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1. Introduction 

In laser-driven explosion experiments, a degradation of the single shell capsule yield is forecast due to the 
mixing between the fuel and the shell. This mixing is induced by the growth of hydrodynamic instabilities at the in-
terface. These processes have various origins (inner and outer shell roughness, laser drive perturbations, …) and 
evolve through different ways (Rayleigh-Taylor and Richtmyer-Meshkov instabilities, “feed-through”, …). The nu-
merical simulations of these intrinsically three-dimensional phenomena are still costly in term of cpu-time. We thus 
need a one-dimensional model if we want to asses the impact of variations in the definition of the target, the hol-
raum or the laser drive with a moderate cpu-time cost. 

The main hypothesis of our one-dimensional model of mixing is that the plasma interpenetration is multifluid 
and that mass fraction evolution and thermal exchanges could be modelled by means of diffusive processes. An ad-
ditional diffusive equation calculates the mass fraction evolution of one component of the mixing. The diffusion co-
efficient depends on the mixing zone length that has to be known from experimental data or from post-processing 
2D or 3D computation results. One part of the thermal exchanges is due to the enthalpy exchanged by mass trans-
port. Another part is due to electronic and ionic thermal conduction. All others thermal homogenisation phenomena 
(energy loss by transverse thermal conduction, 1D averaging, …) are modelled by an effective thermal conduction. 

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

 
 
 
 

2. 1D Diffusive Model (Hydrodynamics) 
The interpenetration of the ablator with the fuel is described by a 1D two-fluid mixing model. We have used 

the model proposed by Saurel et al1.: 

• Interface transport equation 
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• Mass equations 
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• Momentum equations 
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• Total energy equations 
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Then the two-fluid flow is split into a mean flow and a relative flow with interface transport: 

• Mass equations 
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• Momentum equation 
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• Internal energy equation 

( ) ( )( )( )( )

( ) ( ) ( ) SuuM
r

P
r

P
c

r

P
c

hhuuccr
rr

Ur
rr

P
Dt

D d

d

d

d

=−






 +
∂
∂+

∂
−∂

+
∂

∂
−−+

−−−
∂
∂+

∂
∂+

21
"
1int

21

2121

1
1

1
11

ααα

ρερ
 ( 7 ) 

where h1 or 2 is the enthalpy of each fluid. Thus, we need closure relations to describe the relative flow and the inter-
face transport. The mass fraction exchange is modelled by means of a diffusive process:  
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and we neglect all the momentum and energy exchanges except the enthalpy one: 
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and ( )( )( ) ( )2121211 hh
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We also consider the two fluids in an isothermal and isobaric equilibrium.  
 
To close the interface transport equation we had to express the diffusive coefficient D. Following Souffland and 
Renaud2 and  Alon and Shvarts3, a diffusive coefficient in each part of the mixing zone (see Fig. 1) is defined as: 
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with ( )εξ 21Erf 1 −= − and where rl or  ... 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 Lmix,r and Lmix,l. 
 
 
 
 

 

 

Fig. 1: Description of the mixing zone. 
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3. 1D Diffusive Model (Plasma) 

The studied fluids are plasmas with electrons (subscript e) and ions (subscript i) at different temperatures 
within a photon gas (subscript rad) at its own temperature. The internal energy is now ρεεε /radei E++=  and the 

pressure becomes radei PPPP ++= . Three energy balance equations are written: 

• Ionic energy balance 
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• Electronic energy balance 
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• Radiative energy balance 
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Ionic and electronic thermal conduction in the mixing zone are modelled by an equivalent ionic and electronic 

thermal conduction: 
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where iκ  and eκ  are the ionic and electronic thermal conduction coefficients for molecular mixing. The function fe 

and fi take account of  
 interfacial transverse thermal loss by conduction4,  
 1D averaging of the temperatures (ionic and electronic), 
 1D bi-fluid mean thermal conduction (ionic and electronic), 
 … 
 

Outside the mixing zone, fe and fi are obviously taken equal to one. In the following simulations, two sets of con-
stants for fe and fi are tested. We plan to improve the modelling of these functions in forthcoming studies. 
 
