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Transport Properties of the Interacting

• Magnetic-Island Model of Tokamak Plasmas

T. A. Gianakon, J.D. Callen, C.C. Hegna
University of Wisconsin-Madison

1500 Johnson Drive, Madison, WI .53706-1687

This l>al_('r (,xphn'<'s the ('q,lilii)l'iltln _tn<l transient transl>ot't 1)rol)(u'ties

tol)oh>gy is (:Oml)()se(l of a (lis('l"('t(_ set of mostly ll(1)n-ovm'lal)l)ing magnetic

islan(ls centered on the low-order rational surf'ac_'s. Transport across the

island regi_ms is fast clue to pal'alh'l tlansl>_n't _l_>ng th,' st.ochasti_: magnetic

field lines al>(>ltt t lie sqmratrix c_t"('a<'ll islan(l. Tl'nnSl>_n't l_,t\x'_.cn island

regions is assunw<l to 1)_, slow <lm' 1() a hm" r_,si(lllal c'ross-fid(l tranSl>Ort.

In c(luilil)riulll_ sll('lt a model leads to: a n(mlincar _l('l)('_(l_,_c_' of the heat

fl_x on the 1)ress_u_' gradient: a l>OWer I)ala_we (litf_sion _'(_,flici(,nt which

ilI('I'('_IS('S fl'()lll (,O1'('1O ('(lg('" al_(l l>l'_>fil<,_'_'sili('n<'3".Wl'_l_si<,_tl\'. slt_,h a l_<)(lel

difl'_sion ('o_'_icienl .
-

Pm:s m',ml)('rs" 52.25.Fi. -') -" 52o_.oo.F'a. .3{)..11),52.65.1 z.
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I. Introduction

"( ' • "'0'Tlw d('v('lol)lnent of realistic m()(l,'ls for 1)laslna t,ransl)ort 1)1_((:ss :s re-

lnains a k('y" iss_w for charact(,rizing tor(_i(lal ccmfinement syst(,nls. Howev_,r,

..... (.xlst.c n _( ofmany of t,h_' transl)ort mo_hqs in tokalnak 1)lasnlas rely on the ' "'" _ ('•
!

a well defined toroida, lly.,'symmetric magnetostatic e(luilibriunl, t The intro-

(luction of magm'ti(' islands cmtsed by symnwtry,-1)realdng nmgnetic pertur-

l.)ations wollhl alter 1reich cJf tll(' nla('r()s(:_l)i(' 1)henomen()logy of tokamaks.

.Nioreover. m(_st stal)ility, tllrl)ltlcn(:(, an(l t,trl_uhmt transport studies do llOt

a('('o,tnt for the eff(,('ts of an alt' ('1'('(l maglwti(' tol)()logv...

A new 1)aradigm for the "eqllililn'ium" of tokamak plasmas has been 1)ut

f'ort,h, '-'':_wh('r('in a s('t of int,era('ting lnagn('ti(' islands is used to describe

the g(ulcral state of t.h(' magn('ti(' t()l)ol()gy. The mo(hq is an att_qnl)t to

d('s('ri})(, an int('r_n(,diate state of magn('ti(' t(Jl)(_l(_g3"wlwr(' a tinlc-x'arying mix

of t(_l)(flogi('alh',.... (los:d''(' toroidal flux s,lrfa('es, lnagneti(' islands, and regions

of lnagneti(' stochasticitv are ln s(.nt. This is t,o 1_(' (,ontraste(l witlt tit(.'

more st._ndar(l 1)resuml)tion of lnagnet, i(' t-llwt,lation indu('(:'(l transp()rt., wh('re

glol)allv sto('hasti(: lnagneti(" fi(,l(ls 1)r()(ltt('{'tlle (l_mli,mnt 1)lasllta tl'allSl)()rt

l)l.()(.(,sscs.t,.,



Th(, unclorlyin_ f'ornmlation fi)r thi_ m()(l_q is lms(_d _)u a ll¢_o_:lassi('al mc_(l-

t_roi(lal 1)laslnaS ('altsu the' ml¢lil.i_)n (ff a 1)aralh'l _'h'('tr(m \isc(_lls stl'(,s.'-; f()l.'ce

" in t.h_' 1)roj(,c'tion ()t' ()lml's law along t.h(' lnaglwti(' fi('i(1. Th(' l)aralM vis-

_, ('ous tbt'(:e l)roduces an e(lnilibrillln 1)arallel 1)lasma current proportional to

the' _'r(_ss-ii_'l(l l)ressnr(' gradi(mt, t lw 1)_otstral) ('llrr_'llt. This a(ldition t(:) the

()liz_'s Law l_rovi(l('s ;,t'c_,ss t() 1)r('._s_r,' gra¢li('nt t'r('(, (,llt,l_y f()l"th(' r(,sist.ive

lands.'-"__- A,(hlitioually, a stochasti(' lav_u', (l_w t() tlw 1)t'_:'_(u_('(_, of distinct

islan(ls a('l'(_ss th(_ plasma ('xt('nt with diff_u'('nt lwliciti(_s, is generated about

' 9
t.lm s<;1)aratrix of each island. I2al)id 1)aralh'l transl)r_rt tlwn f-latt('ns t lw den-

' ()t' a h_,at ._,,_r_'_,within the' islan(l S_!l)artrix. a_'r()s._ _'_t,'h islal_l. Tll_' t-tatt('n-

ings of thes_ _l)rofi!t_s then modify ,h(]_(_otstral) ('_rr_q_t an(l ultimat_qv affe('t

('ach island's widtll. Model (_(l_mtions d_'s(,ril_ing the, growth and interaction

of th_:se bo()tstral._ ('urr_'_tt dri\'(u_ magn(,tic islan(ls l_av_, 1)_'en (l_,riv(,(l'2":_and
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l)r(,(lict _lolml tran._l)()rt l)r()p_'rti('s ll._in_ analvti('al m('th()ds. H()w('ver, mr-

m('ri('al simulations ()f the model ('quati(:ns can b(' us('(l to _Inc()x'er some

sali('llt f(,atures of this mixed topology mod('l, hi th(' mlllwrical simulations, "

:l s(,t ()f Ina/n('ti(' (,\'()llltion ('(lllati()ns is ns(:'(l to (l('s('ril>(' tli(' tim(,-variation

()f' th(' spatial ('xt(,itt ()I' a fini)(' s(,t (;f Inagll('tic i,_lan(l._ ali<l ._t()('hastic lay-

