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Introduction

The main objective is to develop 1D fluid numerical model that describes how Hall thrusters
work with focus on low frequency ionization oscillations.

Ionization Oscillations

In the Hall thrusters, ionization oscillations in the 10 kHz to 20 kHz frequency range take
place because of the following. The atom flow in the large magnetic field region is strongly
ionized. This makes the atom front move upstream into a lower magnetic field region where
the electron mobility is larger and so the ionization is less efficient. As a result the current
is decreased until the neutral atom front moves back where intense ionization takes place
again. Since this problem is non-linear we attempt to model it.

Model

The model we attempt to develop is based on models in [1, 2]. In this 1D fluid model we
assume quasineutrality and plasma’s azimuthal and radial uniformity. The model consists
of following equations:

Continuity equation for neutral atoms
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Figure 1 and 2: Discharge current as a function of time and the ionization source term as a
function of space and time.
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Figure 3 and 4: Gas and plasma density as a function of space and time.
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Figure 5 and 6: Ion velocity and electron temperature as a function of space and time.

1e19 Gas Density Plasma Density 1517
™ 2.0 - "2 A
£ £
< 1.5 - L1 -
__—
0 1 2 3 0 1 2 3
lon Velocity Electron Temperature
— 10000 -
| —
0 - 10 o
£ 9
N ~
> 0 -
-5

O -
=
N
W
O -
=
N
W

Magnetic Field lonization

0.02 -
=
o 0.01 -
0.00 -

Electric Field

le23

O -
=
N
W
O -
=
N
W

lon Acceleration q¢10

10000 - ‘?:
|E - 0.5 é
£ s000- =
w0
Y o- 0.0 &
0 1 2 3 0 1 2 3
z [cm] z[cm]

Figure 7: Axial distributions averaged over the third period of the ionization oscillations.
This enabled us to calculate steady-state parameters such as the power spent on accelera-
tion (440 W) and ionization (80 W), the thrust (40 mN) and the utilization factor (65 %).

Conclusion

e The ionization oscillations were successtully depicted by the model.

e The model enabled us to calculate the plasma properties and parameters such as the
thrust, the discharge current and the utilization factor.

e The apparent damping in the results was unexpected. We are commited to finding the
cause of the damping and further improving the model.
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