 
 

 
4. LMJ Target Simulations: MEDIC-2F vs. FCI2 Simulations 

In order to validate our model in the case of the ablator-fuel mixing in LMJ target, we compare MEDIC-2F 
simulations to FCI2 2D simulations of LMJ targets implosion. We used two FCI2 simulations5 corresponding to the 
targets described in Fig. 2 and  Tab. 1. 
 

Fig. 2: Simulated LMJ targets 

 
 
Target Target #1 Target #2 
Inner fuel interface pertur-
bations rms 

1000 nm 500 nm 

Outer ablator interface per-
turbations rms 

50 nm 100 nm 

 
Tab. 1: Interfaces perturbations rms 

 

DT gas

DT ice

CHOBr 

Axi-symetric perturbations 
modes 12 to 60 

1215 µm

1040 µm
940 µm
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Comparing 2D results with 1D results needs 1D-averaged profiles of the 2D results. The two-phase volume av-
eraging operator1 is used. We obtain the corresponding density, mass fraction, radial mass centre velocity and pres-
sure FCI2 1D-profiles: 
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where χ is the fuel presence indicator. Furthermore, the 1D mass fraction profile allows us to calculate the mixing 
lengths Lmix,r and Lmix,l defined in Fig. 1 and used in the diffusive coefficient expression Eq. 11. So we obtain, as 
data inputs, the following mixing lengths corresponding to the FCI2 simulations of target #1 and #2: 
 

  

Fig. 3: Target #1 - mixing lengths Lmix,r and Lmix,l Fig. 4: Target #2 - mixing lengths Lmix,r and Lmix,l 

 
We also need to know the value of the constant functions fe and fi that characterize (using Eq. 15 and 16) the mixing 
electronic and ionic thermal conductions. We try two sets of constants: {fi = fe = 1} and {fe = 25, fi = fe

4}. The former 
set was determined after a rough study of the thermal conductive fluxes calculated during the FCI2 simulations. 
 

The results of the comparison are summed up in the figures 5 to 8. For the two simulations, the hydrodynamic 
profiles (density, mass fraction, radial mass centre velocity and pressure) are in good agreement with the 1D-
averaged FCI2 results.   
For the yield, the agreement depend on the value of the constant functions fe and fi. In the case of the first set of con-
stants, which consider that the mixing thermal conductivities are the molecular mixing ones, the YOC value is over-
estimated. Using the second set of constants we retrieve the good estimate of YOC for both targets. So thermal ho-
mogenisation processes due to the inhomogeneous mixing seem to be strongly involved in the decrease of the yield 
(see Fig. 8).  

 
 
 
 

5. Conclusions 
 A one-dimensional diffusive mixing model has been proposed. This model needs only the temporal evolution 
of the mixing length and the expression of the mixing thermal conductivities. Knowing these data, MEDIC-2F can 
simulate a LMJ target with high modes perturbations within ~1 h cpu. The model has been validated versus 2D FCI2 
simulations of LMJ targets. 

Improving the modelling of ionic and electronic thermal conductivities in the mixing zone and in-lining the 
simulation of the mixing lengths would increase the predictive ability of MEDIC-2F model. 
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Fig. 5: Target #1 - Density, mass fraction, radial velocity and pressure 
profiles at different times from 16.2 ns to 17.6 ns each 0.2 ns. 

 
 
 
 
 

 
Fig. 6: Target #1 - temporal evolution 
of YOC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 : Target #2 - Density, mass fraction, radial velocity and pressure 
profiles at different times from 16.2 ns to 17.6 ns each 0.2 ns. 

 
 
 
 
 
 
 

Fig. 8: Target #2 - temporal evolution 
of YOC  
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