('r._ acr,.)ss th(' plas_ta ('xt('nt. In tlt(, (lill:'('ring t()l><_l(),t_icalrcgi()ns, a mod('l

transl)ort ('(luation for tlw plasma pressur(' is usc,(l t()(t(,scril)(" th(' pressure

(,v()l_tion. D('tails l)(,rtaining t() tlt(, n_nl(,rical it_tl)l('n_entation ()f this model

ar(' (li,_('_tss(:,(lin Section III.

islal_(l n_()d('l at(, l)r('._(,,_t('d whi('it (,xl)l()r(' l)()tl_ th('_t('a(lx'-,_tat(: ai_(l transi('_t

l)r<)l)(,rti('._ (>f'tlm model. In th(' final s('('tio_, tlt<' lmsic l)rOp(,rti('s at(' r(!(l_c('d

t()a f'_,w k(,v ()l)servati())._s which sho_l(l I(, al>l)li('al)l,' g(,_t(,rallv to _nix('(l
#

)()l)()l()gy n_()(l('Is.



II. Model Equations

Ill pllrclv resistive ._IHI_Dna(_cl(,ls, xllagn('ti(' islan(ls _'an apl)('ar through

-} ,,t('arxng instalfilities caus(,(l 1;c large (,qlfilil,rium current gradients lcc.atcd

near rational magnetic sllrf'aces, l0 In ln¢",s'('nt (lay tokamaks, such modes are

. ...X' . .A'gem,rally flmnd to 1__ stabl(,, i.e < 0 wlwr, _ is the tearing mode

rcgiln,,) 1)laminas. lmrall_'l \'isco,> str_,ss('s (1),,twc_ql tral_pe(1 aim untrapped

1)artich:,s) an(l parallel \'is¢'o,> for('c,s (which orals(' poloidal flow damping and

th(' l_ootstrap {'urrent) l_e('()In('imlmrtant and a lle_'lassical .NIHD forlm>

lation is rel_,vant. ¢i Stalfilitv stltdivs 1)ase_l (m n¢,o-classi('al .XIHD indicate

tltat wlwn th(' pr(_dll_'t (_f'the' rn(lial pr_,ssltv(' gra(li_'nt n_td the, radial sh_,ar in

t ll_' (l-ll)rofih ' (dp/e/_')(clq/dr) < ()(xvhi_:h is gml,,rally tr_(' for tokamaks), the

radial press,_w gradi(u_t will ca,_s(' magn{,tic tearing tl_ro,_gl_ s(,ll'-('o_sistent

fl_tct_ations in the lmotstrap c_u'rent ,i,r \Vh_,n the an_plit_(h' (_I'the _node

. ira,teases s_tch that tl_(' r('s,lltil_g _lag_t(.ti(' isla_¢l l_as a wi_ltlx lit (,xc(,ss ,,t' the

11.12

li_car r_'gilt_' for a_t axis3"n_wtric t(,ka_nak l_a\'_' I_(,_,_ (lex>lol_,'d fl_llowing

................ _1........ '+................. _........iv'_'--_'"=-; ...... :........................... _ ......



(1_1c,1_,l_¢,_)('las_ical ¢,ff(,('ts il_t 1"()([11('_'_ _t l_()()l,%tl'_q) ('lll'l'(,llt (tl'iV(' lll('_,h_,llliSlll f(_l"

the (l('stabilization of"('a('h islan(l. TII(' r(,s,tltillg (_(tuation f}_r _a('h llmgneti('

islan(l is given by '-'':_

, II' c 4
tlo 1 dtl', _ (I.6__, + - (1)
_1,,,.9** (tt ( ,'_ + I,_,.,,I)_'.=_

wh_'r_' the ._,_l)s('ril)t i l_,fi,rs t,, tla_, i,,.laml t('s(_ltaltt _tt tlt(, (/=/t¢,//¢, ratiollal

s_trfa('__. ,/,,,. is the _w()(:lassical r(,sistivily. _./I,,l,= IV(I,I_, is a _t(,tri(: element

(,validated at the rational s_trf'ac_, in th(, Unlwrturbcd g(,olnetry, u,, is the island

half-width in fl_x coordinates...X;, is tlw t_'aring lllOdO matching con(Iition,

b,_,'il is th¢' sto(,hasti¢' lax,'r ,'xt,q,I t'r,,tt_ th(, isla_t([ s('paratrix [se¢, E(t. (3)

I,¢'low], an(l ,_',. is a i)_tra_ll,,t¢,r (,t"t}_,' f'(,__t_

u',,-- 1.4v/7._0L/, (2)

wh('w e - _'//_' is the aSl):(t'• (' ' ratio. ,)'0 = 2/_,11)/_)_ is th(, p()loi(lal 1)(,ta. and .

IV,I,I L,, ; ,Iq/d,I, and L? _ = IVq'l-',//,/dq' i,,v,,>,, _,'al,. h,,_gths ,,f'

tlw (l-l)rotih , and tl_, pr,,ssllr_, l_,_til_, _,\all_t,,(l _ l lt¢' l(_l_l_gi('_llv t_)r¢_i(lal

tl_¢' two in_l_('¢liat('lv ad.iac¢mt islan(ls.



(lll_'tix>lv _lrix'elt cl_,ctric tiel_l c_mtrilmti(_t to ()hnl's law _l_tv to the, gr_wing

" magn_'tic island. The first ternl oil the right ('Oral)rises the stal)ilizing effect

, _f" magnetic' field lin_' b_'nding, whi_'h tier this lmrtic_tlar mo&'l is tal,a'n as

.X' - -'2_,/r._. wh_,r_' t_li (ass_t_,'_l > 1) is tlt_, ln_l_idal n_l_' m_nt_er of is-

ge_n.('try associate(l with islan(I i. Tlw final t_,rn_ ropres_qtts a perl;_rbation

_t' the I_o(_tstral) c_rrm_t _l_(, t_ t.h_, l_rcsen_'_, of the island l_t with a modi-

t_ the, 1)ress_re ¢liffusi¢m time scale. S1)e,:itically. tl_' 1)rt'ss_r_ ' l)r¢)fil_, near

tlw islan_l is _:onstructed l_\, asSl_lning Val)i_l lrall.Sl)()lt al()ll_ ti_'l_l li_'s (so

lliat a flat l_t_,ss_lr(, l_t'_fil_' _,xists ill t]_' sl_'l_;tsti(' l;tv_q). ]:_trtl_,,r_l_ro, the'

