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Abstract.

We begin with a brief review of the range of computational tools available for turbulent flow
calculations at the beginning of the 21st Century and point out that large-eddy simulation (LES) is
rapidly becoming the dominant simulation technique for engineering applications due to ever
increasing computer capability. We then focus attention on the classes of subgrid-scale (SGS)
models currently employed with this method, and we note that most are unable to predict fluid
behavior at scales often encountered in interactions of turbulence with other physical phenomena,
e.g., combustion and various biological flows. We argue that use of synthetic-velocity (and scalar,
when appropriate) SGS models has the potential to improve such predictions, and we proceed to
demonstrate construction of a particular example of such methods based on the “poor man's
Navier(IStokes equation” discrete dynamical system. We conclude by presenting some a priori
results obtained from this model, particularly, comparing these with theories of Kolmogorov; and
we provide preliminary results from a complete synthetic-velocity/scalar LES procedure.
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