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RECENT RESULTS FI{OMTHE ZT-40M REVERSED FIELD PINCH PROGRAM

R. C. Watt, i!. R. .lacoh~on, R. S. Masse!~, J. P. Mondt,
and the ZT-40M Team

Los Alamos National Laboratory
LOS Alamos, New Mcxjco, USA

ABSTRACT: Details of eq~lilihriurn control nnd resultant dlschargt behavior
~~OM Will he preselltt~d. Interesting results {n several operating
regimes :~nd pos~iblo thonrotlcnt jntcrprc,tntions will be discussed.

INTRODUCTION: RrceIIt d[sthnrp,(’s in tl~c ZT-40M reversed field pinch Pxperi-———— —.
ment (R=l.14m, n=O.2m) nr I,os Alr,mos National Laboratory in the 60-240 k,l
ran~e utilizing power-crt)wb,lrs iIIIr-1 cquilihrt~lm control arc well-behaved with
durations in rxcP5s of 20 mfr. ScjKmLtntcd llololci}ll carbon rings are located
at f(~!lr tcruidnl locntlol]s to net as Iirnitrrs rtnri the aluminum shell And
toroldal nn(l poloidtil field Win(ltngs have r{’ccntly h~cn modified to reduce
error ilelds. 1 For 2-mtnrr fill l~r~~ssur~’ and 12f)-kA plasma current, ZT-40N
achieves tempcruturvs in t}l(’ 2(1[)-300 (’V ri.nge nnd nverage densities in the
l-3X]01j cm-3 r,nnj;cl. A tyl~lcnl sot of wi]veforrr)~ [S shown in Fig. 1. This
pnper w1ll dl~cuss the necvssary equi!ihriurn cnntrolR ne?ried to maint~in n
long-riuratlnn dischnrxc wltl] tninlrniil wnli inccrtictlon. It will KISO discuss
t Wo ~’xp~rimontn! Stll(i i(’s ll(lrf”orml~d ;IL [liff(~rc’nt o Vlll(les ((bRti

and prrscl~l po6Klhlc tll(’t)r~,l Irlll oxpl.unat [on:+ of th{’ fcnture~
w.:~::;$:;

during thcRu studleR.

lJQllJL1ttR1[JFI (;ONTROI. ANI) Fll;l)l\A(:K S’I’AtlIl, iZAT[(JN:,Ier—wv;k+--.-.-— ...- —---. .. ------_._-_-— —–. AK wnH tlemanstratcd fn ear-
iipl)]icntion of H ~mull trimming vrrt!ril! I’ield ~H +tble to extend

tile dischnrgr hy 4.5 ms. T]) I s Cnnr+lrrnt trimmin~ fiu]d iR sufficient to
produce wvll-h(,h:iv~d dischflr$~,(’?; at 120 kA. llowov~r, at higher currents or

Wittl actlv~ dcl~~ity control (}!{lH puffing), the hehnvior hecomee more

err~tic, pnrtlc~liarly rvur 111(1p~)lfjldnl fltlx ~loto A corrulntion between
radinl ly inwortl motion {It tl\tI M:IP, tl]t~ prc)tr[)nci- of h’iVr/~dfntfon (inrlicativc
o; nn vnhnnced l]l~Hmn-wnll lntl’r{i~tlon), rrnd nn incrc~lac in resintivity ha~

hccn ob~crvf’d. Inwfrrd mnt[oll 111 tt)(, fllIx fllot iH nl~o suffici~nt to cn(tee n
rc~d~lctlon iII pln~rnn dcnstt.y 7 (Flp., 2). lh,cn(ler n c[~n~+tullt trimming ficl(l
cnnlmt cope with n timt’-vilrvlll~~ dlHp~ucrmrnt, nrt ‘VC f[~cdhnck control of thu
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HIGH O EXPERIMENTS Disct-,argcs.—
taken at high O exhibit large-
scale magnetic fluctuations (at
the wall that have both m=] and
mmO characteristics. Associ-
ated closely with these mode:;
are diacret{’ toroidnl flux re-
generation events and sOfL

x-r~y f IIX modulation (“saw-
teeth”). i Th c> thr~shold O
value for observation of Lht’li(’

large-scale disturbances is ho-
tween 1.55-1.6. Figure 3 Sl)ows
the ctirrelatlon hetveen tile
magnetic structures nt tl~c wnll
(In-1), the toroidnl f 1(IX
disturbances, and the sawtcctll,
Examination of many dJffcrenL
diagnostics (energy 1(’ss,
radial density profiles, ril(ll~l

C V profiles) lends Uu to co’:-
elude that the Rnwtooth cvcllt t!; n m.inifestation of .~n internal enerfiy
rearranficrn(,nL that is riccompanl(’~1 by n flattening of the d~nsity profiJe nnd
reduction 0[ LtI(” :IX181 tt’ml~l’r.ll~lr~’. A ~)~s~t)matir () d(lp~.ndc,nce iF observr(t

for the llcrrcntn~e mndlll.1: Inn ()f tll(’ s,IwLc*t!tlI (~1}~,. 4). The m=1 IIICIL{C

amplitude red(lces somt’wt~ilt :Ind till, m-f) illlll)! [ttldt~ rclccdem into tile background

lcvrl as LIJ(I U v;\l\l(I 16 l{)w(’rtld !M*]OW1.5!i-l.60 A posslblc cause for chr
sriwlet~th ond m=] magnetic nl(]tlt,s IS the tht$or~’ticnlly pr~’dfct[’d prese,lce of mI

