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Measurement of Plasma Electron Density around HYFLEX Vehicle

National Aerospace Laboratory Takeshi Ito, Ryoji Takaki
National Space Development Agency  Ken Teraoka

It is known to become a plasma state by electrolyzing the gas around the vehicle under hypersonic
speed flight. Therefore, the radio wave is reflected by the plasma layer, and the blackout phenomena
occurs. In the other, it is also reported that temperature, pressure and density around the vehicle
deviates from the prediction which do not assume electrolyzing of the gas. Although it is difficult to
obtain the such kind of data in the ground test, present HYFLEX plan is the precious opportunity which
can acquire the data of plasma state around the vehicle. In HYFLEX, it was planned that the ionizing
phenomena of the gas around the airframe was measured by the reflectometer from the onboard, and the
data acquisition was done. Acquired data is the change of reflection intensity and phase of the radio
wave. In the meantime, the plasma density field was calculated using the real gas CFD code and the
radio wave reflection analysis was carried out in order to compare with the flight test. . Flight test result
and numerical calculation result agreed well, and the real gas CFD code was verified at an error of
about two times by the conversion to the plasma electron density. Although the verification accuracy
has to be raised more by examination of the radio wave reflection analysis technique, etc., this flight
test data was very useful as basic data of plasma electron density field around hypersonic flight vehcle,

and as verification data of real gas CFD code and the radio wave reflection analysis technique.
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Fig.2 Reflectometer Antenna (902.85MHz).
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Fig4 Calibration Test Result by the metal plate Reflection
and Radio Wave Reflection Analysis Result.
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Fig.5 Calculation Result of the Plasma Electron Density by the Real Gas CFD Analysis
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Fig.6 Flight Test Result of the Radio Wave Reflection Measurement
by the Reflectometer and Numerical Analysis Result
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