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Some Characteristics of the Arc-Heater, Nozzle Flow, and the
Underexpanded Jet in the NAL 60 kW Plasma Wind Tunnel

By Ri’ichi MATSUZAKI and Noriaki HIRABAYASHI

Some characteristics of the NAL 60kW plasma wind tunnel have been investigated.
The plasma wind tunnel consists of an arc-heater, convergent-divergent nozzle, and an under-
expanded jet. The thermodynamical flow properties of the working gases (N; and Ar) in
each section have been experimentally and theoretically studied.

In the plenum chamber of the arc-heater, it is found out that thermal equilibrium
can be assumed. In this section, the equilibrium properties of the working gases are ap-
proximately estimated by taking account of second order of thermodynamic quantities.
The heat loss in the arc-heater has been studied theoretically. The result is found to
agree qualitatively with the experiment, Taking account of the effect of ionization-
recombination non-equilibrium, the convergent-divergent nozzle flow has been studied. It
is shown that the most of the flow field is that of a frozen flow. But the real gas
effects have been shown to decrease the flow velocity in the expansion process. The electron
temperature is about ten times as high as that of heavier particles at the nozzle exit. A
moderately under-expanden jet in the test section has been investigated by the use of a
pitot impact pressure tube and an electrostatic probe. In the region inside an inter-
cepting compression wave, it can be approximately said that a uniform flow field prevails.
Electron density and space charge profile in the jet are qualitatively explained by a
simple analysis taking into account only electron diffusion and mobility.
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