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TWO-DIMENSIONAL MOXmLING OF MAGNETICALLY
IMPLODED LINERS

W.L. Atchisox ILL Bow- J.Il. BrowneU,H. ~ ILD. McLenithu M.
Ri& Al Scanna#eco, W& ~ andM.G. Sheppard

Las Alams Nmiond Ubmkory
LosAhUno&usA

Magnetically implodedmassiveCymtfkicdlinerdrivealhavebeen studiedintwo-
dimensionsfbrlow,immedhteand ~ghemergypuhedpowersystuns.The
simulations have been carried out using a resistive Eulerian
-* YddyDdm Oornputationalmodel which includes materm strength,
andxnodelstheintemctions between timimplodiag ~@*electro&waUs.
The computationssitrnda* the generationof perturbationsand their subsequent
growthduringthe irnplosiom At low energies a solid linerremainsin the plastic
regime, reaching an inner cylindricaltargetwith velocities of a few nun per ps.
At higherenergies (whereonedimm Sionalfnodelspredictimplosion velocities of
order 1 crn/ps or more) resistive heating of the liner rcsuhs in melting, and the
effects of magnetically driven instabilities become important, We disouss the
two-dimensionalismes which arise in these ~ These include:the onset of
_ations associated with the motion of the liner along the electi, *
growthof instabilities ifi liquidla-, and the sqpmssion of instability growth
duringthe implosion by maintmm● “ gasolidinnerlqer. Studieshave beenmade
of liners designed for the Pegasus capacitorbankfacility (currentsin the 5-12
MA regime), and for the Rocyon high explosive system (currentsin the 20 MA
regime). This work focus on the design and performanceof the first Pegasus
compositenwgabarliner exprimen~ LA-UR-96-1S47.

Related Presentations

H. Lee, “Composite Liner Design to Maximize the Shock Pressure Beyond
Megabars”,Session #10, MagneticallyhnphxledSolid andPlasmaLiners;

R.R. Bartscb, “McgabarShock Generationwith the Implosion of a Composite
Liner”,Session #9, Magnetically ImplodedLiners;

W. Anderso~ “Fabricationand Characterizationof AluminumHeavy Linersfor
the Pulsed Power Systems of the HEDP Programat Los Alarnos”,Session #9,
MagneticallyIrnpkdedLiners.

M.G. Sheppard,“Multi Megagauss Field-GenerationUsing Capacitor Banks”,
Session #22, Non DestructiveProductionof HighMagneticFields.



Composite megabar liner specifications assuming one-
dimensionalperformance on Pegasus II (85kV drive)

Composite liner design fm 2-D pm-shot modeling

mh~~=9g; 8 g Auninum, Ar=o.06cm
1 g platinum, Af = 0.001 cm

ro=4cm Az=2cIn
vhpw =Icm/JLs P-= lohdb

Liner as fielded used a more conservative design to reduce
Joule heating:

ro=3cm
vi~P~Ct= 0.85 cm / w p~O&= 8 Mb

PegasusBarik
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Current “waveform for tie 2-D models (upper), and for
an upcoming experiment (lower). At rig~t~liner radius
versus time for the 4 cm model.
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Approach used the capability which successfully produced
the pedsion solid liner experiments ..
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hy&odynamics with internal contact discontinuities

magnetic accelerationand resistive field diffhsion

HI current drive, including Pegasus bank damping
resistor

elastic-pktic strength model

Steinberg-Guinanelastic-plasticstrength parameters

SESAME equations of state and electical resistivites

thernuilconduction

Prekninary 2-D approach:

current capabilitiesmake it impractical to accurately
model the thin platinmn layer

iiistance of radial travel _ 25 cm = ~500 “
platinum thickness - .Lil cm

eliminate platinum laye~ model 9 g pure aluminum
liner
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Observationson the modified 2-D approach

24) models without a thin platinum layer over
P&tixnatethe potential importance of instabilities

SaMizing efR?ctsof plastically deforming
ahlminum permits inferences about stability with
a thin pMinum layer

uncertainties in databases, especially in melt and
strength models, affect stability predictions

data needed to benchmark code’sability to accurately
describe evolution of instabilities in the liquid regime

these ca!culatiwnswill serve a as possible benchmafk
for advanced mathcck (e.g., adaptive mesh
ret-inement)which will be We to resolve thin
layers.



