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Abstract: The Field-Emission—Electric—Propulsion (FEEP) thrusters is a typical of miniature electric pro-
pulsion devices. In order to deeply understand the influence mechanism of structural parameters on thruster per-
formance, the Particle-In—Cell particle simulation method was used to perform the plume simulation of the na-
noscale structure of the Taylor cone jet structure to the macroscopic millimeter scale structure. The difference of
plume shape caused by the change of structural parameters and its influence on the thruster performance were an-
alyzed. The results show that the emitter height is the key parameter to determine whether the thruster beam will
bifurcate. When the emitter height is lower than 300wm, it is easy to lead to beam bifurcation and seriously affect

the performance and life of the thruster. The accelerating grid slot width is the key parameter to determine plume

* IRREE: 2022-09-09; EITHHE: 2022-12-22,

EETH: b, SRS E SRS IS (6142701220402) b5t i kAl K sk o F A TR AP 0T
B4 (LabASP-2022-03) .

EERN: &, M, @mECUEIm, RSO R A,

BIREE: MRk, 1, BlEEE, PFRaECh B HEHH AR . E-mail: chenmaolin@nwpu.edu.cn

IRt ¥ b, Bokak, R T, AL S BCR ST AL D88 B M i AR O FLLT ) EEROR , 2023, 44(6) 1 2209029.
(LUO Yang, CHEN Mao-lin, XU Nuo, et al. Simulation of Plume Distribution Characteristics of FEEP Thrusters [Jl.
Journal of Propulsion Technology, 2023, 44(6):2209029.)

2209029-1



Faat Holl e it

¥R 2023 4

divergence angle, thrust and specific impulse, and its influence amplitude can reach 30%~50%. Plume diver-

gence angle increases with the increase of the accelerating grid slot width, while thrust and specific impulse de-

creases. The distance between emitter and accelerating grid has relatively little influence on the performance of

FEEP thruster, which can support the stable and efficient operation of FEEP thruster in a large range. According

to the variation law of FEEP thruster performance with structural parameters, the recommended value range of

structural parameters is emitter height 500~1000pm, accelerating grid slot width 2000m, emitter — accelerat-

ing grid spacing 360~1300m.

Key words: Field emission electric propulsion; Particle=In—Cell; Structural parameters; Plume; Diver-

gence half—angle
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Fig. 1 Typical structure of array emitter of FEEP
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Table 1 Structure and operating parameter setting

Parameter Value
Emitter voltage ®@_ /V 6000
Accelerating grid voltage @_/V -5000
Emission current I/pA 60
Taylor cone jet radius a/nm 1.5
Taylor cone jet length h/nm 10
Emitter height H/pm 50~2009
Emitter—accelerating grid spacing d/pm 0~2997
Accelerating grid thickness 6/pm 600
Accelerating grid slot width w/pm 500~4000
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Fig. 7 Ion number density distribution near the emitter at different emitter height (xz profile)
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Fig. 8 Ion number density distribution near the emitter at different emitter-accelerating grid spacing (xz profile)
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