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Simulation of key parameters in engineering design of anode gas

distribution ring of low-power Hall thruster
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Abstract: In order to improve the uniformity of the neutral atom distribution in the discharge channel of the low-power Hall thruster, the finite

element method was used to optimize the key structural parameters of the anode gas distribution ring. Aiming at the double-chamber anode gas

distribution ring structure, the influence of key parameters such as the volume ratio of the buffer chambers and the number of diversion holes

between the buffer chamber partitions on the uniformity of anode gas supply was analyzed. The research results show that with the increase of the

volume ratio, the difference of the anode gas distribution ring outlet pores decreases rapidly and then stabilizes. When the ratio k£ =1. 0, the average

difference rate and the maximum difference rate are 1. 77% and 3. 79% , respectively; when the number of diversion holes between the buffer

chamber partitions increases from 8 to 14, the difference rate of the air outlets shows the characteristics of the bathtub curve, and when number of

the diversion holes is 10, the average difference rate and the maximum difference rate are 1. 8% and 3.8% , respectively. The research results can

provide theoretical support for the engineering design of the anode gas distribution ring of the Hall thruster.
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Fig.1 Schematic diagram of Hall thruster
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gas distribution ring
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Fig.3  Comparison of gas distribution under different volume ratio
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Fig.6  Comparison of gas distribution under different number of small holes in diaphragm
41855107 FRORHETE , AR 7 i 2 3020 A0 BEL 36 2
4180 AR
& 4175 R _ 12ulL, (5)
N 4170k rectangular 3 h
] wh(1-0.63—)
ﬁ 41651 — 7L w
—10 S9N A A
E e 17t P SEHESE R BRI, L, AR IR h 2030 E
— 1440 ., N . N
4133 50 100 150 200 250 300 350 KE  w AT P Y8R, b TR R AH

FRLf/ (%)

K7 B LB X AL 28 57 R
Fig.7 Effect of the number of small holes on the

difference rate of each outlet

5T o mRERHE
e PHERE
4 b °
*——— ¢
® 3r
5
-
WL .
. ——— W
1k
06 E; 1I0 1'2 1I4 1I6
PR SR AL SR

P8 B /N FL S X - 14 22 S5 A B R 22 e AR
Fig.8 Effect of the number of small holes on the maximum

difference rate and average difference rate

VB, B bR, X AR O0 T, il AREAR A
TEGE ORI A 1) [ el R 3l , B2 5 3 A 7
EPIEE P, SR P AR AR 8] /L B AL A o

SRR SN ) 5 R R BORR L, TR R
GEnpIE N 2 A 1 Sl , T2 b R

%EO
AR IS /N AL (8 /AL ) B T A
B SR TE AR LT -
Ry =L (6)

wr
K, L BREJEA DK E, r ZBEIESL M
Pz,

FIMLLL B SNML IR R I,
SR SN LT (B0 AL B R
RELIME AN R AR

R a =R, + Ry +oeene +R (7)

Ry TSR A s B B A R TR R i
i R i iyl (o N EioRviriem) IR B [ o R WA N e 2
AL BIRE 7o AT LR AARHT S 5 1 R
BHLE il 7 2, B
2nL,wh’ ( 1-0.63

h
"’) (8)

j _ cir_total —
= = 1
rectangular 3Trr Lr

E R RAN {1 o IV 3 L (N 3L )
JE T BEL R ctanguten PN 5 — PBEIA A A 22 1 1 S50 2
AL AL 2 (> 100) , BB AP G2 o s P
F EEH A s 8, ARG A 1039 2 0 A 2
Ja, e A% /ML (O AL T . I,
BH L] 7 K, AT ) 5% of s 9 A3 53




- 60 - B BE K 2= 2 i

5545 &

fii o [RIE A AE BT, T 255 18 TR S BUME 5
FERE, AR AR I R PR EOR

LHT40 #i ) ## (I SR S5 i i 1 F £ 2 S50
T PR, o Zeh AR k= 1.0 Bt/ AL
B n =10 W, TS AT AR G2 nb R BH LB 2900
225, ARdE B AR, B VIR AL
FE SRR IE RO 1. 8% H1 3. 8% , H)
T HELE T A A BT B 3 S 1

