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1 Introduction

The effect of a vertical magnetic field gradientlengths of methane-air diffusion lifted flames was
numerically investigated. The study was develomeduhderstanding the evolution of theses lengths
when coaxial jet air velocity was varied. As the jat velocity is increased, gradient in mixture
fraction and liftoff increase and flame lengthsmase. Calculated reacting flow results of Ifferid
flame length are presented for two cases, withaitldout magnetic field. In this study we used a
effective jet diameter [1] for predicting the Freudumber for coaxial flame. For the lifted flame
under magnetic field, we modified the Froude numinetake into account the magnetic buoyancy
effect and we show that the correlation proposedAlignkirch et al [2] can still be applied to
represent lengths of lifted flames.

2 Flow configuration and numerical method

The flow configuration was similar to that reporiedRef [3]. A CHi-air diffusion flame was formed
out off the coaxial burner. The internal fuel gas lan inner diameter of 4 mm and rim thickness of 1
mm. The oxidant gas of air has an inner diameteiOofnm and an outer diameter of 12 mm. A tube
length was chosen, longer than the 200 mm needddllfp developed exit velocity to ensure laminar
jets. The air mass flow injected in the outer twaes varied while the fuel mass flow injected in the
inner tube was fixed and the mean velocity of thed &t the exit section isdd,=0.341 m/s.

The simulation is carried out in a 200 mm (r) x 968 (x) computational domain, in an axisymmetric
coordinate system. The general form of transpamiatgn for two dimensional (r, x) axisymmetric
laminar flow is :
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herep denotes the density calculated from the idealaasU the axial velocity, V the radial velocity.
The general form of Eq.1, represents the massmtiraentum, the species, the energy conservation
equation, depending on the varialshe The transport coefficienf and the source terms,; Sre
provided in Table 1, where p, U, Cp, g,p0, I stand for pressure, thermal conductivity, vistyosi
specific heat of the mixture, gravitational accalen, density of air and mass production ratehef t
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ith species respectively.; ¥ the mass fraction of mixture component inclgdinel and air, and R,
is the diffusion coefficient of the ith speciesarbinary mixture of that species and nitrogens the
external body force per unit mass acting on eaeimital species i.

=y O(B%) + g @
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where the first term of the right-hand side istiegnetic force Festimated by the magnetic force per

unit volume acting on chemical species i :

F= o AYX, O(E) ©
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where ¥; is the magnetic susceptibility of chemical spegiend(B? is the gradient of the square
magnetic flux density [4].

The global species conservation equation (Eq.n4) the state equation (Eq. 5) completed the
governing equations given by Eq.1.

— N Y
Y, =1->Y, (4) p= pRTZM—' (5)
1 1

where R is the universal gas constant angsithe molecular weight of the ith species.

For the chemical reaction, the reduced kinetic raei$m including 16 chemical species and 26
elementary reaction was used give in [5]. Diret¢@$ of the magnetic field on the chemical kinetic
were ignored [6].
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Table 1: Transport Coefficients and source terms

The magnetic configuration and the distributiorthe vertical magnetic gradient corresponding to the
one used in the numerical results of cold flow désd in [7], is used here for reacting calculasion
The magnetic gradient presents a negative maxiwitiB0T?/m at 6 mm above the burner rim. The
magnetic force acts in the negative x-directionetkrating the flow of paramagnetic chemical species
Only oxygen specie are treated as paramagneticsegoiently, at the exit of the burner, air is
submitted to a downward magnetic force.

The model, assumptions, numerical techniques amghgtational domain are detailed in [7].

3 Results

To investigate the flames structure in detail, wcwuated the combustion flow out off the coaxial
burner with and without magnetic field. The airwlorelocity is increased, keeping constant fuel
velocity. Figure 1, shows the typical appearancedifted flames. It can be seen that liftoff, H,
increases with the air jet exit velocity (see figlia and 1b) and figure 2. When the magnetic field
applied, the liftoff decreases (see figure 1b and The presence of a negative magnetic gradient
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reduces entrainment and therefore deprive the flamexygen (see figure 3) causing it to move
downward along the stoichiometric line, in the énilow velocity region.
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Figure 1: Mass fraction of OH distribution for Figure 2: Flame lift-off height versus the velocity
three flames, k44=0.341 m/s : (a) without ratio of coaxial air to fuel jet. §4,=0.341 m/s

magnetic field, 4= 0.144 m/s. (b) : without
magnetic field, |,= 0.575 m/s. (c) : with magnetig
field, U= 0.575 m/s. (H : Liftoff, L: flame length
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Figure 3: Mass fraction of oxygen distributiondt lgithout magnetic field, right with magnetic fekl

case ;/Ucnys=1.69 and Yy,=0.341 m/s
Conversely, the flame length decreases when theetocity increases (see figure 1la and 1b), and
increases when magnetic field is applied (see édirand 1c). This reduction can be explained by th
fact that when air velocity increases, the airgtetion and mixing with the fuel over the incrahse
liftoff distance are enhanced, thus resulting igovous combustion and a shorter flame, see figure 4
When the magnetic field is applied, a negative reigrgradient induces magneto-convection which
adds to natural convection. Hence, we obtain grefdaene lengths, we thus find ourselves, with
important effect of buoyancy. This is observediguife 4.

Flame lengths follow the correlation proposed Bygf@oressed in Froude and Reynolds numbers.
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& " where Yz and dy are the expressions written for a

m

coaxial jet [1]. a = p, | p; whereps is density of the hot gas apgdambient density. In order to take
into account the magnetic buoyancy effect we pregde modify the Froude number by replacing g

by Gg whereG:1+Llﬁ. The new Froude number Fr* expression is given by
a-19
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number. It is shown that flame lengths follow tlwerelation proposed by [2] meaning that buoyancy
have an important effect on the lifted flame leisgth

On figure 5, are reported the results of the ¢atitn using the new Froude
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Figure 4: Length flame with velocity ratio of Figure 5: Laminar flame length versus Fr*
coaxial air to fuel jet. &},=0.341 m/s

3 Conclusion

We have numerically studied the liftoff and lengtifslaminar lifted flames formed in the coaxial
burner to which is applied a vertical negative nwgnfield gradient. The effect of velocity ratid o
coaxial air to fuel jet on flame lengths have bebkaracterized with and without magnetic effect. The
flame lengths are reduced when the air velocityeiases, and the application of the negative
magnetic field gradient results in an increasénesé lengths.
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