A perspective on energy orthogonality NWRA

In wave-vortex flow decompositions Since 1984

Jeffrey J. Early Gerardo Hernandez-Duenas Leslie M. Smith Cimarron Wortham  M.-Pascale Lelong

NorthWest Research Associates National Autonomous University of Mexico University of Wisconsin NorthWest Research Associates NorthWest Research Associates

Energy orthogonality

1. Flow decomposition 2. Energy orthogonality 3. Spatial energy fluxes

A flow decomposition is always linear in the sense
that you are separating the flow into two or more
parts that must add to the total,

Energy to lowest order is quadratic In the spatial domain we decompose the domain
| into orthogonal (non-overlapping) volumes and

El(u,v,w,n)] = 5 / ( 4+ v? +w? + N2n2) dV measure fluxes from one volume to another,

To now say that energy fluxed from
somewhere to somewhere else, you need
energy orthgonality

—

—

U, + W,

There are infinite possibilities here.
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with no quadratic cross term! and now we have a spatial flux.

4. Spectral energy fluxes 5. Known orthogonal systems
. Inertial ranges and cascades require an energetically orthogonal basis. Many systems have been solved.
In the spectral domain energy fluxes from one mode _ _ _
h 9 Geometry Rotating? Stratified? Non-hydrostatic? References
to another moae. triply-periodic no no yes Kolmogorov (1941), Onsager (1949)
two-layer yes no no Veronis (1956)
quasigeostrophy yes variable no Charney (1971)
triply-periodic no constant yes Riley et al. (1981), Lelong & Riley (1991)
triply-periodic yes constant yes Lelong (1989), Bartello (1995)
shallow-water yes no no Remmel & Smith (2009)
quasigeostrophy w/ b(0) £ 0 yes variable no Smith & Vanneste (2013), Yassin (2021)
This is an energy cascade. free-surface yes  variable no Olbers (1986), Kelly (2016)
spherical shallow-water yes no no Zagar (2020)
The same works for potential enstrophy. spherical yes variable no Vasylkevych & Zagar (2021)
doubly-periodic yes variable yes Early et al. (2021), Early et al. (2026)
Two Nonhydrostatic Simulations Wave & Geostrophic Energy Fluxes
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e \ortex stretching error dominates at large scales
e relative vorticity error dominates at small scales Thanks to both Jonathan Lilly and Roger
Samelson for their comments.
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One iteration of optimal balance, Masur & Oliver,

| R DN S D | \ | R N | (2020) reduces the error by an order of magnitude,
=< (e | | N 2 1 1

—% \ | o } _ but at the cost of energy orthogonality.
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