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Plasma-assisted Hypersonic Flow Control and Application
to Active Flow Control with Combustion

Yasumasa WATANABE™

This study explores rapid flow control effect of dc plasma generated on the airplane surface called
external nozzle at rear side of supersonic linear spike nozzles of hypersonic vehicle. A hypersonic airplane
typically has fuselage surface structure called external nozzle that navigates exhaust gas from the engine.
Flow control at the external nozzle surface has significant impact on aerodynamic force. Jet fuel injection
to external nozzle area combined with plasma can be a feasible method for rapid flow control. As a
fundamental study, hypersonic wind tunnel tests were performed to firstly clarify the effect of air gas
injection normal to the external nozzle. Pressure change was characterized as a function of mass flow rate
of the jet. External nozzle pressure was reduced by 20 percent at maximum owing to surface jet that
generated local shock wave to reduce total pressure of the surface flow, subsequently reducing the surface
pressure over external nozzle. This pressure change can be used especially for changing vertical component
of aerodynamic force as a pitching moment control method for hypersonic aircrafts.
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