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Non-Equilibrium Flow in the Sonic Nozzle at Normal Temperature

A ¥okokawa and M.Nishioka
Department of Aerospace Engineering, Osaks Prefecture University

ABSTRACT

The present investigation is concerned with the problem of sonic nozzle as a means for measuring
mase-flow rate. For the case of very low mass-flow rate for gas flow there is urgent demands of
establishing a high accuracy stendard, and researchers in National Research Laboratory of Metrology
have conducted accurate calibrations for sonic nozzle with throat diameters as small as 0.3mm. They
derived an expression for the critical mass-flow rate for calibration standard and they found it very
accurate within an error of 0.1% for various gases except 'O, for which the error is found to be 2 to
3%. The main purpose of the present study is to clarify the cause of the large error for case of OOy,
As for the cause of the cited large error, considering that the sonic nozzles are very amall in scale,
we focus our attention on relaxation phenomena involving moleculer vibration, We derived a system
of differential equations for describing the inviscid nozzle flow process and the vibrational relaxation
process. With obtaining the solutions for the cases of Ny and OOy it is shown that the cited error
does appear for C0p only, indicating that the vibrational relaxation process has a great effect on the
critical mass-flow for the case of C0q.
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