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SYSTEM EXPECTALIONS FOR PIONEER I FOIL INPLOSION EXPERLMENTE"

A. K. Grecne, J. N. Browmell, K. 5. Caird, D. .J. Erickeons,
J. B. Goforth, 1. X. Lindesuth, I. A. Oliphant, aod D. L. Malss

Los Alssos Mational Lahoratory, Los Alamos, M 87545

INTRODUCTION
Prior to the beginning of thke Pioneer I shot

series of the Los Alamos National Laboratory TRAIL-
MASTER project, numerous computational simulations were
run to provide ball-park eatimatees for the electrical
currents ani voltages in the circuit, the timing of the
imploaion, the kinetic wrergy,
radiation output of the load.
calcularions wvas to provide guidance in setting the
timings of the various switches within the circuit and
for the various diagnos-

temperature, and
The purpose of these

to eatablish oporating ranges
tics.

In performing these caiculationa we have relied
primarily on a fully implicit one~dimennional Lagran-
pglan MHD code developed by Thomar O:iphaul of the
Thermonueloar Applications group at lLos Alsson. Thin
code provides us with n verv wophisticated electrical
circuit aimularion capabiliry asr well as the abllitv to
nimulate the imploding piaswn load ar a zero dimen-
anion1l alup and a one dimcnsional avemctric cylie-ler.
Ta provide an eatimate of the stability of the 1apled-
1ng plasma we have used a heuristic model ot sagneti-
cally driven Rayleigh-Tavlor instabilities {n the zero
dimenaional slug simulations.

THE EQUIVALENT FLFCTRICAL CIRCINT

The oquivalent electyfcal crrcult uned ftor the
"ioneer | proshot calculat lope {n phown {n Fip., 1. The
vapac-itance.  veslatanco, and inductance that arve shown
on the {1rat bianch are all part of the capacrttar hanl
at out Ant he Canvon {fving taciliiy and the cablon
that are gequited to connect the bank 1e the oxplasive
diiven plate peperator. The time dopondent restntor
ahowvn on vertieal biaach 81 sepreacats a0 crovhine trom
the gencrmior, In o caleslatton thin sepiptor dropr
from a very hipgh value 1o zeto In 1l an 4 an alter
ntart fng the diachaige of the capancitor hank. A this
time the poed cuttent {o the pensrator 1o 1. MA tn

good apreement with experiaeat,

The time dependent lnductor {n the second hoglz -

tal bhoanch of the « reaft (n the 1 x 4@ toaperotdal § Tuy
toaptesnion generatar, To pengosent thin, the code
Jluearly inmteepalaten hotyeen values 1tn arrave of
exper twentally dotermined fnduct ance and times,  Those
vanluon atart at JoO all and diop te 1Y all To L& pn of
{lux « cmpronnion Afser 14 un wee anaume that Lhe
fiductance stava at 15 o, Experiments (ndicate tha

the hehavtier of "hepe generatora (o nnt very 1o

ducahle atter 14 pn altthovph aome cont (nue 1o graosdue e

% Work pupported by U.S. (I,
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Equivalent circuit used for the
PMoncer | pre-~hot calculation.

FIGURE 1

The time varving resiator shown on the ancand
horizontal branch reprrsentp the carly time bhehavior af
Thease
valuea alno come from experimental data, in this cane a

the plasmn compresnsion "donut” opening swit.-h.

tough average of acve.al tent swhots.! The early and
late behavior of the dqunut gwiteh are neparated in the
calculation so thal we can vary the tiee of nnret at
Lhe 'ate realntanee riae 1o calculate how thin time
will affect the behavior of the tatal eircuit. This
opening {a the oponing ol the awitch caused by {i1inp
Thia Inte
ripe 1n the time depondent rerinter on the recond

the high explosive to compresn the plasmn.

vert{ral leg of the . Ircutt. In the prepent calea-
Intienn thin restatfance ({oe atartn 14 pn aftenr the
atart of the generator,

The 6.% nl tnductance on the secapd vertieal
bianch {n a caleulatml oat {mate aof the inductanee chen
the curtent in {lowing trom the gonerator thiough the
eponing  awlteh, 1t in baned on a formalinm That wan
devoiopad to predict valuos from an early Flopeor |
mack-up. Thin snme technigue, together with degailed
antimsten tram the enpglonsering diawings of the vacuum
diade, resulted fn the 8.7 gl Inductor an the thied
borizontal hiauch. The t{me depondent 1onintor on 1hin
hranch In the cloalng awiteh that sllows the lool e
gae curtent . Ip the afmulat ion preesptod hore the
aditch 1o given S0 up 10 clone atarting 14, 07/ pp luta

the generator 1un.



