
U.S. Department of Energy 

Preprint 
UCRL-JC-136640 

Turbulent Mix Study of a 
Double Shell Capsule 

H. C. Vantine and R. E. Tipton 

This article was submitted to 
7’h International Workshop on the Physics of Compressible 
Turbulent Mixing 
St. Petersburg, Russia 
July 5-9, 1999 

November 16,1999 

Approved for public release; further dissemination unlimited 



DISCLAIMER 

This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or the University of California. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or the University of California, and 
shall not be used for advertising or product endorsement purposes. 

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be 
made before publication, this preprint is made available with the understanding that it will not be cited 
or reproduced without the permission of the author. 

This report has been reproduced 
directly from the best available copy. 

Available to DOE and DOE contractors from the 
Office of Scientific and Technical Information 

P.O. Box 62, Oak Ridge, TN 37831 
Prices available from (423) 576-8401 

http://apollo.osti.gov/bridge/ 

Available to the public from the 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Rd., 

Springfield, VA 22161 
http://www.ntis.gov/ 

OR 

Lawrence Livermore National Laboratory 
Technical Information Department’s Digital Library 

http://www.llnl.gov/tid/Library.html 



Turbulent Mix Study of a Double Shell Capsule 

Harry C. Vantine, Robert E. Tipton 
Lawrence Livermore National Laboratory, Livermore, California, 9455 1; USA 
Telephone: 925 423-8186, Fax: 925 422-0779 
E-mail: vantine 1 @llnl. gov 

Abstract: Double shell capsules present an alternative, non-cryogenic design for NIF 
ignition targets. Such capsules have received little interest because it was assumed that 
hydrodynamic instabilities would forestall ignition. We used a K-L turbulent mix model, 
integrated into a hydro code, to evaluate a series of double shell implosions. The double 
shell implosions were laser-driven experiments performed at the OMEGA laser. We 
briefly review the turbulent mix model. The model has adjustable parameters for the 
growth and dissipation terms. These are initially set by comparison to classical 
experiments. The model also requires an initial length scale and an initial wavelength 
scale. Next we briefly describe the experiment. The target assembly consists of an inner 
shell of glass and an outer shell of brominated plastic. We present the analysis of the 
hydrodynamic implosion, using the turbulent mix model. The agreement between 
experiment and calculation suggests that the model could be successfully applied to 
ignition targets. 

Introduction: Recent calculations’ suggest that double shell targets may provide an 
alternative, non-cryogenic path to ignition on NIF. The double shell targets have 
additional advantages: they do not require pulse shaping, and have low ignition 
temperatures (2 KeV). They do have disadvantages; they are difficult to fabricate; further, 
their non-linear mix needs to be characterized. 

We developed a phenomenological turbulent mix model and applied it to double 
shell ICF targets. Unlike standard single shell targets; the inner shell is not stabilized by 
radiation-ablation2 Rather, the inner shell experiences nonlinear mix. 



Mix Model: The model evolves two variables, K and L, in space and time. The variable 
K represents the kinetic energy of the unthermalized and unresolved turbulence. L 
represents the longest characteristic wavelength of the turbulence. The adjustable 
parameters of the model are set by matching classical Rayleigh-Taylor and Richmeyer- 
Meshkov experiments. 

The model simulates the nonlinear R-T and R-M instabilities and the associated mixing 
of species, momentum and energy. The governing equations of the model and 
comparisons to data were the subject of a companion presentation.3 

Comparison with Experiment: Double shell experiments performed by Watt4 at the 
NOVA and OMEGA lasers were simulated in order to evaluate the adequacy of the mix 
model. We assume that the capsule fabrication has been carefully controlled. In this case 
the perturbations on the inner shell, not being ablatively stabilized, determine capsule 
performance. Performance is measured by neutron production and is shown in the figure. 



At the mid convergence range (-23) the capsules show a 60% yield degradation. The 
higher convergence (-38) capsules show a larger degradation. It may be significant that 
the higher convergence capsules were fielded at the NOVA laser in a hohlraum with 
lower symmetry (cylindrical vs. tetragonal). 

To model the performance we considered several sources of unresolved turbulent mix. 
The foam support layer had an internal cell structure with a characteristic size of 3000nm. 
As the accompanying table shows, this length scale had only a small effect on 
performance. Next we considered the effect of a 40 nm surface waviness on the glass 
capsule. This perturbation did grow significantly and degraded the performance. Finally 
we considered what effect an internal waviness within the glass might have on 
performance. Such an internal structure might be the result of silicate ridges in the glass, 
although we hasten to point out that no such structure has actually been observed. 
Nonetheless, we evaluated the effect of a 1Onm waviness within the glass capsule itself. 
As seen in the table, this had a significant effect on performance. 

Description y, / YlD 

Clean 1.0 
3000 mn volume waviness (foam) 0.91 
40 nm surface waviness (glass) 0.31 
10 nm volume waviness (glass) 0.15 

Conclusions: We applied a turbulent mix model to the investigation of laser-driven 
double shell implosions. The performance of the double shell implosion is consistent with 
the development of turbulent mix at the fuel/glass interface. This study supports the use 
of turbulent mix models in further evaluations of double shell ignition targets for NIF. 
Such capsules would be a scaled by a factor of roughly four from the present design and 
use alternate materials to provide better confinement. 
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