;tl)s{'ll(,(' Of heal ,";()lll'('('S ()t" sinks witlti_ tl_' S_*l)al';tlliX _f' t lt_' isla_rl in_l_li_'s a

ttat l)ress_m , profil(' a_'r_ss tl_e islaml. _:_



lan(l. :kn _,stilnatc I'_)rill(' x'al11('()i"_s,,'i, th(' ('xt(,nt ()[' tlw st()('hasti('ity in t('rlns

()f' th(' p(>l()idal flux, l>as('(l ()n th(' width of s(_condary island_ r('sonant at the

scparatrix of tho I>rimary magn(,tic island has lwen used. !) The wMth of this

stop'hast.i(" la\'('r al>out th('. I ( . "s(, >aratrix _t' islan(l i at. qi = t)_i/t_i (",msc(l" I>?,"a

ma_;n(,ti(' islan<l (>I'Itali'-width "'.i (.) # i)at ill(, r(,._()n_tltt s,lrfac(' qj = l)t)/,_.j

is gi\'cll 1)y

,5_.-/= .,_ _:zp(-7r/2_x.) (3)
F(23/) (.X/2) '-''_t+t '

wlwr(, 3I = _)_j/,_.._k = _),.,;/_ko_.2 I, and __k;5 is tl_(, (listan('c (in t,crlltS of

th(' l)(>l()i<Ial illtx) ])('tw('(,ll tlt(' I\\'() l'ati()llal s,tt'I'a('('s ass()('iatc(l witl_ island i

and island j. In fa('t, E<t. (1) i_nl>li('s the g(.n(,rati<m ()i'a st()chastic layer al)out

th(' l>l'ilnar.v island (I_(' to all oth('r mag_('ti(' isla_t_Is. How(,vcr, th(' off(,ct of

mot'(' than (>11(_'il_cOmm(msm'atc h_'ll(_tv'" ., ()n t h(, wi¢Ith ¢>f'th(, stochastic lax'or

is _(>t ('asilv dot ermixw(l analytically. Tlwr(,f()r('. t'()l th(, l>,_rl)()s(,s (fl' this

anal\'._i._, tli(, st o('hastic lav('r I'()r ('a('h islal_(l will I>(, ('_l(',tla)('(I lms(,¢l ()II th('

i,()' ,



wlwr(,N is(h(,totalmlnl]),,rof islalIcls.

"_ (, l(,11 H('ana a l_as l_(,(,n (,xt(,n(h'(l t() acc(_tl_t[ h ()riginal i11o( )v ll(l ('all('lll:_

fl)r th(, r,_cluction in the bo(>tstra 1) ('llrwnt 1)(,tw(,(,n a l)air of islands flu(' to

th(, ._hrinl<a_c ill t.lw t'ra(,t.i(m ()I' noll-st()('ltast.i(' ._llrf'a(,(,s l_(,txvc(,n tll(, islands. :_

, Tli(' nl(>(l('l ('([uatiol). |'()I"('m,h i._lan(l is ()f Ill(' l'()rm

t/()_ 1 clu,i

_l,,,,.q** dt = ().GX_ +

(di-l,i -t- dia+i) _li-l,i di i+1 ]- - " , (5)
tl!cff,i .---_i-l,i- tl.'_ff,i-I "-_i,i+l -- tl)cff,i+l J

Vvli("'1("' t h(:' sul)scrilJt, i illdicat,c.' 's the l)rimm'y islan(l an(l tlw s_l)scril)tS i - 1

and i + 1 inclicat(, th(' iln_(,di;_t('ly a¢l.iac(,_tt isla_(ls. Phvsi('ally. t.l_(' first

tcrin l)rop()rtional t() u,,, r(:,l)r(,s('_ts tlt(, l)r('x'io_slv (),ttlin(xl l_()()istrap current

(h'iv(, mechalfiSln. The two additional terms l)rOl>()rti()m_l to ¢c,. rei)l'esent a

r(,d_wtion i_t the drive mechalfiSln oxt the two sides of the island sil_('e adjacent

isla_(ls that are ¢listanc(. _X,__., all([ -Xi.i4.1 away l'('(lll('<' tl_(' :;_li;_l ral_g(' ox.'¢w

\\l_i('l_ th(' l>ri_ar, • islan(l l_(,licallv (list()rts tl_(, _ag_<'ti(' s)__('_ l_r(, ar()_ml it.

" A(Icliti()uall.x', all (,ff('('tiv(' isla_(l \vi(I)l_ is i_ttr()(l,_('('_l a._

= ("'/+ 0,.:,1)":'.

wh(,r(, _'i is the islal_(l half wi(lth an(l 1(5t.'il is tl_(' larg(,s( st(>('l_astic laver

al)()Itt islan(l i. Tit(' ('()clli('i('nts _/i-._., a1_(l _]i.,-l-I_tI'(' i_tr()(ll_('c(l t() S_l)l)r(::ss



half the bootstral) clu'rent drive when two adjacent islands overlal_ and are

given by

0.5, Wcff,i Jr-tUeff,j <_ /_ij

di. j = (7) .

0.0, otherwise
!

. • , , i ewhere Aij is the (hstan( : between islands i and j.

This nlodification to the original island evolution equation is motivated by

the fact that as two adjacent islands approach an overlap condition, very few

of the, magnetic surfaces remain non-stochastic. Since the pressure gradients

(and the resulting bootstrap current) are sllst.ained only on the non-stochastic

surfaces, the redu('tioli of the 1)ootstra I) current drive lmtst accoml)ally the

disaI)l)earance of these nOll-Stochastic surfaces.

In the original formulation of this prol)lem, the pressure transport was

assumed to be infinitely fast cOral)a1-"- ' "(_d-"to the magnetic island evolution time

scale. As sllch, a gross silnl)lificatioll to the pl'eSsllr(' rl\'nalnics v,:as made.

