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Parttcle Transport in Field-Reversed ConfiRurarions

M. Tusztwski, R. K. I.inford, J. Lipsnn and A. C. Sgro

1. lntroductiol~

A field reversed configuration (FRC) is a cnmpact toroiri that contains no

tnrofcinl field. These plasmas are ohservrd to he grossly stable] fnr about
IO-1(IO Usoc. The lifetimes appear limited hv an n = 2 rotatic)nal tnstahilftv

which may hc caused hv particle Ioss.z Particl~ transport is therrfore an

important issllr for these cnnfiguratinns. We fnvestfgatc pnrticle loss with a
steadv-statct I-D model which approximates thr experimental ohsrrvatlnn] nf

elon~atecl FRC eqllil!hri[lm with shout constant separatrix rarli{ls.
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LO Strfldv-state pnrticlc rranspnrt mrdcl

WC rnnsldcr i=III FRC with n 2-D (r)z) elnn~aterf eqllilihri~lm cnnflrrcri insirfr
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quantltatively similar saturatlcm level Is obtained from electron resonance

broadening.q Other saturation mechanisms such as ion trapping5 yield hi~her
saturation levels for the cases of interest in this work. It is found that
typical FRC radial profiles have a classical core near ~he field null (r = R)

and an anomalous region in the vicinity of the separatrix. The particle
confinement times T, determined by LH1’) transport, will he shown to he in o.ood

1 nn the other hand,agreement wfth the experimental data. class!cal t~ansport
yields lifetimes which do not Fit the experimental data. Integrating 1. (2)
from r = o to r = r~, and usinR I?q. (3J, one obtains

(mi/nme)l’2 (1 - fls)3/2<i3>
T04 ● — .

(1 + Te/Ti)JJcio fls

where S = R/D,-. Tnte~ratfnR Rcl. (2) from

S.ws, (4)

r = r. to r = r,,, assumlnR an
exponential ~~fl fnr the pres~iure profile on ope~ field line;, using Eq. (~)

and particle flux continufry at ‘he separatrix, one obtains

WA - (ES/Fl rs) “ (nmc/mf)l’2’ * (1 +Te/Ti)]’2 / (1 - ?s)3/2 . (5)

For Riv@n mP/mf, Te, T,, R , r , 1, xS, and
7 ‘?or r < r

for a given choice of W,

Fq. (2) is integrated numericn lV , with the constraint.s nf Kqs. (1)
and (3). This determines thr value of FR, w~ich in turn determines w with
Eq. (5). Fly Iterative prorcrltlrc, the self-cnnsistrnt val!lrs of w and t~s arc

fnund and the confinement tfme ~ [s nhtnlnerl from Fq. (4). The details of this

calculation nre cnntafnod in Rofcrrncr 6.
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in the previous section. TE addition to this observed R2/Pio :. sling, the
model predicts increased confinement time with increases in the Ilues nf x

and w.
s

It may be desirable to form FRC’S with values of xs closer co unity in
order to minimize pressure gradie aa stlggestecf by Eq. (1). We :onsfder the

FRX-C cases of Table I and vary : ~ irom 0.L5 to O.R, whila keeping ‘w ~ s, w,
T and Ti constant. Thqo Jest.lts of this scaling, given in FiR. 2, yield tht.
a~~roximate scaling T - X* , so that an increase in T up to a factor of sev~n
may he obtained.

It is conceivable to improve the open fielf line confinement T ,, hy Sorlc

enrf-plupglng “.ectin~que or hv plasma injection. A ~nrresponrflng Increase in w

may be obtafnerf. We vary w for the FRX-C case

Xs. The results, given in FiR. 3, suggest T - v f.:f ‘ah*e “ at “nnstant s andand an increase of w frnm 1
to 3 yields about a factor of 6 Increase in T. Furthermor~, lncreasln~ w

Clc.crpascs the val(lc of the dr{ft parameter v /vi at the seraratrix. Thfs mav
Rrrativ rrduce anomalous transport If n rfff~~rent sntllratinn mrchanfsm SIIC}l as

ion trapping 5 is relevant in tl~r weak drift parameter regime.



-4-

3W.
● TI.IEOIA

230 “ A ExPERIKNY
_ r90.6 R ‘/p,.

i ‘2

●

:200 -
=
~ 130 - ●

0, A .
?

S1’.l

(.1)

(i))

TARI, I I

Cam.nl!wnlu A#ll mm} n I(’W m! 1)41 4

w

,.

l’”l}lll, . { Imwltv },,
‘m s :, 1,

!it’ ,1: 111}. ill ! 1, ’1 [:1 !.’
~. w

(,l,lfr ) l.i 1 (@v)

(.1) l’!t Y-(’. :; ,’:

(!1) I“l(:i(:. :; )1, Fh).k 9 .Ab 1.1 RI(I I 51 .\. 18

llw - 1 :.\,.) II .41 I .’ . ! .1, , I \l .$ I,:V ,,,

19 .hp ii, \ 19 ,,! J,, ,,l. .

tit .&5 Ih ?., l),, ..1 I . ,’ ..


