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Dynamic Behaviors of a Single Vortex in Counter Non-reacting
and Reacting Flow Field
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Abstract

A two-dimensional direct numerical simulation is performed to investigate the dynamic behaviors of a
single vortex in counter reacting and non-reacting flow field. A predictor-corrector-type numerical scheme
with a low Mach number approximation is used in this simulation. A 16-step augmented reduced mechanism
is adopted to treat the chemical reaction. The budget of the vorticity transport equatien is examined to reveal a
mechanism leading to the formation, destruction and transport of a single vortex according to the direction of
vortex generation in reacting and non-reacting flows, The results show that air-side vortex has more larger
strength than that of fuel-side vortex in both non-reacting and reacting flows. In reacting flow, the vortex is
more dissipated than that in non-reacting flow as the vortex approach the flame. The total circolation in
reacting flow, however, is larger than that in non-reacting flow because the convection transport of vorticity
becomes much large by the increased velocity near the flame region. It is also found that the stretching and
the convection terms mainly generate vorticity in non-reacting and reacting flows. The baroclinic torque term
generates vorticity, while the viscous and the volumetric expansion terms attenuate vorticity in reacting flow.
Furthermore, the contribution of volumetric expansion term on total circulation for air-side vortex is much
larger than that of fuel-side vortex. It is also estimated that the difference of total circulation near stagnation
plane according to the direction of vortex generation mainly attributes to the convection term.
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