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Plasma devices with ExB drift
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Electron drift
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Plasma flow modeling
approach in Hall thrusters

o o(nV,)/oz + o(nV,)or + nV/r = pBnin,
« V,0V,0z =-V,0V,or +elmE,-BV,n, I 2D part

e V.oV, 0z=-V,0V,or + E,
* Jo70; <@ - Telnn = const
* Jj.,=enu/(l+(ov)?) (E, + 0T /0z + T 0lnn/oz)
* 3/20(joTo)/0z = Q; - Q- Qion

1D part




Electron collisions

e Bohm-type:
— Ahedo: 1/80
Neutrals v,,= n,c.,V& — Fife: 1/100
Bohm Vg = 0O, — Keidar: 1/40
(a~1/16) TNwe:
wall vy, ~Ve/h — Garrigues: 0.2e7 st

— Koo: (0.2-0.3)e7 st

Various models were developed PIC, hybrid, hydrodynamic
All relay on some anomalous coefficient
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Modeling assumptions
State-of-the- art

o Electron conductivity mechanism
— Bohm (plasma turbulence)
— Near wall conductivity

o Current (potential) distribution

— “thermalized” potential
— Uniform current
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Plasma oscillations

2D PIC-MCC

* May be in support of
Bohm anomalous mobility

e Experimental evidence In
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Conditions similar to Hall thrusters
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Original model
Morozov, 1968-2000
Bugrova, 1985 (experiment)

Energy losses
Surface roughness B Recent

SEE Ivanov & Bacal (neutralization)
Barral (sheath effect)

Mean free path: ~1lm
Distance between wall: ~1 cm
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Near wall current

Collisionless kinetic equation

o Vﬂ—E(E+VxB)— Ya x
ot or m , é
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Electron dynamics dt ‘
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Axial E-field.
Current enhancement

space charge saturated sheath

NWC depends on wall to bulk T, ratio
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Summary

PIIl, magnetrons, Hall thrusters have similar physics, ExB
drift. This leads to efficient ionization and high electric field
In the quasi-neutral plasma region

Electron transport is largely determined by properties of the
drift region (walls, plasma oscillation)

Anomalous transport mechanism Is needed to explain
electron current in most cases (Bohm, NWC)

Conditions for both mechanisms are different and required
further evaluation for each specific device
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