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Abstract

The use of low-altitude satellites has expanded rapidly in recent years for Earth observation, navigation, and communications.
Most satellites are generally operated at an altitude of around 600 km called LEO. There is a growing demand for higher
resolution satellite data. It has been recognized that high-resolution observations are realized by orbiting lower altitudes called
sub-LEO. However, the increased atmospheric drag due to the dense atmosphere limits long-term satellite operations in sub-LEO
in the absence of propulsion systems. In this study, the effect of the microstructure surface on the passive compression
performance of the intake system of an air-breathing ion engine (ABIE) system is proposed and analysed. The scattering
distributions of the thermal Ar beam pulses at the microstructure surface were measured experimentally. The scattering process at
the microstructure surface demonstrated anisotropic nature and rectification effect. The DSMC calculation at an altitude of 250
km was also performed using the simple scattering model, which is based on the experimental results of scattering distribution and
recent ABIE design. The computational results indicate that the compression performance of the microstructure intake is higher
than that of the diffusive flat intakes. Furthermore, the introduction of a collimator resulted in higher compression performance.
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Altitude (km) 250
Number density (m3) 1.43x10%
Inflow velocity (m/s) 7754
Atmospheric temperature (K) 839.6
Wall temperature (K) 300.0
Gas-surface interaction .
(except intake surface) Diffuse
Mass of molecular (kg) 3.26x10%
0.5 (discharge chamber)

Transmittance
ABIE model

0.2 (accel grid)
Double cylindrical type
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Microstructured Flat surface
Intake surface —
surface Diffusive  Specular
Compression ratio: G 169.5 145.9 44.6
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