In the non-stochastic region 1)eyond both the island and the stochastic layer

al)out the island, the 1)tess,Ire gradient was fixed as a COllSequence of a con-

stant heat flux 1)oundarv condition (asslmfing no pressure sources or sinks

exist in the vicinity of tit(:, islan(l), l:_ \Vlwn two islands o\'(,rlapl)ed, the rapid

transl)ort along fi(:l(l-lin(,s tll(,xi ('a,ls('(lan il_lnic(liat(' flatt_qiing of the pres-

1()



sur_' 1)rofile. While sllch a 1)rocedur(' l)(),_('sno inh_u'(ult (li_('ultie,_ for only two

interacting iMancls, s,lch a mo(lel is insuiTi('i(ult for multil)h: islands xwho,(."the

(:(luilil)ration of pressur(_ across tw_ _v(,rlal)l)ing islan(ls ntay ltav_' a l)rofound

" _!tf'_ct _n_ th_ gra.(li_'nts al_()ut ll_'i._hl_(n'ing islan(ls. To 1)ortray this pressure

d.x'namic more realistically, t h(_ original model is C'xl)andod to in(:lu([(_ a l)res-

sllr(, _'volution equation in c,vlin(lri_'al _('_m(_try. Namely, a (litf'ltsion (,(luation

of the form

0--7= ,.a,. \ + (s)

\vh(n'(_ \ is the 1)r('ss,lr(' (litf'usi()n ('()_,ttic,i(ult and is tal(c_n tc_ 1_, a function of

t,h(, tol)ologi('al character of t,h(' r('gion. S1)('(:ifi(:ally, tlL(, (litf_sion coefficient

is tak(ul to 1)_ 104 m_s -_ in regions dominato(l t_v sto('hasti(' s_u'fa('es and

1 _n'2s-1 in regions (l(_s(:ril_e(l 1)5"non-st,_(,hastic s_rf'a(',,s. Th(' so_r('(, term of

" E;(I. (S) is normally set t() zero _,xc_,l)t t_ il_l)h'm_'nt a _'(n_stan_ h(,at flux at

th(!, inn(,r 1)o_mdary condition ttlt(l to sin_lat_, off axis l_,'ati_.g _,Xl)_'l'il_l(,lltS.

The' pressur,_ • is fix(_(l at the' o_tt(u' 1)()_tn(lary which is the, l)laslna _'_lg(,. \\_hile

s_ch a cylindrical al)l)roxin_ati(n_ is a j2;r_s._ov('r-._i_nl)lifi_'ati_ _ff'th, _ act_al

11



teresting insights into the n:a(,roscol)i(" transl)ort 1)rol)orties of this model.

III. Numerical Implementation

To ('xl)lol'(' tile ma(:r()s(,()l_i(' foatur('s of this ln()del, a cylindrical annulus

of 1)lasma is assumed with a Sl)e(:ifi(:d he_t flux at t.h¢' inner radius and a. fixed

1)tess,t:: at the edge The nmm, rical values of' t h(_ inner and outer radii are

d(:'t.ermine(l from the e(lllilibrillnl (t-l)rofih' and basc:d o1_t h(' ratiol:al surfaces

(h,fint:(l 1)\" (1=1.099 an(l (1=3.5()1. Th(' c'lloic(' of thes(' two rati()nal surfaces

is arl?it.rary, but a voi(ls tit(' h¢,atinA 1)rofih' and sax\:t_:'th associat('d with the

plasma core and l_e('llliarities associatod wit ll the plasma edge ..........fi:atures that

at(' not presently in(:hldod in the nlodel. No distinction will be made b(_tween

(lensitv and teml)(,ratur¢" inst_'ad th(, 1)r('._sllr(_ will 1:_¢,¢-,\'olv_'(l via Eq.(8)

witll tll_' tw(_ (lisl)arat,, \'alll_'s ,_t' \ t'_t ,_t<J_'hasti(' all(l l_{_lt-St_}_'l_asticregions.

F::rth,'r (h'lails of the' l_::n_u'i('al iml_hu_:_'ntation (_1'tl:_' 1)r_'ss_re evolution

(,(i_tat_iolt are discussed 1)(::Iow.

The equilibriun:q-l)r(_filoisnot (,v(_Ix':,d.l_::tisass::n:(,(lto l?e

'2

q-- (1-4-(,'/,)'-') (O)

wh¢,:':' _' is the' 1)lasma l'_(li:t._, al:(l _ is 11:,, 1)lasma llii:l(_r ra(lius. \\:hilt the

12



abox'( _asslUlll)tion d()es not. 1)rovide fl>r a 1)ossil,le ,:flange in t.lw ('qlfilibrium q-

1)rofil(' (l_u, t(_ the l>r(,s¢,l_<:(, ()t' islan<ls, this siml)lifyillg al)l)roxilllation has the

ass()ciat('(l with th(' mo(l('l (,(iuation an(l tlw ('vlin(lrical (,o()r(linatcs of the

l)r(,ssuw (:volutioll model. S1)¢'cifi('ally. tlw (,(luilil_ri_tm flux is r(:lztted to the

(l-l>rofih ' (in a larg( _ aspect ratio ('Xl)ansion) l)y

,I)= 1

\vh_,r(, tl_, fi_tx \'arial_l¢,s aml islaml \\i_ltl_,_ l_av(' l_('(,n n,>rmaliz('d t,\- the factor

13,:,(,.-'. the, 1)ro(lu('t of t,h(, (,(luilil)ri_l t_,r_)i_lal mains'tic fi(.'l(lon axis and the

.,sq_tar(' ()f' th(' minor ra(li_s. Sl>('cifi('ally, xv(' have, assumed /3'_;_0= 5 T and

E(Is. (9)al_rl (10)aml is gi','_'n l,v

I ] I/'_,'- -1-t 1-2c_ (11)

wh(,r(' c:.)is _I\,)""('.nl_\,.,

., .,(1 + ('()._(_,_0) ] l/':<'>= (I'()::t:: "7/' r + ,,'- ] ( 1'2)• ' '2

i_ wl_i('h (I,() is tlt(, ('<l_ilil,ril_n_ ll_x _tt tl_(, Imrti('_l;_r _;_ti(,_al s_r[a(,(,, i_,,ff
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is the otf('clix'e isl_m(l wi(lth whidl in('ludes tlw stochastic la,yer, u, is the

isl_ln(l wi(lllL ill t,ll(' nl)s('ll('(, ¢)f' a st()('llast.i(' l_t\'('t. Ill is th(' pol()idal tootle

mlltll),'r ()t' Iltc isbmd. _tll(l () is a l_)l,,i,lal angl(,, l:igltl'v 1 is _ projection of

the 1)laslna vross-s(,vti(m _lt,n tix('(l tor()i(lal allg;l(, and ill_lstratos a typical set

of islands lmsed on 10 M\¥ of centrally injected poxw'r. The uniformity of

phase., l_otw(,cn the islnlt_l st l'_lct,llros sh()_lld not l_<,col_str_ted as reMity; it

sten_s t't'_m_the la('k ()t' t_ll_s( ' i_t'_)r_ti()_ il_ th(, ()rig/ireful_){1('1.

