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Microwave Interferometric Measurement of Precursor Electron Density
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Abstract

In hypersonic atmospheric entry scenarios such as asteroid sample return missions, strong shock waves lead to the formation
of high-enthalpy, nonequilibrium plasma flows. A notable phenomenon in such environments is the generation of precursor
electrons—plasma appearing ahead of the shock front due to radiative ionization. Conventional thermochemical models,
such as Park’s model, often fail to account for this effect, leading to underprediction of heat fluxes. To accurately measure
the electron number density in the precursor region, this study developed a millimeter-wave interferometer utilizing an 1Q
mixer to improve spatial resolution in free-space transmission diagnostics. A 28 GHz signal was selected to detect plasma
with cutoff densities suitable for precursor detection. Experiments were conducted using a 9-meter free-piston expansion
tube with argon as the test gas, achieving shock speeds around 6 km/s.
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