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Pitfall of azimuthal mean values of individual physical properties

uniform plasma in azimuth

e Whatis the influence of azimuthal distributions?

Electron axial velocity with azimuthal component becomes...
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1/B proportional transport contributions
have been ignored!

Q. How significant are these contributions?
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e Are azimuthal distributions of properties really uniform?
No.. Instabilities, rotating spokes, non-ideal manufactures!

* Axisymmetric geometry/operation appearance makes us to assume
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Electron cross-field transportin E X B plasma

[ Electron cross-field (axial-azimuthal) current density
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Various causes of azimuthal inhomogeneity (Ey) and our approach

6 propagating Instabilities
(EDI, Spokes, drift waves, etc.)

Causes of E

Fluctuation of ne and 1, in 6 Characteristics of Eg
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Cross-field transport
with < 1/B mobility
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Hard to resolve..
Simultaneously with ne, even harder
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* Non-uniform parameter operation
Easy for direct meaf}rement of (ng.Eqg)
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Physically exists on operation, but
measurement averages out
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Influences of azimuthal inhomogeneity on equilibrium plasma structure
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* Floating point with* lon saturation
large emission current regime
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* a half of the plane is measured, and is duplicated to the rest
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Influences of 7in inhomogeneity strength on Hall thruster operation!!

J Discharge current anatomy U Induced plasma inhomogeneity [ Relation to global parameters
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Ioc: Electron current : neutrals inhomogeneity strengths; closer to 1 = more inhomo.

Iig: Guard-ring current (loss to the walls) S,: Radial mean of image intensity
Iip: lon beam current o : Standard deviation of S, in azimuth
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Spatial correlation of plasma properties and regional characteristics

Azimuth dimension is periodic, so the net transport has to be
considered. (not means of individual properties)
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the azimuthal correlation n, and Eg becomes important
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B : Potential inhomogeneity

B : Magnetic flux density

* Note that this can be applied to different wavenumber/frequency components

O Evolution of effective mobility coefficient k of lez,Eq

afy
ezEg — g Neo{Ez) = B Neo(EyZ)
r r
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B = neq1/Nep; density inhomogeneity
Y = Eg1/(E;); E-field ratio
- Contour map of k!
(by a static equilibrium Eg under azimuthal m inhomogeneity;
the result is limited to this specific case)

O plume region
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Conclusion and open questions

dPhysical properties in azimuth dimension significantly affect electron cross-field transport in

Hall thrusters
* Transport by azimuthal gradient of potential/pressure can easily become dominant transport mechanism

U Artificial azimuthal modulation of operation parameters induces characteristic equilibrium

plasma structures
* (Can alocalized plasma control be useful for some applications? How good controllability can we achieve?
 How would such artificial modulation influence time-varying phenomena (instabilities, spokes, etc.)?
* Does the equilibrium structure from artificial modulation have similarity to the instant structure?

[ Strength of azimuthal inhomogeneity affects thruster performance
 Enhanced electron transport is bad for efficiency-critical-applications, but can it be useful for other
applications? (ex, enhance electron flow near anode inside thrusters)
 What would be an acceptable inhomogeneity level for efficiency-critical-applications?
J Spatial correlation of azimuthal plasma properties is critical on net cross-field transport

* How the affecting parameters in different wavenumber/frequency components (by different causes of
inhomogeneity) are related to each other and evolve spatially?
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