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PLASMA-QUENCH OPENING SWITCHES
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G. H. lichl. and D, L. Weiesn

Thermonuclesr Applicetions Oroup
Applied Theoreticsl Physics Division
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los Alswmos, New Mexico 87545

Summary

High-axplosive-driven plesma opening switches have
bsen modsled in one dimension ueing the Llagrengian MHD
cods RAVEN, These cilzulstions have been mads fn both
cylindrical end plensr geowstry. Simples compression
can sccount for obssrved resistence iuncrsssss st esrly
times (time-of~flight of the high-explosive detonstion
products secross ths plesma conducting channsl). Our
rasults suggest that some imprcvements in switch per-
formance might be achiaved through e judicious choics
of gesse in the plesns chesnnsl end vy lowering the
pressurs ir ths channel.

Introduction

To optimize the operation of explosive-driven mag-
netic flux compression gensrators it is desireble to
have 8 low-inductence, fest opening switch thet can in-
terrupt many meysupaTes of current turough e ballest
inductor in o {uctlon of e microsscond. In 1977 Pav-
lovekii st el.” veported on s high sxplosivs driven op-
ening ewiteh with which they echisved s resistence
chenge of 0.2 ohme in 0.45 pe, intsrrupting s current
of 7.3 MA end ewitching % MA into & 30 nR load.

Expsriments) afforte ro exemine the "hvlov!ku“
switch have besn carried gut by Turwman and Tucker® end
Tursan, Tucker end Skozwo® st Sandis Mationel Llabore-
tory snd Gofortn' et the los Alemos Nastionsl ilabore-
tory., When working st current dansitiss comparebls to
or highsr then the 0.12 MA/em used by Pavliovekii et
sl. thass sxpsrimentors have sesn resistence incressus
closar to 30 =}, sgein on & 0.5 ue time scels.

Thacs has besn ons pravious sftempt to u-uht!
these swvitchess computstionslly. PFProm his study Raker
concludes thet eispls, 1-D comprarsion of the current-
cerrying plesma channsl, the mechsnism suggestad by Pe-
vlovekii st al., cannot sccount for ths obssrved resie-
tanca incressss.

The Modwl

Tha bulk of wur effort has slec been & one dimen-
sions]l snel¥sis slthough we sre now extending our ef-
fort to two dimensions. Our ona=disensions]l ealculs-
tions have besn carrisd out uring the i~D MHD code RAV-
EN" 4n both cylindricel and plenar pmtr;. RAVEN is
8 lagrangian code thet uses tre Braginekii’ formaliems
for slectrical and thermai oconductivities.

Tor this etudy it was mscessery to add to RAVEN o
high emxplosive equaticn of stets. The internal ener-
giss and pressures sre determined from & burn frection
which s determined from the detonetion velocity. Por
eyclotol, which we used in esleulating cyllndu“l -
ometries, we used en intsrnal energy of 9.2 x !0°Y erge
relsassd per gram. Por IMX 9301, which w weed for
planar geometries 20 simulara the Ooforth expariments,

we used an internal energy of 1.02 x 10'! erge releresd
per grem. PFor slasctrical conductivity >f the HE dston-
ation products we uead 100 sho/m, 8 valus cited by Pav-
lovekii et sl. PFor thermal conductivity we ussd ths
Spitser formalivm assuming the detonstion products to
be singly ionized. In fect, however, verying ths ther-
mal conductivity by ¢ factor of ons thousend did not
eignificently effect our celculsted results.

The slactricel circuit eveilsble in RAVEN at the
time of this study 1s shown in Pigurs #i. Thie circuit
will not permit us to sxsctly simulets Pavliovekii'’s ex-
psriwent, We can introduce sn externsl losd on the
perallel circuit leg (Lp). but this inductence will not

includs ths return conductor es it does in Pavlovekii
sxperimentsl sst up.

Mg. 1. The electricsl circuit svailebls in
RAVEN, In eur ofimuletions we ars using the
generstor (L_), the ballset finductor L, -
40 i), the trensmission time (I., *® 30 nR), the
l1oad snductance (L, = 1 uk), snd the parallel
load 1s used to simulats the slternste current
poth so that 5 48 dropped to ssro st pesk com-

pression.

We have run csses in both cylindricel asnd plener
geometry. The cylindricel asystem closaly spproximatss
thy geometry of Paviovekii. As is shown in Pigurs f2,
the cylinder hac s redius of 12.5 ea. Ths plasms col-
uan has sn initiel radius of 10 oa and say sxpsnd into
e 0.3 ca redivs gap. Tha centrsl conductor has s radi-
we of 4 em, We have taksn the c‘undar to be 10 ca
loags ZPolloving the work of Baker® we uote that sfter
the sluminum foil has veporised the sluminus rapresants
1ittls wmore than an fmpurity in the chennal which we,
therefore, take to be stmospheric pressure oxygen st
2.5 eV, an arbditrary tespecsturs that is high enough eo
thet the oxygen will conduct, Our plener gaometry



»odel is taken from the experimentsl work of Goforth“.
It 10 & 3cm x Jum cavity that s 5 cm in length.
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Results

