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ABSTRACT

The Procyon system in the Los Alamos Trailmaster foil implosion
projeet is intended to produee <oft x-rav raciation by delivering,
about 1 MNJ of kinetie eneray to an imploding plasma liner. The
final switehing stage of s system will be i Plasima Flow Switeh
tPIS: whieh delivers current 1o the evlindrical foil load. 1-D and
2.1 simulidions are now leiog conducted to examine: the initia-
tion of the PES plasima: e dyninies of the PES and its switching
efficiencey s the loid implosion and resnliine radiation ontput. Con.
stleted leere, for the PES sid nnplodine load. are the »ffects of
clectrade walls, perturbations, and radiidion. Comparisons witl
experiments cusing the 1.5 M Pegasus eapiccitor bank) are also
deserihed,

I. Introductioa

The finnl stage of power conditionine in the Los Alinos Proevon system! consists
of n Pl Flow Switell (PFS) which awitelies o cmrent of approximudely 15 MA ton
thin eylindriea foil Toad. The foil plasim then implodes md is expeeted to produee soft
Loy ricdiiotion witly actorn] cluerpy of nbhont 1 ML Suely swinelies Tinve I)l']'f()]']“l'(l NTISIN
fortonily in experiments cathe SHIVA St eapiecitar henl ant the Al Foree Wengquone
Lidmnzvay CAFWLL now Plillips Laborieory o2 Inthis stwdy we e veed 0 1D



radiationauagnetohivdrodynamic (RNHD) Lagrangiin code and a 2-D multi-material
Eulerian RMHD code to simulate the behiavior of the PFS beginning with initiantion
and ending with the interaction of the switeh plasina with the impioding load and the
tran<fer of current to the load and the mmplosion. We will consider liere primanily pa-
ranteters appropriate to experiments conducted on the 1.5 MJ Pegasus capacitor bank?
which delivers about 6.3 MA to the PES at peak current. The experiments have heen
used 1o develep understanding of the switell helhiavior and for benchmarking the codes’
results. We will also briefly deseribe sonie simulations applicable at the Proeyon levels,

II. Perturbations

We have used the 1.D Lagrangian code RAVEN to simulate the inititiation phase
of the PFS. We hegin the 2-D simulations with an expanded plasma using an average
density aned tempernture and a 171 variation in density. Although the temperature,
density. and maegnetic ficld profiles are available from the 1-D simulations. we have
found that the results of the 2.D simulations are relatively nsensitive to the details
of the intial conlirions. This density variation is ereared in the experiments by using
a chiordal array of wires, which when comnbined with the downstream barrier fil.
produce a plasina with an approxinude /04 distribution. The density is thus matched
appropriately to the distribution of the muguetic foree driving the PES. If the radial
houndaries of the plisimn are vledd (no eleetrodes present. no losses across them and no
axial hoaudiry eirrents o then this configuration will retain planarity as it propagates
axially. Furthier detals reganding 1-D simulations of the mitiation may he fornd i a
compiiion piper. !

I pricctiee the PES will not retidn this densaty distribution and aet inoa planar
usamer dirme the ran down the PES bharel. Firsto 1t nmst he expeeted that some
dirarec of tntiid perturbation will he present due to the faet that the wires will not
spresvd miforly to form the ided distnbuton, There s strone evidenee that this is
<o fronn previoas experiments, ! Even supposing these perturbations were alleviated by
asine sicl very fine wires, or i sraded foil rather than o wire amay i, some regions will
Lo, fuselsmed hevome o plisana scooney tham other < if only due to mieroscopie miterial
defeerss Radiation pulses fiom imploding plasmas have been suecessfully simnlated
u~ine the wssamption of random density pertarlaétions in the plasman drer initintion™.
i we Liave npphed this smue weelmigne to the PES simulations. Lastly, the plasina
will bhe e contiet 1 the tmer and onter mdins witlh o cold, condueting wall for the
time of the sun dowr: the PES hinrel. Tt ean be expected tlit this continons per-
tarbiction miy pive 1ise to features which will nffeet awitehing. and, mdeed, we Lnve
foruw] thi~ to he the most importimt effeets Tu this seeticar we consider instubilities
tessociited with three clisses of perturbntion wall instabilities; large wavelengtly, <ol
umplitude mstidbilities corsed by riaedom densive viaantions: mud lnrge mnplitude. siali
witvelenetl s tabilines saisine nt innicion tne, Inowdl of the enleulitions shown here
the 'S Taare] Ties san fimer ebeettode rndins of ©.62 e nd nn onter eleetiode 1l



of 10.16 em. The length of the barrel has heen varied according to optimizations from
0-D and 1-D simulations. The plasmia niass is distributed ma 30/50 ratio hetween
the wire array and a downstream Larrier filn. In the Pegasus experiments the total
switell plasma mass is about 45 me. For the Procyon syvstem the total mass will he
211)1)1'«).\“11“!1'1_\’ 150 me.

