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Extinction in a Counterflow Nonpremixed Flame Interacting with a Vortex
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Abstract

A two-dimensional direct numerical simulation was performed to investigate the flame structure of
CH,/N,-air counterflow nonpremixed flame interacting with a single vortex. The detailed transport properties
and a modified 16-step augmented reduced mechanism based on Miller and Bowman's detailed chemistry
were adopted in this simulation. The characteristic vortex and chemical time scales were introduced to
quantify and investigate the extinction phenomenon during a flame-vortex interaction. The results showed that
fuel- and air-side vortex cause an unsteady extinction. In this case, the flame interacting with a vortex was
extinguished at much larger scalar dissipation rate than steady flame. It was also found that the air-side vortex
extinguished a flame more rapidly than the fuel-side vortex. Furthermore, it was noted that the degree of
unsteady effect experienced by a flame can be investigated by comparing the above two characteristic time
scales, and this analysis could give an appropriate reason for the resuits of the previously reported experiment.
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Fig. 1 Schematic of computational geometry and
numerical layout for counterflow non-
premixed flame

Table 1 Fuel and air-side nozzle inlet boundary condi
tions for steady counterflow flame

Component Velocity | Temperature
(Mole Fraction) (m/sec) (¢:8)
Xey, =023
Fuel X,, =077 0.255 298
Xo =023
Air Xy, =077 0.255 298
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Fig. 2 Spectral diagram for the nonpremixed flame-
vortex interaction (log-log scale)'
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Table 2 Inflow boundary conditions for the vortex formation, and some important variables to characterize the

vortex (6, =5.54mm, d,,=2mm)

(le;gl) 2.35~2.44 240 250 70 0.06 0.85 ~0.88 )
(iﬂ) 2.67~2.87 280 255 70 0.06 0.96 ~ 1.04 W)
(Sl;‘;) 1.92~2.12 530 620 167 0.16 0.69 ~0.77 \%]
(Zg) 1.96 ~2.26 560 640 167 0.16 0.71~0.82 \%)
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Fig. 3 Temporal evolution of heat release rate and vorticity Fig. 4 Temporal evolution of heat release rate and vorticity

distributions by fuel-side vortex (v;,, = Sm/s)
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