()n(, sh()ttc(>_li_g ()t')1_(, n('_.'l;tssi('_tl XIHD tn<)<l('l is t tt_tt il l_redicts that

a mag_(,tic islan_l ()f t-init,, wi_ltll will t'(_Hn a) ever\" r_tional s,u'face. A con-

tig_rati()_ with a _l(_,nsesot of isb_n_ls necessarily i_l)lies i_'\'itable island

()\'erl_tl). co_l)l(,te st()chastizati_)_ (_f tlw n_agn('ti(' _el(1 li_(,s. _tn_l a ttat pros-

lhis \i()lal(,s th(, is<)lat(,_l island _t.ssl_l)l i()_ _s(,_l _()_l(,ri\(, )1_(,ist_,l evolution

('¢luati()lt. H()xvex'('r, kin('ti(' (,tt'('('ts (\vlii(:l_ are _)_tsi_l<' tl_(, 1)r(,s(,nt t'(_rm_flatiol_

(_f the mo(l('l)woul(l likely suppress l_igl_ n_ _ag_etic isla_t(l,_. T_ _nodel this

(,If'e('t, the m_mber of islnl_dS is li_it(,_l t() tl_()sc witl_ \vi_ltl> ;tl_ln'oxi_naWly

larg('r tl_ an ion l_zt_t_ wi(Itl_ (.-_ ().()1 ,). wlti('lt will _l_()_l_tt t¢)cl_()<>sing
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. . \,,du s of r,.is intro(luc_,cl and _iv_'n a fix('¢l value f'_)r ,'a,'h ,_illllllation " ('"

1, 10, or 100 s hay(, be(,n 11se(l. The spatial variat, ion of i1,,,,with the plasma

t¢'nll)eratllr(, (_x T -:_/'') ltas 1)('('11i_lL(_r(,d. Th(, _L¢l<liti<)n_ll<'(mll)lication of

a ra(lially \'al'yillp; l'('._ist ivilv <,ltl\" lll_,,lifi_'s tll(' t illl(' S('al,' ,,t" _l_(' dynamical

(_t'tl_(, islan(ls. As a c()_s_'(tl_'m'e, tl_,, ('l_i('(, (_f'r,. will ha\'(' a l_('aring only on

tl'an,_ient f'(,at_tres of the _n<)del.

U1) to _o\\. th,, 1)r,,ss_re ('\'(_l_ti()_ (,(l_ati(_n lla,_ ,_i_1_15"l_('_'n Sl)ecified

tit(, 1)_rl)_)s(,s (_f'thi,_ anal\'sis, tire larg_,st an_lar ('xl('_ (,t' ;_t i,_land, which

is ti_e varyi_g, is define_l as the con_l)i_ation of tli(' isl_n(1 width and th(,

sl(_('hastic layer widtl_ ;_(1 is /ix'(,l_ l)v ]-_<1. ((;1. "I']_i,.,;_lt_l_l;_r <,xt(,nt <)f"

i._lall¢l, l_t ratll('r that tll(' ._t_clia,_ti(' lax'('r ;il_(_lt tll_' islall(l l)r,_x'i¢l(,s a ral)itl
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stl'lt_'t_r_" _t' the isl;m{l. N_,ith_,r ttl}l_r_xi_tt.i_}n is l_;_rtic_tl_rly comI_rolnising

gi\'e_t _ s_flicientlv ll_-ll'l'OW islan_l and the efF('ctive slnoothil_g of the poloidal

str_tctur{' (l_' to the, stochastic lav(,r.

The, tittle' \_ri;tti_|_ _t' t 1_, ;_t_l_l;_v {'xt_'_t {}ftl_' isl;_l_(l _',_tl)l*'_l to the possi-

s_lllti_n of tll_' 1)ross||r_ ' _'\'_lllti_l_ _'_ll_t/ti_,li. "Y'o _l_';_lwitli tliis complictttion,

tw_ sets ¢}fgrids are i_ttvo(l_c_,d. Th(, first gl'i{l (l(,scvil)(,s the 1)ounding ra-

"1"1_'s_'_'_,n_lg;ricl r{'l>r_'s_'_ts tl_, grill till wl_i_'h tl_,' Sl);_ti;_l lignite' _litI'_,r{,n_,il_g;
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Ill(' tilllt' \'_11'i_tti011..-k) ('_l('ll II('XX"tiltl(' ,_t('l). l)('('_llts(' ()[ tll(' tiIIt(' \'_iriation of

• (,()(,lli(,i(,nts _\'hich (l(,filtc tlt(, liltit(, (lilI'(,t'(,m'(, ('(lu_ttio).).sis t('(luir('(l. However.

• th(, l)t'css_'( ' ;it each _4_'i(|l_oint ¢lo(,s m)t ('h_ulgc, tl_ough th(, loct_t,ion of the

}),ill()llIll ()[ tI':),llSI)()i't l'('l}Iti\'(' t() ill(' t__,_l)()rt _s,_()('i_tt(,(l \\-ith the l)t'e:_sure

(,x'<)ll_tioH (,q)_tttio_. F()_ th(, f'()ll()u'ing _Ivsi._. th,, ti)_(,st(>l_ h_s l:)(,(:n fixed

(() i.()x I0 -> r,..

[,S(>I)E. _;
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IV. Results

lg,v lll(' illt('va('tillg i._l_lll_lxlx¢)(l('lI);i._('(l (111F2¢I,_.(2 ,%). llll111('vi('alsixlmla-

_lxi,_ttx,)([('l. i_1_,_(' f(,_xl_ll('_ il_('llt_l(' (l('I('_lt_i_li()xx _)t': iI_(' i._l_t_(ls V(',_l_Ot_sil)l('

_'_<li_l (l(,l),'I_<l(qw("()f fll_('tl_tti()_ I('\'('I._: _(I ,'ff('('ti\'(' l)()w('r lml_)_c(, thermal

('.',Zl)('vil_('l_)._whi('l_ _,'_I_(' l_(,_t I)i_I.,.(, l)V()l)_,:_ti()s_. .";l)('('ili('_ll>", \Ill', t h(,

_I_ _i_(>_I('I.



l;t\'('l',_, _illli[_tl' ,'.-;tlql('tlll'('.'-¢ If;l\'(' ])('('II ()])_('I'\'('(] ()\'('I' ill(' l';ll)._,(' ()[' l)()W('I ' f'l'()lll

I .hI\V t()t()()() hi\\.

