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IMPLICITT\YO-FLUIDSIM~LATIOS

OF ELECTROS TRANSPORT
IS A PLA5!M.4EROSIONOPESINGS\VITC:H

Rcrdnr}. J Mrwcm. Jon M. ~allacp and Iimlnct}l L(<

Apphtid Thrwcf. ral Phpweh LhIwurIIt
Lw Alamo+ .I’atlonal Labvra(w~

Lab .41arrlo*. .~r u .Vtrlro P7543

~trslrarl

“The Iwwdimrnsiorral implicit code ASTHE\l is used

[o model eiwtron Iransporq in PlwInz Opening %ilche-.

\\r look at low drngi!} 1- -! , 10’:cm-31 swltchm at ini-

[iti! II;ir.ma Imnprratures as krw as 5 e\”. Two-fluid nmr!-

oiing I ioll~ and elm~wrn+ wil]l inrvlial and implicil du-

lr:l],il]alit~l: of IIIr fields i> r:ll~~klyrd 10 allow time sIcp+

UI,I! ill rxc ess of ltw imrrsr plasnlri pmiod. and ccl] sizes

nw( iI Iargvr than a Dehy IWRI h wilh [ns a-.r:iclanc(,

of Ihr fini:r grid anomalous plasm~ healing ch~r~clmisli(

or parliclr codes. F~alures indirali}r of lmI h crosicm and

E . B plasma drift ● rr m~nife~l in thr simulations.

Jntroducliqn

In puke powvr Iwhnology Plasma Ero#ion OprninR

% ilc]lw are II*MI 10 lllinirlli7{, prq-ruhre, isolropizw 111.

vm,rg! drlivrr}. MNd slorpcw Iho lime profilr of rmrr~y

drlivvrrd 10 a loud. A comprelwrsiw undcrc!andinu of

such swilchvs Inny prow cru[ i~l to thr effkien[ nprrrr{imr

of I’IIFA II light ion diock,

Ebrl} model~ 1.2 of IIIC ~witch lwhavitrr v.tvc Imwl

011 ImI h cxprrinwnt al and phenomrnnlogiral considrrn.

I ions, Thmr modcl~ dew rilrrd t hi’ tvm ivo oprn ing of a

Rnp ~long thr rnthodc ~irlr of ihe ~witch, as thr kfkld

of [ho wavr (lu Ingirrg pawrr down ttm line) pulled elw-

trcm away frrm t hr raihodv wall. Open inn wan [hnught

fn rmn?ist of four ph~~m: I ) For weah currenis mr4uc-

I inn occurrml ●rrom a ~hrath near the rathotle with in.

jecmd ionn Ironl the anodo, and Ppuv charRe limited ●kc-

lrom from th~ rathndr. Z) For hlgtmr currents ttw Child-

I,angnmir elerlrw mniwiou wa- innulli(ienf. MI tlw ghp

would widtw, providmm mnrf dlerlivr inn rurrwl, ‘lttli*

waK L} II. ‘vrmilm pham-. :1] ~ tIWI ih~ mmRnrl ir fidd in.

crmmr mum~h in thr Rnp I(I hrRin III rhadnd l]M tklrflll~

nlnng Ihr rnlh(dr nurlnrr. om. hml Ihr %rhanrd rrmion

plw.t “ !411d Ih!’ ~1111‘~ilh”llt’d Illllrr rHphll} 4) Fillhll},

Wilt , , .. nm~wli( Iirld wm Inruo’ rIIov RhIII lllnkr lhr

●leclron Ryro-rrrdius smaller than Ihe gap size one had

Ihe ‘rnagneli( in~uliilion phase”. The required 2-DCUr-

rem patlerll cnnsislcmt M illl Ibis model was ●videnl 10

sorrlt extent in tho mrasurenwnts of Ref. 3.

\lore rrccmt simu]rnlinnhl studies 4,5 Fugges! a dif-

‘ fervnl picture. A gap begins al Ihr ca:hode rwar !tw gm,-

Cralor tiidr of the plasma. Elrctrom then flow irl ti Ihin

layrr on the cathode-fhcing edge of [hr plasma. prodm -

ing !he J x V . II that ranrrh the U. freld beyond a SkIII

dr;,lh irmidr. Suhsrqu. wl}. E , B drifl shifl~ 1}](, rolI-

dur[ion path insiclr IIIC plasma over to a diagonal rcrulr.

wh irh rrtic!w I hr nnode at a progreariively closer position

10 the load, l~hrn B has grown large ●nough 10 totally

inxulalc tlw clcc trons. power is shifled to the load.

