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Context
Hypersonic jets:

Very high Reynolds numbers,

e.g.: astrophysical jets have > 10! = 10'3
andMa up to50 = 100
(Ferrari,Ann.Rev.A.A1998)

only the large scales only may be simulated
= explicit LES modelling is needed.

Subgrid scales are not present in all regions
= selective application of LES fluxes
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Salective LES

Selective Structure Functianodel by Lesieur (1996).
It Is based on:

(w)s - {{w))2
[ (@)s | | ((w))as |

when f is close to 1= ~ 2D, no subgrid terms
when f Is far to 1= subgrid scales are present
Problems:

e only the disalignement of vorticity vector on scale
IS used.

e It IS not easy to define a threshold, which in turn
seems to depend on the resolution.

fllw)s) = < [=1,1]
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Some ideas...

When filter cutoff is within the inertial subrange, the
smallest resolved scales ():

are highly three-dimensional

vortex stretching is active and responsible of the
energy transfer to smaller (unresolved) scales

— the stretching and the enstrophy at the smallest
resolved scale can be used to create a criterion for the
localization regions with under-resolved turbulence.
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Small scalelocalization criterion

We consider the following functional (Tordel&t al,
CPC 2007):

(W) =) -V({w) —U)|

f({u), {w)) = (W) — Q|2

whereU and(2 are the mean velocity and vorticity.

Main features:

Information from only one filtering level — with
filter scaleA — Is used.

f 1s always positive, ranging frowhen there Is
no flow to high values when there is high
stretching in relation to enstrophy
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A priori test

Homogeneous and isotropic turbulence (DNS,
Re) = 280, Toschi et.al.2003):

P.d.f. of f at different resolutions.

o
[EEN
w » a1 » ~ o ©

p(fres > tw)/p(fDNS > tw)

N

o
o
=

3
-~
VAN

0
2
=
Iy
|
"3
—~
A\
0
3
=
o

o
o

DLES-7. Trieste. September 8-10 2008 —nopn. 7/17



Compressible supersonic j et

Physical problem
time decaying jet
Initially uniform jet plus unstable perturbations:

» Mach numbeiMa = 5
» density ratio 0.1 (light jet)
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Test on previous simulations

P(f>t,),t, =04,
2567, no selective LES (Miconet al. APJ 2000)
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Compressiblejet smulation

We integrate the following equations: (Favre averagec
variables)

@—F 0 (puz) =

O(pu) 0 B 015"
ot o, (p“i“’“ +p5@"“) - 5,
9E O 9g5GS
Bt oz, {(E +p)“i} = 9z,

H(-) is the Heaviside step function.
ul?

E = £ + p=5- is the total energy density.
7265 andg’ @ are the subgrid flows of momentum and energy
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Compressiblejet smulation

We integrate the following equations: (Favre averagec
variables)

@—F 0 (puz) =

O(pu) 0 B 015"
ot o, (p“i“’“ +p5@"“) - 5,
9E O 9g5GS
Bt oz, {(E +p)“2} = 9z,

1 v, 0 (E+p
SGS SGS t

Tis = 2p Sii —=(V-u)o;i|, q = —
< g [ 3( ) ]] q; P?"t 6331 ( P )

2
vy = [CS (AxAyAz)l/ﬂ K
PTt =1

,Cs=0.1,|5] = \/QSijSij,
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Numerical method

Discretization PLUTO-code, Mignoneet al. APJ
2007)

» 3" order PPM finite volume discretization

» 3¢ order explicit Runge-Kutta time
Integration

Domain and b.c.:

» 3D cartesian domaidr Ry x 10n Ry x 47 Ry
(R Is the Initial radius of the jet)

» periodic b.c. (longitudinal direction)
» non reflecting b.c. (normal directions)

“http://plutocode.to.astro. it
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L ocalization of subgrid scales

Regions wherg > ¢, t, = 0.4, P(f>t,)

movie f movie pdff)
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1D energy spectra, r

Higer Resolution Sim. —— Euler High Res.
Selective LES - —— Selective LES
Standard LES —— Standard LES

Euler High Res. ———— Higer Resolution Sim.
Selective LES - —— Selective LES
Standard LES —— Standard LES

LES 1282 x 320, Euler HR2562 x 640
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1D Density spectrum

r=2.0t=12 r=2.0t=20

Higer Resolution Sim. Higer Resolution Sim.
Selective LES Selective LES
Standard LES Standard LES
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Density, ¢t = 20

Standard LES Selective LES

80100120
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Enstrophy

Euler High Res. ———— Euler High Res.
Selective LES ——— Selective LES
Standard LES ————— Standard LES

Euler High Res.
Selective LES
Standard LES

Euler High Res.
Selective LES
Standard LES
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Conclusions

A criterion for small-scale localization has been built
on the normalized stretching of the fluctuations

it Is local in space and based on one level of
filtered variables

It Is Independent of the subgrid scale model
It IS numerically stable

It shows the capabillity to locate the highly
Intermittent zones in a compressible jet

post processing and further analysis on progress
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