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Experimental Study of an Orifice-Type Pressure
Probe in Nearly-Free-Molecule Flow

By Akira ONJI and Kiyoshi YAMAMOTO

The theory developed for free-molecule flow can be extended to the case of nearly-
free-molecule flow by introducing an additional term in the expression of the velocity
distribution function. The authors applied this theory to the orifice-type pressure probe,
and showed that the pressure inside of this probe was related to the first moment of the
velocity distribution function.

In order to check the theory, the authors carried out several experiments in the
rotating-arm apparatus at NAL using air and Freon as test gases: measurements were
made with orifices located on the models of spheres, circular disks, and cylinders of various
size. The range of Knudsen number was varied from 0.1 to 20; the speed ratio was 0.22
to 1.60. Thermistor gauges, specially calibrated, were used to measure the pressure and
the temperature.

The results were compared with theoretical ones based on the theories by Willis
and Liu et al. The agreement was fairly good in the range K,>3. Especially when the
speed ratio is small enough, measured values showed smooth intermediate change from the
free-molecule to the continuum regime for all bodies and orifice locations. However, the
existing theories did not explain well the data for K,<3.
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