3 #ig

R FA FROGH A X I D 3 IR A ) 2 B AR A1
SN RGL 0 A8 AT 5 B, R0 7 2% i
AR R T /N FLE H 25 O B S B0 AR
ISR AL, AR RS

D) ZEBLL & AL 0. 5 3R 2.0 1, 3R i
AL E 22 R AR AR 22 5 R P B e PR
JREaTF G AR R =1.0 I, AL
R X R, HEA B A 1 3
PRk

2) B R AR T LR RN, IR AL
ZEFARR I BRI AR BN FLECR
10 ~ 12 I, SPE 22 S A MR 2 S AR BT AR,
HSEA8 2 RN 1. 8% T KEFERL N 3.8%

3) VBH EC ] j B A R 2 s AL UM Y
Y5104 I, BB S IR A BTN, R fEfi
TRBHEEBIRE R o [R5 25 A T dmd il A5 X it
SRR BRI LK 7™ il AR S B 2 R HE 45, 1k
B PESHZ R

HANA B SRR T e, S5 a6 XK
DA RS 15T PR A AT A T LAk
SERIOMERYE . ASCHIBETEAS RN TR AR HE
JIas RS E B HHAA —E S E M

S 3Lk ( References)

(1] Foefo, 40, E# b, 5. W g i 5 m
TR BARM AL ], iR 2 ik ( B AR |
2021, 60(1/2): 194 -212.
YU D R, NIU X, WANG T B, et al. The developments of
micro propulsion technology based on space gravitational wave
detection task[ J]. Acta Scientiarum Naturalium Universitatis
Sunyatseni, 2021, 60(1/2) ; 194 —212. (in Chinese)

(2] &I, ZEEN, BRI, 45, Fof RAEH BRI RIE R

(3]

[4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

B s ) 51 oy eI b g B [T b E e, 2019,
12(3): 503 -514.

DENG J F, CAIZ M, CHEN K, et al. Drag-free control and its
application in China’s space gravitational wave detection[ ] ].
Chinese Optics, 2019, 12(3): 503 —=514. (in Chinese)
Tk, L, XU, S TSR AU R R
HUREER AR [J]. e 2RI Tl K222 40, 2020, 52(6) -
171 -181.

YU DR, CUI K, LIU H, et al. Micro-Newton Hall electric
propulsion technology for gravitational wave detection [ J].
Journal of Harbin Institute of Technology, 2020, 52 (6) .
171 - 181. (in Chinese)

HOFER R R. Development and characterization of high-
efficiency, high-specific impulse xenon Hall thrusters [ D ].
USA : University of Michigan, 2004.

WJst, K, KR, LHT - 100 /R k) #5% i il i
REEIFE RS S 0 A [ T]. P EBE HARR
2021, 51(1): 99 -107.

YANG C, LONG J F, ZHANG T P. Numerical study on
energy loss in discharge channel of LHT - 100 Hall
thruster[ J]. Scientia Sinica ( Technologica) , 2021, 51(1) .
99 - 107. (in Chinese)

VAIL V, LAZURENKO A, LAURE C, et al. Xenon gas
injection in SPT thrusters [ C ]//Proceedings of the 28th
International Electric Propulsion Conference, 2003.
MIYASAKA T, SHIBATA Y, ASATO K. Particle simulation
of discharge current oscillation in Hall thrusters [ J ].
Vacuum, 2008, 83(1): 61 —66.

CONVERSANO R W, LOBBIA R B, TILLEY K C, et al.
Development and initial performance testing of a low-power
magnetically shielded Hall thruster with an internally-mounted
hollow cathode [ C ]//Proceedings of the 35th International
Electric Propulsion Conference, 2017.

BT, KR, WR, BT 2R AOR Y IR 4L
K HAIE 3. CN108799032A[ P]. 2018 —11 - 13.

GUO N, ZHANG T P, GAO ], et al. Anode assembly based
on porous metal material and its manufacturing method:
CN108799032A[ P]. 2018 —11 —13. (in Chinese)

Wi, XI5, I, AR —FRUR SR R A
BRIMECEE . CN110486242B[ P, 2020 - 06 - 26.
TANG H B, LIU Y Z, ZHANG G C, et al. A double-layer
gas chamber Hall thruster gas distributor; CN110486242B[ P ].
2020 —06 —26. (in Chinese)

LAFFERTY J M.
technology[ M]. New York; Wiley, 1998 135 - 136.
KA. RHERAS M. JEat: Lt aE sk R
2, 1998.

ZHU 7 Q. Applied computational fluid dynamics [ M ].
Beijing: Beihang University Press, 1998. (in Chinese)

SUN M M, ZHANG T P, WEN X D, et al

characteristics in the discharge region of a 20 A emission

Foundations of vacuum science and

Plasma

current hollow cathode[ J]. Plasma Science and Technology,

2017, 20(2) : 025503.