13(,t'()r(, )If(' ('_lllilil)ri_1111l'(';I)_ll'('._()I' tlli._ l_l()_l('I ;ir(' ,l(,);liI(,(l, _t l)ri('f (h'-

s('l'il)t i()It ()f the ('volllti()ll ()t' ill(' l)l'('sslll(' l)r()Iil(' )() tll(' "'('<llIilil)riu111'' stateo

_)_;_II. l,ll) li_it(, xx'i(Itl_ _t(l tl_(' l)r('._,_(' l)r()fiI( ' i._ i_iti;_liz('(l t() ;_ _u_alx'tical

_t()('l_;_._)i('l;w('t wi(lth. I_ r('_litx', tl_(, l>_'(,fil(,xv,)_ll¢l_,)t (,xl_il)it tl_(, ,_h_ul)ly

._('_l(' ( \T,,/_'-' _, 1,3).._<)ll_;_t tl_(' l)r('_.,q_r(, l)r()fil(' _t))il'()r_)il\ ;_l)l)r();_('lt(,,_th(,



ilx T,. ,lral_xti('allv ('hal_2,('._tl_,, r_t(' ()f _'v,)l_lti(,l_ (,f (l_(' 1)r('_,lr_'. I,,It not tll('

r,. l('a(ls t(> a large f'ra('ti()n ()f u(,n-st()('hastic ._u'faces (,arlv in the simula-

ti()_. Th(' a(m-stocha_ti(' ,_rf'ac_,,_ a('t as tho l>ri_ary transport barri,,r and

(.m_._, a lar_(,r l_(,ak l_r_*,_r_ ,. Ev(,_t_allv. _ th(* i_lau(l,_ r(,a('h tlmir sat_u'ated

wi(ltl_._, tl_(, l)r(,_( , l)r()til( , t'('lax('._ t_) tl_(, ('¢l_tilil_til_ l)r()fih ' and lmcomos

i_(h,1)<,_l('nt of r,..

Fig,_r(' 4 ill_strat_'._ typical "'('¢l)_ililM)_m" l)res.(s_r(, 1)rofil_'s for four cases:

a) 2() .X[\\ ()f l>()w(,r i_.i('(t('(l i_ t!_(' ('()r," l)) -l() .XIXV()I"l>()w('r inj<,c'tod in the

,',)r(': (') 2() NIXX",)I' l),,w,'_ i,_.i,',)(',li_ )I_(' ('()r(' a_,l 2() X[\\ ()f l><)%veril_j(,ctod

a) )I_(' Itall'-ra(li_._: a_(l (I) '2() XI\V ()t' l)()w(,r i_.j(,(')('(l i_ tl_(, ('()r(, a_(l 80 XIXVof

l)()w(,r i_.j(,(')(,(l at tl_(, hali'-ra(lius, lu ('as(,s c)a_(l (I), whi('l_ r(,l>r('s('nt off-axis

It('ati_t_,. tl_(, ._x'._t¢,_tis all()w('(l t,)(,<ll_ilil_rat(' at tl_(, l>(>w('r l('v(,l ass()('iat(,d

wi)l_ )I_(' ('()r(' l>rior t() tl_(, a( l(lit i()l_ ()f l)()w(,v ;_) )Ii(, l_;_II'r;_(li_. ()_tsich, the

l_II" ra¢lil_._, tl_(, l)r(,s,_r( , i)r()til(, f()r ('_s,, ;,)a_(l ('_(, (') Ii_;_)(-l_(,x;_('tlv _Ii_('t()

l_alf-ra_li_s, tl_(, l)r(,._s_r(' l)r()fil<, f()r c;_s(, a) ;_(l (';_s(' (') _at('l_, ('xc('l>t for a

(:()_st_ll_t ()ll_('t (l_t(' t())I_(' l_('a)il_ at tlt(' l_nll'-ra(li,_._. C;_._('(I) r('l>rOs('nts th(,



('_lllilil>riltllt 1)r()til(' f()r a c'a._(' wlt(,r(' tlL(. (l()lllill;tlit ll(';Iti_lg i._ ()if-axis. EV('n

witll th(, d()lliiualit ll(,atill/ ()It'-axi._. th(' l>r('._sllr(' l)r()til('s (l() n(_t al)p,,ar t()

(l(,viat(, si_lliti('alltlv t'r()lll a 1)a,_i(' 1)r()til(, ._tlal>('. i.('., tll(, l)r()til( ' is "resili('nt."

Ill _)r(l('r t,,('halaC't(.riz(, ill(' (I('U,I'('(' 1() wlli('ll i.qa11(l r('_2,i()llsl)r(,dominat( ,

._rt'_('(,._ a<'r()._s tl_(, _-Illlllll_tl' ('X)('II|. \V_l.'q<'()_l)_t('(l a._ a ['_l_(')i()l_ of the in-

.i('(')('(l l)()w('r. Fi_,tr(' ;5 illl_slrat('._ tl_(' s('_li_ (,t' ./',,._ a_(l l_,,,,t., the peak

)i()l_;_llx'. )l_(.s(, tw()(',_rx(,s tal,:(, II)(, t'()r_,_./,,. - (/_,,_/().(;N)--,).H a_(l pp,,A. --

(I_,,._/4.1(l() -_<))():';. wl_('r(, [},,i i._ ,_a(,;_._l_r(,(li,_ ,_,_i(._ ()f .NI\\'. I>l_(,n()m('no-

l()_i('ally, at l()w 1)()w('r l(,\'('ls. 1)_)tl_ tl_,' 1)('ak 1)r,'._s_r(' ;_(1 th(' associated

_la<li,,nts ar(' suiall. ('()lis(,(l_wi_tlv. tll<, i._land wi(ltl_._ sat,lra)(' at ._liiall values

_._ll(Itll(' t()tal fra('ti()_ ,)f _,,(,(ls,_rt'a('(,s is iar_;('.. .-ks tl_,' l>()w(,r is in('r,'as('(l

il_(r(,_(,l_t' tl_(, ('()lltill('ll_('lll (l('j.Z,l';_([('_ xvi)l_ l,(,w(,r. It' I1_(.i.-,];,,_([,,iz(,s w(,r(, llll-

;_tl'('('l('(l I_x"_1_('l)r(,s._l_r(' :Ar;t(li('_t. )1_('_ )1_(' l>('ak l)r('._s_lr(' x\'(),_l(l l_ax'(' s('al('(l
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i'_/('(_S.

