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Development of a Concentration Sensor
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In this study, | explored the possibility of a concentration sensor by using vibration of a tube. This
article describes the vibrations of a glass tube filled with liquid. The effects of mass of liquid on
frequencies are investigated. The equation of motion of the tube is derived. Natural frequencies and
mode shapes of the glass tube, which is filled with liquid or empty, are shown experimentally and
analytically. The analytical results have good agreements with the experimental ones.
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Fig. 1 Experimental apparatus
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Fig. 3 Analytical model
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(a) Empty pipe
Fig. 4 Observed frequencies
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(b) Mode shape (n=2)
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Fig. 5 Observed mode shapes
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