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Theoretical research on thickness measurement of fluid layer in
mechanical structure by using ultrasonic technique

JIAO Jing-pin, ZHANG Qiang, WU Bin, HE Cun-fu
(Beijing University of Technology, Beijing 100124, China)

Abstract: For the necessity of monitoring mechanical structure operation, the thickness measurement of thin fluid layer
in mechanical structure by using ultrasonic technique is theoretically studied. A model of three layers of media is
constructed to simulate the propagation of normal incidence ultrasound. Considered the continuous boundary
conditions, the reflection coefficient of thin fluid layer to normal incidence longitudinal waves is obtained from the
continuous model. By study the reflection coefficients of different thicknesses of fluid layers, two models, resonant
model and spring model, are developed to characterize the thickness of fluid layer respectively by the resonant frequency
and stiffness coefficient. Meanwhile, the influence of acoustic properties of three layers on the reflection coefficient and
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the measurement of thickness is studied.
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Fig.1 Propagation model of normal incidence from
three-layer medium
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Table 1 Sound characterisitic parameters of common media
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Fig.2 Normal incidence longitudinal reflection coefficients from the
carbon-water-carbon medium with different thicknesses of
water layer
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Fig.3 Variation of reflection coefficient with resonant frequency for
the carbon-water-carbon medium with different thicknesses of
water layer
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Fig.5 Variation of reflection coefficient with resonant frequency for
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Fig.7 Variation of reflection coefficient with resonant frequency for the
carbon-aluminium oxide-carbon medium with different
thicknesses of water layer
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