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Development of Measurement Facility for Sound Speed of Hydrogen with

a Spherical Acoustic Resonator
~ Theory of Measurement and Calibration for
Radius of Spherical Cavity ~

by
Tomohniko YAMAGUCHI", Satoru MOMOKI" ", Odgerel JAMBAL",
Hayato MATSUZAKI"", Yusuke UETAKI"", Toya IMAMICHI"
and Kuniyasu KANEMARU"

Thermophysical properties of hydrogen are needed to design equipments associated with
hydrogen. The speed of sound is one of thermophysical properties itself and includes the important
information of thermophysical properties, such as specific heat at ideal gas. In this paper, the
measurement facility for sound speed of hydrogen with spherical acoustic resonator which we made
and the theory of acoustic measurement are explained. We have calibrated the radius of the spherical
cavity in this apparatus with high purity helium as reference gas at 100~1000 kPa and 40~100°C, and
obtained the average radius of 25.016 £ 0.014mm (£0.055%).

Key words: sound speed, hydrogen, helium, spherical resonator
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Fig. 1 Picture of a lower side of hemispherical cavity
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Fig. 1 Schematic of the measurement apparatus
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4. Preamp., 5. Pressure vessel, 6. Thermostatic bath,

7. PRT, 8. Function generator, 9. Conditioning amp,

10. Lock-in amp, 11. Digital multi-meter,

12. Pressure sensor, 13. Personal computer,

14. H, pipe line, 15. He pipe line, 16. Vacuum pump
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Table 1 Calculated Radius at given temperature and pressure

Temperature | Pressure | Radius | Temperature | Pressure | Radius | Temperature | Pressure | Radius
[C] [kPa] [mm] [C] [kPa] [mm)] [C] [kPa] [mm]
40.11 1,080 25.003 69.91 965 25.007 99.73 972 25.016
40.29 504 24.999 69.92 500 25.014 99.74 500 25.031
40.21 100 25.018 69.93 100 25.037 99.75 100 25.031
50.00 960 24.997 79.87 964 25.010 | - Temperature and pressure are
49.92 516 25.002 79.85 500 25.012 averages of one series of
49.94 100 25.017 79.86 100 25.049 measurements.
59.97 989 | 25.003 89.79 980 | 25.013 | * Radius is the average of (0, 1),
59.98 500 | 25.009 89.80 500 | 25.015 | (0,2)and (0, 3) modes.
60.00 100 25.022 89.80 100 25.041
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Fig.4 Temperature and pressure dependence of radius

of the spherical cavity
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