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RECENTFRc TRANSLATION ExperimentsON PRK-C/T*

D. J. Rej,W. T. Armstrottg,R. E. Chrien,W. N. Mgrass, P. L. KMngmet,
K. F. McKenns$E. G. Shetwood,R. E. Siemon,●nd N. Tuszewski

Los Mamos NationalLaboratory,Los Alemos,NM, 87S4S

1. INTRODUCTION: Sincethe lastCT Symposium,lseveral ●cso=plishments
have been realized from the PRC translationstudies on the FRK-C/T
device: (1) FRCS havebeen launchedinto,and trappedin, ● dc magnetic
guidefieldregionwithoutthe use of any pulsed“gate”coils;(2) detailed
studiesof translationdynamicshave been performed which ●re conelstent
with energy conservation ●diabatic compressiontheory, and 2-D MRi)
simulations;(3) the confinementproperties of translated ~C hs been
evaluated;(4) translationthrougheitherpuff or staticdeuteriumgas fill
has been demonstrated;(5) higherdensity(n < 4X1015cm-3)~CS have been
translatedover 10-mlengths;(6) the n - 2 rotationalinstabilityhas been
stabilizedby PRC translationintoa weak helicalquadruple field.

1 the FRK-C/T experimenthasH. APPARA’TU$: Since the lastSymposium,
beenmodified(seeFig. 1). The
translation region has been
extendedby 1.2m in order to
accommodatelonger FRCS during
the adiabatic decompressionand
confinement studies. The
internalmetallic cylinder (see
Fig. 1 of Ref. 1) at the
downstreamend has been removed
and the dc mirrorfieldhas been
fortifiedto producea peak fkld
of up to 5.3 timesthe valueB
in the ‘3.7-m-longuniform fie18
section of the translation
region.

Diagnosticsinclude:(1) an
axtalarrayof 52 magneticprobes
positionedjust inside the flux
conservingwallo; (2) 81x chords
of inte?~etoiietry;{3) bolomatry;
(4) softx-rayde~?ctfon;(5) VW
fapectroacopye
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ramgingbetween25% and MO% of the ion thermal velocity (g 2x105m/s).
The magnitude of v= ie ●djustedby changingthe guidefieldmagnitudeBo.
The PRCa reflectoff the dc mirrordownstreamand propagateback towardthe
source at ● reduced speed,only 0.7 timesthe incidentspeed (e.g.,see
Figs.2, 3, ●md 6 in Ref. 2). ConaequentlySthe FRCa do uot have enough

~ trcmslatiomal energy E= to re-enter the source and they undergo a second
reflectionoff the mirror field produced by the crowbamed %fnch coil.
Another 50% reductionin Ez occursduringthis reflection. In this manner,
PRCS are readily trapped in the translationregionwithoutthe aid of any
additionalpulsed“gate”coils. ThaaeFRC dynamicshave been coneiutently
modelledby 2-D 14HDsimulation.2,9

Plaumatranslationinto a reducedguidefialdresultsin an expansion
and coolingof the FM. Good agreementin the scalingof n and T with B is
obtainedwhen one comparesthesedatawith the predictionsof a reversible
adiabatic compressiontheory. However,in the experiment,the plasmais
observedto expand 15% more and cool 15% less than the theoretical
expectation(e.g.,see Fis. 4 of Ref. 2).

IV. CONFINEMENT:The energy,particle,and flux confinementof translated.—.
FRCShas been assessedusing a measurementtechnique that capitalizes on

process.4 For downstream tutrrorratios up to 2.5,the translation
translationdynamics do mot alter the FRC confinement. The energy
confimment

f
time ‘E = 100 us is ohtalned for plasme parameters:

n m 10 5 cm-3,Te + T * 0.7 keV,
i

This ~E value is approximately40%
larger than that o served for similar non-translatedFRCa in FM-C.
Bolotcetricmeasurements indicate that impurity radiation dtieo not
contribute appreciably to the energy confinement. The dominant
contributionto TE iS particle convectionwhich can accountin most cases
for at least one-half of the globalpower loss. The confinementtimes,
TM- 100 - 200 IJStindicateanomaloustransportand they are usuallywithin
a factor of cwo of those predicted from the lower-hybrid-drift(YXD)
instability.s The observed empfrlcal scaling, TN u Xs1”42a0”2~0’5T0*4,
however, differs from the LHD theoryby weakerdependence on x and ~~t
and a more favorabledependenceon Tc tThis scalingis also conalsent with

