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_UTATIONAL S3MUIATIONS w 8xPLOSIV8 DRIVEN
PLASHA+UENCSOPCNIW SUITCMSS

A. E. Qraano, J. E. Brounell, T. A. Ollphant . ‘“”
C. W Itickel, cod D. L. W18fI

Thermonuclear Applicatior18 Qroup
bplled lheormtical YIWiCa Diviaton

14s ALcuw Rctiond 14boratory
bm A3emm, Wowmxico 87!$45

5EKZ

Eigh-xploslvo-driven plammc opening cuitehes IIXVQ
bean modelod in onc dimcnaion using the Lcgrmgicn ~D
code MVSN. 7tM8e cdmlstlons havo boon mda in both
cylindrical ●nd planar Ueombtry. Simp19 comprcscion
can &ccount for obeerwd re8i8tmco increa$$m ●t eorly
times (tioe-of-flight of the hi#hmxplosivx detonation
product. ●cross tha plasm conducting chcnnal). Our
rowlta sumcst that sow immcvoments in ●witch cer-
formmc,~ ;~ht bc ●chieved through ●

of gas.- in tht plasm channal ●nd
pra8sure in tho chcnnel.

Introduction

judicioum choico
by louering tho

To opti9ito the operttion of ●xplosivo+rivon 8og-
o~tic flux coaprassion gonoratorn it is d~sirabla to
hwc ● low+nductanco, fast opening witch that ccn in-
terrupt xony -gampaws of currant through ● bcllast
inductor ina~raction ofasicrom.cond. 3n1977Pw-
lovmkii ●t al. reported on ● high ●XP1OO1VCdrivmn op-
●ning mritch with which they cchiw@d ● sosictance
change of 0.2 ohm in 0.45 us, intmrupting a current
of 7.3 HA●nd witching i M into ● 30 all load.

Thara hxo boon om prwiouc ●ttampt to oimlat
thoo~ cwitchao comp~tationolly. Yram h$s study BckQr3

cmcludm that S1SP1O, 1-D ~ra~slon of tho currmt-
carry:n# plcma chcnnal, the mechanim ●uagostod by Pa-
vlovckii ●t cl,, annot ●ccount for tha obcwvsd resiB-
tanca Iocroasoc.

Tlw )todul

TIM bulk of aur effort hxs ●loo bmn ● mc dimn-
Bional ●talyois ●lthough w ●re mu ●tmding our ●f-
fort to two dimnoions. @r omo4iaensional calcu:a-
ti na hsvo bmn carried out uring the 1-0 MID codo MV-
EI# in both cylindrical cnd plmcr #ooatr ,$ RAVSNA9
● Uarangim C040 that u-cc tkm hr~simkii fomcl~om
for oitictrical ●ad tit91m0i cmdmtivitibm.

?or thie otudy it ws Momomy to cdd to RAVBN●

high ●xploaive ●quctAoa of Otat,b lltc Inttrnal ●ocr-
gios mtd praowrw ●rc dotmminad from M bura frmtian
uhich 10 dotomimd from Rlm dotomtioo velocity. Yor
eyciotoll uhtch uw W*I3 in aclaulming aylindri 1 go-
owtrim, W umd ● int9mcl *Mrm of 9.2 w !0 n ●rgs
r.lmoad pm s?-. ?or fW 0501$ diiah w wod for
plmcr Womtrias Ro simlatq ttw *fotth txperlmnts,

tm UC04 cn intmnol energy of 1.02 x 10”
per gram. ?or ●lactriccl conductivity sf
●tion productm M ueod 100 aho/n, ● valu~
Iwakii ●t do For therul conductivity uc ut~d th
Bpitsmr formclium Ccmuaing the detonation products to
bx singly ionized. In fact, howevsr, varying the thar-
U1 conductivity by 6, factor of on. thousand did not
●ignificmtly ●ffect our calculated results.

‘Iltx ●lactrical circuit ●vailable in RAVSN●t the
tin of thi~ study is shown in ?igura #l. This circuit
till not permit US GO ●xmctly ●i8uht@ Pwlovskii’r ●X-
pkriuent. UC con introduce ● cxtomal local on the
pmallol circuit log (LB), hst thic Inductance will not

include the return conductor SD it does in Pwlovskii
●xperimontal Bat up.

