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In order to operate a satellite in sub-low earth orbit (sub-LEO), it is required to design an optimum ion engine to
compensate the drag of the upper atmosphere. The air breathing ion engine (ABIE) is one of promising candidates for
such an ion engine. However, the optimum design rule has not been established. Because ground experiments are
difficult for ABIE, numerical simulation is a useful approach for the development. In this study, in order to establish a
useful guideline for designing ABIE, we perform particle simulations to examine plasma discharge in the ABE chamber
by using the electromagnetic spacecraft environment simulator (EMSES), particularly focused on electron acceleration

process via electron cyclotron resonance.
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Fig. 1 Schematic drawing of the ABIE proposed
by Nishiyama [1].
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Fig.3 Computational model used in the plane wave
simulation
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Table 1 Simulation parameters used in this study

Parameter value

Time step (At) 1.7E-12 s
Grid spacing (1) 5E-3 m
Initial electron density (n,) 1.7E6 /m®
Initial electron velocity (v,) 0eV
Collision frequency (v’) 4X107 /s
Power frequency (f) 4.25 GHz
Wave length ()) 70 mm
Power (P) 35w
Magnetic force (my) 1.7T
Radius of metal mesh (R) 10, 20 mm
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Fig4. Electromagnetic energy distribution as a
function of A /L

Fig. 5 Photograph of the prototype of ABIE used in
the previous experiment [5]
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Fig. 6 Simulation model of ABIE with metal mesh
reflector in yz plane
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Fig. 7 Number of generated ions with time. Red:
without metal mesh, Blue: with metal mesh reflector at
R=10 mm and Green: with metal mesh reflector at 20
mm
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Fig. 8 Density distributions of electrons in yz plane at
x=54 mm, t=1.2x10-9 s, (a): without metal mesh
reflector, (b): with metal mesh reflector at R=20 mm
and (c): with metal mesh reflector at R=10 mm
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