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ROTATIONAL,INSTABILITIES IN THE FRC:

RESULTS OF HYBRID SI!IULATIONS

Douglas S. Harned*

Electronics Research Laboratory

Unlversjty of California, Berkeley

Berkeley, CA 94720

Simulations of rotational instabjllcies In the Field Reversed

Confi~(lratjon (FRC) using our quasine:ltral hybrid 61mularjon code,

AQUARJUS, have shown that m = 2 instabilities can occur for levels of 1 on

rotation well below thresholds predicted by previous theory.]tz

AQUARIUS js a fu:ly nonllnear, two-djmensjonal slmulatjon code. X()

axfal varjation is allowed (j.e,, k i! = o). Ions are treiited as partjcles

and electrons are cnnsidercd to he :, milssless flujd. Tht’ eleccrl: and

ma~netfc fields are d~’scrjbed by the Darwin (nonradjatjvej vcrslon of

%lx’wel 1’s t!qllatlons. Sqiliir~, conducting will 1 boundiirlt.~ are t:~ed. We

il$isunlt’ tilat tht, pl.ls:w is jnltjally 111 a ruta[jnfi rigid rotor uqujllbriurn,

IJIL}) parameters slrnl l;ir to tho%~” of FKC experiments after 10II spin-up has

(JCCllrrU(!. Any ullst;lhlt) ini)rf(, ‘wjll bt, n:llur;~lly cxclted by tl)e thermal r,ols~,

in tl)e lnitlal eq(liljhriunl.
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growth rates are comparable to those predjcted by Freidberg and Pearlsteinl

a~d by Seyler. 2

For reversed (FRC) equilibria we find unstable m = 2 modes in a range

previously the”-!ght to be stable, a < 1.0. Figure 1 shows growth raLes for

the ~=z mode as a function of a. For the results of Fig. 1, fik = 0.05

‘c i and field-reversal is 60%, I.e., lBz(0)/B~I = 0.6. For a - 0.0, 1I’,

this case, 60% field-reversal corresponds to 60 M 0.65. We fix IBz(0)/BOI

rar.her than 00 because thjs Is consistent with measurements In the PIACE

experiment at 0saka3 jn whjch lBz(0)/BOI does not change sjgnifjcantly

during the plasma lifetjm.,, jndjcating chat 60 decreases as spin-up occurs.

The entire range of a si,own in Fjg. 1 js predjc[ed to be stable by FLR

theory. These new results, with low unstable values of a, are consistent

with measurements of carbon jmpurjty rotatjon jn FRX-B.” The maxjmum r;ldjal

perturbation in the unstable modes of our FRC simulations has been found to

occur near the fjeld null, where resona[lt jon effects would be strongest.

Thjs js jn contrast to the nonreversed ca$e where the maxjrnum perturba[jon

js nea r the plasma edge. Our results are an jndicatlon char, as in other

confjguratfons,5 the de;tahjljzlng CC)I_I[rjbULjO17 Of rcsona’t lonst .ma v

prevent absolute finjce Larmor radjus stabj ljzatjon from occurring.

An example of a long sjmulatlon run showjng nonljnear bcl~avjor js shok!ll

‘n Fig. 2. At long tjmcs boLh the re:~l pa.:< () i r;),. frcq~lcr~cy ;1[Id ttl(’

growth rate are found to decrease. ThCS(- observ;~tjo:ls :Ir(! lo[lSjSIC[l L wjL]I

both tl~e PXACE and FAX-B experiments.

wc have varlcd B(j to ~ec the effect of profjl~s that ur( more sllarl]ly

peaked near r.h c fjeld null. Sjrnulatjons show t\l:IL d~’creasing b. \j.e.,

reduced compression) j ncreases the growtl~ rate of tllc m ~ 2 modr fur ii

f jxed Vulue of n. Ilowever, thjs result Hllould not lml~ly short~,r lltctlm~~s

for reduced cornpressjon CHSCS since as [Jo IF reduced iv Ktlould t;lkt, lon~l’r

for spin-up to reach n g}vcn VUIUQ 0[ a. s:rrlulnt’jells tlilv(! also Sllowll tl);ll

for low values of Do there exjst unstublc modes wjtl] m > 2.
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The most recent results from AQUARIUS h-ve been with !ncreased values

of S .: R/Pl, wt,ere R is the major radius a.ld pi is the jon Larmor radius in

the external magnetic field. Our FRX-B simulations used S - 10. For cases

where S=31 ! similar to Fit.X-C, we fina much lower growth rates. This is

presumed to be dl]e to a reduction In the destabilizing resonant ion

effects. For a case With a - 1.0, IRZ((’ -~1 - ().82,and ~ = 0.0C)5 Ucj,

the m = 2 growth rate i.a found to be Y = 0.0026 Uci and the m = 3 growth

rate y = 0.0072 Ucj. These are approximately a faccor of ten lower than

for FRX-3 parameters. These Iesults Indicate that the plasma ljfetime

should : ncreasa for larger values of S, not only because of the expected

reduction jn spin-up, but also because of a reduction in the grouch rates

of ruttiti onal jnstablljtjes.
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Fig. 1. Growth rates obtained from Gjmulation for the ❑ - 2 mode as a
function

of a. lBz(0)/BoI = 0.6 and fle - 0.O5 Ucj. 60 varje6 from 0.41 for

a = 1.2 to 0.65 for a ~ 0.0.
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Fig. 2. Particle poliltlona in tht r - 0 plane

Eio - 0.49, and Klti - 0.05 U~j ● t time lnterval~ of 60 w~~, i rom t ■I o to\

for an FkC wjth a ● , 1.0,

t - 300 u-’
-.

Cj “ Il)cue frumts correspond to 1.6 uti int~r~alb fur FICi-lJ

pnramctcrs.


