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IGNITION AND 13URN IN lNE1lTIALLY CONFINED MAGNETIZEI) FLIEL

R. C!. Kirkpatrick and I. R.l,indcmuth

Los Alamos National Laboratory
Los Alamos, Ncw Mexico 87545

RAn

At the third International Conference on
Emerging Nuclear Energy Systems [1], wc
presented computntionnl results which
suggested that “brenkeven” experiments in

inertial confinement fusion (ICF) may be
pmsible with existing driver technology ~].
We recently used the ICF simulation code
LASNEX to calculate the performance of

an idcalimd magnetized fuel target, The
parameter space in which magnetized fuel
operateo is remote from thnt 01’both
‘conventional” lCII’ rud Inmgnctic

confinement fusion dcvic.cu. In pfrrtitulnr,
the plasma has a very high ~~nnd is wnll

contincd, not magllct icnlly confined, ‘1’hc

role of the field ia to rcducc lIw clcctrun
thcrllml conduct, ivily nnd Lo pnrtinlly lrnp
lhc I)’l’ nlphns. ‘1’hc plnnnlri in contnin(!d in

n pufhcr which is il~q)lo(hw to conqwww nn(l
ndinbntically hcnt the plfwllm fmtn nn

initial condition of prulwnt nnd
I)rc-lnngllctizntioll 1,0 the coll(liliolls

necenwwy for fu~ion igniti(m, The iltitinl
drumity nnmt hc quite low hy lf:F Anndnr(lH
in or(lcr to illmlr(! thnt, tho (!lcctroll thmlllnl

conductivity imnupprcmc(l rm(l to nlinilllix(!
the gcncratiou of rndintiou from tlm plnrnlm,

.llacmm the energy Imw tmnw arc clrcctivcly
nupprcmed, the inlplmirm Ilmy prucccd rlt n

I

relatively slow rate of nbout I to 3 cm/l~s.

Also, the need for low densily fuel dictalcs
a much Imgcr target., so that mngnctizcd

fuel can uae drivers fiith nmch lower power
and power (Iensity. ThcrefDrc, nmguctizcd
fuel allows the use or cfllcicnt drivers thnt

are noL auitnble for lnswr or particle hcnln
fusion duc to ineutllcicnt i,’ocurior too long
pulse length. The ignition i-ml burn of
magnetized fuel involvce very dillircnt
dominant physical proccmes thnn (lots

“convcntionalw [CF. ‘1’hc fllaion tillw Ncnlc
hccornca ccnnpnrrJdc to I,hc hydrcxlyllnll)ic

tin)c scnlc, but otllcr procmam thnL Iilllit
the burn in unnmgnetiz~!d fuel nrc of no
Conrl(!qllcllcc, ‘1’hc idcnlizcd low gnin
Ilmgml.izcd fuel tnrgct ‘prcscnlc(l I)vr(! is

Inrgc nnd rcquir(w n very low iillplo~ioll
$wlocily; usc with nll cII’Ic!cIII, driv(’t dI(IIIld

provi(lc n vinhlc nlwlw,r energy HyHtIIIII.

U(lll(yy,, ,

III HOIIIV IOIFI I,(M AIOIIIOR Inctur(w (III
f.hCrlflOllll(!hr fll!k)ll ~llriC(J f“(!rllli 11’ll(lrh’(]
011 w(wk (1OIN!hy N.. ‘,,mdsholr [:{]

rwnrvrllillg n nwtlmd of reducing Illwrlunl
ronductirm I’rolll n di~~ltcriull~ lIlnPIIm II) itrn
wntninrr wnlls, Ilr.1 km hy roll(lllrtitm
wns colmidmcd to h~ nn inlportnllt

inq}[!dimcnt to pr(niuriig till’rillf)llll(’1~’~lr



burning. It was pointed out that by
imposing a su~lciently strong magnetic field
parallel to the walls, thcrmnl transport to
the walls could be impeded. Since lhat
early time magnetic thermal inmllation haa
been employed in only a few ICF studies

[1,2,4,5,6,7], The idea is to produce a
central region of preheated low density D1’
surrounded by a dense shell (the pusher),
In the preheated regimr an azimuthrd
magnetic field is created concurrent with

the preheating, ao that when the target is
imploded the magnetic field innulatea the

plasma from heat 10ss to the pusher.

