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The Interaction of Vortex and Premixed Flame with Consideration of Volume Expansion Effect
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Abstract

A method is developed to include the effect of volume expansion in the description of the flame dynamics
using G-equation. Line volume-source is used to represent the effect of the exothermic process of combustion
with source strength determined by the density difference between the burned and the unburned region. Volume
expansion adjusts the flow field to accommodate the increased volume flow rate crossing the flame front. Test
result predicted the measured velocity field qualitatively. The method was applied to study the interaction of
vortex and premixed flame. Increased volume expansion did not change the initial growth rate of flame area.
However, the residence time and flame surface area increased with higher expansion ratios.
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Fig. 2 Concept of volume expansion effect in

Fig. 1 Schematic diagram of thin flame surface
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Fig. 4 Typical process of flame and single vortex interaction:
(a) flame evolution, (b) time history of flame perimeter,
the distinctive stages S1, S2, and S3 initiates at tl, t2,
and t3 respectively (Case A)

Fig. 3 Schematic diagram of configurations of flame
and vortices: Case A represents single vortex interaction,
Case B and Case C represent counter-rotating vortex
pair with extensive and compressive strain
on incident flame
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Fig. 5Typical process of flame and counter-rotating Fig. 6 Typical process of flame and counter-rotating vortex
vortex pair interaction with extensive strain: (a) flame pair interaction with compressive strain: (a) flame evolution,
evolution, (b) time history of flame perimeter, the (b) time history of flame perimeter, the distinctive stages
distinctive stages S1, §2, S3, and S4 initiates $1, 82, and S3 initiates at tl, 12, and t3 respectively (Case C)
at tl, t2, t3, and t4 respectively (Case B)
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Fig. 7 Effect of (1) volume expansion, (2) vortex convection velocity, and (3)characteristic rotation velocity on flame
perimeter: (a) single vortex case, (b/c) C-R vortex pair with extensive/compressive strain for cases A,B, and C
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Fig. 8 Effect of (1) volume expansion, (2) vortex convection velocity, and (3) characteristic rotation velocity on (a)
maximum flame perimeter and (b) residence time for cases A, B, and C
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