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Numerical studies of confinement effects on premixed-gas
flame propagation
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The propagation of isobaric premixed flames into a quiescent fuel-oxidizer gas mixture con-
fined between two closely-spaced parallel plates is investigated numerically. We approach the
problem by employing the narrow-channel approximation [1], which reduces the governing
equations from 3D to a quasi-3D form. With this approximation, the momentum equation is
simplified to Darcy’s law. First, we examine the impact of confinement using a single-step
Arrhenius reaction model with unity Lewis number, where only hydrodynamic instabilities are
present. Comparisons with 2D simulations (unconfined geometry), reveal that loss of momen-
tum enhances the hydrodynamic instability [2]. Next, we include the diffusive-thermal mech-
anism by incorporating a reduced hydrogen kinetics for fuel-lean conditions (e.g., effective
Lewis number around 0.3) [3, 4]. In this case, momentum loss further elongates the finger-like
structures characteristic of diffusive-thermal unstable fronts, increasing the overall propagation
rate. Additionally, we analyze the effect of heat losses, which are responsible for the transition
to one-headed and two-headed isolated flame cell propagation [5]. Finally, we present full 3D
simulations of ultra-lean hydrogen flames to support our analysis of confinement effects.
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