.

Previously we dcvclopcd n computer coflc
M AGiT for R zero-dimenaionml Inodcl thnt

can survey the pnramctcr spnce for Lhesc
Largek [2]. For that Ntudy wc took n
pcmimistic view tnwnrd the physicfll

proccaw and Iookcd for rcgionH of g~in ill
the pnranlcter rqmcc. l’hc as.sulllptions

included a low rntio of specific hcnts in lhc
pusher, short thermal nnd mngnctic field

gradient Iengtlm, no magnetic confinement
of the fuel, no funion burn product rncrgy

dcpmiticml nnd tcrnlinntiorr of the
:nlculntion nt the free-f~dl Iill]it, ‘1’hc

npprcmch cxmsistcd of fixing nll initinl
pnrnllil!tcr~ cxccpt Lhc inilinl fm!l dmwity p,,

nlld thr initinl pmdmr vrhwil y IJO, ‘1’lwrw
two qunltiti{w vmro 111(!IIvnriml ovrr svvrrnl

ordm of llmgniLutlc, r(!~ultillg i:! ronlourN
of constnnt gnin in thr (PO, vO) initinl

condit inn npacc, ‘1’hc mngnotic lhcrmnl
inuulntiot~ dh!rt crcah!n n rcgirm in (pO, VO)
npnrw where t.ho gnin in grrntcr thnu unily

nt much Iowrr density ntd vd-mity
condition t.hnn for in the cnmciu the

nbn[!nr.o uf R Itmgnctic frrld. ‘1’hip lcnd~ to
grcntly rrwlucrd driver rquircnmnts over
whnt in ll~,lirwwl Iwmwsnry f{]r cnnvonliollnl

1(:1’,

In an e(forl Lo hcttcr ,as.scssLhc

promise of mngnct.izcd fuci for lCF wc hnvc
recently obtnincd a 1-D LASNI?X
calculation that implodes a prehcntcd,
prcmagnetizcd dcutcrium-tritium (11’1’)

plasmn. ‘l’he corrfigurntion for the
calculation wns neccssirmrily idealixcd duc
to the small time steps imposed by the
explicit time step algorithm in LASN EX.

Previous calculations have addressed the

problem of preheating and pm- nmgncLiaing
the plasma [7], w thnt for this study wc
sssumed that tl~c target contained I)’l’
initially at 50 cv with r+frozen in Azimuthnl
magnetic field of 30 KG. An initinl velocity
of 1.6 cm/ps wnn urIcd, but thepcrforll)nncc
of the target is not scmitivc to this vnluc.

The initinl gnz prcmmrc is only I(NI
ntnmq~hcms nl W] cv ( 10 tillww thr

mngnctic fichl pressure), while Lhc wmrgy ill
the illlploding nluminuln puntmr

corrrwpomls to 4 tncgnhnrn. ‘rhcinitinl
energy in the illqdosion is 6.7 MJ, hut ccmld
prolmbly bc rcdumd with no dcgrmlnlion in
tnrgct pcrforumncc. Ilccnmc tllc cnlculnlinn

haz no Ilmtcrinl Wm!ngth, Lhc inner nsprct
of LIN! nlulllil]lllll pmdwr rnn!lhw nnd tlw

intcrfnci! Imflwmw tlw pmdmr nttd tlw 1)’1’

illlphxlos nl n highvr vrlorit,y tllnll thv l~lllk
of till’ pllNh(!r, ‘1’III! dr(!d of l.hi~ nrlirnrt ip
Of m) WmNIVpIVIIrV, Hillrn 11111’IWNL IIOW l’r~)ll~

tht! 11(1111) ’1’plnsliul 110llhc purdi(!r iM
dhtctivdy Huppr(w,d hy thl~ cltdddd