Figure 1 shows contours of density for a PFS which has completed about 4 em
of its 3 cm run tinitial center-of-mass position was at 2 = 7.5 e ). This model.
driven by an external circuit connected across “lie upper and lower electrodes at the
right. was initially unperturbed. Of primary importance in this case is the continuous
perturbation from the electrode walls. as can be seen by the presence of a thick laver
of plasma coated on the lower electode (and. to a lesser extent. on the upper electrode)
trailing the mnin body of the plasia. The mechanism for ereating the trailing material
consists of preferential cooling in the plasma next to the wall. and more nuportantly.
the transition from uxial current flowing in the cold. conducring wall to radial current
flowing in the Lot plasmiu. As the current makes this bend. the magnetic pressure
presses material against the wall (as well as giving it a forward velocity), Simulations
which model the will as open to energy flow but reflecting to magnetic field show
this effeet to oo mueh lesser extent. Inn cases withh greater aceeleration (sueli ns for the
Proeyon systeme two instability “hubbles™ form near the walls and a “spike”™ of plasina
m the center of the PES tridls hehind (an exnmple of this may be seen in Fig, § of
Ref. 10 The key effeet of this trailing material is to create a hridge of material helind
tlie PES which may impede switehing by inereasing the switching time md decrensing
the carrent delivered to the load. Morcover, a potentially laree amounn material is
deposited onto the load cperlimps larger inmass than the lond itself) and current does
not artve wirth axtd svinmetry. We note that simulations carried ont without tle
cleetiodes and vith reflecting bomndary conditions do not show significant deviitions
from plianairy,

The effver of rmpdor density pertw bations within the imtiated plasna can he seen
. Freo 20 Altlionel the plasaina develops Targe senle 1 aabilities nnd o thicker <heatl,
1t eiar e seen thie the dominnt effeet is due to the snll-indneed Inyver of materiad
left o the lowver eleetrandes A sl grenter thickening of the pluosia <heatl ocenrs fon
penodie pertirhicdions wising ot initintion time. As the chordal arrny of wires mitintes
there will be regions of enlimeed density where wires eross and regions of deereiised
densiry hetween vrossines. Although thic patrern i< inhierently 3-D0instabilities in the
ictnithal divection will grow nmell more slowly than those ju the v 2 pliae hecimee
nsnnclid instabalities wonld reguire hending of the ficld lines, Shortly after initintion
the sy plsnr aned e enrrent fow tend towaird o qunsi synmmetrie stnte, We Lave
used the lenpth serdes hetween wire erossings nnd voids in the itinl arrmy 1o seed
periadb vinintions of density in the radinl diveetion (nt o level of 30 of the nominal
density 1 An exianpde of this i< shown in Fiee 3 after the plasiun Lins trnveled about 4 en.
i thic cier we found thint loneer woveleneth pertwrlanions ereited nothicker shewth
tHear <lpar winecleneth one. Uaane, thi infornsdica, norecaammnendution thia smnlle



dismeter wires be used in the chordal amray (which would lead to more frequent wire
crossings and shorter wavelengths) was implemented. An array of 160 wires (of snialler
disnmeter) was substituted for the opiginal 72 wire array. Experimental measurement:.
then indicited a reduction in sheuth thickness.

