
For a steady, isothermal plasma:

In the presence of a magnetic field, classical cross-field

transport is described by:

Hall parameter: measure of electron confinement by a

magnetic field

However, Bohm diffusion says that:

and Hall thrusters are not dominated by classical transport
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A 2D, finite volume DK solver (Figure 2) is coupled with a quasi-one dimensional electron solver (Figure 3).

Ion and neutral atom Boltzmann equations are described by:

A two-dimensional, hybrid-Direct Kinetic (DK) simulation is used to model

the evolution of plasma in a Hall effect thruster channel and its near-field

plume. Although a stable simulation configuration has been achieved in

previous work for another thruster [3], the quasi-one-dimensional electron

model in its current configuration is inadequate to model the physics in the

channel of the H6 hall thruster.
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Hall thrusters are electric propulsion devices for space vehicles,

attractive for their highly efficient utilization of propellant mass.
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Newton’s 3rd Law:

Rocket equation:

Fig. 1: Dual channel 

Hall thruster [1]
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Thermalized potential for quasi-one-dimensional electron domain:

It is necessary to consider coupling between boundary conditions for the potential and electron temperature,

the anode plasma sheath, and the anomalous electron transport model.

Method: Two different electron mobility modeling approaches are used.

Result: Method 1 from the literature (below) yields insufficient results for the H6, a 6 kW Hall thruster. Method

2 (right) yields better results but indicates that the quasi-one-dimensional electron model does not yield the

proper electron current density inside the channel, where diffusion should be high.

Motivation: Particle-in-Cell (PIC) simulations contain statistical noise which may pollute modeled

oscillatory behavior. The grid-based Vlasov, or direct kinetic (DK) method contains no statistical noise

and is the subject of this work.

Figure 3: Electron simulation domain

Figure 2: DK simulation domain

Figure 7: Average plasma properties along 

thruster channel centerline

Figure 6: Discharge current vs time

Observations:

• Gradients in plasma properties are similar

to those seen in plasma measurements.

• The current profile is oscillatory, but the

corresponding mobility profile varies

significantly over time.

Method 1: 3-region Bohm mobility profile, similar to that in [2]

Cross-field electron transport
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Figure 4: Average plasma properties along 

thruster channel centerline (top: method 1 

and bottom: published [2])

Figure 5: Average plasma properties 

along thruster channel centerline (top) 

and discharge current vs time (bottom)

Method 2: self-correcting mobility profile

• Determine the mobility near the channel

exit based on electron-neutral and electron-

wall collisions.

• Calculate the mobility elsewhere to satisfy

the required electron current density.

Observations:

• Electron properties are

qualitatively similar to

published results.

• Ionization occurs rapidly,

and the system reaches a

steady state configuration

quickly.

• This behavior is not

representative of a typical

Hall thruster.


