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Abstract: In order to clarify the effects and intrinsic mechanism of high magnetic circuit temperature on
the thermal discharge instability of a Hall thruster, an experimental study on the working magnetic field intensity
of the thruster at different magnetic circuit temperature was carried out. Meanwhile, a Particle—in—Cell simula-
tion was performed on the interaction between the change of magnetic circuit temperature and the change of plas-
ma discharge behavior. The experimental results show that when the magnetic circuit temperature rises from room
temperature to 600°C, the working magnetic field intensity of the thruster is attenuated despite that the attenua-
tion is not significant (about 5% ). The simulation results show that the attenuation of magnetic field intensity,
caused by the high magnetic circuit temperature,, changes the distribution of electron cross—field mobility as well
as electric potential, and consequently impacts the distributions of electron energy, particle density, and et al.
As a result, both the flux and the energy that electrons loss on the channel walls are promoted, which dominates
the variation of total deposition power and thus exacerbates the increase of magnetic circuit temperature. This is a
process with a matter of positive feedback, therefore, if the magnetic circuit temperature cannot be controlled ef-

fectively, the thruster discharge would be unstable.
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Fig.1 Ceramic tube overheating shot after Hall thruster
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Fig.2 Parameter evolution of unstable discharge of certain
Hall thruster
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Fig.3 Schematic diagram of experiment setup
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Fig. 4 Variation of radial magnetic field at the exit of inner

wall with coil current
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under different coil currents and magnetic circuit
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Fig. 7 Schematic diagram of simulation domain
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Table 1 Quantitative representation of magnetic circuit

temperature effect

Maximum magnetic Magnetic circuit

Coil current/A

field intensity/G temperature factor y
4 202.6 0
35 178 0.121
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2 101.5 0.499

42 BHERE5SH
4.2.1 Tk il RE AR A TR R R AR A Y 52 HL R T
KR

P 8 B AL AT B B A R R A B A O R TR T
AL At 2 o T UL i S R Y e R
JE DT x B3R i e R 0 O, L B R
R 25 R PR R B, A A AT 2 0 R R A
THCH HL O ) 7 A AR A
5.6
5.4
52
5.0
438

Discharge current/A

46
44

429 : : : : :
00 01 02 03 04 05

X
Fig. 8 Discharge current versus magnetic temperature

factor

P O S A 4045 B 1) BE 1T ) 3R 0 BB e 3 TR
TR £ o Al WL Bl 37 06 R A0 A2 /) (RIVRE 1%
BT x B9 )  BE T B TOR A A B AR T R
BRSO, L TR RE A7 A R T RO B R ) e e
A T B TR 5L ) R T AR o R PR A XA
R R AR AR S A v B TR JEE A AR AR R AR . AR R
A 0 5 R 2 ) G B A A T W L RE L B T B OE
FH OG5 PRIt o ik B A T8 I G 3 0 ) A /A
TEARRIERT I

L b AT LA E , 8 G BE X — o () R R
JEE 72 Al 5 0 PR A T AR R R AR A 22 T A A R B AL
JO7 « 25 8 IR HE T 4% R AR I 8 o A TR T
Je il BE 01 B, 7 AR WG 37 00 RE R 5 o 5
JEE 119 S DBk 5 R 1A T N A T AR I R AT L AR

S5 B T UR TR A 3 BE T 1) ) 48 K, K E
— 2 B A SRy A R 6 TR L PR RO T IE R B R

B IR HE 7 2 AL 1 T R B T 7 A A R
T o R PR A5 S AR A B A R AR 5 T 9 T A 1)
P53 1) 8 S 2 o B O T B A D 4R 0 A
Al AN A2, T - Al 45 B - R PR R BE T 1 Y A
TS 2 T 65 Y05 2 0 Ok ok gy, 2 A A B PR 2 O s ) A
KRR, Wik, A Y EAE J) 55 T 80/ o 7 4
fig 77 B, H T R R N 5 R AR R B R A R
Bl ik

SR — 25 B R T 4 0 O RE T IV 2
U o X2 PRk i 5 3R B ) T v ) B IR T T 2R Y
PERER L . P 10 45 11 T ATHULA5 ) (9 4 7 25 1 i Bl 4
i L B R AR A W 25 S o WL UL B A R B RE TR T
38 M 5 RCR S R B T R B, S T4
B EL A e 1 AR I B R HE D AR R I IR B O 21K
R G, K N B R HE S R A IS R T R, %
JE A SCSI AE 600°C 1YL EE LLR | 4 ) 75 R b R
il BE 1 FE AR /N, AN B 5% , 45 A 10 T WL fiE
U LGB AR /N o PRI AR R AT R AR A ) A AR T R
B % % U 5 R AE 600°C LU R X TR fE R T 2
A LA RZ 1

