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ENERGY DEPOSITION ON THE INNER SURFACES OF A HALL EFFECT
THRUSTER FOR SATELLITE

Hall effect thrusters are used for space propulsion. The energy deposition on the inner surfaces of Hall effect
thruster is analysed. Using a PIC MC 1D-3V model, the ion and electron exchanges of energy by bombard-
ments are estimated in presence of a potential sheath near the surfaces and an electron secondary emission.
Morever, simple expressions are deduced from the classic theory of non collisional potential sheath but with-
out electron secondary emssion. A 3D ray-tracing method to determine the radiation energy deposition on the
wall from visible and VUV optical ranges is presented.
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Introduction

The analysis of the thermal behaviour of the inner
surfaces of a Hall effect thruster is performed with dif-
ferent approaches. A PIC-MC model is developed for
the energy deposition from electron and ion and a trac-
ing-ray method is proposed for the prediction of the
spectral-dependent radiative fluxes impacting the sur-
faces. These two analyses are under development. First
results are presented.

1. Hall Effect Thrusters (HET)

A Hall effect thruster HET is a electric thruster.
The propellant is ionized by electron emitted by an
external cathode and trapped by an external and radial
magnetic field. Only electrons are magnetized and a
quasi axial electric field is generated by the fall of elec-
tron mobility in the region of the chamber where the
magnetic field is maximum. The HET is characterized
by a E x B sustained plasma discharge. The propellant
(Xenon) is injected through the bottom of the chamber
and the ions (Xe") are extracted by the electric field. In
presence of the crossed ExB field, the electrons present
an azimuthal drift velocity. HET delivers a high specific
impulse due to the velocity of the ions (15-20km/s) and
then allows a minimization of the propellant consump-
tion, but the level of thrust is not very large and the time
required for the change of orbit is long. The perform-
ances as specific impulse (around 1800s) are well
adapted to maintain the satellites in geostationary orbits
and also in future for interplanetary missions.

ESA Crédit

Fig. 1. Smart-1 ESA mission with a PPS1350-G
(Snecma - Safran Group)

SMART 1 was successfully sent to a Lunar orbit
(Sept.2003-Nov.2004) thanks to a PPS1350G
(T=88mN, Isp=1650s) from Snecma-Safran Group,
France) with a propellant (Xenon) consumption of only
80kg.

2. Ion and electron energy deposition
(PIC-MC model)

The energy deposition at the probe surface was
studied in a system with cylindrical symmetry, related
to an infinitely long cylindrical probe, 2r, in diameter,
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immersed in a continuum, electro-positive plasma [6].
For the sake of simplification, the whole plasma volume
is separated into two different zones: Sheath-Pre-Sheath
(SPS) zone and a ring-shaped volume around it (referred
to hereafter as plasma bulk zone) — see Fig.2. The mo-
tion of charged particles in both zones is described by
the MC trajectories.

The concentration of charged particles in the
plasma bulk zone is kept constant by assuming that the
particles reflect specularly at the boundaries i.e. at the
boundary with the SPS zone and at an external bound-
ary given by r, (radius of plasma bulk zone). Maxwell
distributions were generally assumed as the initial con-
ditions, but other distributions may be easily introduced
as well. As the simulations continue, the charged parti-
cle distribution changes drastically. Initially, the
charged particles are uniformly distributed in the whole
considered space, i.c. plasma bulk and SPS zones. Later,
the charged particle densities begin to decay in the close
vicinity of the probe, due to the constant flux towards
the probe and absorption (followed by recombination)
or secondary electron emission (see next chapter) on the
probe surface. On the other hand, there is a continuous
thermal influx of charged particles from the plasma bulk
zone to the SPS zone. This flux is simulated by the
creation of a particle entering the SPS zone, with the
same velocity as the particle from the plasma bulk zone
which was reflected from the border with the SPS zone.
When a particle is crossing the same boundary but from
the SPS side, it is removed from the simulation.

Plasma bulk
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Sheath-pre-sheath
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Fig. 2. Scheme of the considered zones
in the PIC-MC model; 250 radial grid lines
are presented by dotted circles

Hence, the charged particles are specularly re-
flected at the r = 1, boundary in the bulk plasma zone.
Whenever a particle from the bulk plasma zone ap-
proaches the r=r; boundary it is specularly reflected

back to the zone but the twin-particle continues also
itsmovement in the SPS zone i.e. an additional particle
is generated in that zone. The particles are neglected
when approaching the r = ry boundary from the SPS
side. The described procedure makes it possible to keep
the charged particle density (ionization degree) in the
plasma bulk zone constant, and it also enables us to
determine the thermal flux from the plasma bulk to the
SPS zone.

