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DENSE Z-PINCN PlA9NAS

J. S. Shlachter, J. E. *1, ●nd n. W. Scudder

Loo A.hmoe National bburatory

P. O. Box 1663, W F640
LOO tiamm, NM 87545 USA

Introduction

Early renearchern recognized the

deeirable features of the linear Z-pinch

configuration M a mgnetic funion echeme.

In particular, ● Z-pinch reactor might not

raquire ●uxiliary heating or ●xtarnal field

Coilo, and could constitute an uncompli-

cated, high planm ~ ,gaomatry. Tha oimple Z

pinch, hwever, axhibitad groat HND

inatabilitiao that diaruptad tha plaoma, ●nd

tha linear Z pinch wae abandoned in favor of

more ● tabla coof!.guratione. Recent ●dvancea

in puload-power technology ●nd nn appre-

ciation of tha dynamic behavior of an

ohmically heated Z pinch have led to a

reexamination of the Z pinch M ● workable

fueion coocept.

Analytical work by klainea [1] ●nd

Na=el [2] hae ravealed the necesoity for

rapid currant rise rataa during Lhe

formation ●nd h-at ing phaoam of a

quaai-equilibrium pinch, ●nd thie in turn

haa indicatad tha mead for high voltaSa

difichargea ●croao the inductiva plaarn~ load.

To prevent the collapaa of ●n annular, high

iupurity-fraction pla8M formed off tha

walln of the dincharse chamber, tha concept

of ●n inolated Z pinch wan davaloped. A

comparison of tha heating time ●cala nnd

cononical inntabiiity growth tima (Alfvi’n

tranelt time ● croeo th~ plama column) with

tha h rn tha raquirad by tha Lawaon

crlterlon haa demonotratad the ●dvantage of

high plaema danoity oporatlon. Preliminary

reactor calcuAation- [~] ●usgaot that ●

pulaad dbnae Z pinch could produca 4./) NJt

for an input ●norgy of only 140 kJ in ●

●lnule, 2-W burn. This raprasanta ●n

axtraaaly attractive ●chame in npita of the

many present phyoico uncertaintie~. Our

group at Loa Alamo- km ben Inveotlgating

iaolatad high denoity Z ,inchee in thraa

distinct embodiments: Baa-ambedded pinches,

wall-limited pinchaa, and solid fiber

pinches,

Oat-Embedded Z Pinches

The firat sariee of ~xperiments in mr

program involved the fo~tion of a plasma

channel down the ●xis of a larga (30-cm

radius) chamber filled with hish preaaure

gbe (~/3 - 3 ●t~oaphere H2), The gaa

between the electrodes in the chamber forma

the load for tb.a 12-kJ pulaad power ●yntam

(Fig. 1). The Bannatt nquation describing

the balance batwaan plaama internal preaauru

●nd magnetic field prmaaura,

12( Ampa) - 6.4 M 10“2 N(m-’) T(eV),

indicataa the naad for manageable plaoma

lina density, N, in order to ●chieve ● hiah

planm tomperatura, T, ●t ●n ●cceptable

driving cu:rent, 1, At high pra~anre, one

must tharofora initiate ● nmrrou channel to

●void an overly large plaoma lnvantory or

lina danalty. Our ●xparimanta incorporate a

Fig. 1. Schematic of danse X-pinch

●pparatua.



hlkh parer, pdsod, colid ●tato lamar

focuaad through ● n antranca hole in the

ground ●lectrode end dumped in ● cavity in

the high voltege ●lectrode. The 30-na

Q-ewitched lacer is opereted blow the——

threehold for leeer-induced breakdown in the

hydrogen And ie fired 100 ne before voltege

ie applied acrooo the 5-cm long ●lectrode

gap. Schlleren photograph reveal the

●ucceeuful deeignecion of ● narrow (1OO-P

diameter), straight, ●ceble, channe 1

cerrying 50 u. Time reeolved x-ray

mea8urement8 lining m,ltiple thickueae

metdllic foilo ● nd ccintillator-

photomultiplier combinetionm show the pleeme

temperature rleing to 1000 eV in 10 ho in

●greement with ●imple ohmic heating

tioti~ten, and then felling re:,idly. No

violent MHDactivity 10 obnerved during the

200-no current pulse; ●fter ●pproximately 50

ne there ia a thrae dimensional ourfece

structure ●violent in the echlieren

photograph whtch, while poeeibly releted to

❑ - 1 kinkin2, is not st ●ll disruptive.

