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IMPLICIT TWO-FLUID SIMULATION
OF ELECTRON TRANSPORT
IN A PLASMA EROSION OPENING SWITCH

Rodney. J Mascn. Jon M. Wallace and Kenneth Le

Apphed Theoret.eal Physics Divsior.
Los Alamor Natwonal Laboratory
Lo» Alamos. Nev Menico #7545

Abstract

" The two-dimensional implicit code ANTHEM is used
to model eieciron transport in Plasmz Opening Switche-.
e look at low density |~ 4 ¢ 10" em™ *) switches at ini-
lia! piasma temperatures as jow Bs 5 eV, Two-fluid mad-
eing tions and electrons with inertin; and implicit de-
termination of the fields is employed 1o allow time steps
welt in excexs of the imverse plasma period. and cell sizes
much larger than a Debye length  with tnz aveidance
of the finite grid anomalous plasma heating characteristic

of particle codes. Features indicative of both erosion and

E .- B plasma drift are manifest in the simulations.
Introduction

In pulse power technology Plasma Erosion Opening
Switches are used to minimize prepulse, isotropize the
energy delivery. and steepen the time profile of energy
delivered to a loud. A comprehensive understanding, of
such switchex may prove crucial to the efficient operation

of PBFA 11 light ion diodes,

Early models 1.2 of the switch bebavior v.ere based
on both experinental and phenomenological concidera.
tions. These models described the erozive opening of a
gap along the cathode nide of the awitch, as the E-field
of the wave (hringing power down the line) pulled elee-
trons away from the cathode wall. Opening was thnught
to consist of four phases: 1) For weak currents conduc-
tion occurred across a sheath near the cathode with in-
jected ions irom the anode, and space charge limited elec-

trons from the cathode. 2) For higher currents the Child-

Langmuir electron emission wa- insuflicient. so the gap
wauld widen. providing more eflective ion current. This
was the “eronion phase™. 3) When the magnetic field in-
crease enough in the gap 1o begin to chaanel the electrons
along the cathode surface. one had the “enhanced erosion
phave™ and the gap ~idened more rapidly — 4) Finally,

whe o © o magnetic fiekl was large enovgh 1o make the

eleciron gyro-radius smaller than the gap size one had
the “magnetic insulation phase™. The required 2-D cur-
rent pattern consistent with this model was evident 1o

somt extent in the measurements of Ref. 3.

More recent simulutions] studies 4.5 =uggest a dif-

" ferent picture. A gap begine at the cathode near the gern-

erator side of the plasma. Flectrons then flow in « thin
layer on the cathode-facing edge of the plasma. produc-
ing the § x ¥ - B that cancels the B-field beyond a sk
depth inside. Subsequentls. E - B drift shifts the con-
duction path inside the plasma over to a disgonal route.
which reaches the anode at a progressively closer position
to the load. When B has grown large enough 10 totally

insulate the cloctrons, power is shified to the load.

These rimulational resclts were obtained with ex-
plicit particle-in-cell codes -- with their intrinsic limi-
tation to cellt 7o larger than a Debye length. and time
steps no larger than a plasma period. To avoid these con-
straints. to examinc the newly pronounced phencmenol-
ogy. and o calibrate and normalize our own fluidic sim-
ulation approach in anticipation of the modehng of
awitches at significantly higher density 6 (possibly man-
ifesting clansical electiror collisionahty )  we have applicd
the implicit ANTHEM simulation code 7.6 10 the now

canonical low dannity prable: .

