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ION KINETIC EFFECTS ON THE TILT MODEIN FRCS

J. L. Schwarzaeier, Los Alamoa National Laboratory,

C. E. Seyler, Cornell University

D. C. Barnes, Institute for Fusion Studies, Univernlty of Texas

Theotyl-3 ●nd mimulation63-Q have ehown that field rever8ed

confjguraticn~ (FRC’S) ehould be un6table magnetohydrodynamjcally to the

tjlting mode, yet tllcing celdom 1s seen in the experiments. Profile

effect6 (wj:hjn N3iD) and ion flnfte larmor radius (FLR) effects have been

propo6ed to explajn the observed stabjlity of FRC’S. The pre6ent work

seeke to test both of these effects.

I. Model

Here wc employ the djaperslon functjonals form of the Vlasov-fluid

model, and then expand jn two small quantities: a.) ~ m rL/a << 1 (small

larrncr radjus) and b) 6 ■ a/b << 1 (hjghly elongated equjlibrja). The

Cwo-djmen610nrrl nature of ;he equll~brfum 1s retajned exactly, nrrd to

leading order In c and 6 we retajn FLR effect6, parallel kinetic ●ffects,

●nd resonant particles.

The ljnearjzed equations of ❑otion have the form6

A(~*,~) = -26h’ + 2M2K + UF - R(w) = O , (1)

whcrz 6W js the jr.comprc~slblu M}IDpocentjal energy, K js the Vla60v-flujd

k“n~tjc encr~y, F js the FLR term, and R(w) contains the parallel klnctlc

effects and reselant particles. In the Vlasov-fluid morlcl the displacement
+
( has two componcnta: i- ~O(M,w)~ + (n(S,$)~# where ~ - 6 x ~S ; n ‘/Bs $

js the polojdal flux functjon, and s js the arclength along a flux contour.

A sjgnifjcant reductjon jn the djmensjor,aljty r! the problem to be solved

jS ~ccomplj6hcd by a) requjrjng that the largest terM in R(w) be Md@ to

vanish, and b) u6j11g the rasult from ?41iD3 that 6W js mjnjmjzed by an axjal

shift, {z(~), for hjghly elongated elliptical equilibria. These

observatjona lead to the formu

{n(6,$) ‘~r(S,$){z($) (2)
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{e(s,v) - ir2Br(s,~)Ez’(V)/n s

. .
where fir(s,$) - ejn a 0 n-z, and the ~nteger n In Eq. (3) la the torojdal

mode number. The only unknown in Eq. (2) and Eq. (3) is the functjon

Cz( *) ● This 161 a vaat elmplificatian over the original problem.

The result of substituting Eq. (2) and Eq. (3) in Eq. (1) is

‘Jeep
A(t$:,~zj m ~ d$ {dl(w)ltzl 2+d2(V, W) I{Z-12) ,

vvor

where both dl and d2 are of the form

dj(~,~) - /ds ij(S,hM)/B(S,$). (5)

The form Eq. (4) results khen we take Jnto account the leadlng order

contribution of the parallel klnctjc effects In R(u), but drop Lhe re60nant

particle terms jn R(w). The variation of A ~n Eq. (4) leads to the

ord~nary d~fferencjal equation
.

d2(*,~)~z “ + d2’($,u)Cz’ - dl($,w)~z = O , (6)

where $ js the ~ndependent varjnble.

II. MHD R~sults

Msg~etohydrodynumlc sjmulat~onb 6how thuL the tilt mode js intcrn:ll,

(3)

(4)

rcullstlc ln~idc the eeparatrlxo

profiles 1s prrwjdcd by the lkrk,

?hcsc ao!.utjun6 arc de6j8ncd so thut

requfru cqujljbrlum Uolutlo!lk tlliit nrl’

Convcnleut control over Cqlllllljrjum

Hummer, Wcjtzncr7 uoluclon for V(r,z)m

thl! “flatn<tili” 01 t}lc flux col~tours

can be adju~tcd by n parumctcr p, wheru

llm $(r,z) - 21).
z+0

r+r
Sep

p - 2 je a lljll’u vortex and p >> 1 it a rucc truck-llke equjljbrjum,

The MID portion of our code hus bncn bcllchmorkcd ugujlltit the llno~,r Mlll~
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simulation code of Shestakov. For a particular run of Shestakov,8 we have

the following comparison of the e-folding time of an unstable tilt mode:

Y-l = 2Dsec (Shestakov)

y-l = 203Usec (present work)

The ma:n effect to be studied in an MHD context IF how the flatness of

the flux contours affect: the Er ~f the tilt mode. Figure 1 shows the

growth rate from MHD versus the flatness parameter p of the Berk, hammer,

Weitzner solutlo~l. The conclusion isi tne stability of the tilt mode is

enhanced siign~ficantly by making the equilibrium ❑ ore race track-like.

Addltjonal ru~,s have to be made for larger p, and verlficatiun of the

current results have to be performed to iletermjne whether or Got the tilt

mode can be etabj lized by profile effects alone.

III. FLR Effects

Wjch Kt{D regularity condjtjons jn the cl~rrent model, t?lc FLR term in

Eq. (1) diverges at the vortex due to a breakdown in the assuraptjon that

c<< 1. For instance, near the field null the ion orb~ts are no longer

cycloidal With ncj >> ~d, where nd 1S the (crOS8 field) azjmut],al drjft

frequency. The model is being ammcnded to make the transjtjon from

cyc.oldal to betatron orbjts, and soon wc will be able to ~nvestlga:e more

correctly the effect of FLR.
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