


The aim is to develop a theory that systematically includes
anisotropic turbulence and internal waves

The difficulty: turbulence is a nonlinear, multi-scale, stochastic
phenomenon. Analytical theories exist for simplest flows that
are locally isotropic and depend on a single dimensionless
parameter, Re. Geophysical flows are anisotropic with waves

Reynolds averaging does not differentiate between scales and
does not discern contributions from different processes.
Reynolds stress closures employ the concept of “invariant
modeling” and are not flexible enough

Spectral approach is more suitable



The Quasi-Normal Scale Elimination (QNSE)
theory of turbulence with stratification
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Fourier -transformed velocity and temperature eguations
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Quasi -Normal Scale Elimination Model (ONSE)
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Quasi-Normal Scale Elimination (ONSE) method
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Theoretical results
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Scale- dependent horizontal and vertical eddy
viscosities and diffusivities
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Invoking energy balance equation, the eddy coeffici ents are recast in
terms of Richardson number Ri = N2/ S2or Froud number Fr= & NK

Figure 2: Normalized eddy viscosities and diffusivit les as functions of Ri and Fr.

-For Ri>0.1, both vertical viscosity and diffusivity decrease, with the diffusivity
decreasing faster than the viscosity (“residual” mixing due to effect of IGW?)

- Horizontal mixing increases with Ri. The model accounts for flow anisotropy.
- The crossover from neutral to stratified flow regime is replicated.
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