Pig* 1. Iko ●loctrical cirauit wailabla in
RAvxlt, M our oimulatioao w ●rc using th~
qaowater (Lz), tho bcllaot inductor (Lb ●

40 M), tho Crmmiosion tlmo (~ ● 20 nl!), tht
local Andwtoaac (Ll “ 1 W), cad the PorallQl
local M UO04 to Oiahta the clt~mcto curr~nt
poth co tkce~ to droppod to swo at peak c-
proosionO

h hcw rue aaas in both cylindrical ●nd planar
Stomtry, Zho Cylindrical oystam C1OQQ1Yapproximctom
th womctry of Pcvloveklit Ac is ●hovn in ?isurc t2,
tbc oyiindw km o radiuc of 12,5 at. llm plmm col-
tm hcc M ioitial rcdiuo of 10 m and DCY ●xpand into
o 0.S m radius gcp. 2M ocntral aomductor hcs a rmdl-
uc of 4 -t * IMW take tln a lindar to bo 10 as

1bag, ?ollwiag t!w ~rk of Dckor w uoto that ●ftw
tlm ●ldntm foil hoc vaporimd the alminm r~prtsmts
littlo -r. than cn xrity in tho ahmind uhich WC,
thorcforo, tch to km ●twcphwia promurt oxyaen -t
2.3 ●V, m ●bttrmy tmrmturo thot is high cttough so
that the oxygon uill oonduat. ~r planar goo9ctry



model is Cekon from the qrlmental tnwk of Gcforth4.
It is ● 3a X k Covity thet 18 s m in length.

Co W 00u@Orios

“~

8 4 A d fpee3● m ●

central conductor
high ●XplOSiV~

“-”-””.-. plame chmnol
----- ●xt.rnal insu.

18tor.

?is. 2, Podli of ●ach wne In the cylindrical
calculation 00 function of time.

Rwults

Tho time bohevior of tho cylindrlcol geometry is
show in ?iRure 42. In those calculatiemc uc hold tho
outar insula’or frosm in opaco. & ● commqwnco, tha
results of the calculaticae ●ftar tho initial c~raw
sion ara certainly mot hliovabla. Figur@ #3 dtoUe ●

rtsistanco incrscoa thct io quito co~usblo to tho in-
itial risao roportad by Tu~n ●nd TUckar. ThiD rim
ii dw ●olaly to the comprocsicn of the currant corry-
ing chennclo bring this ~r~soion th tmperatur~
in the plmm rims ohmply to ooarly 14 W ●nd tha
promm rwchoc just owr om msaber, a factor of
three abcvo the 300 kilobor proawme 10 the HE.

W rosictmme drop 10 fiherpor than tbot in the ●x-
posioental rcoultc of TUrmen ●nd Tbckor, Sinca tho rc-
siativity of the ionimd plaem im tmormly propor-
tional to the tomporaturo to the 3/2 youer this euf-
gmts that our calculated tamraturo incroeeo w oc-
cur too rapidly, Ibis wuld act ke euryrioingslne~
1-D simulations tad to ovcroatigeta toxraturoo at
tht peck of ~rsasion ond our fiuod outor loculator
9ey ceuoc e ovorwtiw:t of tb rfito of ~romlon,

W calculated •tcmda~ rooiotacs lmtoomc ●.
●ell.r then the firot md tMo dot. -t ~ uitb 08-
porlmnt. 2n sdditico, tlwe mcooda~ imarooow wd
probobly oot occur if tho mtm tooalttorwm ho to
BOVO. h suspect tbot hear roBiccQooe incromoo ●a
due um to-.dw bctuom the kot P1OOOOd ro&tivo-
ly cool dstoootlooproduato tb thy ●rc to Qroc-
●ioa, To worlfy tblc ~tboolo, m ●m prooo8t2y
corrying out ● oorlw of M cdodotfiooo,

m ?tgure04 lm dla ttm rodto rcr tb plmu gc-
owtry uith ● mrroat doaelt~ of 0,22 M/m, W tmlti-
●lly feud thlo rotlotm~ loaroo.a, Woh Sa Ugkor
then thot mmmcd by Ocfortb, rotbor swprlolm@ @r

prelloitury andyale hdicatd that them zuitchea

current, ●nd ●uboeqbont
the ionization level of

tmuld be stongly limltcd h current density becauae the
higher JOUICheating, would in-
ereaoe the plaema, -

.