3507

——Total
300 —&=—Electron
—%—Jon

250

Power deposition on the walls/W

%
* *

0.0 0.1 0.2 0.3 0.4 0.5
X

*
*

=
=

LSl
=

Power deposition on the walls versus magnetic

temperature factor

82 155
—&— Thrust
—&— Anode efficiency
80t 150
Q
)
% 18t 145 8
b 5
g
£ 761 140 o
=}
i=)
74} 435 <
h
72 - : - : 30
0.0 0.1 0.2 03 04 0.5

X
Fig. 10 Performance parameters versus magnetic

temperature factor



398 1M

T AL 2 X 2 A 3 25T AR R ) B ) 237

422 TR RE R AL 5 AR AR AR 1 A2 B RS e
HIL

T B 4 B R R B R AR A H
PEAR b 22 8] A7 76 1F B 10 DG B2 45 B8 1 R 7E BE T 1Y)
Ty 30T R B 2 i 7 5 BE /N T 38 K L A X — R
WG A R, 0092 38 B 3o AR EL AT B I R O B R
EARE SRR IR . B LA, FEAS /N 5 5 X 3
— 5 W BT T A 4 BBL AR BE— 25 0 R S
Vi

TSN RE TR S T A0 i O L TR
F U, ME 9P o W UL, HL TR b TR K
B2 A B BIE LT, o 78 B T DAL D) R
b T A IR E 85% LA E . BT SCHRSE A L5 5P
WFIE R A SR SE R R 0 38 b i F IR TR
WHEJORK T 80% "™, 5 A LI B 25 AR .
HE— A WL BE TR D R YT AR e B R o
SR, B 7o m AR AR R

B THT D) 20T R A S B BE T ) kLT RE i M E
MR VE B4 9 o B 1 TR TR R SR TS
BRI 22 B8R, a0, 78 KE4r IX
B, M A RE TR e A OK, FUA FERE IR h
YU PR TS R B A S A
A7 A5 AEL R AROR U5, T R 25 R Ko BRI, BE T 1 1Y
HLF AR R s A G E R KR 2, BT
Sk, A BE TG 2 R0 K TR
NIRRT | s T e R v B T A PN

AR DLHTE A B I H X 3
90 9x107"

—— Electron energy =
80 1 —Electron flux 8107 =
Z 70  ——— lon energy 17x102 E/
E 60 | ——=Ton flux 10 <§
£ %01 {sx10m 2
5 40r J4x102 8
i z
2301 {3x102 &
5 5
=20 {2x10 2
#
E 21 S
10 110 =

0 L " L . L , 0

8 10 12 14 16 18 20 22

Axial/mm

Fig. 11 Distribution of particle energy and flux density on

inner wall

N T E O A L T D R TR B 3 9 R D)
738 R B B IR o 1 12 Ca) J2 F 7 A BE 1T L DAY
DR E AW 2 ol WL o Bl 35 % 37 56 5 9 98/
BE I 5 Dy R PR A 19 72 Ak R A 2 2 A Al
I 5 BE o AR O AT B, SR WA AR (HR A
X e L HE R e AT DL 200 R o ik — P i ] 12(b)

JIT 7S 1 HEL 5 N 5 B B TR A S B RE ) A A5 1R 12
(c) FIF 7 B HL 5~ A5 210 P4 BE T A9 RE B 20 A1 1 78 ok
BRI IE 5 B, P B A B 37 0 R A e/ X 7
PG DL b g B0 BE T 2 B0 A 12 N BE T L Y
SEOR N O S EE T b A AR AL AR —FR R, BT AT
.

2.0x10°
—— 10
—_ —— ){=0A244
Ng 1.5x10° _E_;(=O.499
g
B
z2 1.0x10°
S
o]
E 5.0x10*
Ria: e A el . . X ,
8 0 12 14 16 18 20 22
Axial/mm
(a) Power density
2.5%10%

2.0x102
1.5x10% ¢
1.0x102 |

5.0x107" |
i

Electron flux density/(m-%s)

8 10 12 14 16 18 20 22
Axial/mm
(b) Flux density

Electron energy/eV

10 12 14 16 18 20 22
Axial/mm

(¢) Energy

Fig. 12 Distribution of electron parameters deposited on

inner wall at different magnetic temperature factor
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