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Numerical Analysis of Electrodeless Electric Thruster Utilizing Ion Cyclotron
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We have studied ion cyclotron resonance/ponderomotive acceleration (ICR/PA) for application to elec-
trodeless electric thruster, by making use of test particle simulations. We estimate various statistics of
acceleration process of ions such as the perpendicular and parallel energy gains, Ae, and Agj, respectively,
via the ICR and PA, the ion gyroradius, p, increased by the ICR, and the index of the PA effect defined
by R. = 1+ A¢/Aer. These statistics can be scaled by the dimensionless parameter of the applied rf
electric field intensity, eg = Eo/QBoRo, where Eo and By are the electric and magnetic field magnitude at
the resonance, Q is the ion gyrofrequency, and Ro(= 0.1m) is a device radius of the chamber. We found
that, when 1 < ep < 4, A¢) increases while Ae, is constant with the increase in eg, and that the gyroradius
is constant of ~ 0.35 m. This result suggest that, when we choose the device radius is larger than 0.35
m, the exhaust velocities of the ions can increase via the PA, keeping the ion wall-loss via the ICR being
suppressed.
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Fig. 1 Schematic pictures of (Left) electric thruster by ion cyclotron resonance/ponderomotive acceleration (ICR/PA) and (Right)
simulation setup.
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Fig. 3 (Left) Dimensionless parameter space of Ag. - eg e where Apge = QHELB/’U()H is adiabatic parameter and eg . =
Eo/BoQ e Ro is normalized rf electric field intensity. (Right) Parameter of electric field intensity, Fo, as function of eg fre.
The different symbols indicate the different intensity of the background magnetic field at the resonance. The three filled
symbols indicate the parameters in which the typical trajectories of He ions are shown in Fig.4.
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Fig. 4 Typical trajectories of He ions for (top) v, (middle) vs, and (bottom) = as functions of z. The parameters used are
(a)Eo =200 V/m and By =800 G (b)Eg = 800 V/m and Bp = 400 G and (¢) Fp = 800 V/m and By = 100 G.
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Fig. 5 (a) Perpendicular and (b) parallel energy gains, (c¢) ponderomotive index, and (d) gyroradius as functions of electric field

intensity for He ions
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Fig. 6 Same as Fig. 5 but for Ar ions
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Fig. 7 Performance of the ICR/PA thruster without the radial wall-loss of ions for (left) He and (right) Ar gases.
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FiL 7., 2L T, 2o offiitEE of ELHEE Eo OERIG ST X —% eo(= Eo/BoQRo) PR LT7uvy bL, I
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