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ABSTRACT- We study in this situation the interaction between a lateral wall and a diffusion
flame for different methane, propane, butane fuels and for one Reynolds number and for
different wall materials conductivities variation like Ceramics, Cooper and Stainless-Steel in
order to examine the rate of heat flux spreading to the wall interaction. Therefore, the main
objective of the present research is to study dynamic process of the diffusion flame-wall
interaction and the effects of the interaction on turbulent diffusion flame structure and heat
transfer to the wall with different fuel properties. On the other hand, the interaction of a flame
and a lateral wall can be found in furnaces and hazardous fire propagation along the wall. The
lateral wall may provide variations in flame structure interaction this sort of interaction
constitutes the fundamental configuration of extracting energy from the flame and fire hazard.
The stagnation flame sustained by a fuel jet impinging on the wall provides a useful flame
structure for basic flame studies [2].

Key words: - Turbulent flow / Diffusion flame / Impinging flow / Fuel properties / Jet
combustion.

NOMENCLATURE

C,  specific heat (kJMgh). D jet diameter (m).
f mixture fraction. K kinetic turbulent energy 2s?)(m
m  jmass species (k9). P pressure (Pa).
t time (s). U velocity fromx (m.s?

U  velocity fromx; (m.sh Z i Species fraction.
Z.a fuel fraction. Z o oxydant fraction.

X coordinate from | direction. j X coordinate from j direction.

Greek symbols

&  viscosity dissipation. V,  turbulent viscosity ).
Vv kinetic viscosity Grs™h).

Subscripts

p pressure constant. car carburant

0ox oxydant

1. INTRODUCTION

Impinging premixed gas fired flame jet heat transfer has been well established as a high
performance technology for heating, cooling and drying processes due to its very high heat
and mass transfer for both industrial and domestic applications [1-3]. A non premixed flame
gas fired emitted from a circular nozzle with a diameter of d, and a velocity of V impinges
vertically parallel to a plan surface mounted parallel to the flame, which is held at a different
distance of L/d from a nozzle to a plate surface. After impinging on the plate, the flame and
combustion production extend radially outwards along the surface with formation of a thermal
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and dynamic boundary layer. Due to the complexitthe heat transfer characteristics of the
interacting flame to a lateral wall, this may inw@lthermal conduction, convection, radiation
and thermo chemical heat release (TCHR), reportelewant previous studies in this area are
rather rare [4-5]. Moreover, current design andliagpon of impinging flame jets mainly
rely on the practical experience, rather than sidiemnalysis.

Although some experimental studies have been peddy very few prediction models for
evaluation of the thermal performance and the aatéwn of fluid dynamics and a lateral wall.
The aim of the present study is therefore to vadigaediction experimental model of [&Jr

the interaction between a non premixed flame anthiteral wall. The simulation was

performed with different fu&€H,, C,H,, C,H,,. And using different wall thermal

conductivity material properties. We study the iatdion between the flame and the lateral
wall for different L/d distance.

2. TURBULENT GOVERNING EQUATIONS
2.1 Numerical simulation

The present study, FLUENT [f@dommercial CFD software) was used to model the flo
field and heat transfer for diffusion turbulentrfla using a reduced reaction mechanism (8
species are considered). The momentum equationslesowith the K Epsilon turbulent
model as follows:
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S, iS a source term.

The model constant§;, = 009,C,, = 144,C,, =192,0, =10ando, = 10.

2.2 Modeling Non Premixed Combustion
In non-premixed combustion, fuel and oxadiznter the reaction zone in distinct
streams. This is in contrast to premixed systemswhich reactants are mixed at the
molecular level before burning.
In order to resolve the turbulent chemistiteraction we are focused to use Pre PDF

model based on the resolution of Favre mean mixfraetion f_equation (5) and a
conservation equation for the mixture fraction aadef > equation (6) [7].
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The species fractions considered in this investgat
areC,H,,C,H,,,CH,,0,,N,,H,0,NO,CO,,CO,0OH.

3. COMPUTATIONAL DOMAIN

The dimension of the combustion chamber @ (8 500) mm, the diameter of the fuel
jet is 10 mm. the boundary conditions in all faees: face (1) velocity inlet (fuel), velocity
inlet (air), face (3) wall, face (4) symmetry, fa(® outflow. The number of mesh nods is
160000, figure (1).

02

Figur&chematic of mesh domain and boundary
conditgofor jet diffusion flame.

4. NUMERICAL RESULTS
The simulation were carried out for the differéunls properties the first one is the Methane

fuelCH,, the second is the propafgH, and the third fuel is the Butar@H,,.

This fuel varies from in adiabatic temperature, @écalar weight... temperature distribution of
the flame under Reynolds numbers of 8000 were medday the experimental work of Yei-
Chin Chao and al. [6]. For this simulation the Rags number is that of the fuel jet. We are
used a one Reynolds number, in order to minimigaltta plots.

The energy extracted from the flame is highly edatb its temperature level and temperature
distribution. And this level of temperature is \eatiwith the type and chemical properties of
fuels. The shape of a flame will be highly modifietth the interaction with a lateral wall.
The part of the flame far from the lateral wallvae less affected, while the part of the flame
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approached to the lateral wall will be highly atkst, the flame spreading vertically along the
plate is different for different fuels propertigsighly degrees obtained for methane and
moderately degrees for propane. This spreadingdsedse with the increasing of molecular
weight figure 2 and figure 3.