III. Switching Efficiency

Ideally. as the back edee of the PFS plasma passes over the edge of the load slot,
magnetic pressure on the very low density trailing edge material will cause magnetic
flux to be rapidly delivered throughout the load slot transferring current to the load foil.
Tlie current should arrive in a nearly simultaneous manner across the load and with a
reduction in peak current dictated by the necessity of filling this volume with magnetic
flux. This tvpe of behavior has heen reported for PES performance i experiments
at AFWL.Z It should he noted that our experiments are in a range of current and
enerey hotll helow (Pegasus) and above 1 Procyan) that of the AF\WWL experiments.
Our simmlicions have reproduced the AFWL results. and we seek now to extrapolate
hoth above and below this regime. Computationally. we see different scenarios cmeree
i the Pewasus and Proeyon regimes. This is illusirated in Fig. 4. which shows four
It ) enrves for the positions marked i Fig. 1. As the trailing switeh material follows
the madn plasina sheatln, iC°s considerable mass impedes the delivery of current to the
load 1ewion. Baseally, this material implodes onto the load. in a potentially unstable
manner. with ¢ srent arriving ot the downstream side of the load ahend of eurrent on
the upstrcian side. The mnterial remaining behind provides enough conduetivity to
slime etrrens away from the load. Thus the switehing is inefficient and assymetrie,
Frnther. svirel plasma carryving thee magnetie field. wlen pushed ngainst the cleetyode
wolls will comipress the Hnx. radsing the cvurrent vidoe Joeally and ensing “ringine”
the mensured carrent. These effecrs Tave heen observed in Pegasas PES expernnents,

IV, Load Interactions

Tran<fer of seritell plicn 1o the low] dorne evrrent switehing nigs serious]y de
grivde the imploson iaid subsequent vadiation outpat. Even when switehing is efficient.
anned is not aecompiaied Tyoa sieniticant nmonnt of switeh plasin, the inteerity of the
waplsion mey be adfected, Z-pinelies wre Liighly suseeptible to Rayleigh: Taylor msta.
Inlite~ o] even wc low level of perturbations mny lend to nonlinem development sined
Lreshiup of the imploding plisiun <hell hefore arrival on axis. Fievre 5 illnstentes the
development of instabilities in an hmploding <hell due 1o the effeet of o PFS, 1 this
ctese, the simuliction is ot the ligher earrent Proeyvon level (150 MAL with about 1 N
of hinetie enerey trisferred to the lowdd i This simnlatior hegins with an unpertirbed.
o densits distiibution PES nt the edee of the lond ot moving at nbout © e/ s,
When v iteling oo very little mnss in transferred to the lond, nnd about 91 of
the caitg i delivered, Nonetheless, cment s delivered 1o some portions of the lond
comenr hiacotlpas. The yesultnee insdadbilinies anl s <kerel of the expeeted ol



pulse from such an implosion are shown in Fig. 6. The radiation pulsewidtl is inereused
to mamy times that of a 1-D imiplosion. and consists of two parts. a portion of the energy
heing delivered by the rapidly imploding Rayleigh-Tavlor hubble regions and the rest
associated witli the main <hiell of material. now greatly thickened. Sueli hehavior has
heen observed i experimental measurements of the radiation pulse from an inploding

lua(l.:)

V. Future Directions

We have examined many other factors in PFS operation (energy. I. J. PFS mass.
electrode ablation. etce) to determine which of them affect switching and have found
that the trailing material effect consistently important. There is some evidence tliat
switcling should mmprove at higher energies which would be advantageous. We Liave
also determined that 1t may bhe possible to “trap™ a lurge fraction of the trailing material
m an annular groove cut mto the lower electrode just prior to the load <lot. Simulations
wsng thi< change show a much improved switching. and experiments are currently heing
Helded on thie Pesasus bank to test this idea.

The interaction of the PFS and the load foil are still under investigation. and
there will he further caiculational effores 1s this area as expernmental results hecome

winlidb]e,
Figures

1. Densaty contonrs of an anperturhed PES plasma (swhieh hegan with o initial
1/ densiry distribntion) as the switel plasin nears the load slot.

2. Innal density distribmnion Goiad imtermedinte time density distributions (b aud
e o] comowrs of 1 By vdy ot the saome time as (¢) for o PES with an iimposed
vinplom density perturbation at the 304 level.

3. Denstty tiocind r Byt contours as the PES approaches the lond <ot for
snnalicion Leeun with periodie perturbations ot the 50% level i density with o
vinveleneth determined by eliondal array spacings.

4. 1t ofin the fony positions libeled in Fig, 1 (1) solul. downstrenin near load: (20,
dotted, upstresm nem lond: (30, dot-dnshi. nbhove lond slot: and (4), dashed. at
fin rielr, upstremmn enrrent.

S0 Ininid developiment of pertarbations in the expanded lond plasinn due to the
netion of PFS switeling. Density contours nre shown in (n) and » By contours in
o

G. Denspiy in sl r e ih) comowrs neny the end of the lu']'!ullu-ll implusiuu fronn
Fieo 5 A ~kereli of the expeeted rialiiction pulse from this simnliaion is shown in
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