mngm:lic IItdd, nml llm ilnplwion i~ urnrly
nditdmtir. omx! tlw 1)’1’ rcnchcn rwvrrnl K(!v
in ulvclron nnd ion trmpmnluro 111(!furnion

n]phll pllrtiI’h! W!rgy dOp(MiliW ifi Hlll]iCi(’111

to ovcrmmw 1111:rndintiv~ rmd comlurtivv

Iwvm, ns wrll m the cxprumion cooling lhnt
,!IINIIFM Ilfl.rr tllrll.nr~]~lllllm It R]I{}III{I 1}~

m)lm] lhnt n h’hl tilllwr rndiurn pnrnllwlm’ [If

nt lwwt 0.:1 M(; CIII ix IIrBv(lvd (0

‘2



significantly enhance the alpha particle
deposition in the target. In this target a
value of 5,6 MC cm is reached, suggesting

that a significantly smaller target should
also ignite, At the time the calculation was

terminated due to an excessive time step
restriction, 9 MJ of thermonuclem energy

had been produced, corresponding 10 about
three percent burn-up and a gain of only
lwo. Low gain is charackristic of simple

magnetized fuel targets, but we have
previously suggested the possibility of high
gain using a cold fuel layer [8].

LASNEX haa limited mngnetic field
phyaica. It treata the alpha particle
t r~sport aa a multigroup d iflusion process
and appropriately reduces the diffusion

coeficienta for both alpha lrtrnsport nnd
elect ron thermal cond uckion in nccord with

the value of the cyclotron frequency,
colli8ion time producl (wT). ‘1’hin trcntnwnt

is probably inadequate for t.hc design of
maguelized fuel targets thnt rcnch n Iicld
times radius parameter of only slightly more
than 0,3 MG cm. Therefore, zanc cflort han
been expended to develop an irnprovcd
treatment of alpha pnrticlc tl rmsport in the

pre.scnce of a rnagnctie flcld [9].

Several ycma ligu Wid m!r rqmrl{!d
electron bCmII cxpcrillwnh m+ing u ghws
micro bnlloon nmuntcd on th~! NIKA [lo],

A thin collcctmr plrdc inh!rmy~tml W!

non-rulntivintie prcpuk nnd ditichnrg(!d n
current through the dculrrilllll in in klw

micro hrdloon, thnn rrcnling n hot
Ilmguctixcd phunln, ‘1’ho rolnliviMtic,

focused mnin puhw llmn impludml t.hc
tnrgct and a ncutrrm yirld (d’ nhout 100 wrw
ohmwvcd during the Ind 3(J IIHof the

implnnicm, No yirdd wns Awrvvr in lhe
nhnence of tha collwlor llluto {m WIN*II lIw

imphmion symmetry wwl purposely spoiled.

Lindemuth and Widncr made a dctniled
analysis with the computntionnl tools
availal.de at that time [7]. They concluded
that the neutron yield was consistent with a

thermonuclear origin, and i,hat no yield
should be observed in the ahscncc or

preheat or premagncLizat ion, or with
inadcqnate comprcsaion by the main pulse.

Concurrcnl with this conference
Duyko, Chernyshcv, Dcmidov, ct al. [II]
are reporting on Mother pulsed power
experiment employiug rnagnctized fuel.
They have alao achicvcd signifrcnnt neutron

yields and project thcrmcmuclcar ignition
with more energetic syskms.

GoN~l,UsloN

Mngnctizcd fui!l tnrgcts nppcnr to hc
very promising ill Lhc qucd for incrtird
ccmfincn~cnt fuHiol\ wilh cxisLing driver
technology. Wc hwvc dc!l~onrilrnlcd the
feasibility of a nl~gndizcd fuel Lnrgct nnd
have mentioned some of the physics issurs
associated with mngnctiaed fuel. It scwnm
importfu~t to repent and enhwgc upon lIIC
Sandin cxpcrimcnt4 [IO] in order to hclllm
nsaeae the prolllis4! of Ilmgm!timd fm!l.
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