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LES of Jet Turbulent Mixing in Supersonic Flow

Junya Watanabe, Toshinori Kouchi, Kenichi Takita, Goro Masuya

ABSTRACT
The large-eddy simulation (LES) of a jet transversely injected into a supersonic crossflow was conducted to investigate the large-scale
vortex structure around the jet and the turbulent mixing state. The injectant concentration obtained by LES was compared with acetone
planer laser-induced fluorescence (PLIF) data. Numerical results reproduced the injectant mixing field not only in the averaged distribution
but also in the turbulent features. Statistical analysis based on LES data evaluated the extent of the injectant turbulent diffusion flux and the
injectant mean convective flux in a near-field cross-sectional plane: the mean convection of the injectant by counter-rotating vortex pair
was larger than the turbulent diffusion except in the windward mixing layer between jet and crossflow. The vortex structure was visualized
by the iso-surfaces of second invariant of the velocity gradient tensor. In the windward mixing layer, large-scale vortices randomly
originated and extended mainly toward the downstream direction around the jet trajectory, meandering in the spanwise and wall-normal
directions. These vortices deeply penetrate into the crossflow and contribute to the enhanced mixing by entraining a large amount of
crossflow air in the near-field. Three-dimensional jet projection was produced by the windward large-scale vortex which has streamwise

counter-rotating vortex pair.
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