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1 Abstract

The nonuniqueness of solutions of the Euler equation has been established. Thus the equations are physically incomplete, and
in need of admissibility conditions to select the physically relevant solution from the among the many non-physical solutions. In
numerical simulations, full resolution of all relevant length scales is impractical for many problems of practical interest. Finely
gridded simulations which resolve some but not all of the turbulent scales are called Large Eddy Simulations (LES). These are
often far removed from the DNS level of resolution, and share with the Euler equation serious nonuniqueness issues. In this case,
competing solutions, even for problems of engineering importance, are in dispute.

Our first main result, in joint work [6] (to be submitted for publication) with Daniel Lazarev and Gui-Chang Chen, is a mathe-
matical proof of the Ziegler principle of a maximum rate of entropy production for the physically relevant solution of the Euler
equation. The proof depends in part on a physically motivated conjecture stating that the maximum entropy principle selects
solutions of the Euler equation from a phase space defined by the statistics of velocity fields.

On this basis, we examine competing simulations of the experiments [2] of the turbulent mixing problem defined by a Rayleigh-
Taylor (RT) instability. The preferred algorithm (which agrees with experiment) has a larger dissipation rate, and equivalently a
larger entropy production rate. No algorithm can achieve a true maximum energy dissipation rate, but the one we prefer, called
the Dynamic Sub Grid scale (DSGS) algorithm [3] agrees with experiment, and dissipated more energy that the others, which
are in varying degrees of disagreement with experiment.

In our simulations of the RT experiments, we combine the DSGS algorithm with Front Tracking, in the simulation package called
FronTier (FT). Verification and validation for the FT solution of RT mixing is described in detail in [7], with full attention to
absence of contaminating noise in the initial conditions of the data [2].

Our second main result is the description of an application user interface to allow ready insertion of FT into user codes, [5, 4], in
both its nonconservative and conservative tracking formulations.

Our third main result is a formulation of turbulent scaling laws, extended from their classical formulation for the inertial region of
fully developed turbulence to turbulent flows that are turbulent, but with significant nonuniversal contributions from stirring and
dissipative forces. These results are joint work with Abigail Hsu and Ryan Kaufman [1], and will be submitted for publication
shortly.
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