If m ●t. doallng with ●n
rcmimtivity, n, mrfu ●m

ionizod phme @ > 1) tiw

where V

If the currwt cmrryin~ P1-BU 1s undergoing ●n adta-
batic co~rossion uith the ida~l sss y, 5/3, then Cho

crooa sectional ●rea till ●lso vary u T-ti 2. There-
foro, Binco tho rastctance, R, i- jua:

●nd, the lentth, ;, does
sistance to be conttcnt

plasma is ionizad.

(1)

not chmigo, ue expect tho ro-
durins c~rematon once the

Figuro fS shows the cimo behavior of the log of tho
prasoure as ● function of density fm tha planar ru vf
Fiuure #4. The line plottod during the initial CO*
pros8ion ●howm that ve do have 8n ●diabatic compreeoion
hut the slope fs not 1.67 but cloccr to 1,35. Thi8
lower valu? of y indlcatea cm cink of ●ergy not in-
cluded in tho akova analy818. Mditioml thought indi-
catcc that this sink is likaly to h ionimtioo of tne
oaygen pla8ma.

P(t) w p(t) -qw--

?18. L ;i:wm w. dmmity. Por ●2agrm8i-
m oode thlo 1s the ●quivalmt of pramuro w

(VOIW)-10 Whed lSa Pinto to thst portion
of the plot that *S tracd during tho initial
aomproooiong

H with this knwlgdgo w em ●atimat@ y kaoad
on the level of ioaimtioa. the intmad mrgy OM b

urittm

u- 3/2?+~emrl,
8

(2)

.
P 8 (y-l)u/v “ ““ (3)

is tb vol-. SiDPle oubstltution yield.

where U: i8 the total ion p~pulation ●nd we have oub-
mtttutad in

?- (n: +n=) kT (5)

y-l++ 1
ttz(nE/ni)

l+?
3 (l+~)kT

(6)

In tho limito of 00 ●norm in ionisation (Cz - O), or
wry hish tamperstura, 4. (6) limlts to y - 5/3 ●t it
●hould. Mtvwn them limits the S&ha●quatlon tnmt be

Solvgd bngd On tho den$lty ad temperature in the
plains. W have @olvad the Saht aqustion iteratively
far valuas of constant temperature ●nd don$ity to find

V91UQ0 of O* sad, bonce z, in oxysun ●nd substituted

tlm. valu@s into 4. (6). Th results of these calcu-
lation ma ahotm in ?igure +6.

Starting D92ksMy= l*OOoooe+14

n I

?i#. b. &m m tuocttom sd la~.rature in
08ygw. -Oh L180 4s ● !aeto? d tsm in dmo-
Sty Ugkor tkm tb Mn Ha it. The kottom
S$m 2s n 1- dG801tY vi ~o~h a-s, the top

Mme 10 10*’ al-.

vharo t, ic ttm ww of the iontsatieo wwgiw up to

I*v.1 8 ●nd ~ is tha mmbor of low in lwd se W9

noto, bwowr, that V9 em uritc pr~sourv ●s



From Pigura +6 uc reach throo ~rteat conclu-
●iorw. P2rmt, St 18 pocsiblo fot thece mritcbem to be

ionised (? > 1) cd still heve y < 1.67, eo thet tho
rc81atcnc8 an incroaoe, even if ~ekly, .8 ● ftmctioo
of t8Wrature. lhls Aould Um thet thect eu2tchec
cm kc mod ●t higher current dencitlas, ad M,d them
hl@er current deneltlmm for longer times, tbcn m hed
initially mticlpatmd. This conclumioo ●ppearm to hold
for ● very ti& rm~ of tmratures. lhlu temrs-
ture rmge 18, howver, ● function of the geo in the
plamc. Our ●ecoad coocluelon, therefore, ~e thet
wmethlng ay b ~ned by cer~ing out m euelynla for
u veri8ty of plaem gemeo in order tg deteticc which
sat will provide the be-t ccltch.

?tnsliy, w note chet eLthnugh the perf o-rice of
thege witches in the co~rossion regime should b rel-
etIvaly independent of the t~rsture prtor to com-
premmion, over ● wide temperature renge, ?igure 66 pre-
dict- ● strong dependence on premuro or &neity. Thin
prasmm dependence mey be tlm most s~nsitlve paremeter
●vailable for improving the pwforunce of these
●wlt C!WS●
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