unRtable m=],
4

n=8-J5 c!lrr(’nl-drtvcn t(nrln~ mn(lt~ (kink) in the interior of
thr plnsmn. ‘1’h!s mod{) [s LII(I Kl,l’ :IIIHlOg 01” tll(} m=l,n=l tmring mode that

producc~ so*t x-ray HIIwt~.ItILII ~ind profllt~ flntt[jlling in i+ :okamnk. TIIC RFI’
mode r, llt~ In a lo.w{,rll~~: (JI (1 4’IId tlntlI-nlIIg n f t hc’ rurrvnt profile on

axict. ‘hc cxpurirncntnlly dt~minnnt toroldal m(}de numkwr (n=12) ie in good

agrrcmcnt wltli thu prcdlrt 1011 of tll(I tl]t~ory, TII(I ohsc\rviltlonH nrc nnnlogn(l~
to thoge iII H tokornak. Th,I u (l{ll)endL,nro of tl,~~ Sawt(.rtll ig bulicved to he

the refiult of un eff’rrtivt’ {s1,111[! width pnhnncem(~nt for tllc m-l mod~’
(reeulttnfz ~n ii larg(’r Intf’ruc.tlnn volume) due to the coa]escnce of the m=l
island with t~lv iH!and of nn RI-O mode (0 dellcndent) reftonant at ti:r torolda!
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field null. The flux ru~encration event could result from a toroidal flux
residue left after a tearing and reconnection of helical flux during the
kink, hut the thcoretic;~l connection hns not beun conclusively demonstrated.

LOW ~ EXPERIMENTS: As O 1s lowered to the ~lsual operating range (1.4-1.5),——
the large-scale— disturbances described above hccome subdued and it f6

possible to ~tudy in detail the lower-level fluctuations present. Onc
experiment in this rilllgr involved tile coordinated measurement of toroidal
flux disturhance~, clisturhancrs in the Da luminosity radiated from neutral
gas near the wall, an[l n Arnslty cavi~;lt ion in tile outer 5 cm of the pinch
radius al I of Wlllcll ;I ri, s-vllcllrf)nolls. All thrre phenomena exhihft nn
appal ‘nt motion in Llit’ direction. The magnetic signature is apant’-x~-~ Wb) prcdOmin.lntly
abrupt toroldal flllx jump (l AI$I<l ~fth A@<O. me o
signais in Fig. 5 show prominent spikes ils tllfs disturbance drift~ past the
signal loop. The spt’ed vnrles syst(~mat[callv witl~ flux jump polarity ( AO<O
has v=3X]f)q m/see for large ~’v(’nts wh(’rcns for AO>O, ~lSlX105 rn/see). Th c
radial field nssoclatecl with the j~lmp is cstlmated LO have a torofdal extent

of abOUL [).3 1P. The dcnsiLy c;~vitatton has a peak fr~ctional depletion of
20% of the undisttlrbed riens[ty. Figure h S}1OWSthe measured ~~d~ profile c)f
the disturbance (~olirl Iin’.. upper ,,lot), the geometrical model of tile
disturhnnce (bottom plot) nl~d ~;dl proffle of the model (dashed line, upper
plot). The c~timated pnrtlcle fiux to -;llv wall nssociatnd with the
cavitation (risctfme ~1[) II:;) IS >10;’2 m-~ tic’? . The dc’nsity event has an
associated bu?t;t or l),,

k
r:l(tia 1011 socn in tile immL’diat(’ torofdal vicinity ot

~:.,(. n!?! t{~~lord ill~{!rf~,r(~lntbll,r,

I’hc ele(:t{om;]jl,[lrLi(. :111(! II(,llsl[y dis~llrhilll(’c!i ilrC rn[islstent with tl)o
existt:ncu nlld ~rowLll of .111 II)-() tsliIIld (.(-nt.(’rvd around the tield reversal
Rurfllct’ as predlc[cd by ldII;Il Mill) Lllrory. Th~l mrcllunlsm hy which this island
begin~ to trnnf+latl’ in ttlo ;IIIf.1-l ~ dlr(’~tion Is not \l)]derstood. TWO posslhl,l
thcorctJ.cal expltini’tfnns II:IVI’ b(IiIII I)ruposudt the fir~t bcln~ Lhe presence of
nil jnst~hllity rlrlvcll hy LIJ(I t,l~’~’trorl di;lmagll( Lic drift, nnd tllu Recond hein~
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a spinup process driven by Ll)e clensity cavitation it6elf.’ In this second
model, the ion flux to t!~e wall dut’ to ion gyro-orbit 6crapeoff is considered
to lead to rnomemtum transfer LII the wall in the absence of strong ion
cyclotron turbulence. This momentum transfer, in the absence of any
flow-broadening mechanism would produce a layer of width PCi with velocity
approximately equal to v7~12 in the anti-I

!
direction. Unless strong

electric fields are present this layer will itse f cause flow broadening by
placing a lower bound on cd(ly viscosity (due to velocity gradient driJen
Kelvin-l!elmholtz lnstabtlitlefij and consequently velocity profile broadening
must occur even in the ahsenc~ of other viscosity sources. Detailed kinetic
eimulatlons of this eflecr. lead to the conclllsion that in ZT-40M a layer of

approximately 0.04-m w~(lth may he accelerated up to speeds near v ~.
13xpertments ~l)ich utilize t 11P T
involved (v a Te/B “f:m:m:;(’p ‘f ‘he ‘Wo ‘elocit ‘s

!

and v needed to conclude which of
the two cnnd :atcs is the most Ii’

51) 1)(11)
Ik{,ly C~USC.
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