We heve conclusively eetablinhed that

the drop in pleems temperature ie the result

of ●n increaao in the plasma lina danaity

(meaeurad ueing ● new quantitative

moir{-achliercn technique) [L]. The initial

plaama column ●ccretaa MU plaeme from the

neutral &ma blenket cnd COOIE through rapid

●quilibration. Accration ia up.daoirable

becaune it prevento the auet~inment of high

temperature-, end wa have examined the

problem both ●nalytically ● nd compu-

tetionally [5], in come depth.

Our present explanation for the

observed eccrmtion ie M tmotatrap or

two-pheae procea.. Initial overheating of

the plaa~ column (Bennutt ●quilibrium

cennot be ●chiaved in the fir-t few

nenoaeconda) launcheo ● radially

propa~eting, wnkly ionlalng cylindrical

shock into the ruutral gaa. Currant

continues to rfee in the CUIUMF beceuae tha

high voltage la ●till ●pplied ectoae the

●lectrode WPB ~od the incomi~ flum

combined with Touneend ●velenching reiaee

the ionisation level of the blamket

ourroundi~ the plame core.

The accretion problem obearved in

gea-embedded , pincheo may b ●urmounteble

with proper ●ttention to the epplied voltage

weveform. Thera are practical difficulties

●eeocieted with the MCS::=V,- FU1:G: p~wer

●witching modification, however, ●nd we

heve concentrated our recent effort- on two

alternative conflguration4, wall-limited

pinchae ●nd eolid flbmr pinchee. Bo?h

●chemee ●llminete ●ccretion by physically

limitlng the emount of ~teriel available

for ionization.

Well-1imited Z Pinchem

Well-limited z pinches ● re ●imply

gea-embedded experiments conducted inalde

1,.aulating tubee of sufficiently ●men

diammter thet full ionization of the

cootatned aau doeo not constitute ●n

unacceptably h~.gh plema line deneity [6].

To prevtint ciaoaicel well fomation of the

plaam, we ●re continulnu to uae -r l~awr

initiation procooao WC Mve ●uccaoefully

produced uarrow pleome channela inside 3-m

di~mater polycarbor.tate tubes which @till

●now tranaverea optfcel diagnostic ●cceaa,

●nd the n~xt ●xpurimenta wili be performed

inoide 1- diamater t4bea. In connection

with these laser-initiated uaperimente we

heve obnerverl ●elf-focuoad channele produced

by ● 12-J Nd-glaaa la.er when oparsted above

the lacer-ir.duccd breakdown threshold. The

single mode, low-divergence Leeer lnteracte

with the neutrel gea (3 ●tuoaphereo of H2),

●nd schlier~n photo~rephe reveal cilannale

uhich ●re tevexal centimeter- lon~ ●nd have

Jiemetero leoa th~n 50 IE (Fig. 2). Thie

unexpected phenomenon may increaae the



Fig. 2. Schliermn photograph of channel

produced by fialf-focuoed lamer.

poaaibility of initiating plaa- channeln in

sllbmillimeter diameter chambaro. The

obvioun potential problem of wall

interaction ●nd ●ccompanying impurities

rameino, and we ara nttampting to model this

procaoa with numarical ●imulatione.

~olid Fiber Pinchaa

The ultimata density for uncompraonad

ma~neticelly confined fusion experiments ic

that of solid D2 (- 5 x 1022 CM-3) ●nd our

line dermlty limitation place severe

rcetrictione on fibwr diametero. Oparating

●t 2 NA, ● 40-IM diamat~r ●olid fiber could

be ohmically haated to 10 keV in Bonnatt

●quilibrium. At thio high daneity the

raquirad platme ●nergy confinamant time ill

only ● fow nenooeconde.

Uoing ● liquid He cooled cryostat, wu

have ●xtruded ●olid D2 fibar~ 60 P in

diamatar ●nd 20-cm lone into ● vacuum

chambar [71. Thooa fibara ●re ●traiaht,

uniform, ●nd re~in ●t nearly conntant

diametare for ●averal minutee (Fig. 3). In

tha ●olid tiber pin,:h program, ● fiber will

ba droppad v~rtically between the electrodes

in the discharge chamber; the gravity feed

●yetam for the fibara hem neceaaitated

construction of a 90° elbow in the watdr

tranemisaion line. Experiment performed

with Mr 350-M mechina will detdrmine the

importance of groaa JILHDmodes, ●nd we will

require a hi,gher current pulsed powar ayetem

to arry the plama temperature up to the

kilovolt regime.
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Fi~. 3. Solld D2 fiber.


