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Rarefied Gas Flow Around a Cylinder

By

Yasunori KoBayvasur and Koichi OsHIMA

Abstract: A weakly ionized, rarefied gas flow of Argon was produced, which has
about several tens of Raynolds number, Knudsen number close to 1 and 1.5 of Mach
number, and the potential and the density distributions of the charged particles were
measured by single Langmuir probe in the flow field around a cylindrical model which
was set perpendicularly to the gas flow. A constant electric potential and/or a uniform
magnetic field were applied in the flow field.

The results show that the detached bow shock wave, which is characteristic to the
continuum flow, is not observed, and that the density difference between the up - and
the down-stream of the model is detected. Both of the potential and the density dis-
tributions near the shoulder of the model decrease from the free stream values. The
effects of the externally applied electric and/or magnetic fields on the charged particles

are qualitatively consistent to the prediction by the particle theory of ionized gas.
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model glass, Teflon, brass
nozzle exit (mm) 40
nozzle diameter (mm) 6, 3
stagnation pressure (#Hg) 20, 200, 960; 80, 800, 3800
flow rate (mg/s) 1, 10, 50
chamber pressure (¢Hg) 8, 17, 50
magnetic field (gauss) 800
applied electric potential 40

(volt)

E28 BhoOFELAD/NT A —4

nozzle diameter  (mm) 6 3

chamber pressure (#Hg) 8 17 50 8 17 50
Mach number 1.1 1.6 1.7 1.6 1.8 1.9
Reynolds number 2 5 15 2 6 16
speed ratio 1.00 1.46 1.55 1.48 1.64 1.73
gyration radius (mm) 2.1 2.1

Knudsen number 1.1 0.5 0.2 1.1 0.5 0.2
Debye length (mm) 2.4 1.9 1.5 1.3 0.9 0.7
ion number (i(e)?sliégzcm_s) 8.5 9.2 9.1 10 18 22
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