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Abstract:
Numerical modeling of flame propagation in lean mixtures has revealed that a flame can propagate over arbitrarily large distances from the point of initiation, even when the mixture is below the flammability limit. This phenomenon is novel and requires explanation.
To elucidate the role of flame properties such as curvature and the Lewis number, flame dynamics was investigated for ignition initiated by a planar wall and by a concentrated external heat source. Two flame models were examined: one involving chain-branching kinetics and a simpler model featuring an explicit cutoff temperature—where the reaction rate is zero below a certain critical temperature. It was demonstrated that, for the cases considered, the flame position evolves for proportion to the square root of time, meaning that the propagation velocity decreases inversely with the square root of time. The fuel Lewis number proved to be the determining factor; specifically, its value must be less than unity for flame propagation below the flammability limit. An asymptotic solution for large times was also derived, showing excellent agreement with numerical calculations.
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