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
stalic loads have exceeded 9 MA. Tt should be noted
that ther¢ is experimental evidence to suggest that
this uvpenine switch. when fired, places a voltage
across the generator that can impact the generator
performance. This 1s one reason that we have advo:zated
firing the opening switch late in the gen@rator -un.

Figure 3 shows :hat thia circuit should deliver
nearly 3.5 MA to the tvil load in lesa than 0.5 us
{(d1/di = 7.0 x 1012 A/a). The reason for firing the
closing switch slightly after the opening switch is to
allow the voliage to build up acreces the openinyg
switch. fhis voltage markedly improves the time
derivarive of the current through the load when the

closing ewilch closes.

The zero-dimensional model t(reats th imploding
plasma as a slug whose mass 18 equal (o t'te Lotal mass
ot the foll. Thils maas Is accelerated hv the force of
the mapnetic tield caused by the current from the
external ecircuit, We havoe found that this 0-D model
piven veloclition, and hence kinelle enerpglies and

indurtences, that apree quite well with our 1-D m lel.

Flpure 4 shown the kinetile enerey of the laploaing
plasma caleulated by this 0-D model.  The caleulat fon
{s terminated when the dmploslon teaches o 1021 1atio
(the radtus teacher 0,4 =m).  Similar modeling effores
at the At Force Woapons Laboratory fadicate that chis
U-D plmalat fon will probably prodlet too much kinetie
enerpy, perhaps by as much an a tactor of two.  The
principal veanon for thin diacvepancy 18 the dovelop-
meot of donstabiltitlen, To minimize these fuanta-
lttlen we have atteppted to limlit the time of
implonfon to Iean than % une Thin time dietated the
caaiee of a 200 om thick, Vem cadlun aluminum foll. We
have uned 4 hoe v dint le model ol mapnetically dy iven
Ravledeh- Lavtor dnstabi Lt {en doveloped by Rodercick and
Huanev' (o oxamine the cftectn of inntability wave-
leagpth on the thetmallizat{fon timen (o our planma.
Theee ropultn are shown In Fig, % The lenpon {n thin
fleure (s to tav 1o avald O, cm wavelenpgth pertu -

bat tonn {n aur load toil,

ONE DIMENSTONAL MODELING RESULTS
Wo have uned aur one dimenaional similat Jors ol
the Implading planma 1o pot ortimates ol Che planms
tompetatute, vadliat lon outpat . and the exteat to which
the plamma {a Ao thevmodvaasate oguidibelom, The
tadiation teannport package uned in thene calowlal tons

In a dittunion appronimat fon,
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Calculated current output from the | x 4 plate
generator.
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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 pas, 0.59 us after
the closing switch begins to close. Beyond this 10:1}
point we don't truat 1-D simulations because we would
expect inetabilities to dominate.

Figure 7 shows the calculated temperatures.
Rosseland mean opacity values indicate that the plaasma
is optically thin until the pinch occurs. Therefore,
it is radiacting energy nearly as fast as it is adding
energy throvgh Joule hearting. Thie explains the
relatively conatant temperature until pinch.

PIONEER 1-2
One-di{menaional calculations have been made to
compare wilh the raesults of the successful Planeer 1-2
experiment. These calculations used as input the
woasured current that reached the load in thia experi-
ment.? The calculated implusion is shown in Fig. 8.
The timing of the implosion agrees with the obrerved
time of the pinch and associated radiation pulse. Also
interesting 1s the fact that the calculated maximum
extennion of the plasma during the expansion phase
agrees quite closely in time with the early radiation
peak seen by the x-ray detector that was sel for the

3-12 eV plasma Lemperature range.

If It 18 assumed that there 1a no resistive
component (n the measured voltage acrosa the load, then
a time dependent dinductance can be calculated by
dividing the {natantaneous measuced current Inta the
time fntegral ot the measured voltage, F¥rom hene
indurtance values we can determine an effective radiun
for the load

( et () ) '

Valuen {rom thene caleulnt tonn ave plottad as (x)'n on

Fly. R,

From our |-G simulat{ion we find peak {mplonton
velocity ot 12.% ew/pn. Thin veloc{ty translaten to 1/
kit of kinetic eneagy (L all ot the {oll mase par-

ticipated In the {mplonion.
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Kinetic energy of the imploding plasma
calculated with a 0-D slug wodel.

Figure 4
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Calculated implouvion of the plasmsa load using
a 1-D MHD model.

Figure 6
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Flgure 7
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Calculated implosion of the plasma losd using
the 1-D MHD wodel and the measured current
from the Pioneer I-2 experiment. The (x)'e
indicate the effaective radius of the load
determined from its inductance.

Figure B
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