The ANTHEM Model

ANTHEM rctains the Inertial terms in botk the won-
and uie electrons. The clectrons can be modeled ax either
fluids or particles. For the present study the electrons
are flulds. The retention of ineriia retains a finite elec
tron veloclty under the influence of aceelerating fickds It
alne wvolds the singularities encounmered by vonventionai
hybrid codrea near vacuum interfaces. However, becpuse
the inertial terms lisnit convennional expliot treatment
to time sieps esn than a Courant value on the hotte s

clectrons, the ficlds must be caloulated smplethc T



i« accamplished by the Implicit Momem Method 7.8. A
set of auxiliary fluid cquations is solved self-consistently
with Maxwell’s Equations for the time-advanced ficlds.
The real fluids are then accelerated in these fields. To
avoid cxcessive numerical diffusion the spatial diflerenc-
ing for the hydrodvnamics employs Van Leer corrections.
Also. current corrections R are applied Lo assure that
quasi-neutrality is maintained. as appropriate, in the cal-

culations.

Special additions for this problem include the imple-
mentation of flux transmitting boundary conditions for
plasma entering thru the a..ode side of the switch and ab-
sorbing on the cathode. a Child-Langmuir emission mod-
ule {for the cathode surface neir the switch plasma. new
conduction boundary conditions for the guide walls and
1te <hort-circuit joad. and a time dependent driven B-ficie
houndary conditions at the generator.

The Low Density Switeh Phenomennlog

We have modeled the switch configuration considered
by Girossman et. al in 4. but with shorted joad condi-
tion used by Waisman ¢t. al. in 3. The line betweey,
the generator and load »w 10 cm in length. and 2.5
mm widit, e use cartesian geomedry. Initally. plasma of
density 4.0 - 107 cm © flows in a jet of width 5 cm from
the top {ancde) of the fine 1o its bottom {the cathode) at
aspeedof 1A 10" cmosec. Attt Othe B-field starts 1o
grow at r O, rising hnearly to 8 KGoin b ns. This would
correspond to a peak current of 100 kA, il the cathode
were a eylinder of 2.5 cm. asin 5. The anode boundary
condition is fully transmitting. allowing the penet “ation
of the jet plasiua. and absorbing any plasma returning
from below. The cathode absorbs all the plasma siriking
it. but transmits no plasma into the switch region, unless
the E-field on coll above the ¢athode surface exceeds the
threshold for Child-Langmuir space charge limited flow

TFis threshold 15 usually taken ax 300 keV cm.

o e e
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Figure 1. (2) displays the initial density profile for
plasma lving beiween 2.5 and 7.5 cm in the ne. Theions
and electrons in the )~t are intially at 5 eV'. as indicated
by Fig. 1 (b}. We use 2 mesh of of 50 » 50 celis.so Ar = .2
cm. and Ay - .05 cm. For this calculation we have set the
emission threshold at infinity to test the suiteh beharvior
in the absence of Child-Langmuir electrons flowing from

the cathode. The B-field is direrted into the page.

....!- o |_1__.r_
f i

s ‘ —H
R Y . (I \

Figure 2 shows the electron flux patterns at 1--0.32,
0.92,1.72and 2.73 ns for frames (a) thru [d). respectively.
Wigure 3 shows the B-field contours estublished a' thes
times. At ¢ 0.32 the current runs principally aiong
the generator side of the plasma. Some slight separation
from the wall is evident in the lower left-hand corner. By
t  0.92 ns separation has procceded acrors some 4 o,
of the jet. Electrons flow vertically at the edge of the
separation region, then along the lower surfacc of th fet
plasma toward the generator. thea vertically within a shi
depth (about 0.5 ¢m in width) of the curface up ond along

the left face of the jet 1o the anode By 1.72 ns there is an




eleciron gap along the full lower surface of the jet and the
switch is just opening. Other plots show that the ions are

a'so heing lifted from the cathode in the erosion process.

