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FILTERING

Ot + Ox(Uu — voxu) = f

Ot + Ox(uu — voxu) = f




FILTERING

Assumption: filter commutes with differentiation

8tU -+ 8)((@ — I/axU) — 7



FILTERING

Assumption: filter commutes with differentiation

8tU -+ 0)((@ — I/axU) — 7

Closure model ;
uu ~ uu + 7(u)



LARGE EDDY SIMULATION

Full-scale

|
\

Ot + Ox(U U — vOxU)

LES model

0T + O(TUT — vdT) = [ — Oy 7(T)




BOX FILTER
Box filter with filterlength h

B 1 x+h/2
u(x,t) = E/ u(é, t) dg

_h/2

Commutes with differentiation

u(x+h/2) — u(x—h/2)
h

OyU — — O, U
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SCHUMANN'S FILTER



FINITE-VOLUME METHOD

Conservation
h 1t " Uiiqe = Uiiq2 =

Cell-to-face interpolation

Ui12 = %(Ui + Ujy1)



CELL-TO-FACE INTERPOLATION

Uj41
1 — —
5 (Ui + Ti11) 5 (Ui T Ui—I—'I) —
U 1 Xi—|—1/2+h s
o u(e. 1) de = Uiz
Xjt1/2—h
(_._. h .-.-)

Xi1/2 Box filter with length 2h



FVM CLOSURE

Conservation

dUi L7172 T2
g T Yz = Uity = TOip2 T Oiaj2 o

h

Closure



ADDING 2 NEIGHBORS

du; -~ -
h dtl | Ui2—|—1/2_ 1'2—1/2 = —Oj1/2 T Oj—1/2 T -
dU'_|_‘| ~ ~
h dlt | Ui2+3/2 - Ui2+1/2 = —0i13/2 T Tjp1/2 T -
dUji1y2 -~

2h dr Uiize — Di2—1/2 = —0j43/2 T 0j—1/2 + "



OVERLAPPING FILTERS

Xit1/2 ~

~5
Ui 1/2 i+3/2



FILTERED DYNAMCS

dU 1/2 ~
2h ;t/ + u,+3/2 U,-2_1/2 = —0j43/2 + 0j—1/2 +

Xit+3/2 o
Finite-difference filter Disaj2 — Qi—1j2 = / Oxp(&)dé = 2h 8X¢i+1/2
Xi—1/2
8;5 + 8)(52 — —ax(uz —E2) 4+ ..
Exactat x. ., not yet closed

1+1/2



CLOSURE PROBLEM

Closure problem for 2h-filter

hl + Ox2 = —Dyo(U) + -

Note: 1) this equation is Galilean invariant J
2) summation over all cells yields: — [ u(x,t)dx = boundary term

dt entire domain e



SCALE SEPARATION

Y box filte,

inexact cldsure !

) SIRIEIEES large eddies --------o-o-- > < - small scales



2 FILTERS

FVM filter
u=1u-4+u _

U = 3(U + Ui1) + 2(U — Uipr)  ®

Ujt1/2 U7 1 /2 L
Orthogonality on in
«---- resolved scales --------- » «----subgrid scales
—12 ~12 2
[ull* = |lul}® + |lu™]]

NB: this orthogonality holds on 3D unstructured meshes too



DECAYING BURGULENCE

Direct Numerical Simulation
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DECAYING BURGULENCE

No Subgrid Model Simulation
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DECAYING BURGULENCE

LES Smagronsky filterlength h
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DECAYING BURGULENCE
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TAKE-HOME

Cell-to-face interpo

iNntroduces a seconc

ation

filter

with a larger filter length
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