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A Simulation of Flame-Vortex Interaction considering
the Alteration of Vortex by Flame

Ji Hoon Kang, Se Jin Kwon

Key Words :  volume expansion, G-equation, vortex transport equation, flame-
vortex interaction

Abstract

A numerical simulation was conducted to analyze the interaction of flame and
vortices. The characteristic scales of flame and vortices were limited in the thin
laminar flamelet regime. Within this regime, flame is assumed as discontinuity
surface and its motion in flow field was described by G-equation instead of full
governing equations. Additional approximations include distribution of line volume
sources on flame surface to simulate effect of volume expansion. Contrast to
previous calculations, current study employed vortex transport equation to evaluate
attenuation and smearing of vortices. Two extreme conditions of frozen vortex and
frozen flame were considered to validate the current method. Comparison with
direct numerical simulation resulted in satisfactory quantitative agreement with higher
computational efficiency which warrants the usefulness of the present model in more
complex situation.
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Fig. 4. Damkohler number effect on R.
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4.2 The Frozen Vortex
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Fig. 7. Interaction between flame and a frozen
vortex for (a-¢) Ug may = 0.5,0 =0.005 and (¢-

D g max =1.5.0 = 0.005.

Fig. 8. Interaction between flame and a frozen

vortex for (a-c) ug,max =1.0 ,O = 0.020 and
@) Ug e =1.0,0=0.002.
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