6 The polofdal flux loss isdata obtained on the TM-I experiment.
anomaloua and the cortffnemcnctimeu, ~ - 100- 200 s
inferred. The t ., J.dg-f%nMo:!;8:i:obeervkd empirical sca ing~ ~
indfcuteuQ much weakerdependenceon T than expectedfr~m c&sicml theory
(assumingTe/T u con~tant).
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FIGURE 2: Side-oninterferometrydata alfa translatingFRC with 5-mtorr
(a)puffand (b)staticfill.Interferometerchordsare lo-
catedat axialpositiocsz = 0.6, 1.d4,3.05,and 4.27 m (see
also Fig. 1).

Because of the significant preioufzationof thqstatic fill,the
energy and- flux confinement properties (TE -70- 100 Ils,
T9~7(3-
1

200 US)are as good as (if not betterthan)with puff fill. The
p rtlcleconfinementtimehae not been determinedbecausethe decay of the
particle fnvevtory N is possiblyinfluencedby refuelingas the FRC moves
throughthe backgroundionizadgas. Values of -N/(dN/dt) increase from
100 - 200 lililwith puff fill tO 200 - 400 VS with atuticfill. The decreaae
in the particleinventorydecay ratemay, therefore,be explaimd eitherby
an increase in TN or by refueling. The improvementin ‘C is conceivable
becausethe largedensitygradientnear the separatrixCOU1? be reduced by
the substantialopen fieldlineplasma.

Another noteworthy o’tmervutionis that with the staticfill,the
~? ‘,, @tableperiod ~sD prior to the onset of the n u 2 ~.nutabilityois
,11i,. approximatelydou%ledover ~imilsrdischargeswith puff fill (sacFi%. 2)9

ImprovedTN has been predictedto prolong T*.8 Moreover, a significant
amount of open field line plkuma could also impede the transfarof
rotationalmomentumto the FRC.

In w.qyiry,translationthrougha staticfilldoes not degrade energy
and flux confinement. lh18teutl,it offers a muchanLsmLO refuelan FRC
and/orimproveparticleconfinement.

VI’.~llMiDENSXTYO~~RATION$ FRC tranulatfon ex~eriments hava been
exocutiedUSf.klfJ a 20-mcorratuti,cfill. ‘Plotted?.ni?i~. 3 i.tl ~ha ewoh~ion

of &he excludedflux radiuaprofile. Tha FRC movesat apead Vz * 8 cm/~s,
u valuethat is abouttwo timao@lowerthuu in the %mtorr caaa beeume of!
the largerplama WA8U at 20 mtott?.Partialtoariug of this profile f,s
obaarvad UN tho plama enters tha tramalat,ionrdgion; howcw!lt’,MHll
Ufmulation@gindica&aChat the downstreampart of this “torn”profib i~ m
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Yig. 3: Time evolution of the excluded Fig. 4: Time evolution of maxi-
flux radius profile for a single mum density and pressure
20-mtorrdischargewith BO=4.5kG. balancetem~eraturefor

four 20-mtorrdischarges.

openfieldlineplasmaeffect. The FRC reflectsand translates back into
the sourcebecauseby the time the plasmareachesthe source(t a 150 us),
the crowbarredB-fieldin the O-pinch coil has fallen sufficientlyto
create an antimirror to the dc guide field. The time dependentnm and T
valuesfor four20-mtorrdischargesare plottsdin Fig. 4. A 30% decrease
in ~ occurs as the FRC acceler es

!! ~m-~nde-~a~ds
into the translation

chamber. An increasein ~ to 3.8xlO occursduring the reflection
(t =80 US). A weaker oscillationof ~ is observedduringthe second
transit,commensuratewith the axial expansion and contraction IJf the
~eparatrix. The confinementproperties,T+ w 150 US and I’Eu lQO MS, are
not dagradedby the oboervedtranslationdynamics.

