Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

2 VRS X B IR HE ) 2% Mk RE R M ) BUEARAULT 52
WmEA E BB RRE KE T OB RL R

Numerical study of the effect of radial magnetic field on performance of Hall thruster

Yang San-Xiang Wang Qian-Nan  GaoJun JiaYan-Hui GengHai GuoNing Chen Xin-Wei  Yuan
Xing-Long  Zhang Peng

5] Fi{i &, Citation: Acta Physica Sinica, 71, 105201 (2022) DOI: 10.7498/aps.71.20212386

TELR T2 View online: https://doi.org/10.7498/aps.71.20212386

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BRI 5 HEORT BRI 2 2 23 HHE 3 45 PN R AR 22 et s i

Effect of anode magnetic shield on inner magnetic pole etched in anode layer Hall thruster

PPz 2019, 68(21): 215202 https://doi.org/10.7498/aps.68.20190654

2 e ML T[T B -4 0 45 B R R X 4 B PR R TR R AR T ) S AR AL
Numerical simulation of influence of magnetic field on plasma characteristics and surface current of ion source of 2—cm electron

cyclotron resonance ion thruster

YA 2021, 70(7): 075204 https:/doi.org/10.7498/aps.70.20201667

T Fi R S AL 0 B 54 ) AP RE B S

Influence of acceleration grid voltage and anode flow rate on performance of ion thruster

WAL 2022, 71(1): 015202 https://doi.org/10.7498/aps.71.20211316

SR ANRZA B2 em L [ RESL IR S 14 ) 2 MR RERZ WA ) SE IR T S
Experimental study of magnetic circuit and antenna position influence on performance of 2 em electron cyclotron resonance ion

thruster

YR 2019, 68(23): 235202 hitps://doi.org/10.7498/aps.68.20191122

B e AR B R R

Thrust density characteristics of ion thruster

YrH2E 4. 2018, 67(2): 022901  https:/doi.org/10.7498/aps.67.20171507

AR T 2 DI 5 2 11 1o 45

Cusped field thruster using different propellants
YIHLEHL. 2018, 67(14): 145201 https:/doi.org/10.7498/aps.67.20180366



#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 10 (2022) 105201

12 BV HEH 3 BB AR H ) B B B MR B R I 5

W= ETEH

R OTFHE  HOE

#TTOBREE O EXAE K
(NS BRI T s PR S s S8R %, =2 730000)

(2021 4 12 H 25 HE]; 2022 4F 1 7 19 H BB %)

B2 IRAE ) o oh T O A TR AR A LR R A R SR A T M TR . O T i — AR T
AND R RAE AR OV RE , e MR T /N Dl 3 A IR A ) s RE A2 BT i A T 5 A e i 3 9 R Y ()
A SCH AR A AU AN BRE 70 7 7 vk WE5E 1 78 2K 4 3 8% P 308 T HP A8 1) 1 390 20 A1 X 4 g M RE OS2 A il
Vi) i 7 A R g A T 3 500 6 — A 0, o S A 1) i 7 o 8 5 LA 1) 2 %) 4 ) e BE R T 1
WESE. S5 RAW], TE R S8 50 i 5 LA B 1] 3 AN A8 A 0 R DX e, 98 5 A 1) B ) 86 o
W/ DRI, S S A g A v T A DA B A 4 A 1) T e B A, B I Al e PR B A A D A T Y Bl R
R, HET T A8 B I RO AR SCRIWTFE 45 - AR ) AR G SEt, PERE AL AL SR At 1 B S

S AR, BT, (RIS, I

PACS: 52.27.-h, 52.75.Di, 02.60.Cb, 85.30.Fg

1 5

B IR AR — Pl B T 4, AREL T
BT AR 2 B R I e | A5
iy BALATE AR R B H T, BRI SR B A T
TR E R R IE TS5, Rl el
FULR U, AP S K o A2 e .

KT EIRMES AT IE B AT EZE P AELLT
JUANTTT: 1) BEARHE T A5 BE T 1 1, B s 9
e AR V. 1 s/ B o) B T A I S ) e
R ARSI NSO I D58, BERE I 2]
AEVA T T vl T BE T TR A EE IS, TR AR
T AR B RE A ETE 1. B R BRSO G
B — 7 T AT LAY 88 10 BE T S5 7, o5 — D Tl
T LAA A5k IS BEAI 14 A 07 28 O, M A 8 KA T
WA TAEAR A 2) $RTHE S ERAITERE 7. BIRHE S
e TEREAPETT 2 2Rl i LA B R SE, 4F

ail%

DOI: 10.7498/aps.71.20212386

S92 DI A T30 P 368 T PN ) T S (R 101000, A g A R
T AL BT AR X — FE AR BOR A AT IR T, — 7
TET e 5 AT 7 5 JBE O o IO ) B i) £ 52 T 11 4
Tyt VR RS 3l 55— TS i 8 P B G
HAT BB w5 B 12, 3) SEBlE S Al Le o
AR ST 051, B R AT 55 1O S AR, ] —
TR AEAN TR 55 B B2 2o 41 7 45 09 T AR g
AR 2R 78 TR BB TR T ML IE 5% 72 01 18],
it TR R A o T A B B s ] A TR
AEE RN, DR g L R LA D 77 Y
THFE, SN ) S AP T AR ] 1, L Se i) e R o
Jg T RRIR 15 320 T A A5 T H T T P Y
PR, g DRI g DCAH BB & (191, AR S U4 7 A L
MR SE Y. Perez 45 AWFFER B HA SUERE Y
FRT RS T Fi R e R ) A — e R b nT LAGEHE
i A L MU R, AT AT B S B A EE
IR L R . 4) s s R IR , R R
HL AR P 11, B IR ) e AE T AR A vl TR

