Ackno

' THE GEORGE

WASHINGTON
UNIVERSITY

‘1
<
=3
e

Micropropulsion and Nanotechnology Laboratory

MpL) ]




Smartphone summary:

thus multiple approaches are required



Vacuum Arc
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High Arc Current Vacuum

e Plasma model
— Expansion of individual cathode jets

— Formation of common channel from
overlap

— Single jet in the presence of high-
current column (imposed voltage on
single jet) and magnetic field

cathode

Diffuse arc




The Free Boundary Model

«  Assumptions

Steady-state, fully ionized, collision dominated,
quasi-neutral plasma

Anode acts as a passive current and particle
collector

Cathode spots act as source of plasma at a

3 j . . i
SKNVVT, +3-¢kVT, +kT, =—P £ :
2 ¢ VI +3 e VT +kT.div(]) vV + & Numerical methods

r — lterative scheme for solving for the potential
B,(r)= &j j,ridr’ — Implicit second-order accuracy method to
r5 calculate the velocity, current density, and density
N, N, from the potential
a1 5 Ve - o Vi « Two approaches:
o 14 by V? — self consistent solution
V. — voltage is set by high-current column

Keidar et al, J. Phys. D, 1996



Free plasma jet boundary
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Focusing and Arc Voltage

Magnetic Coils
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transport
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omparison wi
Experiment

Boundary
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Keidar, J. Appl. Phys. 1998; Rev. Sci. Instr. 2000



Condition for critical AMF

Cathode spots

of the plasma jet radius
due to the radial
expansion

R, +Ar., ¢ 2h(l,., R, is the distance
between two individual

adjacent channels
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Columnar & Diffuse Arc in

a Magnetic Field
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High-current vacuum arc
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— Two-dimensional free field .\ Higiiitrent
expansion of the plasma jets , column

— Voltage is calculated for the
individual jets and high-current

Single jets
column

— Diffuse column arc: Expansion
of single cathodic jet burning
in parallel to high current
column




Anode sheath potential drop

j(r,z) current density

Single jet existence criteria
Ap=0, I=I,

I> I the isolated jet extinguishes

I < I, the isolated jet is stable, which
is characteristic of diffusing arcs

Critical arc current

Jet anode sheath voltage [V]

Jet anode sheath voltage [V]

Anode sheath potential drop

| (8=0.03) ||
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Gap length (mm)

<V, —is diffuse arc condition

Total Arc Voltage VARC[ V]
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Comparison with experiment
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Diagram of Modes

Diffuse arc

Non-diffuse arcing

Gap length [mm]
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Arc Voltage Criterion

= j E(1)dA
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omparison wi
experiment
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Radial plasma flow

Plasma jet
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Kimblin & Voshall,Proc. IEE, 119,
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The model

« ambipolar flow

Potential distribution:

du/dr = kT/e-VIn(Zzn) + BB.(ZZnVi/ZZn;)

Density Magnetic
gradient Field



Radial Flow
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Material ablation:
non-equilibrium layer

Existing models (Langmuir) can
describe only low pressure <1 torr
cases

Knudsen layer
~few mean free paths

The back flux ', is
generated due to
collisions

Keidar et al, J. Appl. Phys., 2001



Non-equilibrium layer
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Kinetic model of
the Knudsen Layer

where £(x=0)=1 and &(L)=0 with x=0

[MOtt-Smlth, 1951] —=— analytic o
1~ s
Ty —v— DSMC (L=100%.)
f,(V) = n,p%exp(-V2) V>0 ; .
f,(V) = 81,(V) V,<0 . Ty

fo(V) = n,p¥2exp( -(v-U)?)
[Anisimov, 1968]

0.01

T
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U/(2KT /m)°*

Depends on velocity
Keidar et al, J. Appl. Phys., 2001



Thermal conductivity

Polyethylene

Electrostatic
Sheath
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Hydrodynamic Layer
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this interactions
are important ?



Model validation-directed

energy
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Predicting charring

Condition: kT,n, <kT,n, and n,>n,

If backflux is higher than the primary
flux —deposition

Deposition rate

Keidar et al. J. Prop. Power 2004, p. 978



Effect of cross flow (moving target)
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Micro-cathode arc
hruster (MCAT)

>

—

AN

100THS



Current r.u

1

Probe

Cathode spot

.'I_:I; i

e

Probe 1

Frobe ' Isolator |'I -
Probe ﬂ -E_ ]
\ ' Probe 4
Probe \ ! \
| \ \ \_Probe3
|
- —-:Ah_._ et == —

The Experiment Result shown that the Rotation Speed is 75m/s
The Rotation As the Direction of —J XB




Cathode Spot Rotation
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PIC simulations




NASA Ames PhoneSat
Experiment

Orbitals” Antares, April 2013

N " : GWU / ARC PHONESAT
i MAPERS
MCAT PE

=
»
o
=
o

ﬂ

(

ool
I
O
=4
(3Y)
% i
O
st
T
O
=3

;;gzl]:“‘

NASA Ames PhoneSat seIeCted micro-CAT

Android app compatible with PhoneSat Bus will be capable of

commanding uCATs



_Unipolar Arcs

View of the IR-camera and photo of an
arc pattern of a comparable region in the
inner divertor on ASDEX-Upgrade

A. Herrmann et al., J. Nucl. M({ter‘iais, 2009 R Et u rn E u rr e n -t

Conductive wall with
electron emitting (3) spot

Global floating condition:
J[Je(1-6)-J)-dS =0,

" 10um 7 S Y\
Wang, Brown, Rev. Sci. Instr. 1999



Unipolar Arc Suppression
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Summary

* Predicts high-current vacuum arc behavior
 Kinetic erosion model

 Some new devices based on vacuum arcs
* Unipolar arcs suppression
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