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Fig.1 Theoretical model of a fluid-filled pipe in a cylindrical coordinate system
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Fig. 2 Schematic of propagation of ultrasonic guided waves in a fluid-filled pipe
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Fig. 3 Phase velocity dispersion curves of longitudinal modes in water-filled pipe with different speeds
(a) Longitudinal modes, (b) 1.(0,5) mode
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Fig. 4 Group velocity dispersion curves of longitudinal modes in water-filled pipe with different speeds

(a) Longitudinal modes, (b) 1.(0,5) mode
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Fig. 6 Correlation of excitation signal and reception signal
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Fig. 7 The relationship between the propagation time of 1.(0,5) mode in a water-filled

pipe with water velocity at the excitation frequency of 305kHz
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Analysis of the influence of liquid velocity in pipeline on
ultrasonic guided wave longitudinal mode propagation

LIU Zeng-hua', SONG Zhen-hua', ZHANG Yi-nong”?, WU Bin', HE Cun-fu'

(1. College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology. Beijing 100124, China;
2. The Measurement Test Research Institute of Beijing, Beijing 100029, China)

Abstract: In this paper, a group velocity dispersion equation of ultrasonic guided wave longitudinal
mode in liquid filled pipeline is established. The influence of mode and excitation frequency on
propagation of ultrasonic guided wave in current carrying pipe was studied. Based on numerical
simulation, L (0,5) mode excited by the circular piezoelectric array in current carrying pipeline was
adopted to stimulate the received frequency 305kHz. The propagation characteristics of longitudinal
modes in the current carrying pipeline were experimentally investigated. Experimental results indicate
that group velocity of the L (0,5) mode of 305kHz frequency in current carrying pipe exhibits
approximately linear variation with the flow velocity of liquid. Experimental results are in good
agreement with theoretical analysis. This conclusion may provide a new method for on-line
measurement of current carrying pipe flow, and lay a theoretical foundation for development of
ultrasonic guided wave flowmeter.

Keywords: longitudinal mode; current carrying pipeline; dispersion curve; propagation time; flow

measurement



