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The use of plasma actuators for flow control has received considerable attention in the 
recent years. This kind of device seem to be an appropriate means of increasing abilities in flow 
control thanks to total electric control, no moving parts and a fast response time. If in subsonic 
condition the plasma effect is explained by a transfer of momentum from the charged particles to 
the neutral ones (see Moreau1), in supersonic conditions the nature of observed effects still not 
well understood. The physical mechanisms responsible for aerodynamics effects resulted from 
electrical discharges created in air flow is commonly interpreted in terms of eat release associated 
with Joule heating2. Heating high speed gas flow changes the speed of sound and decreases the 
gas density. Gas heating or non-uniform gas heating can induces deflection of high speed flow, 
drag reduction, lift alteration, and help in sonic booms mitigation. Nevertheless, some experiments 
have shown that heat release effects are not sufficient to explain some observations. One example 
among these supposed non thermal effects is the non-symmetrical effect of an AC and DC 
discharge on the drag reduction when the polarity is changed (see Bityurin et al3). 

A scientific objective of this new topic in our laboratory is determination of mechanisms 
and features of near surface plasma in air flow as well as clarification of non-thermal mechanisms 
of interaction. 

The experimental work presented here shows the comparison between the plasma s effects 
and a surface heater s effects on supersonic rarefied air flow around a flat plate. 

In rarefied conditions, to the author s knowledge, no work has been published in this field 
of research. Stagnation pressure profiles are examined for two experiments. In the first one, 
electrodes are flush-mounted on the surface of the flat plate. In the second one, electrodes are 
replaced by surface heater. 

Changes caused by a negative DC discharge and surface heater on the upper surface of a 
flat plate model with a half wedge leading edge in a rarefied Mach 2 air flow are investigated 
when active components are placed close to the leading edge. Comparisons are performed when 
the surface temperature of electrode and heater are the same (figure 1) and when thermal 
equilibrium is reached. The measurement indicates that the plasma is not exactly equal to 
conventional heating. However, it appears that the effects are qualitatively similar when the 
control components are placed close to the leading edge. In this case it seams that Joule heating 
overshadows other possible mechanisms.   
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Fig. 1 Difference between pressure profiles without and with control method at 22 mm from the 
leading edge for identical surface temperature: 250°C.   
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