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LOS ALAMOS HYDRODYNAMIC EXPERIMENTS ON NOVA

R. E. CHRIEN. CRIS W. BARNES, J. B. PECK, N. M. HOFFMAN,
W. W, IISING, G. R. MAGELSSEN, G. T. SCHUAPI'ERT,
AND D. P. SMITHERMAN
Los Alamos National Laboratory
MS E525, Los Alomos, NAM 87 5 USA

We are performuing experiments to study hy drodymamic perturbatlon growth in
x-ray driven targets to test models uned to ansdyre the stability of ignition tar-
gets. We use cylndrical imnplosions o dire:tly image perturbation growth and
“feed-through™ 10 the inner surface in convergernt geomewry. The implogion tra.
Jjectonies and animuthal structurs of inner and cuter mscker layers on (he cyllder
are monsured by axial radiography. Perturbation growth of 25 at s convergence
ratio of two has been mmayured on the inner lyyer, in additioa to the effecta of
hohlrauns drive ssyminstries, nonlinear mode saturstion, mode ceupling, and the
decrlaration pbase of she implasion. In other expevimends, we are studying the pla.
aar analog of lostabllity coupling botwesu the Inmox suxfacs of & cryoqealc ignidion
eapmile and the ablation surface, Thiv instahility coupling mechanism provides an
lmpustant seed for perturbation growih in igoition capsule implosions.

1 Introduction

"The Loe Alanos inartial confinemcut fusion (ICF) program is performing ex-
peritnents to test computational models used to analyze the stability of x-ray-
driven capsule implosions, such as capsules for the proposed National [gnition
Facility (NIF). The leadiug capsule design for reaching iguition and nwwler-
ate gain is cryogenic with a solid deuterimn-tritiuin (DT) shell surcounding
a central DT gas region, and surcounded by a plastic nblator!? By earefully
shping the radintion tempersture in the holilesun, the cenceal gas region iv
hested and conpressed to ignition conditions of arewl density pR ~ 0.3 g/um?
and ion tempetature ~ 10 keV. The fusion burn in the centeal “hot.apot” then
propagates into the colder DT shell, which constitutes the main fuel. Hydro-
dynamic instabilities, which creale perturbauons at the interface between the
ras and the main fuel, pose s major threat to hot-spot iguition by increasing
thermal conduction losses fromn the hot-apot aud by teducing the compresmonal
heating and compressed density of the gos. Computational models *>4 guggest
thit NIF capsules will fail to ignite if perturbatiou sunplitudes at the gus fucl
interface excoed 309 of the hot-wpot radius. ‘Through expenimonts ou the Nova
laser at Livermore, we are teating the sccuracy of these computational modols
to predict the mont important initial porturbations w the capsula, the growth
and nonlinear evolution of hydrodynamic mstabilitics, and the radial transport
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Figure 1: Experimental configuration fur x ray-driven cylinder implosivas An xeray back-
lighter and gated x-ray pinhole camers arc wsed to image thw cylinder & it 1moplodes. The
cyllnder is filled with low-density plastic fcani to olwervg decelrration. The aldatoc layar
is monobromostyrene (o increase wstalidlls growth and minimize prehast. Ead effects um
veducsd Ly tapering the radial thickness of the cylinder. [*arallax offacts are avaided Ly
wing a short dichlovostyrene radiograpdlc marker layer mear tha cemter of tha eviinder

of perturbations between different nterfuces in the capsile,

2 Cylinder Implosions

Perturbatlon growth and transport in couvargent geonetey can e divectly ate-
sarved with cylinder imploswus (Fig. 1,. This exparhineut iv compleientary
o planar Rayleigh-Taylor instability imeasuretnents® which lack convergent of:
fects, nud vphicricnl capanle implosions! in which the perturbation growdh on
the inner snrface is diagnosticnlly innccessiblo. An aritnathal pocturlintion
machined on the cuier surface of the cylinder during [sheication. The sequence
of gated images (Fig. 2) shown the radial implosion of the marker layer on the
inner surface of the cylinder and the appentance of the m = {0 pertucbation
at thiv surface. Thue the effects of Rayleigh-Taylor wwtability at the ablavion
surface and perturbatiou transport to the iuner ourface {( “feed-tn") are direetly
observed. Porturbation amplitudes after {ood.in as higher av 25 times the -
tial asnplitude at the outar surface hava hean obsorved. well 1ato the nonhinear
phoae of the inatability, Mauy othor effects have been seun, including a &4
radiation dnve asyimetry, mode coupling botwevn the imposed petturbation
and deive asvuunetry, mteraction of imultiple imtial wmodes, self amunna (rom
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Figure 21 A sequence of guied pinhole camern imager of a cylinder implrsion. The dark
inner ring ls the marker layer. The perlurbacions are (e result of Hayleigh-Taylor lostability
growih at the ablation surface sid perturbaiion trunsport Lo the irnwer surface of the cplinder.

shock convergence on axis, and cylinder stagnation and re expansion. ‘'hie yn
plosion trajectorios of the ablator and marker layers. in the absence of imposed
perturbations, provide a soasitive test of the opacaties, equations-of state, and
radistion drive used in the simulations, Experiineats are currcatly in progress
to measure the dependence of growth rate and nonlincar saturation on 1nle
number for Initially sinuscidal perturbutions.

3 Instability Coupling Exporimonts

Coraputational modelia suggevts tint a dangeroun seed for inmtubility peowih
in NUI capsules w the inner susface roughicas on tha 1)1 1ce, I is belicved thae
the flcst shock to reach this perturbed interface develeps n lichunyer Meshkov
instability. ‘Cho Bow field of this {natabilicy transporte che perturbation to the
ablation surface. where |t grows dus to the ablative itayleigh - Uaylor instability.
Tha perturbatiou later couples to the inner surface aud grows further durmy
duccloration. For NIF capsules wath a plustic ablatoe, ighutiou is predicted to
fail for 1L ice rougliness of -« Quun tw, only 2 3 tunes greater thuu the best
tabrication capahility, Cnpeules with a berylhwm ablator ure prodicted to be
leas sensitive to 1)1 ico roughucsa?

We are perlucining sxpernncnts Lo teat out wndehing of wwtabnhly coupling
phevoueus,  FPhese oxpernnents are very simdar to planar Hoyliagh Pyl
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Figute 31 Measuremeria and siomlatinns of Apn for 50-um wavelengi's, 4-am amplilnde
inital paturtatjons on thae cold side of an x.ray-difven planas alvmbwn sanple.

instability studics? except thas tho initial perturbation 18 on the side of the
planar package away from the x-ray drive. For the ficst experiments, we used an
aluminum ablatar to minimize prehicat cffocts. Thc perturbation was carned
by thic aluminum or by a thin beryllium layer daposited on the alunminum,
The perturbed aroal donsitica wero moasured by face-on radiograpby using a
G.7-keV Yo bLacklighter (Fig. 3). The pertuchations were observed to teverse
phase, as cxpected, and ave in reasonable agrecimont with the sinmlations, tu
subsequent experiinents, we plan o vary the materials to ballor understawl
the apparent ditforences between NIF capsule ablators.
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