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Abstract: Nano—particle field extraction thruster is a sort of electrostatic propulsion device with the solid
working medium applied on the cube—satellite platform. A new self—neutralization technique has been established
to improve the engineering development of NFET, namely the reverse charging strategy for self-neutralization. In
order to study the design approach of this neutralization strategy , a relevant numerical model has been investigat-
ed to describe the characteristics of the plume transportation. Subsequently, a measurement test of NFET plume
in the vacuum tank was conducted to examine the accuracy of the numerical model. The temperature distribution
and thrust were measured respectively by the colorimetric thermometer and the target—shooting system. According
to the test and calculation results, the temperature solved by the calculation was qualitatively consistent with the

test results, and the computational error of the thrust ranged within 9%~10%. After the accuracy of the neutraliza-
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tion model being examined by the test, the key parameters of design were analyzed numerically. The calculation

results indicated that, with the ratio of extractor diameter to emitter diameter changing, the applied electric field

would exert a negative work on the excess charges and the thrust would decrease, and the thrust would reach the

maximum with the ratio of extractor diameter to emitter diameter around at 0.94 while the plume neutralization re-

gion would be pushed to downstream and the thrust would increase with the particle diameter increasing. This pa-

per could provide a reference of the optimizing design for the NFET with the reverse charging self—neutralization

technique.

Key words: Nano particles; Reverse charging strategy; Self—neutralization; Numerical analysis
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Fig.1 Operation principle of the neutralization on wall for
NFET
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Fig. 2 Example of the jump error

(Input conditions: particle mass (both): 1x107"kg; particle charge (both): 2.4x107“C; initial position (1st particle): (0m, O0m) ; initial

position (2nd position): (0m, 3x107"m); initial velocity (1st particle): (4.5m/s, 0m/s); initial velocity (2nd particle): (Om/s, 3.6m/s))
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Fig. 4 Schematic diagram of the test system
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Table 1 Input conditions of the calculation

Parameter Value
Inner diameter of the extractor/mm 1.1
Thickness of the extractor/mm 2
Inner diameter of the emitter/mm 1.0
Gap distance of the two electrodes/mm 1.5

Particle information Al,diameter: 250 nm
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Fig. 5 Comparison of the temperature distribution solved by calculation and test respectively
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Fig. 6 Computational thrust distribution as a function of
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Fig.7 Comparison of the thrust solved by calculation and test respectively
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Fig. 8 Two cases with the extreme conditions of “d./d_”
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Fig. 10 Plume characteristics with different emitting nano-particle diameters
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