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Problem:

Question: 

Current Hall thruster simulations are not predictive due to incomplete understanding of electron transport physics.

How can we develop and test models of anomalous transport while accounting for model uncertainty?

Hall thrusters
Annular 𝐸𝐸 × 𝐵𝐵
discharge used to 
accelerate ions for 
spacecraft 
propulsion

Anomalous electron transport
Electrons diffuse across magnetic field lines much 
faster than classical theory predicts, so 
simulations cannot match experiment without 
hand-tuning. Model as extra “anomalous collision 
frequency” (𝜈𝜈𝐴𝐴𝐴𝐴) in electron momentum equation

Classical collisions only Reality

Approach: Use validated simulations as surrogate data to 
calibrate and test models of anomalous transport

𝜈𝜈𝐴𝐴𝐴𝐴 =Model (example):

Coefficients: {𝐾𝐾}

Surrogate data (hand-tuned profiles:
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Obtain probability distribution of model coefficients, sample and run simulations of 
H9 Hall thruster (not in training dataset)
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Simulations performed using Hall2De, 2D axisymmetric fluid code developed at JPL

Model coefficient distribution Probabilistic performance est.
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Application: Evaluate multiple algebraic models to 
determine if any are predictive and extensible

Discussion: Examine reasons for low performance

Thruster 1 Thruster 2 Thruster 3

Relaxed acceleration profile due to large anomalous 
transport near exit-plane yields low beam, divergence, 
mass utilization efficiencies. Algebraic models may not 
have sufficient feedback to steepen profiles.

Breathing-like oscillations produced by all models (~ 10 kHz)
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Experiment (Laser-Induced Fluorescence)

Ohm’s law: 𝜈𝜈𝑒𝑒 + 𝜈𝜈𝐴𝐴𝐴𝐴
𝑚𝑚𝑒𝑒
𝑞𝑞
𝑗𝑗𝑒𝑒 = 𝑞𝑞𝑛𝑛𝑒𝑒𝐸𝐸 + ∇𝑃𝑃𝑒𝑒 − 𝚥𝚥𝑒𝑒 × 𝐵𝐵

Type equation here.
Nomenclature: 𝜈𝜈𝐴𝐴𝐴𝐴: Anomalous collision freq.

𝜈𝜈𝑒𝑒: Classical electron collision freq.
𝜔𝜔𝑐𝑐𝑐𝑐: Electron cyclotron freq.

𝑚𝑚𝑒𝑒: Electron mass
𝑛𝑛𝑒𝑒: Electron number density
𝑇𝑇𝑒𝑒: Electron temp.

𝑃𝑃𝑒𝑒: Electron pressure
𝑗𝑗𝑒𝑒: Electron current density
𝑣𝑣𝑑𝑑𝑑𝑑: Electron drift speed𝐸𝐸: Electric field

𝐵𝐵: Magnetic field
𝐮𝐮𝐢𝐢: Ion velocity
𝑐𝑐𝑠𝑠: Ion acoustic speed Type equation here.
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Conclusion:
• Algebraic models tend to under-predict performance when 

calibrated on steady-state data
• Breathing-like oscillations consistently reproduced
• Bayesian techniques can quantify model uncertainty
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Thrust Anode efficiency

Data-driven model performs almost as well as best first-principles model
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Axial properties for data-driven model
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