*OHIRE HRBRERLS (HMES: 20JR10RA478) FIH A AR E 4RI 4 (LS 21JRTRAT44) YEBIRYIRAEL

t BfE1E#E. E-mail: guoninggaa@163.com
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

105201-1


http://doi.org/10.7498/aps.71.20212386
mailto:guoninggaa@163.com
mailto:guoninggaa@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 10 (2022) 105201

(i) P Rl AR P L ol B AR, DA A B AR iy ]
ARG, T BT A5 A A o AR 2 I R A
F kHz~GHz i [l R AR (7). 4 fly r B e 5 |
EAYHRAT 1030 kHz A “PRI PR35 1819
P DX 5 B B G M 1 R W% E x B
B — B x BT IAGREI B R A e o 2021,
BRI A b BRI R R iR — 7 T 2> o)
TR BN, TR T ) B ok 4 S T A
1) TAEFf, 53— 7 1™ R IR 2 B0 )
FHHETI 22,

ZE Lol BEORME AR TAE R, TERE . TAE
B LIRS S WL REPE A G DO Mikellides
5 1) ) e Bl BRSS9 T 8 R S 2R AR 7T
i W) I 0 i A S A T T BE T A PR 37 RN A )2 L
R ARk, 4B7R T R SRR T e B AR 3 ) 48 77 4w
IALEE. Hofer &5 P R B0 B4 , SR FHME G A 7Y
7R T RGN e e MR IR A ) B R Hara
A5 1250 T A A0 5 i F 5 T FL T2 | T
JE T e D3 T I R s, 2 SR
FL - AB e E BE THT L BT LB AR e A R
YEH. Brown & PUWFSY T 45 85 11K 5 BE T AH BAE
FH S S IR 25 0 T S T 1ol 25 SR SR W RE AL
R D0 S B ol 55 A A R | G L CFR P R AR R R
A K. BRE/INSEAE 0 I J T R v v R R R
ARSI (ST, 45 SR IAE N [ WG A H TR, 3
IG5 A ) SR SR AFAE MR KB [T € 3%
P TR, 38 D0 37 8 BE e T SR R A — A ek
. TS 2O JF e T iE 0 2 IR M # BE R
TS, SRR R R T R i hets
AR AR RS X BE T 4= ok, E T4 = 4 T A% AR
Frti. TIs A5 PTRIEGY T W35 51 T8 X AU R IR #E
TR B THE g, 25 SRR RSO i R
M) FiL 3453 A7 SEBT ES Ffig s R A R . B A )
IS T 102 S B X R A ) 8 s P AR A 2
S5 R ARET ST B A, DU RS T
SXof B TAT 0 S ok T BRI A, BRI gT KOG
T R AME 2 ik 1) G 3 53 A SR 5 R /INXE
W1 ARPERE . A IOE R, 208 T RS AR 10 4y AR
s . FE5E b, TR TR /N SRR IR A
J1#%, T BoRRE W  52Z I, B $E T
T i J3E NG fin i A Zh 32 S 30 ) s R B4R T 1Y
TR AN FRE PR T B 2k R T
HAA 30T %

A SCHRFE =2 N 25 [ B2 AR 9 B39 52 e o )

LHT-70 ZE/RHE Siw, R 4R SRR B8 4y
BT T J& T 428 101 i 3 07 o B SR 4 7 4 1k BB Ml 11
WFFE. ASC B E B IS VRN R 10 RS 3 A R
ARPERRYRZIN, BHAMAR M R S D) 28 R R AR
KFR, NEIRME SR Re AL | i A
RIS S

2 HMAGE

BIRAE S P T RE X R T IR,
HEME 9 e KRBT EAL (HE T4 ML) 29E
SRR A e L R T DX LT R AR T — T
T 210 P, 5 v R D AR AR R, (R 4
TAERIX IR, 5 —T7, IR TP e
FELIE TET A R B, (2 ) Pl AT i o AR e 2
BERE, SR — R LY, T BT Y
[ I 7B K 4 g e L A P R SR A T A TP A
Jite

V2 = —e(ni — ne)/eo, (1)
A e m AT, not B THGEE, ne el T A0
JE, eo REZEPMHEHERE, oFRR H Y. 78
BRI PRAEAE T, AR T RTARATT RN

