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==. models of Hall thruster anomalous transport Benjamin A. Jorns?

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

Hall thrusters are electric spacecraft
propulsion devices which use crossed
electric and magnetic fields to generate
and accelerate a plasma to produce thrust.

Electrons are inhibited in their drift Classical fluid prediction
from cathode to anode by magnetic i .
field, electron mobility should be very low. :

However, the electron current we observe
in Hall thrusters is 10-100x what we would
predict from classical theory. We need an
trons enhanced “anomalous” mobility to
make simulations match experiment

They are widely used for satellite station-
keeping but there is increasing interest
in deep space and crewed missions

Anode (behind plasma)

We would like to use simulation to aid the
design of new thrusters. However, - Many models (empirical and first-
current simulations are not predictive! Radial magnetic field principles) have been proposed, but there With anomalous transport
is little experimental data to compare to.

NASA Lunar Gateway concept art H9 Hall thruster operating on Xenon Enhanced electron transport

Question: How can we calibrate and validate proposed models of anomalous electron transport in Hall thrusters?
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Implications for modeling anomalous transport

Instead of inferring static anomalous mobility using simulations, should try to
measure it experimentally as a function of time.

This would give much more information about the dynamic behavior of the
transport and would provide more data for model calibration and validation

\ ~ First-principles

H9 operating on Krypton

The mobilities inferred from this empirical calibration procedure are often treated
as surrogate measurements of the true anomalous mobility in the thruster.

Idea: calibrate self-consistent models by comparing to empirical mobilities
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Conclusion

- Calibrated a Hall2De (2D axisymmetric Performance metrics Empirically-inferred mobility profiles are useful for making simulations match

Performance is poor, despite initial agreement .
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simulation agreement o lon velocity profile directly into simulations to gauge their performance.
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fluid code from JPL)! simulation to
match time-averaged experimental
discharge current and ion velocity
profile for H9 Hall thruster at 300V and
15 A.

« Required 29 iterations, each simulation
took ~ 1 day.
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thrust is somewhat low. more shallow than empirical profile due to high
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