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Large Eddy Simulations

ov + V(vv) = —Vp + vAv (Navier Stokes eq.)

Filtered velocity field;
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Large Eddy Simulations

ov + V(vv) = —=Vp + vAv (Navier Stokes eq.)

Filtered velocity field;

v(x,t) = /Qdy G(|lx —y|) v Z G(k ok
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Projectors filters;

T Smooth filters;
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-) Sharp Projector:

1, if |k| < k.
Ga(lk]) = b
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From sharp to smooth Projectors:

-) Linear Projector:

P(k) A
1, if |k| <k,
Ga(lkl) =<1, with P(Jk|) = =2 if k, < k| < k
0, if|k|>ky
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From sharp to smooth Projectors:
-) Gaussian Projector:

1, with P(|k|) = exp(—ELAY)

Ga(lk]) = {O, 1 — P(|k]) 24
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Filtered energy spectra

Gauss-Proj]
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Projected - Large Eddy Simulations; 0, v =7

-) If G(k) is a projector:

p

v+ V(wv)=-Vp—V - 7(v,v)+rvAD

Tz’j(va v) = UiVj — Vivj

\

We need a double projection to ensure that ¥ remains projected at all times;

Vt,v(k,t) with k € {Z°} = v(k,t) =v(k,t), ¥t

projected

Notice that: the product of two projected functions is not a projected function!




Sub Grid Scales energy transport

élgE(:c, t) = %@ (Ez@z)

Total SGS energy
flux
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Sub Grid Scales energy transport

élgE(:c, t) = %@ (@Z@Z)

Total SGS energy

fux
A
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[1F7ed = (({)ﬁj) Tij = _(82'69)(%”] @%@J)
T1leo — (81-@])7560 = —(0;v;)(v;v; — U;v;)

M7 (2, ¢) = TIF7%7 (x, t) 4 T4 (2, t)



Sub Grid Scales energy transport
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Sub Grid Scales energy transport

OB (x,t) = %@(ﬁﬁz‘)

Total SGS energy

flux

A
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M7 (2, ¢) = TIF7%7 (x, t) 4 T4 (2, t)
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(*) The Leonard tensor is composed only by resolved triads,
hence on avarage it gives zero SGS energy transfer! <Z\\4§




A-priori analysis and comparison of the three

different SGS energy transfer;
HTot; HPT’O]; HLeo
1024° High Reynolds DNS with

Hyperviscosity

SGS transfer measured with a

Sharp-Projector filter
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A-priori analysis and comparison of the three

different SGS energy transfer;
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IT- <% 114797 11
1024° High Reynolds DNS with

Hyperviscosity

SGS transfer measured with a

Sharp-Projector filter
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IIF7™7 is the most skewed
in the direction of the energy flux
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-) II**°doesn’t contain physiscs -
- of SGS energy transport

-) 17t is affected by resolved scales
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Effects of different Projectors
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Non-Projector filter:

Gaussian Smooth filter..
..with the same spectrum of the

Gaussian Projected field

Decomposition of II7° is not meaningful,

because 1177 and I17¢° are not Galilean invariant

Advantage;

-) Right Skewness

-) All phases are available in the
non linear interactions
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Disadvantage;

-) The equations of motion are filter independent
0y + (E . V)E = —VD — V * Thodel (6, @) + vAv

-) How to compare with a-priori analysis?




C'onclusions

We perform an a-priori analysis of the SGS energy

transfer by changing the projector properties

-) We introduced Projector filters with a non sharp Fourier profile

-) Using projector filters we can rewrite the total SGS energy transfer

in two different contributions: "% and IT-¢°

-) We have shown that only II*"% contains information about

the SGS energy transfer

-) Smooth filters preserve better the original physics, but
- do not define a closed evolution on a given sub-space

- difficult to validate using a-priori analysis
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