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Mixing Enhancement by Baroclinic Torque

Shigeo Obata

ABSTRACT

A fluid dynamical effect of a normal shock wave passing through axis-symmetric subsonic turbulent shear flows, which
is constructed between air stream main flow and three kinds of high speed jets (air and carbon dioxide, helium), on mixing
enhancement is numerically analyzed as a basic flow model of the supersonic combustion Ram (SCRAM) jet engine
combustor. A combination of Navier-Stokes system’s conservation equations and chemical species diffusion equation with
two-equation (g- ) type turbulent model is solved for mixing flow problem with shock by a finite differential upwind TVD
formulation technique. In only helium injection flow configuration the mixing enhancement after shock passing is achieved
with a characteristic vortical flow structure arising from center axis. This i1s explained by two kinds of flow properties, a
pushing away force caused by high momentum air stream behind shock plane, and Baroclinic Torque generated from spatial
mis-alignment between density gradient of mixing layer and pressure one of shock plane. The former spreads mixing layer
to radial direction with flow direction compression and the latter rolls up the spreading portion of mixing layer. On the other
hand, air and carbon dioxide jets never create similar vortical flow structure even with a stronger shock wave passing.
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