The time behavior of ths cylindrical geomatry fie
shown in Pigure f2. In these celculsticne we hold the
outsr insule’.or frosen in specs. As 8 conssquence, the
results of the celculations sfter the initisl compres-
sion sre certainly not belisveble. PFigurs #3 shows »
resistanca incressse that is quite comperebdls to the in-
itis]l rises reported by Turman snd Tucker. This riee
is dus solaly to the compression of the current carry-
ing channel. During this compression the teampersturs
in the plesma risss shernly to nesrly 14 aV end the
prassurs rescheas just over one mugebar, e fector of
three sbove the 300 kilobar pressurs in the BE,

Our rssistence drop is sharper then that in the ex-
pariments] results of Turmen and Tucker. @ince the re-
etativity of the fonissd plesms is inversely propor-
tionsl to the tempersturs to the 3/ power this sug-
geate thet our celculstsd tempersture incresse may oc-
eur too rapidly., This would mot te¢ surprising eince
1-D eimulstions tend to overestimate temperatures at
the pack of compression and our fiuned outer insuletor
Bay causs sn overestim.is of the rete of compression,

Our celculsted secondary resistamce increasss ers
emaller than the firet and this does mot agree with ox-
parimant. In addition, these secondary fmcreases would
probably mot oecur if the euter insulator were free to
move. We suspect that leter resistance increases asre
due mors to Bt .Ang between the bot plasss and relative-
ly cool detomation preducts them they sre to sompres-
sfon, To verify this hypothasis, we are preseatly
carryiog out s series of 2-D caleculstions.

In Figure 04 we show the results for the plamar ge-
ometry with o current density of 0.22 MA/em. We imiti-
ally found this vesistames facrease, which is higher
than that messured by Gaforth, rether swrprising. Our

preliminary analyeis d4ndiceted that thess switches
would be stongly limited by current denaity becsuse the
highsr current, end subsequent Jouls hesting, would in-
crasse the fonizetion level of the plasms,
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Lnslysis spd Conclusions

1f we ore desling with an donized plesma (2 > 1) the
reaistivity, n, verias ss

n w182 ;
If the current carryin; plessa is undergoing sn adia-
batic comprsssion with the ideal ges vy, 5/3, then the

cross ssctionsl sres will slso very ss T ¥ 2. There-

fors, since the resistence, R, is jus:
R-2% W

snd, the length, ¢, does not changs, we epect ‘the re-
sistance to be constent during comprsssion once the
plesma is ionized.

FPigurs #5 shows the time bahavior of the log of ths
prassure as 8 function of density for the plener rua of
Figure #4. The 1line plotted during ths initiel com
presaion shows thet we do have sn edisbatic comprsession
hut the slops is not 1,67 but closer to 1.35. Thie
lower velue of y indicetes some sink of snergy not in-
cluded in the sbove snslysis. Additionsl] thought indi-
cetes thet this sink is 1likely to be ionizetion of tae
oxygen plesma,

P(t) vs o(t) el Campronsion
Y T
‘ .
(] ’;;
s ‘
:. :
= "y
‘ LIN-. .'\'
‘ s
- '
]
“ = <
Mm Y
rig. 5. ii2csure ws, denaity. For a lagrengi-

an code this 1s the squivalent of pressurs ve

(volume)™!, Dashed 1ine points to that portion
of the plot that weas treced during the initiel
comprasaion.

Armed with this knowledge wa can setimats y based
on the level of ionisstion. The internal amergy can be
written

Ued/2r+] [FU (2)
H

vhere ¢, 1o the s:m of the ionisstion swvargies up to
level & end Y s the numbder of fons in level s, Ve
note, however, that we can writes pressurs as

[ 3 v

P (y-1UN (3

vhers V s the volume. Simple substitvtion yields

2 1

YUYy —TERE (4)

2 g
1+3 [Orw

whars ny is the totsl fon populstion snd we have gub-

stituted in

2= (nx + n‘) kT (s)

Then, in terms of Z

1

2
-]+
y=1l+g g L n 7n)) (6
T+ ——
3 (1+42)kT
In the limite of no energy in foniszation (¢_ = 0), or

very high tempersture, Eq. (6) 1limite to y = 5/3 aa it
should. Between thess limits the Suhs squation suet be
eclved Dbssed on tha density sad tempsrsture in the
plesma. We have solved the Saha cquetion iteretively
for vesluss of conatent tempersturs and deneity to find

veluse of n_ end, hence 2, in oxygen end substituted

thess velues into Bg. (6). The results of thass calcu-
letions ars shown in Pigurs #6,
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¥rom Figure #6 ws resch three important conclu-
sions. Pirst, it 1s possible for thesa switches to be

donfeed (T > 1) and etill have y < 1,67, so that ths
resistance can increses, even if weskly, .¢ o function
of temperstura. This should mean that theee switches
con be used ot higher current densities, snd hold thass
higher current densitiss for longer times, than we had
initially wnticipated. This conclusion sppesrs to hold
for s very wide renge of temperstures. Thiu tempere-
ture renge is, hovevar, s function of the gas in the
plesma. Our second conclusion, therefore, is that
something may be gained by carrying out & sualyeis for
& varisty of plesma gases in order t> determine which
ges will provids the best switch.

PFinslly, we nots that although the performance of
these svitches in the compression regime should be rel-
ativaly indspendent of the tempersture prior to com
prassion, over s wide tempersture rengs, Pigure #6 pre-
dicts o strong depandence on prassurs or density. Thie
pressurs dspendsnce may be the most sensitive parametsr
aveilabls for 1improving the parformance of thess
switches.
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