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ABSTRACT

We study governing equations describing multiphase flow behavior effectively and various nu-
merical methods for simulations. The goal of this study is to present multiscale modeling and
numerical methods of macro and micro phenomena for turbulent fluid mixing driven by accel-
eration forces. We propose methods for verification and validation of simulations for chaotic,
multiscale flows, specifically for turbulent mixing simulations. Mixing, in the problems we
study, is driven by acceleration forces. Steady acceleration of a density discontinuity defines the
classical Rayleigh-Taylor instability and associated mixing regime and, at the other extreme,
impulsive acceleration, as by a shock wave, defines Richtmyer-Meshkov mixing.

In terms of numerical tools, our major contribution is a high quality treatment of fluid interfaces,
embodied in the FronTier code, based on a front tracking algorithm. Recent improvements to
this method are described here. Not only does this code allow zero diffusion across an inter-
face (the Schmidt numberSc = ∞) but, through use of a subgrid algorithm, any finiteSc can
be modeled efficiently. Comparisons to other interface methods have shown the quality of this
method. In terms of modeling flows, a major accomplishment has been the agreement we have
achieved among theory, simulation and experiment for 3D RT flows. We study a complete first
order closure of the primitive inviscid equations; extensions to include transport terms are stud-
ied. This closure is totally hyperbolic in its time propagation and satisfies all required boundary
conditions. Our main result is that by comparison to direct simulation data, the unknown pa-
rameters in the closure terms can all be set.
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