The charged-particle MC trajectories in the SPS
zone are determined by the Newtonian equations for
particles motion in electric and magnetic fields. It is
possible to take into account both the axial-field of the
DC plasma column (if such exist) as well as the radial
field generated by the probe-bias and the space-charge
density (through the Poisson equation evaluated in 250
grid points) — see Fig. 1. The potential is derived from
the integral form of Poisson equation:

Ep-Sj=4ny, Qi Q. (1)

where E, - the radial field value at the n-th grid point,
S, =2mr,1 - the surface of the n-th grid element of

radius rp;
Q. (Q.y) - the ion (electron) charge accumulated in
the n-th grid element.
It should be noted that the surface S, the charges
Q. and Q. as well as other extensive quantities are
calculated per unit length in the model.

The electrons on their way to the probe take part in
different collision processes with the Xe atoms. Cross
section for the elastic collisions are from Hayashi [3],
for the excitation processes from Sydorenko [2] and for
the step ionization from Phelps [4]. The electron-
electron collision processes are ignored. The process of
secondary electron emission was described using the
general phenomenological model of SEE described by
Sydorenko [2].

In this work an energy deposition at the probe sur-
face immersed in the Xe plasma of the ion thruster un-
der conditions described in [5] and the effect of various
secondary electron emission (SEE) is investigated (see
also [6]). Figure 2 presents the power deposited per probe
length of 1 cm, with various (elastic, true and total) and
without SEE processes. One sees that SEE processes lead
to decrease of energy deposition. The elastic processes
are more efficient in the power reduction.

The axial magnetic field also leads to substantial
reduction of deposited power — see Fig.4. Electrons
deflected on their route to the probe collide with its
surface significantly less frequently. This research will
be extended for an analysis of the plasma energy depo-
sition on the insulated walls of the channel of Hall
thrusters.
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Fig. 3. Electron energy deposition on probe surface (a)
with (for surface covered by boron nitride ceramics)
and without secondary electron emission; (b) for elastic
and true SEE processes
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Fig. 4. Influence of axial magnetic field
on electron energy deposition on probe surface

2. Ion and electron energy deposition
(Langmuir model)

A simple model of energy deposition on the inner
surfaces of a HET is based on a non collisionnal poten-
tial sheath and a Mawellian distribution of the charged
particles (electrons and ions). No secondary electron
emission by electron impact and complete neutraliza-
tions of electrons and ions at the surface are assumed.
Morever and in order to simplify the description, a plane
surface and a uniform plasma (out of the sheath) is con-
sidered. Then, the energy deposition by unit of surface
and time of a charged particles j is expressed as:

¢; = j j j vzémjvzf(vw)dvxdvydvz, )

Vx Vy Vg
22, 2 2 .
with v* =vi +Vvy+V;, vy, vy are varying from - oo to

+ o and v, from a minimum value which is function of

the electric charge of j, potential of the surface and
plasma potential. The z axis is normal to the surface. A
two temperatures model is assumed (T,,T). For a posi-
tive surface potential, the energy deposition ¢, from

electrons is:

1 27‘CkTe 3/2 ed
=——n m,(—= —+1), @3
¢e 271:2 e0 e( m, ) (ZkTe ) ( )
and for a negative surface potential:
ed
1 27‘CkT 3/2 ﬁ
e =5 Neome ( ) et 4)
271: e

@ is the difference between the potential of the surface
and the plasma potential. This energy deposition has
been calculated with nyy (plasma density outside the

plasma sheath) from [7].
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Fig. 5. Energy deposition from electrons
along the channel axis

3. Radiative fluxes

Electronic levels and transitions for neutral Xe and
ionized Xell (NIST atomic spectra database) have been
introduced in the line-by-line code SPARTAN (IST
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Lisbonne). This code allows the calculation of radiative
properties of Xe in thermal non equilibrium at low-
pressure and high temperatures assuming in a first step a
Boltzmann distribution at a characteristic temperature.
The spectra is calculated (see Fig.6 with an apparatus
function of 10 A for a better visualization of the spec-
trum lines) using the plasma parameters at the channel
exit of a PPS100-ML HET (n, = 5.5 x 102 em™, n; =
=2.8x 10" em™, T, = 11.5eV [7]). The neutral xenon is
mainly in the VUV range (1000-2000A) with a line at
7200 A (near-IR range). However, there is today a lack
of data for a part of the VUV range. The Xe" emission is
mostly in the visible region (4000-7000 A).

Radiative transfer towards the inner walls is
treated according to the ray-tracing approach taking into
account the symmetry over the zenithal angle of the
annular channel of the thrusters. The length of each ray
is calculated and for each ray path the equation for ra-
diative transfer is solved with emission and absorption
in the plasma discharge.