For steady diffusion flame figure 4 and figurestdows profiles for the flame attached on a
lateral wall, for Reynolds number equal to Re =@00

It shows that this type of diffusion flame can lb@sider as making up of an entrainment zone
at the root of the flame, of about 10 mm through flame’s high, and a subsequent mixing
and combustion zone. The whole flame has a vidésgth of 80 mm. In the entrainment
zone, the fuel is drawn to the central air jet tlu¢he low pressure created by the high fuel
velocity jet. Initial air fuel mixing and combusticoccurs in this zone. In the mixing and
combustion zone, rapid mixing of air and fuel, aodnbustion occurs for methane fuel. The
flame maintains the characteristic yellowish colotia diffusion flame but some regions of
bluish flame is also observable at the base, aiojphand inside the flame experimental results
of [6].

The temperature contours in figure 4, figure 5 sholke temperature of the flame and fuels
concentration species profiles for different hyémbon fuelsCH,, C,H,, C,H,, at 8

stations along the flame’s high of 50, 100, 150,250, 300, 350, 400, 450 and 500 mm at
the y-direction respectively figure 7 to figure The flame was assumed to be attached to the
wall from the jet exit to the front of the flameoRhe flame generated by the propane fuel the
flame is very similar to the experimental resultgained by [6], for the methane flame the
maximum temperature is about 1400K, but for proplarme the maximum temperature is
about 1700 K, and for butane flame the maximum &atpre is about 1300 K, the discussion
of this levels that the butane not completely bdrae this physical conditions, hence only a
portion species mass fraction of butane exit frov fuel jet has been burned with the air
partially surrounding the flame, due to the molacudtructure of the butane fuel and mass
weight, the mixing of the air surrounding the fwelcur just in the surface of the jet in this
situation butane is partially mixed with the sumding air.

High temperature started to occur in the entrainn®me, indicating that combustion
occurred in this zone also and propagated a loadatieral wall. The maximum temperature
measured was about 1650 K, which occurred in thddimiof the combustion region at a
distance about midway between the fuel exit anceufont of the flame, indicating that the
most intense combustion occurred in this part & tlame corresponding to the higher
temperature levels destructing energy from the igieéry high figure 5.

It can be observed that in the entrainment zonk wik 150 mm, the temperature was the
lowest at the centre of the flame, increasing peak at about 5 mm away from the centerline,
and then dropped gradually further forwards moleng the impinging plate.

At y = 400 mm, the temperature was about 1400 KHerpropane flame but it vary from the
fuel to another at the middle of the reaction zaneteased further forwards the impinging
plate to a maximum of about 1400 K for butane aredhane fuel but we observed a three
picks occurred between y = 50 mm and 200 mm witte&imum temperature of 1700 K and
then dropped quickly further for y > 450 mm.

After the ejection zone, air fuel jet velocity isry high and the profiles are quasi parabolic in
shape due to interaction to the lateral wall. Tifgsjet velocity is higher at the centreline than
that on the edge of the burner. The fuel canndtusgf into the centreline of the flame but
mixes with the air surrounding the reaction zons th very quite for butane flame. But the
ambient air is easy to mixer with the fuel for naeth flame for the same Reynolds number.
An increase in the fuel consumption with the desirggin molecular weight in figure 7,
figure 8, figure 9 the mass fraction of propanedsy significant than that for methane flame,
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it's very useful to use methane flame in this gibrain order to get a rich flame than for
propane flame.

The ratio of fuel consumption is varied when weyirag fuel characteristics. The length of
the reaction zone increased slightly with the desireg in molecular weight, while the length
of the mixing and combustion zone varied signiftbawith jet fuel supply.

In this situation the enlarged of reaction zones ware appearance with the methane fuel
which is corresponding to well fuel mixing with tkatrainment air. However, the increase in
fuel supplied will tend to increase the length loé flame, resulting in a net increase in the
flame length. For the butane flame at the same &dgmumber, resulting little consumption
of fuel which increase the production of an unbynwitutant NO.

At the same Re number for methane and propane fldmaethermal mechanism NO
production will increase more than for butane flamb¢he same boundary conditions, which
results in a more significant increase in fuel congtion.

The influence of the lateral wall on the flame stase is that the wall makes an obstacle to
the mixing of the fuel supply from the jet with tleatrainment surrounding air. The wall
breaking the axisummitry of the round jet and thanging of the flame shape occurred.

Figure 2. Mass fraction of Figure 3. Mass fraction of Figure 4. Temperature experimental
methane Chl. propane GHs. field [8].
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Figure 5. Temperature field for
propane flame wall interaction.
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Figure 7: CH, concentration for methane flame

Figure 6. Polluant NO mass
fraction.
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Fgure 8: CH,  concentration for Butane flame

5. CONCLUSION

In the present study, the temperature distribuéiod the mass fraction for chemical species
distribution of a diffusion flame interaction with lateral wall for different fuel jet ejection
was investigated. The following results were oledin

- The fuel properties influenced the flame struetand the maximum level of temperature is
differing for methane, propane, and butane.

- The temperature profiles at different sectionghef flame show a cool region behind the
wall at low flame high. At high flame the cool catsappear and the maximum temperature
zone occurred at the centre and dropped steaddy &#em the centre.

- In the next studies we will discuss the stagnapiomt heat flux for a lateral wall situation
when the heat fluxes were greatly affected by thaetors: Re, U, and the nozzle to plate
distance.
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