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Stability of Laminar Jet Diffusion Microflames: A Theoretical Approach
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Abstract : This paper theoretically discusses the stability of laminar jet diffusion microflame, defined as a flame established
on a submillimeter-diameter burner. In addition to the ordinary liftoff/blowoff limits, insights into the lower extinction limit
are of great practical importance for microflames; thus, this paper primarily focuses on the extinction limit of microflames.

The applicability of the following two diffusion-flame models to microflames is first discussed: the Burke-Schumann

(BS) theory and a self-similarity analysis. The BS theory is found to be suitable to study the stability of microflames. The
extinction limit is then predicted using activation-energy asymptotics in the framework of the BS theory. The present theory
qualitatively reproduces experimental observations, i.e., up ~d 2 where uy is the jet velocity at the extinction limit (lower

limit) and d the burner diameter.
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Fig.1 Schematic diagram of microflame stability.
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Fig.2 Effect of axial diffusion on the shape of flame sheet. Dashed line:
Eq. (13) (without axial diffusion); solid line: Eq. (15) (with axial

diffusion). Computed with Zc = 0.054 (methane-air).
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Fig.3 Dimensionless flame height predicted by Eqgs. (13) and (15).
Computed with Zc = 0.054 (methane-air).
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