VXI. n - 2 STABILIZATIONEXPERIMENTS:Presenttranslationexperimentsare
directed toward stubf.lizationof the n w 2 LOotatfonalinatabflity.Weak
helical quadruple

!
iclds are known to stabilize this mode in

non-tranultitedFRCS.0 In FRX-C/T,a helicalquadr-upolefieldis generated
by coil~wrappadaroundthe translationregionvacuum chamber with pitch
angle a u 6 tin-l, Suppressionof the n u 2 distortioniu illustratedin
Fig. !!whichdisplayaincerferomatryda~u with and without the ho.lical
fialdn. Preliminaryresultsindicatea thtiasholdmultipoletoroidulf?iald
componentat the aeparatrixo!!approximately6% of the ex$arnalB% fieldis
necessary to stabilizethismode. !3tableconfigurationsare observedfor
ttpto 300 Mat!co Moreover,FRC trappingin tha translationragioniu aided
by an axialtwtardingforcewhich veeultufrom the interactionof the )?RC
with the helicalfiald. The effectsof u ●craightquudrupolecoilwill be
almo wqloimd in the near futiurec
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Figure 4: Side-on interferometry data in
FRC with (a) a maximum helical
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the translation region of a translator
quadruple toroidal field component

0.2 kG at the separatrix, and (b) without quadruple fields. Inter-
ferometer chords are at axial posi;ions 1.84, 3.05,and 4.27 m.

*fifsresearchid perfo~ed under the auspicesof the U. S. D. 0. E.

REFERENCES

1. D. J. Rej, et al., Proc. 6th Symp.on CT Research, (PPPL, 1984)
p. 149.

2. D. J. Rej, et al.,Proc. 6th US-JapanCT Workshop(Hiroshima,1984).
D. J. Rej, ec al., submittedto Phys.Fluids(i~85).

:: M. Tuszewski,at al., to be submittedto Phys.Fluids(1985).
5. M. Tuezewokiand R. K. Lirtford,Phys.Fluids2S, 765 (1982).
6. L. C. Stainhauer,et al.,Phys.Fluidu28, 888 (1985).
7. D. J. Rej, Op. cit. Ref. 1, P. 214.
8. D. S. Harriedand D. W. Hewett,Nucl.I?uuion&, 201 (19!14).
9* R. D. Milroy,privatecommunication.
10. Y. Nogi,et al., OP. cit. Ref. 1$ p. 141*

KNSCLAIMER

This report was proparod M rut uwmrnt of workupormod by mr ugonuy of tho United Qtrrtoa
(30vormrrwrt. Noithor tho Uilitd Stat~@wrnmnt mranya80noy tllarmf, noranyof\'tioir
omployoa, mak~rmy warranty, oxprwmor implied,ortrwmcaarry load Ihibllity orros[wmri.
billty for tho ucwaoy, complotanm or uduhrcm of mty informdon, q)fwrttus, prwht, or
prrmsdluolod, orrvprmmtmthut itauoo w~ld~mintdngo ~vntdyowd dghtn. kefor.
oncohoroht toaliyu~ifk mtmmlalpduct, proraw, oraordoo bytrmlomne,tmdmwk,
manufmoturar, or otlmrwlao dooa nut mnxoady ctrrr.tkutoor Imply its doraomont, iwon-
mdatkrn, w favoring by tlro Udtd Stdea Uovorrrmont or any qonoy thmof, Tho viowd
d oohdorra of authw wrtnvx.(fl horohr 40 not MowmaaruYstato or rcilwt thrmo lrf t’w


