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1 xntroductioti

Largmnsrlloty Wctor—prfmmwrcomputers haw b recaot yew nude it prae

tied m cwnputc tbe evdullim of nwltimak perturbatiouu io inodd canfm*

mid fuaien(ICF)upnulo impbshu thraughouk tba dtmttoa of tba lmplo-
rnbn. Fldble ●tonmtic rusonlng techniqua ‘ have aabltd b w af W
Lagm@an radktioa-bydrwiy-mks coda much M LASN13X 2 b tbM put-
W, A t~kd rmdtiknodt wrhc+diqhctrucnt @urbuthn, kr 4Ut~i]0,

w h followedcornputatkmdly - It W from m irnhl hum *C to
m twwnely rmnlinesr M-wakgo, c&nrecfmrkd by uwk fntemctiunm, swag
VOWMY, snd u Iuge dupwture ot ha flow Cbld fmm lb uupsrtutbed MU,
We w tbe tam direct numerical drnulathm (lINS) to kob WCpr~ of
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alcuMing tbe impbaii of capauks and the davdoprnmtofad nudboda
mdinear perturbatioua. ‘

hhny DNS dmhkiona kc b #omnad *4 to 6VdUak tba @td2ihty
cd capauk daaignd for&e Ndional IgdAon Facility (NIF)’ ud similar tk-
cilitk. DNSlwaUawcd natmaet qudhtivelimi taoatbe~d
aM~tlmtrn permkik if NIFapauk aratoignitq datermioa that
-~ti-tid-~ti~dtiwkr~
tiondriwumavam&QaM than ue ideakxd lD ca@q comparatba ItiV(!

hyddyaamic 8tabili~ d didla with difbot ab140r makiah; d demOm-

ahtc tba couphg of radktion drim ~rnmatry with amfua pertirbatha.
BcCauaadour “hmwing rolianca - DNS fix ~tha stability dNW

capaukitia crUcial thatw6bawe e0nlidenccinih accumcy.’ Wemuattryto
validah DNS h aa wy rqimm as pouaib~ by ~ tbe -ta oCDNS
to qerimantal data and Cxact Cbcomtid ac+luticula,to idaatify the regirna
of validity of tha tachniqua. In this &&la w dall d-be briefly aaveral
ongoing efhrta to carry out audt validath, and daaiba aoma knprovcmcnm
to tba comPuW.ional techdqua of DNS.

41.1 Deatmdd-shell implosions

An axteusk &a cd GXP&mentM h been c.onductut ovar afIVIMaiM
at Lawrenco Livermore National Laboratory’s Nova lam, to invdgah tha

growth of pctturbatioaa in mpaula irnpkmiis$y In h rnd recant expar-
imcnta, hudrcda of amd pita are deliberately intrmhad into h ablator
urface of tlm capsule during tho fsbcicdion p~, M m controlhal inhhl
perturktion whose aubacqud OVOlutionrn8y be diagnoaed. We haw mlly
●pplied IJNS to tba -4 OIWciau of perturbed-ablator axperinnutb,



b which &a CmpdS containebyd~ gau iastad of dautium gaf, mnd ●

dcu&atad p+Qmme(C D)abcll&tead Uftb#l Udp~8TbU9iD
tbcseimpicmbls thelllab proonmoccllrintha~ CD ddi rstber
tbaninthn g4mouecorq pcrmitthrgan~ d tbamodymrnicw
~ mupIing Use core and the slwdl. DNS b km ~tid in ucounting
Gxtbe Okrvedvu”* ofuautron yield witbbapoJcd stkrk!rougbrlra4,
indudiog the rebtivdy mutrbm6N-4 in yidd due to &ll kkup, when the
surfaca rmgb~ aced 0.S P RMS. Tha o&rved width of the oautrm
spactrum kattoexpldnd byihppkrbruddng rauhiagfkornbulkrrw
tiofi d fdhg Ft@dgb-~kx (lW.) “@W of dcutuated pdydyrme, with

WkCity Of ode 10’ cm/s,during bum,

m Pcrmbtd Cyliw iinp&8iou; “fecdd” eqelimed

‘ho other experiment CU#@8 of pukkr Vti h DNS vddatku are
the cyiindrickl imf ‘Moo experiments ‘“io ad tbo “kchrt” cxperbmts b-
iag pdbrrnsd at IUovb. In the krmat, a cylindrical shall ablator compad of

X*P ~d -~twM k ‘ati with ●unsbrmdc uirnutbd
Burke parturmion (lypicnllym=loor ml=14)41%0 &rmrtkoftheperturb
tin duriog tha x-mydriwn impldon of tbs cylind.et h irruged with M x-ray
backligbtem Imagea of h perturbatloa bavu been cumpued dicoctly with the
preclictians afDNS, with aathfmctary sgwmsnt.

