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SYSTEM EXPECTALIONS FOR PIONEER 1 FOIL INPLOSION EXPERLMENTE"

A. K. Grecne, J. N. Browmell, K. 5. Calrd, D. .J. Erickeon,
J. B. Goforth, 1. B. Lindesuth, I. A. Oliphant, aod D. L. Meiss

Los Alssos Mational Lahoratory, Los Alamos, M 87545

INTRODUCTION
Prior to the beginning of tke Pioneer I shot

series of the Los Alamos National Laboratory TRAIL-
MASTER project, numeroua computational simulations were
run to provide ball-park estimates for the electrical
currents ani voltages in the circuit, the timing of the
imploaion, the kinetic
radiation output of the load.
calculations wvas to provide guidance in setting the
timings of the varioua switches within the circuit and
to eatablish operating ranges
tics.

siergy., temperature, and

The purpose of these

for the various diagnos-

In performing these caiculatione wa have relied
primarily on a fully {msplicit one-dimcnaional Lagran-
gian MHD code developed by Thoman Oiiphaut of Lhe
Thin
code provides us with n verv wophiaticated electrical

Thermonuciear Applicationa group at los Alamoa.

circuit simulation capaliility ap well an the abllitv to
nisulate the imploding piassa load ac a rero dimen-
nion1l alup and & one (d{menaional savemetric cylleder,
To provide an estimate ot the atahility of the 1aplid-
1ug plasma we have used a heurlatir moilel ot magueti-
cally driven Ravleigh-Tavler Inatalatities In the rere
dimenaional slug sisulations.

TIHE EQUIVALENT FLFCTRICAL CIRCHOT

The cuynivalent clectig teal ctrentt used Har the
Yinpeer | prealnt calealations Ia ahown (o Fip, 1. Tle
capacitapee, realatnoce, and owductane e that are slinwg
v the fieat boanch ave all part ol the capasttar baal
al ot A b Canvirn (L tug Tacilay sl the calilen
that are cequited to conpect the bank e the oxplosive
rviven plate pencrator. The t lme slepewdent ceatatar
alinwn on vert leal breoels 81 cepreacuts a0 crewlonn | eom
the generaiore Iin our salenlat tow this sentata dbvope
lrem A verv hitph value to zewn ta | uw Al am alten
atact lug tlte altacharge of the eapac it hank, A this
tw t..' MA n

time the aeed cmvre@t Lo the penciato

gued aprecasntl with oxjuertannt

The time depeendent Lndneter T the wecond g By s
tal hpanmety of the o lvealt ta the | x4 toageesetdat ax
compresslan generator, To gevwgesent thta, the code
Tlvearly loterpalatea hotgeen vatacs tn avcavs o
expeys tmeptatly dotcimtned fnohie tanes sl times, Thowne
Jalt nll v dvep te 1% wtl fw 14 pn ol
Al v
15 uH.

the tichavter ol these geacratara 1o nol vy rejtoe.

vataos st gt at
filux « nmpreanlon 1& tn we anpume that he

luduet anee atayn at Eapos lmenta tedteate that

ducalile alter 1A pa althouph seme cant fone G poesdnge

% Rurk pupparcied by U8, b,

SOnH 18mn
000 W\ "

_j amr

=
S ——

Equivalent circuit used for the
Pionerr | pre-~hot ralculation.

FIGURE ]

The time varving resimtor shown on the aecond
horiguntal branch representa the carly t {me bhehavior of
Theae
valuea alan veme from experimental data, tn thla case a

th'e plassa comprension “donut™ opening awit.h.

tongh average of seve.al tent whots.! The enriv and
Inte behavior «f tle: aunut switen are acparated In the
calculattun go that we cau varv the time of naet ot
the *ate realntatie rinae 1o calvulate how thia ttae
This
openiug la the opetlup ol the switch canaml by {1 ing
Thia laie
on the recand

will affect the behavior of the total circuit,
the high cxplasive  to compiean the plasma.
rise {a the time adepondent resiaten
vertleal lepg ot tlhte c lrecune, tn Lhe pronest valen-
Intivan thin restutanee (loe starts 14 pon after the

starr ol the goneratan,

The 6.% nll vt anee on the secaml vert feal
bianch la A caleutatot ent jmate of the tidaet anee vt
the rvrrent I (lawtun trem the groavtater tloengh G
cponiug awlteb, It ig based en a foomaltam that wae
leveinped to prodict values fres san earlv Clewcor |
mack-up.  Thia snme teovhulgue, together with et niled
antlasten (rom the coptuserigg diavings ol the vacunm
dtade, reanlted Ty thee B, 7 ol Tudueloae anw Ul thitad
bartzontal luawch.  The tlme depemdent conlaton ap thta
hyaneh ta the cloning wwitvt that Al tows e Gl e
fure carient . To Uhe simutation prersntod hove the
awliteh o glven S un 1o ctone stacttag L&, 1% pp luta

the generata .