The corresponding B-field history in Fig. 3 shows
field penetrating the gap. as electrons are re- oved. The
currents along the jet botiom and sides are shielding its
interor from. the field. Orce the gap runs the full plasma
length. the field can rush into the void bevond the jet. as
current passes to the load. The returning electron flow
then runs down the load side of the jet toward the top
of the gap. again shielding B on the jet’s right side. Al
this is consictent with the experimental current determi-

nations reported by Weber et al. in 3.
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Figure 4 collects a sampting of output from the code.
Frames (a' and (b) show contours of the electron den-
sity at1 0.92 and 1 1.72, respectively. This could be
two-streatr instability. since the electron drift apeed (here
approximately 4um ns is considerably higher than the
thermal speed (characteristic of 5 eV, and the steep edge
gradient may be a significant factor. However, we spoc-
ulate no furthe,, since more extensive simulation should
be abtained firct. Fraes (o) and (d) plot the D-field in
the gap at the two times  The negative scale goes no
lower than 2 kG, xo that exposition of the later time re-
sdlt is truncated near the generator, The last two frames
show respective plots of the Fovector fields, ‘The E-fiekd
is lurgest in the gap, but also significant. as IV grows in

the left and right voids

Finai.. Figurc & shows the electrostatic potential
and emf-volta -+ for thic rur at t - 1.92 ns. The potential
is used oniy a~ . diagnostic in the calculations. Since con-
ductors bound 'tie vy tem abiove, helow ana o the right.
the potential there is zero. The maximum contour dis-
plaved is 30 keV. The voltage contours measure the line
integral of E from the cathode io the anode. Here the
maximum displayesd bae is 200 keV, while the minimum
it zero. Clearly, a very large jump exists across the gap.

and this should cause Childs-Langimuir emission.

Alternate runs with the space charge emission “on”
show a similar behavior at early times - like that of Figs.
1 and 2 (a) -- but once the Child-Langmuir threshold
is surpassed the dynamics changes drastically. Electrons
then flow into the plasma from the catnode surface. £ - B
drift ensues. so that the new elecirons acquire a significam
velocity component along the cathode surface. An elec-

tron gap can arise, as ih the emission free casc. but. with

the ao-dition of drifting electrons from below, it ucqunre.
a dingonal structure running from the Jower left catl.
ode interface upwards in the direction of the ioad. Switch
opening is delayved, by the supphy of Child-Langmunr cur-
rent A« a consequence, electrons running up the genee.
ator side of the jet have a longer time 1o achiove notaton
E B driflt. Traces of such drift are already evidentar 172
nsin Fig. 1 (d). These features have also been reported i
6. In addition, should the electrons achiove o higl wen

perature from their laminar dy namics, or poscibly from
instablities, they may preferentially absorb in the anoile
If this occurs leaving a positivels charged gap, then B
field may penetrate the anode adjncent placma, much ns
it does along the cathade surface, leading to election diih
near the anode, and speedier switching This has heen @

ported in 3. We have observed this anode drift, when
electron entry to the anode was testricted invanon tesr

ol the possible boundany condition:



Conclusione

\\¢ hat¢ demonstrated that 1wo-fluid modeling with
implicit ficlds ran be uaed in the analysis of Plasma Open-
ing Switch dynamicr  In applicution 10 lon denkity cro-
sjon switches, we se¢ many of the features reporied fro:,
puarti-le code studiet. Qur Child-Langmuir ennssion-free
culculation matches the currem profiles determined ex-
perimiental’s in 3 . More fundamentally. we find that the
calculated switching beha ,or is very xironglv dependent
on our chaice of houndary conditions There may, in fuct.

be undertain experimentaliy. o that additional eaper:-
Hichia Wora Lo Ul surface praoperiies at the Blnie Al
cattonde Ty b an orac: e guestions "Wt s 1
vorte e e, Threshobd D7 oand "\ ohat o= the cathom
sala oot v whach it appies ' remudin sonow g
i

Having estabdi-ned the overiap vith pariae v o
sul's that v possible, we an now equzpped 1o expoon
higiwer denvaity regions that wosle be domed o esplie
particie ¢oties o, account of their inherent limitations Ja
dersities as kigh as ' o’ should pose no spe gl chare
lange  Cor~cquentiy, the anziver= of oollisvie ! diftusior
of B-nent i sack denser wi- stould be readily mhane oo-
&hle by the ANTHEN Braz ek pach ge 7. Further.,
the long e exdlusion o v et plasma trom the switch

In ML eflects should be ananable 1o the deseribed ap-

proach
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