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Identify all commutators

> from the filter 6
> from the discretization V,,
> from symmetry groups in the model Mg

Address all commutators

> Eliminate them by choosing 6, V., and My in a smart way
> Account for the remaining ones by tuning the parameters 6
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f the

s equations

G is a symmetry-group of the Navier-Stokes equations L if and only if

L(gu) = gL(u)

for allvelocities u and group elements g € G.

I How to choose Mg such that Mg(gii) = gMg(@t) for all 6, 4, and g € G?
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End result ,
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We identify new commutators in LES arising from the filter, discretization,
and symmetry-groups.

model architectures.

| We cancel out commutators through new filters, discrete formulations, and
Exact expressions for the remaining commutators allow for producing unbi-
ased training data for data-driven closure models.

This thesis offers a mathematically principled foundation for reducing the

computational cost of turbulence simulations.
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Effect on a Fourier mode
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Structural models: Unstable

_ AP
M@m)=V- —EVuVu

Functional models: Inaccurate

M®@) =V - [=Veaqy (Vi + Va")]
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V.eu=0, du=-V-(c(u)+ pd)

Pressure-free formulation

diu=—V 7o), Tijap = 5ia0js — 81 (Budr) 8.9

Exact LES equations

Infinitesimal LES: 6,1 = -V -7wo(u) = -V -7wo(u)

JE— ) - hsx
Discrete LES:  0,i" = =V - wo(u) ==V, - 7o(u)
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Boeing 777-200 photograph by Jules Meulemans, licensed under the GNU Free
Documentation License, version 1.2 or later.
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