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Abstract: During the long-term operation of natural gas pipelines, minor leaks are difficult to be detected in a timely
manner by conventional pressure or flow sensing systems, presenting engineering risks such as positioning lag and early
warning failure. This paper studies the propagation response mechanism of sound waves in a closed pipeline, analyzes
the method of extracting sound wave features, the calculation strategy of time difference ranging and the process of
characteristic signal recognition, and constructs the spatial inversion path of leakage events in the experimental environment.
This paper discusses the error constraint methods for the non-stationarity identification and positioning accuracy of leaked
signals, and verifies the collaborative ability of signal perception and distance calculation. The research results provide
theoretical support and technical foundation for the construction of high-precision and low-latency leakage perception

capabilities in urban energy transmission and distribution systems.
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1 ARAGREGTFREERE RibH)

wE (K) J& 7] (MPa) ABEE (kg/m?) JFE /R & (kg/mol) & vv (m/s)
280 0.5 1.15 0.016 414
300 0.8 1.38 0.016 432
320 1.2 1.65 0.016 451
340 1.6 1.89 0.016 468
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K2 FRMRETREAEBRREL T

A B (kHz) fE L (%) EEEE (mV) HAE% L (dB)
05-12 14.6 22.3 184
1.2-26 63.2 56.7 31.6
2.6 - 4.0 17.8 34.5 24.1

>4.0 4.4 10.2 123
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