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As a proper basis of numerical method for multiphase turbulent flows, we
derived an integrated average equation based on local volume averaging for direct and large-eddy
simulations of particle-laden turbulent flows. The solid-fluid interaction force terms and
subgrid-scale stress terms within the control volume were extracted. It was verified that the
framework of our integrated average equation is effective for our purpose, within the condition in
which existing models can be applied. As an application example, we attempted to explore the
conditions for non-similar transport of momentum and heat in solid-liquid two-phase turbulent flows.

But, we faced the necessity to simulate the collective behavior of particles laden in at high
concentrations. Then, in order to deal with the conditions with a realistic computational capacity,
we constructed and implemented an extended lubrication model that can be applied to narrow passages
between particles.
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