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1. Introduction

In laser-driven explosion experiments, a degradatibthe single shell capsule yield is forecast tu¢he
mixing between the fuel and the shell. This miximgnduced by the growth of hydrodynamic instaigiitat the in-
terface. These processes have various origins (amerouter shell roughness, laser drive perturbstio..) and
evolve through different ways (Rayleigh-Taylor andi@myer-Meshkov instabilities, “feed-through”, ..The nu-
merical simulations of these intrinsically threengénsional phenomena are still costly in term of-tpe. We thus
need a one-dimensional model if we want to assesntpact of variations in the definition of thedat, the hol-
raum or the laser drive with a moderate cpu-ting.co

The main hypothesis of our one-dimensional modehixing is that the plasma interpenetration is nflultil
and that mass fraction evolution and thermal exgbartould be modelled by means of diffusive praeesan ad-
ditional diffusive equation calculates the masstfom evolution of one component of the mixing. Th#usion co-
efficient depends on the mixing zone length tha teabe known from experimental data or from pastpssing
2D or 3D computation results. One part of the tladrexchanges is due to the enthalpy exchanged Isg mans-
port. Another part is due to electronic and iohiertnal conduction. All others thermal homogenisapbenomena
(energy loss by transverse thermal conduction, ddaaying, ...) are modelled by an effective thernaaiduiction.

We will show comparisons between our one-dimensioamputation results using MEDIC-2F and the 1D-
averaging corresponding two-dimensional computatsults obtained with the CEA hydrocode FCI2.

2. 1D Diffusive Model (Hydrodynamics)
The interpenetration of the ablator with the fuetiéscribed by a 1D two-fluid mixing model. We hawsed
the model proposed by Sauetlaf-:
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where h o 2 is the enthalpy of each fluid. Thus, we need dlesalations to describe the relative flow andittter-
face transport. The mass fraction exchange is reatlbl means of a diffusive process:

oc
pc(l—c)(ul—u2)=—pDE, (8)
and we neglect all the momentum and energy exclsaexgept the enthalpy one:
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We also consider the two fluids in an isothermal esobaric equilibrium.

To close the interface transport equation we haexmress the diffusive coefficielt. Following Souffland and
Renaudand Alon and Shvartsa diffusive coefficient in each part of the miginone (see Fig. 1) is defined as:
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with & = Erf *(1-2¢)and where ..o is

the mean value on the left or right part of
the mixing zone (see Fig. 1). The left
(right) part of the mixing zone is defined
as the part of the mixing zone located on
the left (right) side of the unperturbated
interface position. We thus need, as data
input, the temporal evolution of the mix-
ing lengths lyixr and Ly .
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Fig. 1: Description of the mixing zone.
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3. 1D Diffusive Model (Plasma)

The studied fluids are plasmas with electrons (@uflise) and ions (subscript i) at different tengiares
within a photon gas (subscript rad) at its own terafure. The internal energy is n@w= ¢, +¢, + E_, / p and the

pressure becomeB =P +P, + P_, . Three energy balance equations are written:

« lonic energy balance
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lonic and electronic thermal conduction in the mgizone are modelled by an equivalent ionic anctrelric

thermal conduction:
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wherek, and «, are the ionic and electronic thermal conductioafficents for molecular mixing. The functiop f

and f take account of

0 interfacial transverse thermal loss by conduétion
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O 1D averaging of the temperatures (ionic and eleatjp
O 1D bi-fluid mean thermal conduction (ionic and élenic),

d

Outside the mixing zone, &ind f are obviously taken equal to one. In the followsiguulations, two sets of con-
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stants for fand f are tested. We plan to improve the modelling esthfunctions in forthcoming studies.

4. LMJ Target Smulations: MEDIC-2F vs. FCI2 Simulations
In order to validate our model in the case of thiatr-fuel mixing in LMJ target, we compare MEDRE-

simulations to FCI2 2D simulations of LMJ targetmlosion. We used two FCI2 simulatidr®rresponding to the

targets described in Fig. 2 and Tab. 1.
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Fig. 2: Simulated LMJ targets

™

Target Target #1| Target #1
Inn_er fuel interface pertu 000 nm | 500 nm
bations rms

Outer ablator interface P20 nm 100 nm

turbations rms

Tab. 1: Interfaces perturbations rms
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Comparing 2D results with 1D results needs 1D-ayexnigprofiles of the 2D results. The two-phase vaaw-
eraging operators usedWe obtain the corresponding density, mass fractiadial mass centre velocity and pres-
sure FCI2 1D-profiles:
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wherey is the fuel presence indicator. Furthermore, therass fraction profile allows us to calculate thiging
lengths Lqixr and Ly defined in Fig. 1 and used in the diffusive caséfint expression Eq. 11. So we obtain, as
data inputs, the following mixing lengths corresgioig to the FCI2 simulations of target #1 and #2:
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Fig. 3: Target #1 - mixing lengths and Laix, Fig. 4: Target #2 - mixing lengths and Luix,

We also need to know the value of the constanttiome f and f that characterize (using Eqg. 15 and 16) the mixing
electronic and ionic thermal conductions. We trp tvets of constants:;f f.= 1} and {f. = 25, f= f.*}. The former
set was determined after a rough study of the tAkeconductive fluxes calculated during the FCl2idations.

The results of the comparison are summed up ifighees 5 to 8. For the two simulations, the hygreaimic
profiles (density, mass fraction, radial mass eemelocity and pressure) are in good agreement thigh1D-
averaged FCI2 results.

For the yield, the agreement depend on the valtieeofonstant functiong &nd f. In the case of the first set of con-
stants, which consider that the mixing thermal cmtigities are the molecular mixing ones, the YQdlue is over-
estimated. Using the second set of constants wievetthe good estimate of YOC for both targetstti&wmal ho-
mogenisation processes due to the inhomogeneousgrigem to be strongly involved in the decreasthefyield
(see Fig. 8).

5. Conclusions
A one-dimensional diffusive mixing model has bgeoposed. This model needs only the temporal eeolut
of the mixing length and the expression of the ngxihermal conductivities. Knowing these data, MEE2IF can
simulate a LMJ target with high modes perturbatiaithin ~1 h cpu. The model has been validatedugefd FCI2
simulations of LMJ targets.
Improving the modelling of ionic and electronic timal conductivities in the mixing zone and in-ligitthe
simulation of the mixing lengths would increase pinedictive ability of MEDIC-2F model.
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Fig. 5. Target #1 - Density, mass fraction, radial velodiyd pressure
profiles at different times from 16.2 ns to 17.@ash 0.2 ns.
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Fig. 6: Target #1 - temporal evolution
of YOC
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Fig. 8: Target #2 - temporal evolution
of YOC

Fig. 7: Target #2 - Density, mass fraction, radial velocityd pressure

profiles at different times from 16.2 ns to 17.6eash 0.2 ns.
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