The current predicted from the plate generator is
shown in Fig. 2. The peak of 10.8 MA is probably
somewhat higher than will occur in our experiments.
However. experiments involving this generator and
static loads have exceeded 9 MA. Tt should be noted
that ther: 1s experimental evidence to suggest that
thle uwpenine switch, vhen fired. places a voltage
across the generator that can lmwpact the generator
performance. This is one reason that we have advo:zated
firing the opening switch late in the gen=rator -un.

Figure 3 shows chat this circuit should deliver
nearlv 3.5 MA to the (vil load in less than 0.5 us
(di/di = 7.0 x 1012 A/s). The reason ‘or firing the
closing sawitch slightly after the opening switch 18 to
allow the voltage to build up acrcss the openiuy
switeh, thls voltage markedlv improves the time
derivative ol the current through the lovad when the

closing switeh closer.

The zeto-dimensaional model tvreats th: implodiug
plapma ne a pglup whose mass 18 equal tn 1'e total mass
nt the fuil. Thls maaa Is accelerated hv the furce of
the mapuvtle tleld cansed by the vurrent from the
extevual eclrenlt, We have Fouml that thia 0-D modeld
plvea velacltles, and hence kinetie ewerples awd

latlneteweek, that apree guite well wilith vnur 1= m lel.

Flpwer 4 shuwna the kinevir oweepy ol the laploaing
planma calvalated loe tids 0= malel . Thee calealat fon
Is 1ermivatod whew the Implosinn teacieea a 1081 vatin
(thee vallug coaches 003 =m). Similar mulellae eflores
at the Al Fover Weapeas Labarvataey Dadbcate that ohgs
-1 wlmulativn will proababile poosdler o muele Flhaet e

cncepey, pevhape by us mnele o0 o Tactar ol ten. The

rdnelpal veanon foyr thia Haervepanmoy g the doveloap-
ment wl dustabiliolen, To mlulmize theae lwata-
Lltinten we dave atteppted ca Himliv the time ol
Tmplanton 1t fega than % ga. Thia vime dictareal the
vandee wl oa 200 am thilok, Voem vadlvae alumivem Tall, We
hinves ol a0 hoe v dnt le model ol mapoacst loallv dylven
Rav lelel- vl daatabd EICEew deve laqual Ty Radecick nad
Heomaaesw® 1o oxamlue the clleita ol laetablilite wave-
Toenpth v Che thevmal lzat o timea lar ane planma.

. Tl leawin o this

Thewss veanltw ave winwa lu Fip.
Flewee e 1o tav te avold 000 om waveleagth pectun -

Ieat Lo do ooy Lol Al i,

ONE DIMENS TONAL MODELTNG RESNLTS
Weo deave wmsd oo e dlaewabonal slmalat faen ot
Vhee dmglosding plaoama ta gt vetimates ol the plaama
Coempoectatwre, vadlat fon ot et aud Ve exteat o whib b
the plaama 1a to chevmaolenaals ogqul e fom, The
tad lationn Cogumpoet packape vl fu Clocae vl wlal cana

Lo a dillwelon apgoaxtmat Lo,

w | scteral or ongel
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Calculated current output from the | x 4 plate
generator.

Figure 2
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The zone set vp and time rate of change of the
zone boundary radii are shown in Fig. 6. The 10:1
implosion ratio is reached at 54.76 ps, 0.59 us after
Beyond this 10:1
simulations because we would

the clasing switch begins to close.
point we don't trust 1-D
expect instabilities to dominate.

the calculated
Rosseland mean opacity values indicate that ths plasma

Figure 7 shows temperatures.

is optically thin until the pinch occurs. Therefore,
it is radiacing energy nearly as fast as it is adding
energy throrgh Joule heating. This explains the

relatively conatant temperature until pinch.

PIONEER 1-2

Oue-di{mensional calculations have been made to
compare with the results of the successful Ploneor 1-2
experiment. These calculations used as input the
weasured curreut that reached the load in thia experi-
ment.? The calculated implusion 1a shown in Fig. 8.
The timinpg of the imploaion agrees with the obaerved
Al sn

the cslculated maximum

time ol the pinrh and associated radiation pailse,
ia the fart that
extengion of the plasma during the expunsifon phase

intereating

agrees quite closely in time with the early radlation
peak seen by the x-ray detector that was set for the
3-12 eV plasma temperature range.

veslative

If v 1is ls no

In the meaunred voltage avroas the lnad, then

aspnmed that there

comjonent

a Lime dependent induvtaaee van be caleulated by
dividiug the luntantaneons measurcd curvent {uto thee
time fntegral ot the measnped voltage,  ¥rom Chene

Tduet anee valnea we can determive an el lective radiue

Int the lonad
nr
.00 . -_‘9—- In (!— ) .
n Vobl
Vialuew 1vom theae calenlnt lowa ave plotted we (x)'a an
Flg. R

tlad
Thia velm bty teaunlaton v 1/
loll

Fram anr 1= wlmnlation we peak Implanian
velorliy wl 180% ew/pw.
kd ol kinet (o

tielpatad fu the Implusion.
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Calculated implosion of the plasma losd using
the 1-D MHD wocel and the measured current
from the Pioneer I-2 experiment. The (x)'s
indicate the effective radius of the load
determined from its inductance.

Figure 8
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