Thww rimulational results were obtained with cx-

plici[ particle-in-cell cod- -- with their intrinsic limi-

truion to CFIIS no Iargw than ● lleby~ length. and tinl{

~lep~ no Iargm I han a plasma period. To avoid thmc ron-

nlrainlm, LO erraminr the nmvly pronounced phwwllwnol-

ogy. ●nd LO czilibratc and normali~e our own fluirfi[ ~im-

ulation ●pproach in anticipation of thr modrllng of

mvi[chm at rrignifkan[l}- hiRhm drnsity G (pmwilll! IIIMII-

ifcslinR rlassicsl elrclrol rollixicmalll! ] wr hnvr ~lllllil Ii

Ihr implicil ANTHEMninm]aticrn codr ;.k III Ihr IIIm

canonical Iw dwrnity prnhlr.

Thr ANTtl131 \kdI,l

ANTl{Mf r{ lain~ [hv hwrtml Irrms in INN}; I I,t lim.

and Lhr +rtrorm. Thr rhv Irons rsn tw nmlrlrd n~ ril IIIV

fluids m parl iC]@h, For thv present htud! IIW rh. rlrfm.

● rr flIIld~. Thr re~mltiml of im~rlin rrlllim n fillilr rhv

troll wbclly Under []le ini!urnrr of Rr’rrkrlrlillR [i! li!~ It

●lrul huddh Itlr Ihgulnrilim rm mtmrrml h} rnntrnl illllili

hyhrld rodrw nrar varuutn irllvrfm m. Ilcmrvvt, 111111111*1

th~ inrvti~l Imrns Iivlil rrmwwlllmrrl rxl)tit II I W,II II IrIII I

10 Linw %Ivp~ Imh Ihhli M (’lmrilllt *IIIIW Cm IIM. IIIII!I J

derlrw~, the Iidtl. IINI+I lW t NII UI,IIW1 11111111,Ill\ “1”1.1



ik accomplished by th[ lrrlp]irit ilonmnl Xlcthod 7.8 .4 Figure 1. (J) displays the initial density profile for

W( of auxiliar} fluid equal ions is solved self-consistently

M il}l \laxwrll”s Equa I ions for I he [imc-advanced fields.

T}], rral fluids are lhen accelerated in these fields. To

aI oid ( xces:iti, numerical diffusion the spatial differenc -

ing for Iht h} drodynamics employs Joan Lver corrections.

.4150. current corrections # are applied to assur~ that

quasi-neutrality is mainl~inecl. as appropriate, in l}IF cal-

culations.

+pocia] isdcfiticms fw Ibis problem includr It]c implc-

!Iwnlali,m of flux Iransrrl;!!ing boundar} conditions for

]Jla.IIIa enirring Ihru 1}1( A.,, IcIc=side of the switch and at,-

s[)rljing 011 []111caIhcJcle. a (’hild-l, angmuir emission moc!-

IIIV l(~r Ihv calhode surface nr;r Ihc swilch plasma. ncw

[or](l~lrliorl Imundar} rondilimls for ~he guidr walls and

l!- .il(,rl-( in Iii: itmd. aIId a tinl~ dCIICIIdr III drlivll 1]-l]ti(:

I,twntltiry concii; ion+ iI: Ihv gonrralor.

l-tit Low ]h’rlsil) +uilch I’i]encmmnl,lwl

\\II hiiit, III(Idvlcd Ihr swilctl ronfi Rura Iion cnnsi(lrrtwl

l,! (irrl*.ll,iil) II ii! 1!: 4 . lJUI witil shnrld load conrli -

Ii[,[l uw! t)} \\ai~niicH r! al. in 2 Thr lint, heluml,

till gcllvr~l~}r nrl(l ltMd I. I(J cm in IPIIKIII. and 2..’I (III

III uil!lt “,ir usc f hrlt,sifill gromclry. Initally. plwlllfi of

(Irnsil) 4,() 101:[111 : flI~w~ ill ii jel of wic!lh .-)CIII [roll)

