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Abstract: There are the dominant positions of high thrust precision, high specific impulse, high efficiency
and compact structure for an ionic liquid electrospray thruster (ILET) with porous emitter array (PEA) operated
in the pure ionic regime (PIR). In order to investigate the beam current mechanism of a PEA in the PIR, a physi-
cal model including onset voltage, multi—site emission, viscous flow, and ion current was constructed. In addi-
tion, the assumption of normality was introduced to quantify the uncertainty of machining tolerances and the non—
uniformity of porous substrates. In particular, it is based on the Monte Carlo method that the analytical expression
for the current of a PEA in the PIR was derived. The accuracy of the model was verified by comparing the agree-
ment between the calculated results based on this model and experiment data. The results show that the model

mechanism is clear and the error is small. In particular, the model can predict the current in the PIR and multi—
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sites emission behavior of conical porous borosilicate PEA with high accuracy. The model calculation results are

basically consistent with the experimental data of AFET-2 thruster, with a relative error range of 1.0%~1.5%.

The study indicates that increasing the operating voltage and the number of emitters helps to improve the accuracy

of the model. Finally, the model is a computationally efficient 0D—-model with fewer parameters, which provides a

new computational method for robust design and performance optimization of ILET.

Key words: lonic liquid electrospray thruster; lon evaporation; Multi-site emission; Pure ionic regime;
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Fig. 1 Schematic of ion evaporation on a meniscus surface
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Table 1 Properties for EMI-BF, and EMI-Im at 293K

Property EMI-BF, EMI-Im
Density p/(kg/m?) 1252.2 1523.6
Dynamic viscosity u/(Pa-s) 0.0361 0.0325
Surface tension y/(N/m) 0.0452 0.0359
Electrical conductivity K/(S/m) 1.590 0.921
Relative permittivity & 14.80 12.25
Activation energy barrier AG/eV 1.5683 1.4925
Mass of anion BF},Im /amu 86.80 280.15
Mass of cation EMI*/amu 111.17 111.17
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dimensions and multi-site emission
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Table 2 Parameter setting of thrusters

Parameter description

Busek

AFET-2

Mean Standard deviation Mean Standard deviation
Charge—to-mass ratio of the beam (g/m ) “/(C/kg) 2.163 x 10° 8.013 x 10° 5.500 x 10° 1.003 x 10*
Radius of the emitter tip R, /m 1.600 x 1077 4.550 x 107° 1.500 x 107 1.650 x 107
Distance between emitter tip and extractor d,/m 1.200 x 107 1.150 x 107 3.000 x 1077 5.230 x 107
Emitter cone half-angle 6 /rad 5.236 x 107" 5.820 x 107° 2.768 x 107! 4.000 x 107°
Emitter height h,/m 3.500 x 107* 5.260 x 107° 3.018 x 107 5.130 x 107
Permeability x,/m~ 2421 x 1077 9.120 x 107" 1.510 x 107" 6.040 x 107"
Pore radius of emitter r’_/m 8.500 x 107’ 8.333 x 107° 6.500 x 107 7.500 x 107
Pore radius of reservoir r',_/m 1.400 x 107° 2.000 x 107° 6.500 x 107° 5.000 x 107’
——== Model prediction | 10 | b

6 e ExpofBusek®

Number of emission sites

ol -2

1000 1500
Voltage/V

2000

Fig. 4 Modeled and observed number of active

emission sites vs extraction voltage

Base radius/um
[o)}
T

2 3 4

Serial number of emission sites

Fig. 5 Base radius of active emission sites
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Fig. 7 Schematic of an AFET-2 thruster™
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Fig. 8 Model prediction results compared to experimental
data of AFET-2 thruster
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Fig. 9 Residual diagram of model prediction results
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