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lifetime.

Due to the operation mechanism,
the partially magnetized plasma in a
Hall thruster is known to be In a
non-equilibrium state. For example,
wall reflections, lonization
collisions, and cross-field transport
are physical mechanisms that resulit
In the velocity distribution function
(VDF) of ions and electrons being
neither isotropic nor Maxwellian.

efficiency.

1D1V Hybrid-Vilasov Simulation

A Hall thruster is an electric propulsion device that achieves
high thrust efficiency, high specific impulse, and relatively long

6-kW Hall Thruster [1]

Hall thruster simulations have mainly used hydrodynamic and
particle models. However, a fully-kinetic solver is needed to
simulate the plasma with more physical accuracy and numerical

1D1V Hybrid-Vlasov solver.

lons and Neutrals

The plasma inside the channel of SPT-100 is investigated using a

Solve the Vlasov equation for
velocity distribution function

(VDF) including ionization and
charge exchange collisions: a
Bounded Corner-Transport-
Upwind (CTU) Scheme [2],
which maintains the VDF to be
non-negative, is developed.

Electrons

Use a hydrodynamic model.
Calculate electrical field and
electron temperature. [3]

CTU Scheme
VDF >0 NO
YES 1st-order

upwind Scheme

Bounded-CTU Scheme

Numerical Setup

Calculation domain

-Time: T=1ms, dt=1ns

- Axial Length: 4 cm (x= 0 cm: anode, x= 4 cm: channel exit)
- Velocity for ions and neutrals: from -10,000 m/s to 90,000 m/s
- Discretization: dx= 0.4 mm, dv= 300 m/s

Thruster operating conditions (SPT-100)

- Mass rate flow: 5.2 kgls

- Inlet neutral velocity: 173 mis [1]
- Discharge Voltage: 300V

- Discharge current: 4.5 A

- Maximum magnetic field: 200 Gauss
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Thruster Performance
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Plasma Properties
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Summary and Future work

This work represents a successful step towards a complete
Vlasov simulation for Hall thrusters.

-Bounded Corner-Transport-Upwind Scheme is developed iIn
order to maintain non-negativity of the VDF.

-The results Including thruster performance and plasma
properties show excellent agreement with the experimental data.
Discharge oscillation (or “breathing mode”) is also shown.

Future work involves

-implementation of double charged ions and other collision
models,

-expansion to multi-dimensions (up to 3D3V),

-application of the Vlasov solver to plasma simulation in order to
establish a theory of electron mobility.
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