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Enhancement of Supersonic Mixing

Michio Nishioka
Osaka Prefecture University

Abstract

The success of future supersonic combustion ramjet engine highly depends on the efficiency of fuel-air
mixing. As the compressibility suppresses the growth of mixing layers with increasing the convective
Mach number, it is crucial to develop techniques for enhancing supersonic mixing. The present paper
first analyzes important previous results for the growth of supersonic mixing layers to see how the
compressibility hampers the turbulent vortical motions and how to alleviate the effects. We then propose
to use streamwise vortices to enhance the supersonic mixing, and further conduct experiments of
introducing the longitudinal vortices into supersonic wakes at Mach numbers 2.4, 2.5 and 4.0. The
experiments verify that streamwise vortices can be easily generated without large total pressure loses.
The results also show that although the streamwise vortices introduced are rather stable downstream, a
high rate of fluid entrainment into the vortices can be obtained even during their formation stage,
indicating the capability of enhancing the supersonic mixing. We further consider the generation of
small-scale eddies through the breakdown of the streamwise vortices (with various combinations of
intensities, scales, rotations and in spanwise row configurations). It is proposed to cause their
breakdown by small scale eddies (and/or smaller scale streamwise vortices)embeded in them at their
initial formation by their mutual interaction in spanwise row configuration, by their interaction with
incident weak shock waves, and by their own instabilities. In particular, as a powerful means of mixing
enhancement for the supersonic mixing as well as for low speed cases, unstable streamwise vortices are
proposed. Although their streamwise vorticity is axisymmetric, it exists over an annular region only.
Thus the vortex may undergo inflectional instability like low-speed mixing layers. We have
demonstrated the violent inflectional instabilities at the linear and nonlinear stages, through conducting
numerical simulations on the basis of 2D compressible N-S equations.

Key words : supersonic mixing enhancement, streamwise vortices, instability of streamwise vortices,
turbulence control, scramjet
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