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SummaryWe investigate the effect of Taylor dispersion on the thedifiusive instability of flames. This is a physically inesting and
analytically tractable problem within a relatively uneaqgd class of problems pertaining to the interaction betwisglor dispersion
(or flow-enhanced diffusion) and Turing-like instabilgien reaction-diffusion systems. The analysis is carrietimthe Hele-Shaw
burner configuration and adopts a constant density appediom Depth-averaged equations are first obtained whicbrporate

Taylor dispersion and show that diffusion is effectivelysatropic. A linear stability analysis of travelling wavelstions leads to a
simple dispersion relation which allows stability-bifation diagrams to be drawn in the parameters space whosieahysplications

are discussed.

INTRODUCTION

There are two major intrinsic flame instabilities in prentx@embustion. The first, known as the Darrieus-Landau
or hydrodynamic instability, is the instability of an inface propagating towards a less dense medium [1]. The second
instability, known as the thermo-diffusive instability][ccurs in fuel-lean mixtures where the thermal diffusivD -
and the fuel diffusion coefficienD are such that their ratio, the Lewis num , is sufficiently away
from unity. The thermo-diffusive instability may be iddigd as a Turing-like instability [3] since it requires, astlire
case of Turing instability in a reaction-diffusion systeth fwo diffusive processes to have differing diffusion ffiméents.
Strictly speaking, however, the Turing and thermo-diffednstabilities are quite different, not least becausdahmer
pertains to a spatially homogeneous steady state, whilattiee to a travelling wave.

The rich topic of flame instabilities has been the subjectexficated reviews e.g. [3, 5, 6]. A main objective of
this paper is to complement the literature by addressingploged aspects of flame instability using an extension of ou
approach based on thikick flame asymptotic limitlescribed in [7, 8]. The specific novel problem to be addksse
this paper ighe influence of Taylor dispersion on the thermo-diffusivasgtability, which is an interesting subproblem
of the more general problem 8&me instabilities in a Hele-Shaw cell under forced convemxt. In fact, the Hele-Shaw
configuration is ideal for investigating the instabilitiesflames [9], at least in theoretical and numerical studibene
heat-losses and density variations, which are difficulgtmre in practice, may be switched off or on, depending on our
focus. Recent experiments on flames in Hele-Shaw cells heme tonducted at the University of Aix-Marseille [10] and
at the University of Southern California [11].

THEORETICAL RESULTS

As a configuration for the investigation we shall adopt tHahe Mar- w@x%ﬁs
seilles experiment which is sketched in Figure 1 showingradlpropagating ‘3\‘,&
downwards. As described in [10], the burner’s operatiomiefly as follows. V\A\/‘/
By opening the inlet valve at the bottom, a reactive mixturesfl upwards to \)@x\“;
fill the cell and is ignited at the top of the burner where a flgparallel to the ¥
horizontalz-direction is formed and remains anchored thanks to a flow ve-
locity exceeding on average the flame sp&ed Closing the valve, the flow
is stopped and the downwards flame propagation is recortisdmportant
to point out that the effect of the flow, or forced convection the propaga-
tion and stability of the flame has not been addressed. Adthadhis seems
to be a simple ingredient to incorporate, it has a profoufidemce. Specif- Figyre 1: Hele-Shaw burner, adapted from
ically, by considering flame propagation against a verficaV, say given in [10]
the unburnt-gas by = uo(1 — y?/a?)z wherea is the channel half-width
andz a unit vector in the-direction, it is possible to investigate theoretically
the effect of Taylor dispersion [12, 13] on flame propagatiod stability. Indeed, Taylor dispersion modifies the dffec
diffusion coefficients of heat and mass in the flow directiordirection), which modifies the effective Lewis number

Leer  14+7(1—a)?PE

e 1+4~(1—a)2PeLe?’
Peclet numbery = 8/945 a numerical coefficient, and the gas expansion parameter defined in terms of the unbwsnt ga
and burnt gas densitigs, andp, by o = 1 — p,/p,,. The formula shows that lg ~ Le as Pe— 0 and Legs ~ Le™ " as
Pe — oo. This suggests that Taylor dispersion may have significg#hténce, worth exploring, on the thermo-diffusive
instability which critically depends on g This is a highly original investigation which is best iai¢d by adopting first
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Lees. In fact, the results of our publication [8] indicate t
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where Pe= auy/Dr is the
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Figure 2: Stability region and bifurcations in tié: plane for selected values of the parametB¢; [ is the reduced
Lewis number and is the perturbation wave number.

the constant density approximatiom & 0) and addressing the stability of a planar flame (paralleh&rtaxis) propa-
gating downwards against the flow. The problem has howeveraat complication: enhanced diffusion, which leads to
the formula for Legs above, is applicable in the longitudinaldirection; in the transverse-direction diffusion is unaf-
fected by the flow. Therefore, the stability problem in the plane (obtained by-averaging the governing equations),
is one involvinganisotropic diffusion Accordingly, the classical approach of tackling the peob) using familiar jump
conditions applicable at inner reaction layers needs figmit revision. This revision and related aspects are addce
in this work. The main outcome is the derivation of a dispmrgielation describing the linear stability of the flame to
perturbations proportional texp (ikz + st) with wave numbek and growth rate. The dispersion relation is found to
be given by

l
1 +yP¢€

wherel = (Le — 1) is the so-called reduced Lewis number involving the Zeldbviumbers andl’ = /1 + 4s + 4k2.

o3 —1) + (T —1-2s5)(1—~P€) + 4yPEK*] =0,

CONCLUDING REMARKS

We note that the dispersion relation incoroprates the effe¢aylor dispersion and the resulting anisotropy of dif-
fusion. A sample of the results implied by the dispersiomtieh are illustrated in figure 2 for selected values of the
parameteryP€. WhenyP& = 0 we recover the classical results with a stationary bifiocaturve for small values df
and a Hopf bifurcation curve for larger values. AB€ is increased the Hopf bifurcation curve is displaced to tyetr
and disappears foyP€ > 1. Thus a sufficiently strong flow impedes the oscillatory flamstability. Also, the size of
the stability domain in the left half-plane (delimited fraime left by the stationary bifurcation curve) is reduced hy a
increase inyP€ which indicates that the flow may somewhat promote the @ellinstability. In any case, the results
demonstrate the ability of Taylor dispersion to signifidpaffect Turing-like instabilities.
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