A sinll)l,' interl)r('t_ttion of the,s(' r(,slllts (',tii 1_,, tn_/(h' 11sing ,t l'('c(,ntls'

1_,_i¢'_1r('gi¢)l_. Tit(, l_l'(,ss_r_, (lt'()l) across _ 1)_t'ti('_l_r l'(,_i_tt of the, plasma is

llt_,_ _iv('ll l_x" -Xl_, -- q-_]'i/\,, wh¢,l'(' \i is th(' ll('at tr_tnsl)(_l't coefficient of

lt'git)n i with l'adi_l ('xt('nt _X_'i. Th(' t¢)tnl 1)r_,.,qsul(, drol) _n_o_nt, s to a sum-

x,_(li,_l ¢,xt_,ltt. The, _',",'r_,,_;_'tl',_ltSl)¢,l't _',_,Hici_'nt is. tll_,n \,,,, -- (_i .fi/\i) -1,

wh_'r_' .]'i is th(, frtu'ti_m,tl ,_r_,_t(l_,s('_'il_'_l ]_x"\i. In the. l_l'_'s¢'nt model, tile

lr_tSl_ort il_ the sto('l_stic r(,gi_n is _t_|_'lt larg_'r (|';_ct_r l() 1) than in the

l)()W(,l'.
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I I

(l))(,),) (,;_lv l)_'(,,:li(')i,)_.__ )l_;_) )l),' l))()(l,,l )_i_]ll ,'xl_il)it. wl_;_l I_;_._l)(,(,_ t(,).'H_('(I,

'_ll_(,ti(" I)i_1_I)Ii_._" i_ tl_(, i_1_I_(Iwi(It1_.__(I tl_(, I)i,,._.,,I_(, l)i()lil(,. Th(' )(,t'n)
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magnetic bubbling is used to signitly fluctuations which a11.:o fl'om the inter-

action and overlap of neighbouring islands and not the rotation of the island

stru_,ture past a fixed diagnostic. Tyl,ic'al rms 1)r(,ssur(_ fluctltation levels at

the center of each island are on the orcl_:,r of fi,.,,,._/])': 10 .5 and are more

representative of numerical noise as opl:)osed to any real fluctuation. In con- °

trasl,, the fllmtuation l_v,?l of a static island rotating past a. fixed diagnostic is

lmlch larg_'r. Such a cliagm_st, i_' ilist_,a_l gi\',_s a flltctuati(_ll aml)litude which

_lq)_mls _nt the siz_ ,_/' tll_' islan<l. 13,.,,,../1_"_ {).1,'//2/,. lr Figllre 9 illustrates

th(_ exp(,cted fluctuation h_v,,ls from sltc:ll a diagnostic bas(_tl on the saturated

island widths fbr 40 kI\\: of in.i(_(,t(,(l power. Strictly speaking, each fluctu-

ation level is valid only for a single isolated island; 17 it's not clear how to

cah'l/late thc _ fluctuation h:,\'¢q \\ll_'r_' th,' islamls ar_ l_,_\'_'ring near ow_rlap

('_)_,diti,)ns. as is th(' ('as(' h(',.'c. "

TI_' final set (ff' _mlm,ri_'al sin_lati_n_s which ha\'_, l_,n conducted ex-

plor(, the transient feat,tres of this rood,,1 1)y int.rod,_(:ing a h(,at pulse at the

inn(u' radius of the simulation x'ol,_n(_. In ('ach ,:ase. tl_(_ inj_'(:ted power at

the, _',,ntral radi_s is {l_l_bl_,¢l t'_}r tl_,, 1}_lls_¢ll_"t_i_,l_ _f" ll) -_ ._. Prior to the

i_l.j_'_'ti,,u _)f th,_ 1)_tls_'. tl_,, sx'._t_._t ,_I",'¢l_tati(mm is st_'l)l_,(l fl_rward in time
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until a st,("",ul\-,."star' o is reached. The 1,flse is then introducecl and the 1)los-','

Slll'(' diti'<'r('nc(, betwe(,n tllc st(,a_lv stilt(, and the p_llso(l 1)rotile is recorded

as a titre't ion of t iltl(, for ._cloct(,(l ra_.lii. Figure 10 ilhlstrat(,s the COmlmted

" prossuro diifcrence for 30 N,I\V ()I"inje(:ted power. Each cltrx'e is characterized

, by, a sharl:> rise in t ho 1)1sslllc'('' ' "' as the heat pulse l(ach(.s"" ' _ ' that radiM location

aim is th(,n fl)llowed l_v a l(nl_ decay. At this partir',l!ar l>Ow(,r, th(, h(._t_t,-p,flse

f('atllr('s ar<' roa(lilv ()])S('l'\'('(l _I( all ra(li_ll l()('ati<)us ox¢'('l)t f<)r tho outer radii

wh(,r,, th(, (liff_tsi\'c spr(,_i(liltg <)I'th<, l)llls(' an<l mlm('ri<'_l i,)is(, mask the ('_,(I,'"

slnallor h<,_tt l>_ls<'. This (,ft:_,ct)>(,('<m,,s m_ro pron()_l)(.ed at higher power

lovols aml pi'o<'l_M('s tho calc)tlation of any, radial d(,l>r,nd(,nt features of the

]_eat p_tlso.

.-ks in l_(,at l)l_ls(, (,Xl>(,ri_l<,nt-s. \ H/' is ('(>_l>)_)(,¢l l>\" ))_(,;)s)_ring the tilne-

t¢)-l)¢,;tk ¢l(,lav at s('x'(,ral r;_(li;tl l(>('ati(,_s, wh('r(, ),li(' ti_('-l,)-l)('ak delay' is tlt(,

ti_n(' lag l>('twoen t,lw start ()f tho l)_Is(, and th(' In'aki_g ()f th(' Im'SSUl'e a,t a
,(,

l>artit'_lar radial location. Fig))r(' 11 ill_lstrates tit(, d(,l>(,_l(qtc(, (>t'the t,inw-

. , )'2t(>-l>oak doiay for vario_> l(,v(,Is ()f injoct(,d l>¢>worl>l()tt(,(l \'(,rs_is (r - r_ , t,lw

s(l_ar(-, of t l_(, (listauc<, l)(,txv(,(,_ )l_(, s()_ir('(, l()('ati()l_ all<l tl_(, r_dial location.

Th(' i_litial sl()l>(' ()f ('a_'l_ ()[' tll(,s(, ('_irx'(,s is th(,l_ r(,lat(,(l l() th(, lwat pulse
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illustratc's tll_' (l_,l)t'll(l,'_l¢'_'¢A' \11/' _,ll the' ili,ic,c't,_'(l1)ow_,r t'_)1'V;ll'iolts l_::_\'tls_ ' o:['

73.l_as_,d _n curx'os silllilar t_ thc,s_' in Figurc' 11.