INITIALMODEL

.

4.00

3.00

2.00

1.00

0.00

0.00 Loo 8.00

s (cm)

1 8

.

3.00 4.00

.

.

.

,



. . .-

contourplots ofthe equivalmt plastic strain in the solid
dumimlm Enextueshown at_ti*tie@$*of
curmsNflow. Rarlytime ”bc8mbaldw’ of we is
minimal, and dfbctive contact between the liner and the
electrodeisestabHSb6d TMsdesigndiffeIstimtMtti
in the solid Iiner-qjectaeqdmemts.
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The implosion of a liner may involve f- stages

Stage 1: Initial “deformationand launching of the liner

Iiitial eIa@c deformati~ andonsetof plastic flow
Establishes initial liner-electrode@de pkme
First introduction of pertmt@●ens near the ekctrodes

Stage 2 Plasticdeformation of liner

Liner pbstically deforms as it implodes
Resistive heating and plastic heating occur in the liner

and at the liner-electrodecontacts
Perturbations induced as the liner moves along the

electrodes

Stage 3: Onset of melt in the outer layers of the liner

Melt wave propagates tiom the outside of the liner
toward the inside

Instability growth begins in liq@dlayer
Growth stops at the liquid-solid boundary
Inner solid layer continues inward plastic deformation

.

Stage 4 Platinum stiilized implosion to the target

.

Inner solid layer continues to heat (electrically and - “
mechanically),while stabilizing overlying layer
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Evolution of a pure ahmiinum~mega~ liner drive~ iso - -
density contours of the liner ~d electrode in the r-z plane
are shown for time 5 ps < t k 9.5 ps (note changeinscale .
of theverticalaxis)

.

t = 5- 6“9KLiner impl~ @lStiCdiy,**g

coritwtwiththeekctmde. Duringthisstapethe
entirelinerremainssolitLsmallpermhtlonsarise
nearthe electrode. “ “

t= 6.56 jk The backskkof the-linerbegins to mel~ and
a melt wave moves inward.

t=7ps: Themekwave liaspassed about half way
through the liner. PertdWions in the overlying
Iiqkid h3y~ begin tO #’OW.

t = 8ps:The inner layer of ~mninum remains solid away
from the electrode. Melt reaches the inner surface
near the electrode. Instability growth in the liquid
layer has become &gnificantnear the ekztrode, but is
limited by the underlying solid layer.

t = 8.5 ps: Melt reaches a significantportion of the inner
surface near the electrode. Instability growth
resumes.

t= 9-9.5 ps: Once the.entire aluminum layer has reeked
instabilities grow,‘disruptingthe liner near the
electrode. Low density plasma and magnetic field are
accelerated ahead of the liner as “bubbles”pop.
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t = 9.25ps
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Evolution of the melt region in the pure aluminum liner

Contours of the material strength stress teaser (radkl
component) are shown in the r - z plane. The stress tensor
vanishes in portions of the liner that have melted (regioas
containing no contours).

t = 6.45 ps: portions of the liner away fkomthe electrodes
are solid, but the aluminum has started to melt near
the electrode. Note the perturbation near z = 1.75
cm, and smaUerones at z = 1.55 cm and z = 1.3 cm,

t= 6.5 W: melt starts at the outside surface of the line~

t = 6.7 us: dispite instability growth on the outside
surface, the inner surface is still smooth;

t = 7- ?.5 us: instability growth is limited in amplitude to
a fraction of the radial thickness of the liquid laye~

t = 7.9 WS:melt reaches the inner surface of the liner
nearest the electrode;

t = 8.5 WS:melt of the aluminum liner is essentially
complete, and instabilities now grow rapidiy;

.
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Conclusions

calculations predict that thegrowth of perturbations
is suppresseduntil the liner starts to mel~

the presence of a plastically deformin$ solid inner
layer is predicted to suppresses instability growth in
an overlying,unstable liquid laye~

in the absence significant of inswbfity growth, the
Iiner - electrode contact is maintainedand well
behaved;

the outside of the liner is uns~ble after melt begins;

perturbations in the outer liquid layers grow until
stabilized (presumablyby an inner solid layer);

the front edge of the liner remains undeformed and
straight to better than 140-170 pm;

the density at the front edge appears to be sharp


