Co-spectral budgets link energy
w distributions in eddies to bulk flow

properties
ABSTRACT:

Connections are explored between spectral descriptions of turbulence and the
mean velocity profile in the equilibrium layer of wall-bounded flows using a
modeled budget for the co-spectral density. As a starting point, the co-
spectrum is derived using a standard model for the wall normal velocity
variance and a Rotta-like return-to-isotropy closure for the pressure-strain
effects in the absence of stratification. The approach establishes a relation
between the von Kar an (k), one-dimensional Kolmogorov (CK), and Rotta
(A) constants, namely, k=(4A/7CK)-3/4. Depending on the choices made about
small-scale intermittency corrections, the logarithmic mean velocity profile or
a power-law profile with an exponent that depends on the intermittency
correction are derived thereby offering a new perspective on a long standing
debatea,b. The same co-spectral budget is then generalized to include the
effects of stable stratification so as to predict the mixing efficiency associated
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(Prt). Stably stratified flows are fraught with complex dynamics originating
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mechanical production of turbulent kinetic energy. The Prt—Ri relation is
shown to be derivable solely from the co-spectral budgets for momentum and
heat fluxes. Here, the ratio of CK to the Kolmogorov-Obukhov-Corrsin
phenomenological constant, and a constant associated with isotropization of
the production whose value (=3/5) has been predicted from Rapid Distortion
Theory, explain all the macroscopic nonlinearitiesc.
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