Ihr 11111lnnIIIlo) (J [tic iim’ 10 i[s holtnnl (Ih{ chlhml(,] HI

ii ●}Wt’d Of I.h , 1(1”Clll SM. ,11 ! Olhv H-livlcl xli4rl> III

~r(ni al I O. rising Ilnviirl} 10 h Ii(; ill 5 ns ‘1’hi> WIIIIIII

( t~rrr~poncl 10 tI Iwilk turrswl of I(X) k.4. if Itw rmlhod(’

Jtrrr ir cylilldw of ?.5 cl II. m in 5 , Thr anmlr houndar)

(mlrlillfm is full} Ir,lnstllit[lng. nllowinr thr prnrl “aliml

of ltII, Jrl plHSIIIH. and utmnrhing nny plmmn r?lurllillg

[rt,lll Imlow Thr ri+tllodr ~hwwhs SIII Ihr pln~ma striking

il. 1,111Irhnsmils no plk+llla inlo Itm swilrh rrgion, unlrw

Ihr };-lirld WI r~ll illmt, I IN’ {’nlhocfr surfnrr rxrrrds Ihv

lhrrshold for (’hilcl-l,~ll~lll,lir sparr r-hnrgr Iimilwl flow

Ttis [hrmholrl m munll~ Iakon m 30(] k~~’ rlll
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plasma lying hclwee~l 2.5 and 7,5 cm in (he ne. The ions

and electrons in ~hc J-I arr inliall} a! 5 e\”. as indica(i,d

by Fig, I (b), \3’P IIW a nlesh of of 50.50 cells. so 3T = .2

cm. and .Ay ,05 CII1, For Ibis calculation we have se! lhc

emission threshold at infinity [U ted the suIfr/I hha~vor

In thr abscnct o! C’hild-Langmui~ electrons flowing from

the cathod~, Th[ B-field is dire. ted inlo [he page,
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Fig. ?

Figurr ? shows the electron flux palterns HI I ().32.

0.9?, 1.72 and 2.73 ns for frames (al thru {d). r,!spcc~ivel!.

!:” Url, 3 Shnws [hc ~-field colllour~ Cwlnblishrd a’ Ihci+(M

Iirnrs .41 ( ().3? the currrm runs prinripall~ aiong

[hc grncralm side of Ihc plasnlu. Sornr mlighl wpicr~[iwl

from Ihr wall is evident in ihv Iowr Ief!. hwd rorllor. l])

I 0.9? ns !qaralicm hns prm{ cdrd acrorw SOIIW 4 ~ II,

of thr jel. El~ctrons flow verticall} a! !ho vdgt, of thr

rwparur ion r~ginn. lhrn along thr Iouor *urfat ( (d I 11 ~rl

pln~ma toward (ho gcncrnlor. thvil vrrti(n]ly M ithill iI ~kIII

depth (about 0,5 cm in width) of th~, .,urfnrr u}) ;III(I iilllll~

thr left facr of thr jot tcr thv anodr Iiy 1,Y2 II> thvn, i- 1111
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eleclrcm gap along lh~ full lower surface of Ihe jet and thr
, ,. .*-. --&_::-”l”: “1 ..-~--, 1 ■llllll

swilc}, i> iusl opening. other plots show that the ions arc

a!so )wing Iifl(,d from Ihe cathode in the erosion prorms.

Tho rorrwlwnding B-field hislnry in Fig. 3 show:
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field pcnrlralill~ thv gap. as elec[rons are r~ oved. Thl

r~rrents along the jet M:orn and sides are shielding IIS

inleror frorri Ihr field. C)rce the gap runs the full plasm:l

length. the field ran rush inlrr the void bryond !he jt[. a+

current pasws 10 the load. The reiurning elec[ron fio~i

[hm runs down [hr load sido of the jet toward Ihr top

of [hf. ga]l. again shielding II on the jel”s righ! sidr. ,41!
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
llnited Sttites Government. Neither the United States Government nor any agency

thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any inl )rmation, apparatus, product, or process disclosed, or repre’,err!s
that its use would not infringe privntely owned rights, Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views und opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


