile (k)
E quivalence Ratio= 0.8

Initial Temperature= 300

(k)

300 - 478.415
478.419 - BRE.E3T
B5E.839 - 835.253
835,253 - 1013673
1013679 - 1192.093
1132033 - 1370.519
1370519 - 15483.938
1548.938 - 1727.358
1727358 - 1905773
1305.778 - 2084192
2084.133 - 2084.13350

Methane
Equivalence Ratio= 1
Imitial Temperature= 300

Temperature Profile

300 - 487.665
437,665 - 67533
675.331 - 862936
B62.936 - 1060.E62
1050662 - 1238.328
1238328 - 1425933
1425933 - 1613659
1613653 - 1801.324
1801.324 - 1388.33
1988.99 - 2176.656
2176.656 - 21766560

Methans Temperature Profile (K)
Equivalence Ratio= 1.1

Initial Temperature= 300

300 - 487236
437236 - 674.473
674.473 - BE1.703
861.709 - 1048.946
1048946 - 1236.182
1236182 - 1423419
1423.419 - 1610656
1610.656 - 1737.832
1797.892 - 1385129
1985129 - 2172365
2172365 - 217236584

Methane
Equivalence Fatio= 1.4
Iritial Temperature= 300

Temperature Profile (k)

300 - 484146
434146 - BEE.233
BE8.293 - 852.44
852,44 - 1036.587
1036.587 - 1220734
1220.734 - 1404.551
1404.881 - 1589.028
1589.028 - 1773174
1773174 - 1957.321
1957321 - 1957.32179

Figure (6 ) Temperature distribution with equivalence ratio for Methane at T; =300K
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ethane
Equivalence Ratio= 0.2

Welocity Profile  (cm/s)

Initial Temperature= 300

o - 27.087
27.087 - 54174
54174 - 31267
g1.261 - 108.348
108.3458 - 135.435
135435 - 162523
162523 - 183.61
18361 - 216.697
216,637 - 216.637503(

tethane
Equivalence Ratio=1

Welocity Profile (cm/s)

Initial Temperature= 300

0- 339344
33.944 - B7.889
67833 - 101.834
101.834 - 135,773
135779 - 169.724
165724 - 203669
203669 - 237614
237614 - 271.559
271,653 - 2715697533

Methane
Equivalence Ratio= 1.1
Initial Temperature= 300

Yelocity Profile (cm/s)

0 - 32828
32828 - BR.ESY
E5.E57 - 95.485
95485 - 131.314
131314 - 164,143
164143 - 196.971
196,971 - 22919
2288 - 262629
262629 - 262.6290834

Methiane
Equivalence Ratio=1.4
Initial Termperature= 300

Velacity Prafile (cm/s)

n-12832

12832 - 25664
25.BE4 - 38,497
38,497 - 51.329
51.329 - 64162
E4.162 - 76.934
¥6.934 - 99.826
99.826 - 102,659
102659 - 1026593174

Figure (7) Axial velocity distribution of Methane with change of equivalence ratio at

Ti= 300K
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Figure (9) Variation of flame speed with equivalence ratio with change initial
temperature for (a) Methane, (b) Propane,(c) Butane, (d) LPG
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Figure (11) Comparison between
theoretical and experimental results for

burning velocity
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