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TWO-D1MENS1ONAL S1MULATIONS OF FOIL 1MPLOS1ON
EXPERIMENTS ON THE LOS ALAMOS PEGASUS CAPACITOR BANK

D. L. Peterson, R. L. Bowers, J. H. Rrowncll,
A. E. Greene, H. 1-, and W. Matu:Aa

Los Alamos National Laboratory, Los Alarms, NM 87544

ABSTRACT

A nurnbm of z-pinch expcrirmmts have been conducted at Los Alamos cm
the Pegasus capacitor bank in which 2-cm high, 5-cm radiu~, thin foil loads wme

imploded with currmt~ in excess of 3 MA, Two-dimensional radiation nlagnc-

t,ohydroclynamic (RM1lD) simulations of these implosions have l.mcn performed
to mode] thr implosion dynamics and subsequent generation of an x-ray pulse.

(.!omparison O( the ~imulation instability dcvclopmcnt with visildc light framing
camera photographs show good agrcwmnt and illustrate the instability cvo]ution
from short to long wavdmlgths and a final disruption of tlw imploding plasnla
HIwII. ‘i’hc calculations also dow good agrecnwnt with expminwntal timing and
Imwu rml rurrcnt d voltagr wavc[orms, and ahm roproducr feat m’s diarartm-
istir Of tlw x-ray out,pu[, ‘1’lmv inrludr a broad puhwwidth, am] tlw prmencc of
mliltiplc Iwiiks and WIMIItil]w sralc ~tructurm, fcaturm which cannot l)r rq)ro-

dmwl hy oll(’-(lilll(’l]sit)ll;ll m(Jd14Sm X-ray spwtra ohtaimxl frm]] 1}1(’Cal(-lllill(’(l
I)inch id!U) rq)rodlwr qURlitiltiVl” Imturtw in tlw nlwiurml q)wtra.

INTIIOI)[I(’’I’ION”



the instabilities and how they effect the radiation pulse, as well as being able to
properly simulate experiments which show the effects of the instabilities, is the
first step in designing implosion loads which will produce higher quality radiation
pulses.

We have studied the physics of the imploding plasmas using two codes: a
1-D RMHD Lagrangian code, which can simulate the development of the solid
foil through melt, vaporization, and the formation of the plasrra; am-l a 2-D
RM1lD Eulerian code which is WCIIsuited to examining instability growth. Both
codes use SESAME equation-of-state tables and are self-consistently coupled to
ladder circuit networks, which simulate the capacitor bank and associated powm-
flow hardware. The ‘2-D simulations begin with profiles of density, temperature,
velocity, and magnetic field provided from the 1-D simulation at a point aftm
the plasma lIM expanded from the original thin solid foil (typically, the point of
nmximum expansion of tlw plasma is used). Perturbations in thr dtmsity of thv
plasma arc then impowd 10 mock-up variations which arise in the cxpmirnm]L.
These pcrturbationa then mml the growth of [:lagn~t.irally drivrn Iiaylrigh-1’aylor
instahilititw. ‘1’lw Simulations ran then br comparrd wil h cxpmil]mntf4 wlwrr tlw
rfri’rts of tlw in~lahility dcvrkqmlmlt arc twcn not only in tlw olwrvml radial ion
puhw, hut in currm]t ald voltagr wavcform~, in visihlc light. framing calnmti photos

(d’ Llw imploding plw-nna, in tillll’-illt(’gratr(l x-ray pillholr photos of llM’Stilglliitif)ll

rcghm, and ill l.il]:(”-(lt’l]f’r](li’l]tspmlrowwpy nwasurmllmlls.
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Fig. 3. Kxlminwnt.al currmt (solid) and x-ray diodr (~li 1)) radiiltioll nwa-
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Fig, 7. Exp~rin]ental (solid) and 2-D simulation (dot) curves of # (left) and

voltage (right ) for the second 13.0 rng implosion experiment.
-.

brtwlxm feat urtw in the drive current and the radiation pulse), waveform shape,
and radiatiorl plllsciwidth. There is substantial cliffcrcnce between 2-D and 1-D

results, duc to the c!cvt40pn]mlt of t,hc l{aylrigh-’raylor instabilities which show
ii pitttrrh of growth from short to long wavehmgth, a “bLIrsting” 0[ the Lubhlt’

regions through thr ]diwma sIMIII,and finally rlcctrical shorting across the spike rr-

gions allowil]g ii ro-am+ration of tlw plawna s}wll. Threw ft’at.urcs are cvidcnccd

in thr rlirrvnt and rdiat.iou pukw .+apm In addit.iwi, franling camma pictures
tlilV(’ vrrifiml ttw pr{’scncr of instahilit itw w indicatml in tlw 2-1) Nin]ulations.

‘I’illlt*-(li’l)t*ll( li*lltl spt”ctrosmq)y ~il(’~[lr(’lil[’[]t.s I]avc alm II(W1I comparm.1 with tlw

sillllllation with rllcouritgillg rrsulls. ‘1’lw rxpcrillwllt * have !JIuH provih.1 an iu]-

lmrt alit. Iwnchlllark ill vrrifying our ciqml)ility to s;:;mlat(~ tlw implosion physics,

iillil t.lw Illl(lt’rst.all(liilg providrd I , lCIW tiinmlat.ions I]*s Iwlpml to t’xplain tlm

Ct)lllldrs tl[”vt’l(t]llll~’llt, W(’I1 ill tlww. t’xlwrillli’llts.
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