Large Eddy Simulation of Burgulence:

a Synthesis of Filtering, Modelling and Discretization
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Conservation 00ip(z,t) = (ug)(x—-35,t) - (ugp)(x+5,t)
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00p(x,t) = (up)(z—-5,t) - (ug)(z+4,t)
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§O0ip(z,t) = (up+7)(z=-35,t) - (Up+7)(x+9,1)
T(ﬂ7$) = U¢—ﬂ$

U. Schumann JCP 1975

T+ 5

S
I
NI




Grid filter
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Conservation
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Two filters, lengths h and 6 = 2h



gi—1/2(t) = %/;i ¢(x,t)dx
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51' = %(5¢-1/2 + 5141/2) Note: overlapping boxes
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Adding neighbours

Truncation error
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Recall: interpolation
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FVM
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50,5(x) + (15) (x+3) - (@H)(x-1) =

No difference between truncation error and closure model if

T =2x; 0 =2h



Box filter
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commutates with differentiation
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Viscous flux
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unclosed term -> t

subgrid modeling and discretization are intrinsically linked @



Filters
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Grid filter

S(z,t) = ¢iip(t) for T <T <@
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Grid filter
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Symmetric (¢,9') = (.¢') = 0

(¥,9") = (¥, ¢') = 0

Orthogonal decomposition of function space
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Finite volume space
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o(z,t) € Fp(0,27) = S(xxh,t) € Fp(0,27)

T e Fn(0,21) and ¢ € Fp(0,21) = U e Fp(0,2r)

U e Fr(0,27) and ¢ € Fp(0,21) = 0 € F(0,27)




No subgrid scales are produced
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Large and small supergrid scales
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Dissipation dth5H2 = dtH&QHQ = dt“a‘Z T dt||¢>”2



Dissipation condition

dill@l* = dillll* + difbel|*
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Small supergrid scales
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E(k)

Decaying Burgers’ turbulence without model
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FVM-based LES uses two filters that divide the energy into three pieces

Actually no difference between

physical and numerical model -> merge
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----- sub grid

Model successfully applied
to decaying Burgers’ turbulence

To do: 1D -> 3D, nonuniform grids, etc.

Merging Filtering, Modeling and Discretization to Simulate Large Eddies in
Burgers” Turbulence
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