The kdoul axpuirnmw addr~ tha seeding ofatktive RqyMgb-Mr
(AH2) irmtdility mtthe abbtkn SAW d ● plaou Ml by s Perturbti
initJ811yp-ton tbeooiduidaofdIa foil, ’l%ls~im4a&goust9 the
seeding Of ART by perturbation on the UF. ice swrfhca in NM’ capsules. la
both m, RicbtmwMeahkov (RM) inatablliky oamra wham● &ck travcma
the perturbed surku, modthe sutmtquent R?blflow fkld urrirm ● perturbmticm
of dl @jWiCd varhbles bmck,to the ●blatlon murface, WtWMtba patutbd,iou
may be rapidly unplified. IIJhi ex~riummts dow rawmabk agmamuat with
computMiormi pradictiunw

3 Thwroticd Compnrisom

9. i Linear phue af iawmpmm:blt &T ktabifitu

We kc studkl & umtmcy of LASNEX crnlculdluas d plaw hwm,t-
ibla M Inmbbllity fbr arrdl-mpktuda pvrturbdowi hi thim c-, k exact
gruwth rti is knowu fmm thvory. Culchlhm ware perfiwnad with bgo
Mvrnal enmgy, w tha oound opad c b very high WI tbt flow Is nearly h~+
ccwprcwiblo. For h pattutb~thm With wawIw@h A d gmuhy g, lba cum-



praad~tty ~ @ = #A/c?= 0.006. Our etudy examined the rdkt of
hd~mti~d-puti~bw,f=tivd-
dtia Ati~A, whm A=(@-~)/~+gs), d@dnm&
dmaiths io thetipperarid lower &Ji~ mpectively. Calculations x daae
with A= 1/30 5/6, and 49/61 MCI with the number of nub Ala per wa-
*NM-lod80.vuti~bdlA~M*m
uA. We f-d that b A > 5/6, the computed linear growth rata m within
5% of the theuretkd value provided N z 20. For mamlk Atwood nurAam,
the Convergence with Wh AUement was notco rapid. For A = 1/3, it w-
required that IV> 3S to giw a computed growth rate within S% of theoretical.

9.2 Late-dqe bubble rk in iacampmaaibfc AT iestabiliiy

After the ~ instability becomes -, the bubble wentuaii Iiara with

COU*t V*W ~-. A fiP~ -k ~. v- - .-T,
whcrc 0.2~a <0.3, Lsyzerll fiundus0.2$03hra 2Dbubbla when
A=l. Wchavebogun acompuQtionalatudy dtbaawtant— VCiOdtIybubbfe,
aaateat ofthcwudagca pabUity Oftbctids. ndata, wchavemlta fix
A=l/aand N=56, ustngeoverai diffard pHUfiptiO118 $Xth@d4Ult Of
rczudng. Wa find thatthe bubble velocity approactw within shoutb% of
thcvalue of VwobtaAued ucing~’s value ofa, atabouttbtirnatbat
an cxtrapolathof tbaIincar-etq)bubble vdocity r- * VdUO. tic

bubble velocity then ~ alightiy (for ● period of aboutoue timeunit

F
A xg, andthen incr~elowiy agaiuo’l%era iarmexac$~
WY of b bubbio rb h A <1, but tha appraximah agrcamcritwith V1

in thifi c- ia satiafnctory.

4 ImprovarnaMs tQ Nurmrkal ‘IklAqua

We hwe mtidaprogrcas hI Uaderetanding tht Iimita of the numerieal techniqtw
wed for DNS, and thereby increased our coafidenee in ita reeultw Ckmtinued
experimuattdoa with numerical procwku hu id to imptuvemen1s in the
sccuracy and e6kioncy of the ruooiug technique. b %ntkbow” cmpabiiity
b be~ bmhxi, which h M atkiaut way to identify rrwab Cuiia that tcqulce
rernnhg. Tba use Of Bdd WppiU& wk wtit Pxrts d tho -h
arc aiiowed to approachktbcr or WUer tho full lbrAbllLSaUamaa rumb
#oIUtiOn, U n~ry, b itUpHWOd s*WSCYI biah mdaamd @tudiu d hti

DNS capaula impiosioa cmlcuintioua arc Ivadiw to M umhiretendiug of zoning
raquireraentsc

We havo also identified& rnurpridngOffmt of mub “hourglad twcilistloru$
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suchadMiousmmawuitbemrcd numaicd tnoda d raGaitediflexance
~whid~dl~~-~~m-kinaw-
way. Sucboscillationa donowoskcmtbailuid chra&ly. Navcrtbdme, weh-v~
obsemed thatsmbudhthms ~ ha_ by ● pbydd perturbatb,
whoeogrowth istbenanbuwdi neomnwayby thePce&&boaudJu
aeciu8tiona, perh=pe ral#. totba8ilbst ddi4tiamfluX TbUsitbcxlwid
tapmveat tbaa=currerum ortJbaboUrglMe cmcillatbrls. W8hawwwwlrd
~ afdoiagm, includbg ratlnbg tbo radiel - aud maaing tba mellbtlng
ah. Employing au %nti-hourghas” mash stiking dgorithrn mw ●lso prow
uf8fuL
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