2
L R TR

R BRZE 3% 1 XA T B RO AL A

A (ni = ne), 2
B e( T‘) (n n )l,] _ (AT’) (d’i—i—l,j +¢i—1,j)

€0 Az

n (T’i,j+1/2¢z‘,j+1 n Ti,j—1/2¢i,j—1)

Ti,j Tij

- ((8) -1). ®

e (3) I AHEHARTTE] 7, EIRTTRRAR AN
TIEA R
oz o
Z7j 2,

1 n+1/2 n+1/2
- Az2 [€i+1/2,j¢i+1,j + 5i71/2,j¢1‘717j

n+1/2
— (€it1/2,5 + 5i71/2,j)¢i7j / ]

T 7
+ NS} [€ij41/2P7 j+1 + Eij—1/200 -1

— (&ijy1/2 + 51‘,3‘-1/2)(25%] — 045, (4)

105201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 10 (2022) 105201

A, Az Ar G5 S 2 75 10 Al e J7 [ 4 25 8] 25
K, HU§ 2 Az = Ar. X7, — ool 9¢/0m, =0,
W & 75 RERIAE, £ & 1T LIS HiZS ] HL b

i FRL 18 Bl 2 T R
mi—: = q[E(s,t) + v x B(s,1)], (5)
© v, ©)

K, s o RlRR i & MEERE, EM B&
TN LR BRI R, m Rl g 43 3R R
1) 0T R ART . ) AR B 2 AR 7 38 AR A B AR A
TR L 3 T A P A FR SR B R O T
FE R B ) AR 1)) 43 A s

Z = Zmin + (Zmax — Zmin)¢, (7)

Tmin)C, (8)
KH Zmax, Zmin B Pmax , Tmin 73 5 R 1155 X 07
] AR ] o7 B 1 B R AR/ IME; CRoR A T 0 il
1 Z ()R BEALEL. R b e i ARG B A ) 4%
FH AR 1F A L33 B 15 ' Maxcwell 437, 57 B A1
Fi e SCRIE PP K AT 308, 5 R k4
SPEREE Y RS EE e PRAFANALS; M H T 55
T RAEFORETERT, 25 8.32 eV HYRERFALK;
M PR T TR AR — B RERT, TS
J A F B R B, AR B A e
(138 B RS,

M T ERIE S E Y e R 2 k4t
FERTHL B IE P, AR AT T X R
A B R AR IO T R, R 1 R, B
BRARFR A g i ) F AR L 3 i, BT AR IS8 — 2530
B IEAT AR B, HE SR IE N | AMEE DN A 2
T, AR B RE I 2™ AR A f AR RE I T
R, R R AR SR S St S A B
R, PR GRE T L AS IR S, R,
Y %R TR FH 20 2 2% e, ek 3 1A H for 9
o 0 DISRASIE B FREM A Y. T iR “wi” Fll “wo” 43
S FeTR P BE T FISNEETE . N T kG SR AN 7 R i
g R BUE AT E Y, MASRFIE T TR 5 W
. >k H Boris Bk F L, 3 1 oK b 1 AE LR
S R EOBe=Rs) W DO e VA A VA= w3 B3 - 971 i sk
R T PRIETTH R A R A AT S, iR 2K At R[]
A3 2 wp At < 0.3 T we AL < 0.2 BYRR I S5 44, FHorh
wp = \/nee?/(eome) ~ 2 x 9/ne K HLFHRGINE,

T = Tmin + (Tmax -

we = qB/me Ry HL T [RLEMI R . 7R AR SCLR 28 TR
ZAEF At~ 3 x 107125,

Outer wall d¢/0r = —owo/€0

I
11
<] 1T
=]
kS B H
& i
e Anode Exit
= |¢=300V E 6p=0V
E
=

Inner wall 9¢/0r = —oyi/eo

Axial direction

Bl1 RSN A A

Fig. 1. Simulation region and boundary conditions.
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Fig. 8. Electric potential along the axial direction plotted
for different magnetic strength.
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Numerical study of the effect of radial magnetic field on
performance of Hall thruster”
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Abstract

The Hall-effect thruster has wide applications for commercial aerospace because of the high thrust density
and simple structure. In order to further improve the performance of low-power Hall thruster and to solve the
problem that the performance of low-power Hall thruster for low-orbit satellites is limited by the input power
and maximum magnetic field intensity, the influence of radial magnetic field distribution in the discharge
channel on the performance of the thruster is studied by numerical simulation and theoretical analysis in this
work through changing the radial magnetic gradient on condition that the axial magnetic profile and the
magnetic strength remain unchanged. The results show that the potential of the acceleration zone decreases
with the increase of radial distance when the discharge parameters, propellant flow rate and axial magnetic field
are unchanged. Therefore, the greater the radial magnetic field gradient near the inner wall of the thruster
discharge channel, the greater the kinetic energy of the ions drifting along the axial direction to the thruster
outlet, , and the greater the thrust of thruster. The research results of this work provide theoretical support for

the magnetic field design and performance optimization of hall thrusters.

Keywords: hall thruster, numerical study, radial component of magnetic field, acceleration zone
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