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Abstract

Nonlinear dynamic behavior of diffusive-thermal instability in diluted CH4/O, diffusion flames is
numerically investigated by adopting detailed chemistry and transport. Counterflow diffusion flame is
adopted as a model flamelet. Particular attention is focused on the pulsating-instability regime, which
arises for Lewis numbers greater than unity, and the instability occurs at high strain rate near
extinction condition in this flame configuration. Once a steady flame structure is obtained for a
prescribed value of initial strain rate, transient solution of the flame is calculated after a finite amount
of strain-rate perturbation is imposed on the steady flame. Transient evolution of the flame depends on
the initial strain rate and the amount of perturbed strain rate. Basically, the dynamic behaviors can be
classified into two types, namely non-oscillatory decaying solution and diverging solution leading to
extinction. The peculiar oscillatory solution, which has been found in the previous study adopting
one-step chemistry and constant Lewis numbers, is not observed in this study, which is attributed to
both convective flow and preferential diffusion effects.
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Fig. 1 Schematic diagram of diffusion flame
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Table 1 Fuel and oxidizer compositions for three

calculation conditions

Fuel side Oxidizer side

(Xene/Xue) (Xox/Xiie) et
Case 1 14%/86% 40%/60% 1285 s
Case 2| 12%/88% 17.5%/82.5% | 0.50 s
Case 3 11%/89% 16%/84%  (0.063 s
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Fig. 2 Flame-temperature response curve with
respect to strain rate in case 1
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instability chemistry| flame oscillatory
source & configura- behavior
transport tion
single
study 1 Le > 1 step & s::gﬁm appreciable
Ref. 7) constant layerg oscillation
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