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Abstract:
The coupling between Taylor dispersion (or shear-flow enhanced diffusion) and flame instabilities   is a scientifically rich research topic whose investigation we have recently initiated in the form of several dedicated recently published studies and ongoing investigations. In this talk, I will give and overview of the novel aspects and significance of these studies, both for premixed and diffusion flames. The topic is particularly pertinent to reactive-diffusive processes taking place in small-scale slender geometries, and the needed theoretical tools fall within the scope of the lubrication theory in fluid mechanics, which we extend to account for Taylor dispersion in reaction-diffusion systems. Several experimental studies conducted in micro-combustion have documented some odd observations in relation to the formation of cellular patterns. In particular, cellular patterns are observed for reactants with large Lewis numbers, although typically a Turing-like instability would be predicted to cause such patterns to appear in reactants with small Lewis numbers. We show that the identified coupling mentioned above is able to explain these odd observations. More generally, a particularly interesting aspect common to our studies is the fact that Taylor dispersion leads effectively to anisotropic diffusion and that effective flow dependent Lewis numbers can be identified which have major impact on flame stability and its burning rate or propagation speed.  
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