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Fig. 1. Schematic of AF-MPDT structure and operating

principle.
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Fig. 2. MPDT acceleration mechanism: (a) Self-field acceleration; (b) hall acceleration; (c) vortex acceleration.
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Fig. 3. MPDT geometry and simulation area.
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Fig. 4. The number density and streamlines of Ar.

3.2 FETUEESHEWL

T I A A A B AR R S R AR, T
DA AT g s BRI R AT FORE R s i A AT
XAMEEY B = 0.03 T, I = 1000 A TAE
ZHCT B MPDT ) TAE FRIEA 705 B, 7E48 LUAR
B SRR 1 x 1018 s, R SEBRIG

055204-4


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 Z 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 055204

RORFTE] A 8 x 10712 s.
321 wFHEA

MPDT A il H i BB & 5 A0 L L3 2 5
O S A A 0 FE 3 R v A 0 T 4 A B ]
AR AL A, S [T RSt ) A ) P -0 B A A ) L2
SnE 5 s,

MPDT S kg shal # v, o750 15 40 A il
I ] B A8 AT 028 0 3 AN BB i i, BT
MBAMRE & 55, 2SN, TG 1 4R 182
B, BRI R R, AR B AR T
T HE AR, SB35, 5 ) B AR
5 ) SE AT ) B — 4% 32 308 B BE AW %) 7 2 3 Pl 43T
A, T U HL I R R R R R A
B PRSI — 2k, IR B B I e
R 1 B RS A, M AR E AR OE TAR IR
BN BERRETIERERE, EHEI25M8,
HL TSR A PN R, — A4 e [ 2 s 1)
LRA 1) TURYHL, D3 — 0 T RERE D 2k T D
R, ORS00 2 A B — 2 1. FadSEE, MPDT
BRI 23 1) L TR0 BE A 1020 me®, [ BER T T Y
L TR 1K 1020 m 3,
322 BTHERE

R % 553 77 H R 3 A TRl T 32 3l i [)
i, S AR T R AR, AR T
MEF. BT FEem A=t B

J3E 5315 BE I [1] 5 Ao 722 B LS S e MPD'T £
HL RS AR, AN RS TE) 20 P S0 A (5 LA 2R
wE 6 .

P 6 AT, FERCHELAIA, s A B TR R R
ANER, FFRERTOR AT, O IR TR E . 7R
PRI, RO B A A e A AR, R
PRI B 1 P P AR A 1), A e P RO
Wb RO T e REAE R, BT ROR R
A T i 25 HL o3, SR v T DX ¥ v A
P2 B 3T o) AT i DX SRl 5 I v Al 2 B 30 2R
PR, T3 i 25 PR 0 A 14 S DR R 8 o
BR, ZWHI LRGN T, Hs S0 A
Lo At S TR FRAS TARME, 21 o 1 iy
FEAE] 10% m 3, FEEXIE THEEL 10 m 3,
SRR,

3.3 ShmuEGXT MPD MR mMEHS
LIS E R B XT bE 53

SMNINREYR50 MPDT HE I estERE B S
B, FEBAMHLIE T = 1000 A, Hife m = 0.1 g/s
THF, HRAME B = 0.008, 0.017, 0.025, 0.034,
0.052 F1 0.069 T %% F iy MPDT T AFid FE 05 &,
O3 AT AN [ W 7 BE T 1) R 008 B 0 A RN ) 2%
PERESEL, IR T A R 5 SR 25 /XS L, 39k
D BRI 7 1k B A B

I /1019
01 1 2 3 5 7 10 20 30 50 70 100

it = 0,072 s

B -

t=0.216 ms

t = 2.400 ms

= TR

K5 HT RS

Fig. 5. Distribution of electron number density.
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Fig. 6. Distribution of ion number density.
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Fig. 7. Electron number density distribution with different applied magnetic field.
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Simulation of magnetoplasmadynamic process
with applied magnetic field
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Abstract

The magnetoplasmadynamic thruster is a typical representative of the high-power electric propulsion
device, and the magnetoplasmadynamics process is its core operating mechanism. In order to understand the
influence of applied magnetic field on its operating characteristics, the particle-in-cell particle simulation method
combined with the scale model based on the self-similarity criterion is used to simulate the operating process of
magnetoplasmadynamic thruster with applied magnetic field. The reliability of the model and method are
verified by comparing with the experimental results. The plasma characteristic parameter distribution of the
thruster during ignition is analyzed, and the influence of external magnetic field and cathode current on the
thruster performance are discussed. The research results show that the construction of the discharge arc
between the cathode and anode is a key step for thruster ignition and efficient operation. A low-intensity
magnetic field is not conducive to the construction of a stable discharge arc, while the plasma beam is
concentrated near the axis and the main thrust generation mechanism is the self-field acceleration. The
discharge arc between cathode and anode is stable by applying a high magnetic field, and the main mechanism
of thrust generation is vortex acceleration, which causes the thrust and specific impulse to increase linearly with
the strength of the external magnetic field. The efficiency of the thruster increases with cathode current and the
applied magnetic field intensity increasing. The discharge voltage increases with the augment of cathode
current, but first decreases and then increases with applied magnetic field intensity increasing.

Keywords: magnetoplasmadynamic thruster, particle-in-cell, electric thruster
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