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POD uses two-point spatial correlations obtained empirically to
generate a set of orthogonal eigenfunctions (modes) that can be used
to expand a random process in an energetically optimum manner.
Physical interpretation of the POD modes usually focuses on their
energy spectrum and their rapid convergence property. Deeper analysis
reveals a new way to identify the essential physics embedded in the
modal structures. We consider POD in the inhomogeneous directions
of two canonical turbulent flows: channel flow and thermal convection
between parallel plates. Representing the POD modes, which resemble
modulated sine waves, as an amplitude function and a phase function, it
is found that there is a self-similar group of modes having similar phases
functions as distance from the wall; and a non-similar group consisting of
the first several most energetic (and largest scale) modes. With increasing
modal order, properly scaled self-similar phase functions asymptotically
approach a function that is characteristic of each type of flow, suggesting
that they contain the essence of the growth of length scale from the wall.
Further analysis relates this property to the distribution of dissipation.

A method of synthesizing an infinite set of orthogonal modes that is
near-optimal for each type of canonical turbulent flow is developed
using only the asymptotically similar phase function that characterizes
that flow. In turn, the asymptotic phase function can be determined
simply from the dissipation making it possible to approximate the full
set of POD modes using a one-dimensional scalar function instead of
the much larger two-dimensional spatial correlation function.
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