The figure 7 presents the rays (3D) impacting a
point in the external channel wall.
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Fig. 6. Spectra from neutral Xenon (red) and ionized
Xenon (blue) at the exit of a PPS100—ML

The ray tracing method has been used to deter-
mine the energy deposition on the inner surface in first
using the assumption of a Boltzmann distribution [8].
The flux of energy will be calculated without this as-
sumption of equilibrium.

Fig. 7. 3D representation of the rays impacting a point
at the external HET channel wall
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Conclusion

It was shown that the discussed PIC MC model de-
scribed in Ref. 1 and verified using measured IV charac-
teristics of Langmuir probe immersed in the well de-
scribed plasma can be applied to study plasma under
conditions close to that in ion thrusters. It was found
that SEE processes lead to decrease of energy deposi-
tion. The elastic processes are more efficient in the
power reduction. It was observed that the axial magnetic
field influences probe characteristics and power deposi-
tion more significantly than radial field. The axial field
deflects all electrons approaching probe and leads to
substantial reduction of deposited power.

Ray tracing method is a powerful method for the
determination of the radiative flux on surfaces. It will be
used for the calculation of the flux of energy on the
inner surfaces in VUV-visible optical range using a 3D
method and non equilibrium conditions.
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SHEPITETUYECKOE BO3JIEICTBUE HA BHYTPEHHUE TOBEPXHOCTH
XOJJIOBCKOI'O YCKOPUTEJIA

A. Cenvan, A. Yepnyxo, X. Pauyouncku, A. /1o, M. Jluno oa Cunea, M. /Iyoex

JlBuraTenu, npuHIMN paObOTHI KOTOPHIX OCHOBAaH Ha 3(dexre XoIIa, UCTIOIb3YIOTCS B Ka4eCTBE JABHUIATEIb-
HBIX YCTaHOBOK JUISI KOCMUYECKHUX ammapaToB. B pabore aHanu3upyercs BbIIe/ICHHE SHEPTUU HA BHYTPEHHHE MO-
BEPXHOCTH XOJIOBCKOr0 yckoputens. Vcmonb3ys MeTon KpynHbIX yacTun (Moaens 1D-3B), mogenupyercst B3au-
MOJIEHCTBHE AJIEKTPOHOB M MOHOB C YY€TOM BTOPHUYHOM 3JEKTPOHHON AMHCCUHU B MPUCTEHOYHBIX I'paHHuax. J{is
OIIpeJIeIeHUsI paclpee/ICHUs PaIUallMOHHON YHEPTHH B BUIUMOM H YIIBTPa(HOIETOBOM ONTHYECKUX CIEKTpax Ha
CTEHKH YCKOPUTEIS UCIONB30BaJics MeTo 3D-TpaccupoBKH Ty4eil.

KirodeBble cji0Ba: CITyTHUK, IBUTATENIbHAS YCTAHOBKA, XOJIJIOBCKUIN YCKOPUTENb, IIa3Ma.

EHEPITETUYHUWM BILIUB HA BHYTPIIIHI IOBEPXHI
XOJJIOBCBKOI'O ITPUCKOPIOBAYA

A. Cenvan, A. Yopnyxu, X. Pauyoincki, A. /lo, M. Jlino oa Cinea, M. /Iyoex

JIBUrYHH, IPUHIMIT POOOTH SIKUX 3aCHOBaHHMH Ha edekTi XoIIa ,BUKOPUCTOBYIOTHCS SIK PYXOB1 YCTAaHOBKH ISt
KOCMIYHHUX amnapartiB. ¥ poOOTi aHai3yeThCs BUAIJICHHS €HEeprii Ha BHYTPILIHI TOBEPXHi X OJUIOBCHKOTO PHUCKOPIO-
Baya. BUKOPHCTOBYIOUM METOI BEIMKHUX YAaCTUHOK (Moenib 1D-3B), MomemoeThest B3a€EMOIisl €IEKTPOHIB Ta 10HIB 3
ypaxyBaHHSM BTOPHHHOI €JIEKTPOHHOI eMicii B MPUCTIHKOBUX KOpAoHaxX. [yl BU3HAYEHHS PO3MOLTY paiiaitiiHol
eHeprii y BUIUMOMY i yiIbTpadioeToBOMy ONTHYHHUX CIIEKTPax Ha CTIHKH IPHCKOPIOBaYa BUKOPHCTOBYBABCS Me-
toJ 3D-TpacyBaHHs IIPOMEHIB.

Karo4ogi ciioBa: cynyTHUK, pyXoBa YCTaHOBKA, XOJJIOBCHKHI IIPHCKOPIOBAY, IIa3Ma.
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