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● Bulk discharge oscillations in a few tens kHz band. 
- Mainly coming from ionization oscillation, also called 

‘breathing oscillation’
- Highly synchronized & oscillative and detrimental to 

thruster operation

● Specifically focused on
- Taking azimuthal dimension into account for the model
- Clarifying the relation of ionization frequency and 

amplitude

Research Overview

● Interested parameter and operation parameters

Motivations

Current Limitations and Goal

1. Development of ionization model with decisive operation parameters taking azimuthal dimension into account

2. Connecting a physical constraint coupling ionization frequency and amplitude

 Build a confined-model which can predict ionization oscillation amplitude tendency from common operation parameters

Objectives

1. Hall thruster with azimuthal 𝒏𝐧 inhomogeneity 2. Inhomogeneity and geometrical parameters

Results and Discussion

1. Dispersion relation
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Selected References

• Built an ionization model requiring pre-known parameters
- Parameters which can be pre-determined, including common operation parameters, geometric parameters, and azimuthal inhomogeneity

• Observed a physical constraint coupling ionization frequency and amplitude
- Frequency and amplitude are in couple through the ionization box size and neutral velocity for neutral refilling cycle

• Built a combined-model which can predict low-frequency oscillation tendency from common operation parameters
- Simple 0-D revised model qualitatively well predicts breathing ionization oscillation characteristics
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3. Exp. observation and comparison to analysis

● Fitting of azimuthal distribution of 𝑽𝐩 and 𝒏𝐞
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● Schematic discharge region of Hall thruster
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● Continuity equation of neutrals and electrons

● Neutrals and electrons behavior
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: representing azimuthal distribution, 
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● Frequency (Re[𝝎]/𝟐𝝅) Ionization model with 
pre-determined 

parameters
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* 𝑳𝒛,𝐢𝐨𝐧 is the length neutrals can 
propagate with the velocity, 𝒗𝒏,𝒛, 
during the filling sequence, 𝑻/𝟐.

Δ = 𝛼𝑉ionz. box = 𝛼𝐿𝜃𝑅w𝑳𝒛,𝐢𝐨𝐧
Amplitude

*Wei2012

● Connection between frequency and amplitude

• Negative correlation is confirmed

• Some discrepancy between two are 

expected to come from 

i) Variation of axial location of 

ionization region along azimuth

ii) Variation of axial length of 

ionization box along azimuth

, which would result in time phase-off to 

be collected at anode as 𝐼d

*Uniform ሶ𝑚 data : 𝑉d=150V and 200V, 

ሶ𝑚=2.09mg/s

*Non-uniform ሶ𝑚 data : 𝑉d=150V, ሶ𝑚=2.09mg/s, 

Ξ=0.0-1.0

Δ = 𝑎 ∗ 𝑓−1 : From simple analysis 
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RMS = RMS 𝑓 = 32.6 ∙ 𝑓−1

● Simulated oscillation map with parameters (𝑩, 𝑽𝐝, ሶ𝒎) + 𝚵
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2. Relation between frequency and amplitude
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: Effect due to azimuthal 

non-uniformity 𝛯

𝐺 𝑎 ≡ 1 − 𝑒−𝑎 /𝑎
, where 𝑎 ≡ 𝑳𝒛/𝐿ion,z

: Effect of the ratio of 

representative ionization box 

axial length to axial geometric 

length 𝐺 = 𝐺 𝑎 → 𝐺 𝑩, 𝑽𝐝

Assuming 𝐿ion,z = 2𝑟L(𝐵, 𝑇e),
*Length scale that energy 
transferred by electrons 

𝜈ion = 𝜈ion 𝑇e → 𝜈ion 𝑽𝐝

With common relation 𝑇e~0.1𝑉d

From input ሶ𝑚 = 𝑛n0𝑚n𝑣n2𝜋𝑹𝐰𝑳𝜽
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𝜅 → 𝜅( ሶ𝒎)

■ : Geometrical parameters

■ : Input parameters

● Current limitation of ionization models

● Goal of this research

*𝑉d=150V, ሶ𝑚=2.09mg/s; Uniform• Comparison with Exp.

● Some ionization models proposed 

● Limitation of the proposed models and motivation

Total discharge current oscillation suppression

Local oscillation suppression

De-sync of locals

by difference 𝑓

by difference 𝜑

● Possible reasons of discharge current oscillation 
suppression

Analysis is for peak |P1| > 0.1 cases from FFT, which is 

considered there exists the breathing mode
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 When it comes to the breathing mode,

• Frequency is overestimated, but 

quantitatively agrees with 

experimental trend

• Dependence on operation 

parameters also show acceptable 

agreement

 Using 𝐼d instead of 𝐼b could have led 

discrepancy

 Not including transition to azimuthal 

mode
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