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ABSTRACT

The effect of discharge voltage on electron mean energy, electric potential, ionization rate,
neutral and ion density of Hall thruster was analyzed using a two-dimensional axisymmetric
hybrid model. The results of the code developed for this study such as discharge current,
thrust, and plasma distribution according to discharge voltage of SPT-100ML Hall thruster were
compared by experiments and calculations of other researchers for validation. The results show
that the electron mean energy, the ionization rate, and the ion density are increased while the
neutral density is decreased as the discharge voltage is increased. The thrust and the discharge
current are proportional to the discharge voltage.
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Nomenclature

B Magnetic field vector € Electron mean energy
E Electric field vector € Threshold energy
F Thrust K Particle collision energy loss rate
7 Current A Magnetic stream function
K Bohm parameter H Mobility
w Wall collision energy loss rate Vief Frequency
M Macroparticle weight o Collision cross section
N Local coordinate, number
S Surface )
T Temperature Superscripts
U Electron energy loss parameter
Vv Electric potential c Classical
da Area element l Time index
dv Volume element i Cell index
c Integration coefficient
e Elementary charge Subscripts
k Reaction rate
m Mass
m Mass flow rate “ Anode
. c Cathode
n Number density :
. d Discharge
7 Reference electron density
e Electron
P Pressure ex Excitation
q Charge ; Ion
t Time . ..
g Injection
g Speed. k Node index
v Velocity vector m Cylindrical coordinate
z,r Cylindrical coordinate n Neutral
é Difference w Wall
r Flux vector o Species index
$2 Node volume 3 Reaction index
e} Anomalous transport parameter v Particle index
e Anomalous energy loss parameter L Perpendicular to magnetic field line
a, Accommodation coefficient I Parallel to magnetic field line
= A& AFNEde] & Folt}[1,2]. A= &  instability)ell er?‘i AT7F IPHF o, = FA
3 AdY & FH7o A A7 ABHL Y= BRES o8t & 597 W Eg=v £ 2 A4
o, F87] 274 B2 e d5S AT ALY SEld A7 AdE v Joh9o-11].
(scaling) ¥, #2717+ H Htailoring) ol w& F¥7] E FY719 AEdold 7IHe Eg2n 74 &
% 4 5 AP AT 08 AWHD A Aol o 2P P w0 $FHH =Y, 44
[34]. 2, sto]BglE REH(hybrid mode)E2 TEET
£ Fe7)e] WA 99 Ueld A 454 o] F slolrels Bde, 32 ARE FAZ, oL
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uh Zefe] wish o] B FEo mE ¥y A 5 2 HA Asel dE AL A @5 o H F
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A2 H ATHSE]. Il A= PIC(particle-in-cell) A& o] oz <Qste] oz A stolHe 22,
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A g A A FREEE B A (electron cyclotron ATl AFEE I QATH12-17].
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Table 1. Simulation conditions. 8 , : : ,
Vi) | mg) | T, | T | eeV) | elev) 7 (@) 1
6_ -
150-450 5 500 500 2 5 —
< s,
o, a o, K At(ns) T 4
o
1 12 | 085 | 02 | 20 3 3
2 PIVOINE(exp.) —&— |
Figure 1(a)& ©l< % T4 AANYAY AF 2 ¢ 1L Bareilles(sim.) —&— |
A-AR/ ARG B AL 9% mAE PIC A old ., Thiswork —e=
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[
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. _ 20 This work —e— 1
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>

Voltage (V)

Fig. 2. Comparisons of performance-discharge
voltage relations. (a) Discharge current

(A). (b) Thrust (mN).

Table 2. Calculated discharge current (A) and
thrust (mN) for discharge voltages
150V to 450V.

V,(V) L(A) FImN)
150 1.7 23
200 3.2 51
250 3.9 69
300 44 82
350 47 94
400 49 104
450 52 113
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Table 3. Corrected(Case 1; a=2, K=0.32), and
uncorrected(Case 2; a=1.2, K=0.2)
discharge current (A), ion current (A),
electron current (A), and thrust (mN)
for discharge voltage 200V.

Ao a2 AgE A, =
FE& 2 =3

[o

Case LA L(A) L(A) F(mN)
1 4.3 3.0 1.3 60
2 3.2 2.6 0.6 51
3 T T T T
2.5+ 'ere-E—{ggzi ; T d
2t e {Ce s o |
il
1 ris{Ce s T |

......

Power density(x10%eV m= s1)

15F i ,
{ Thruster exit
10 20 30 40 50 60
Magnetic field line index
Fig. 3. Comparisons of energy source terms on

the right hand side of equation (4) for
Case 1(a=1.2, K=0.2) and Case 2(a=2,
K=0.32) on the magnetic field lines.
V4=200V.

16 i . 5
Thruster exit Case 1 —a—

Case 2 =——he— | -

n. JCase 1 —w— )

Case 2 —w— | 1 mE

n. JCase 1 -2 €&

"Case 2 —o— ';
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3 X
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{05 3
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Fig. 4. Axial distribution of electron mean energy
(eV), ion density (10'®m™), and ionization
rate (8x10¥m=3s™") for Case 1(a=1.2,
K=0.2) and Case 2(a=2, K=0.32) along the

thruster centerline. V4=200V.
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Fig. 5. Comparisons of the calculated spatial distribution(black line contours filled with pseudocolor)
of (a) xenon gas density (m™), (b) xenon ion density (10""m™), (c) electric potential (V), and
(d) electron mean energy (eV) with calculated results of Bareilles et al. [15](purple solid
lines: simulation boundary; purple dashed lines: contours). V4=300V.
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Fig. 6. Calculated results of spatial distribution of (a) electric potential (V), (b) electron mean
energy (eV), (c) ionization rate (102m™s™), (d) xenon gas density (m™), and (e) xenon ion
density (10"m™) for discharge voltages 200V(top), 300V(middle), and 400V(bottom).
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