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LOS ALAMOS HYDRODYNAMIC EXPERIMENTS ON NOVA

R. E. CHRIEN, CRIS W. BARNES, J. B. BECK, N. M. HOFFMAN,
W. W. HSING, G. R. MAGELSSEN, G. T. SCHAPPERT,
AND D. P. SMITHERMAN
Los Alamos National Laboratory
MS E526, Los Alamos, NM 87545 USA

We are performing experiments to study hydrodynamic perturbation growth in
x-ray driven targets to test models used to analyze the stability of ignition tar-
gets. We use cylindrical implosions to directly image perturbation growth and
“feed-through” to the inner surface in convergent geometry. The implosion tra-
jectories and azimuthal structure of inner and outer marker layers on the cylinder
are measured by axial radiography. Perturbation growth of 25 at a convergence
ratio of two has been measured on the inner layer, in addition to the effects of
hohlraum drive asymmetries, nonlinear mode saturation, mode coupling, and the
deceleration phase of the implosion. In other experiments, we are studying the pla-
nar analog of instability coupling between the inner surface of a cryogenic ignition
capsule and the ablation surface. This instability coupling mechanism provides an
important seed for perturbation growth in ignition capsule implosions.

1 Imtroduction

The Los Alamos inertial confinement fusion (ICF) program is performing ex-
periments to test computational models used to analyze the stability of x-ray-
driven capsule implosions, such as capsules for the proposed National Ignition
Facility (NIF). The leading capsule design for reaching ignition and moder-
ate gain is. cryogenic with a solid deuterium-tritium (DT) shell surrounding
a central DT gas region, and surrounded by a plastic ablator!:? By carefully
shaping the radiation temperature in the hohlraum, the central gas region is
heated and compressed to ignition conditions of areal density pR ~ 0.3 g/cm®
and ion temperature ~ 10 keV. The fusion burn in the central “hot-spot” then
propagates into the colder DT shell, which constitutes the main fuel. Hydro-
dynamic instabilities, which create perturbations at the interface between the
gas and the main fuel, pose a major threat to hot-spot ignition by increasing
thermal conduction losses from the hot-spot and by reducing the compressional
heating and compressed density of the gas. Computational models234 suggest
that NIF capsules will fail to ignite if perturbation amplitudes at the gas-fuel
interface exceed 30% of the hot-spot radius. Through experiments on the Nova
laser at Livermore, we are testing the accuracy of these computational models
to predict the most important initial perturbations in the capsule, the growth
and nonlinear evolution of hydrodynamic instabilities, and the radial transport
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Figure 1: Experimental configuration for x-ray-driven cylinder implosions. An x-ray back-
lighter and gated x-ray pinhole camera are used to image the cylinder as it implodes. The
cylinder is filled with low-density plastic foam to observe deceleration. The ablator layer
is monobromostyrene to increase instability growth and minimize preheat. End effects are
reduced by tapering the radial thickness of the cylinder. Parallax effects are avoided by
using a short dichlorostyrene radiographic marker layer near the center of the cylinder.

of perturbations between different interfaces in the capsule.

2 Cpylinder Implosions

Perturbation growth and transport in convergent geometry can be directly ob-
served with cylinder implosions (Fig. 1). This experiment is complementary
to planar Rayleigh-Taylor instability measurements? which lack convergent ef-
fects, and spherical capsule implosions? in which the perturbation growth on
the inner surface is diagnostically inaccessible. An azimuthal perturbation is
machined on the outer surface of the cylinder during fabrication. The sequence
of gated images (Fig. 2) shows the radial implosion of the marker layer on the
inner surface of the cylinder and the appearance of the m = 10 perturbation
at this surface. Thus the effects of Rayleigh-Taylor instability at the ablation
surface and perturbation transport to the inner surface (“feed-in”) are directly
observed. Perturbation amplitudes after feed-in as higher as 25 times the ini-
tial amplitude at the outer surface have been observed, well into the nonlinear
phase of the instability. Many other effects have been seen, including a Py
radiation drive asymmetry, mode coupling between the imposed perturbation
and drive asymmetry, interaction of multiple initial modes, self-emission from
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Figure 2: A sequence of gated pinhole camera images of a cylinder implosion. The dark
inner ring is the marker layer. The perturbations are the result of Rayleigh-Taylor instability
growth at the ablation surface and perturbation transport to the inner surface of the cylinder.

shock convergence on axis, and cylinder stagnation and re-expansion. The im-
plosion trajectories of the ablator and marker layers, in the absence of imposed
perturbations, provide a sensitive test of the opacities, equations-of-state, and
radiation drive used in the simulations. Experiments are currently in progress
to measure the dependence of growth rate and nonlinear saturation on mode
number for initially sinusoidal perturbations.

3 Instability Coupling Experiments

Computational modeling® suggests that a dangerous seed for instability growth
in NIF capsules is the inner surface roughness on the DT ice. It is believed that
the first shock to reach this perturbed interface develops a Richtmyer-Meshkov
instability. The flow field of this instability transports the perturbation to the
ablation surface, where it grows due to the ablative Rayleigh-Taylor instability.
The perturbation later couples to the inner surface and grows further during
deceleration. For NIF capsules with a plastic ablator, ignition is predicted to
fail for DT ice roughness of ~ 2um rms, only 2-3 times greater than the best
fabrication capability. Capsules with a beryllium ablator are predicted to be
less sensitive to DT ice roughness?

We are performing experiments to test our modeling of instability coupling
phenomena. These experiments are very similar to planar Rayleigh-Taylor
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Figure 3: Measurements and simulations of Apz for 50-um Wavelength., 4-um amplitude
initial perturbations on the cold side of an x-ray-driven planar aluminum sample.

instability studies® except that the initial perturbation is on the side of the
planar package away from the x-ray drive. For the first experiments, we used.an
aluminum ablator to minimize preheat effects. The perturbation was carried
by the aluminum or by a thin beryllium layer deposited on the alurni.num.
The perturbed areal densities were measured by face-on radiography using a
6.7-keV Fe backlighter (Fig. 3). The perturbations were obseryed to. reverse
phase, as expected, and are in reasonable agreement with the simulations. In
subsequent experiments, we plan to vary the materials to better understand
the apparent differences between NIF capsule ablators.
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