V. Discussion

S_.'v_4'al });tsic:'obs_,rwlti_,ns ('all l)_, l_la(h' with tllis lllod('l. First, if such a

ltl,_lt,t is \alibi th_'n islan_l._ sl_:h _ts tlt_, 2/1 should b_, ol._sc'rx'al)l_'as fiat spots

il_ tht' t¢,ml_('ratur_' l_rofil_'. Nor inst_tn('(,, at 10 M\\" of 1)ow_?r the q--2/1

island pl_s stochastic r(,gi_n_ has a maximuln ext_nt of 8 tin a:_d even at,

1 .XIXVth_: _1--2/1 has al: _,xt_'nt of 1 ('m. However, these, island sizes _md

l_OX\'_,r1,,v_,l._should 1_, ,'_l_,t'ltll\" int_'rl_r_'t_41 l_as_'rl ,_n tl_,' il_itial assuml)tiol:

ing this diffusion ('o(!t:ficioltt 1)y Sill (}l'(|t'l"()f mag:_it_t(l_' \x,_l¢l (_'XCOl)t for the

(l\'l_:mi(,s) 1)ting the 10 ._[\V cas(' into th(, range of g(,l_(,l'_tting _: '2 (:in (1=2/1

isl_(l. S<_m_.,OXl)_trimental o];sot'vati_ns ha\'o s_gg_'st_'(l tho l_(_s,,s'ibility"that

ll:_gl_et, ic, island-lil:_ _ str:_('t::r_'s :t:_\" _,xi._t ()11 lOW _ll'(l('l" l'__ti(_t_t[ surfac_s in

tol,:,_n_ak ' . '_,0-:,_

lll('lltS ()i' the' _,l('¢'tr()lt t('lill)¢'ri_t_ll'(' l_:'<Ail(' i:_ TFTI-/ (lo ll()t St'(!lil to OI)sel'Vt"
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2,5

" tllat islmlcls grow t(_ la.rgor widths with all in('reaso ill tho prossl_ro gradient

, and tha.t tlw pressuro gra(licnts aro _lrix'(,n Iw the i_t.ioctocl Imwor. La,rgor is-

1_1._ i_l_l_lylarg,,r _,t-t'_,_'ti\_, __'gi_l_.__t"st_cl_aslicity a_l h(,_'_ _smaller rcgious

12_'l;/t(,(I to this ,_l_s(,rx'ati,_l_is tll_ ['a_'t tliat \ _,/_als(_ w,'aklv increasos with

t'_,wor n_-sto_'hastic s_trfm'_,s _,xist witli il_croasiiig ra(lills, wliich t lwn x','sults

_

Tlt,' ti_lal (_l_s_'l'X';_ti_ ;_silt¢lit';xt,'_l itt l:i_. 1'2 is tl=;,t \///,. the' h_'at l_tfls_'
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,._,,i_l_. ][<m_,v_,r, _i_," l_i_)_l(,lt llnt (._lls_,._Ill(' r(,gi_)nl()f"sl()w trnl_Sl)()x't t() shrink

witl_ ;t_ ix_('r(,ns_' iz_ tl_(, 1)r(,ss_x(, gr;_<li('_lt is st_tli('i('_tt t() l)Z'()_l_(:(, sin_ilar r('-

(',)(,tli('i(,l_t. l)i(,ss_v( , 1)t(,til(, 'l'<,sili<,),('v." _z_<l_, }t(,_t l,)lls<, (litt'lzsi()n (:()(,tfi(,i(,nt
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Figure '2' The pressure profile (Pi,zj--40 _.'[\V) for tile interacting island

model exhibits flat,spots across the extent of each island as the islands evolve

from a small width. The fiat spot conlprises the lllaXillllllll extent of each
_t

island as measured across the O-1)oint and the sto(:hastic layer.
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.... 0 42682E+00
-- 0 51377E+00

_-_ .... 0 56735E+00
¢, --- 0 64018E+00 "

100
c --- 0 70640E+00

....078204E+00
50 ................

Or) i .........

/ _--- -LL..................

t_
L Pulse Strength = 0.30000E+07 (W)
[ Pulse Duration = 0.10000E-05 (s)

[

0.200 0.202 0.204 0.206 0.208 0.210
Time (s)

b.x"_islow ¢l_'cay iH the 1)w'ssllr_'. "['h_' l)l_'ssl_r_'¢lill'_,r_,l_'_'is ,'_)XHl)_tt_'_l_ls tll_'

(liffer_,uce l)_,tw_,ru the st_,_t(lx".starts,x_tl_t_,_t' the, l)r(,ssl_r_' _t_t(lthe t.il_te-'¢;trviuK
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0.21

ql,

O.208

°_o_t ::_ _oo_ _,_-,_l
0.204

.. .-.'..',.',,',",'.,',,',,',.'.,',"'.'," i ............................................

..
0.04 0.06 0.08 0.1 0.12(r-rs)2/a2

Figlm, 11" Tlu, time-to-/)ettk (lela.x." of tile h_';_t 1)111._(,shortens with all increase

: ill th(, in./(,_'t_,(l 1)ow_,r. Th(, ]lCat pulse, is in.je('t¢,(/ at t/, = 0.2 s at the s()lll'(.o

, location l'_. The rollov(q, ill tl, is cause(/ 1)3- the sll/)/)r_,ssioll of th(, l)zzlse due

to tlle fixed pressure at th(, e(lge l)Ollllclal.y.
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25 " ................. - .......
---o----- X,HP, l:;r= 1 S

----o--- _,HP,_r = 10 s
20 _ X,HP, l:r = 100 s

_-. = X,PB (r/a = 0.5845) A

_'_ 15 ---o--- = .

%
_10

5

"' " ' ' 1000 ' , . , , . _ ,_ . .1 101 10 2 03

Injected Power (MW)

.. ' ' {" and heat 1}111._{'\/1/' diffusion co{,tti¢,ients in-Figur{, 1°' Power balan._ \pij

creas{, with the inject_,d power. Th{, l){}w{'rImlallc{, (liffusion coefficient is

l)ased on th{' radial lo{:ati<}nof (r/a) = 0.5845. Also. \lit, al}l}r<}a<:h{'sXplj ,

.. lllat S lnagn{'ti{' {Iiffnsion.as r,. is incr{,ased, i.e as 1}r{,ssure{litf'llsion dora' ' {"

5{}



f

"/'/


