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Introduction. '

e Aim of modelling.

e Why introduce the idea of turbulent structure ?

e From least action principle.

e Energy chart of 2SFK.

e Conservative skeleton.

e Complete set of equations of 2SFK model.

e Some closures of flux and exchange.

e Growth rate, mixing rate, level of dissipation (A; = 0.2).
e Volume fraction of light fluid.

e Volume fraction of light structure.

e Conclusion and future prospects.
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Aim of modeIIing.I

Want to capture some important features of some instabilities :

@ Rayleigh-Taylor: when the light fluid pushes the heavy fluid (constant acceleration)
L(t) = asAgt?, Ly(t) = apAgt?

@ Richtmyer-Meshkov: (impulsive acceleration after a shock) L,(t) = [,8(%)98,
0
Lo(t) = Lo(7;) "
These features are :

e growth rate Yy = a5 + ay for RT (4 ratio of as/ay), 05 and 65 for RM (Youngs
1994; Dimonte et Schneider 1996,1997, 2000; a-group 2004)

e Molecular mixing rate (how fluids have mixed) © (Youngs 1991)

turbulent knudsen number (ratio of turbulent length scale and TMZ width) x
(from Youngs 1994 and a-group 2004).

o Level of turbulence K/K; (from Youngs 1994 and a-group 2004).

e profiles : volume fractions of fluids must be linear for quasi incompressible fluids

at low Atwood (< 0.2).
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Why introduce the idea of turbulent structure (1) 7
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Why introduce the idea of turbulent structure (2) 7

MIXING ZONE

®» For developed turbulent regime.

®» Aimed at grasping features of the mixing.

@ A fluid is a closed system:

no exchange possible.

@& A structure is an open system:

fluid B :
_ exchange possible.
fluid R
size of structure ~ turbulent length scale
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From least action principle. I

>4

1 1
S = /d%dt { iozipiUﬂ:2 + 5A<5U2 — ot pE(k* + EF)

A\ >4 v
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. . . potential energies
kinetic energies

g:I: Dt:t(a:tp:t) s dti(si> 4ot dti(ki/piz/SZ}

N~

constraints

DT (A) = 8:(A) + 8;(UT A) deT(A) = 8:(A) + U 9;(A)
e Find the conservative part of the equations out of the least action principle.

e Systematic method — conservation of momentum and total energy.
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Energy chart of 2SFK. I

k : turbulent
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KE : Kinetic Energy

K : Turbulent Kinetic Energy

Kp : Directed Energy
» KFEsingle + Ksingle = KEtwo + Ktwo
V' Ksingle = Kiwo + KD
& RM: Kp < Kiwo; RT: Kp ~ Kiwe
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Conservative skeleton. I
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0
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Complete set of equations of 25FK model. I

@& 2SFK stands for 2-Structure, 2-Fluid and 2-K-¢

®» Conservation per structure of ...

[luid mass] D¢* (o™ ptCm)
[mass] D¢* (T p?)

[momentum] D¢¥ (ot p® UZ-i + A5U;)

[internal energy] DiE (aT pTET)

[turbulence : k] D* (a® ptk¥)

[dissipation : €] D¢T (ot pted)
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Some closures of flux and exchange. I

ki3/2
= I Turbulent length scale
€
ket
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P
1 vt -
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C, A2
DT = 4Csata™M||6U|| Sifting diffusion

v = Cy Turbulent viscosity C, = 0.09
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Rayleigh Taylor
Atwood 0.2

reference:
(a-group results)
K/KI ~ 0.46
Vo ~ 0.12

0 ~ 0.8
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Growth rate, mixing rate, level of dissipation (A,
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¢/ K is the single-fluid turbulent kinetic
energy.

¢ K7 is the gravitational energy
input.

v’ ) is the growth rate.

o L(t) = Vo Augt?

¢’ 0 is the molecular mixing rate.
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Volume fraction of light fluid. I

elf similar evolution 08 ¢ 1 @ \olume fractions of fluids
developed turbulence are linear over the TMZ
: I t =
in the TMZ) 06 for low Atwood 0.2.
’ In agreement with EXP
" and DNS
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Volume fraction of light structure. I
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@ There is a significant
part of the TMZ where
at ~a”

@ DNS simulation would allow

to verify these profiles
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Conclusion and future prospects. I

¢ From the least action principle the set of equations conserves momentum and
total energy.

¢/ There are 3 adjustable constants C. (exchange), C; (sifting), Cq (drag). One is
fixed for a physical reason C.. = 1.01. C; = 1.0 and C4q = 0.9 are adjusted to
fit profiles and to match growth rate, molecular mixing rate, turbulent Knudsen
number and Level of turbulence.

¢/ 1D code called BBB (fully explicit, bi-lagrange and remap, second order in space
and time).

@ How do we model shocks in mixing layers ?
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