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Abstract

Leak detection in cooling pipe systems is crucial for maintaining safety and operational integrity. Traditional leak
detection methods, such as acoustic emission sensors and spectroscopy, have limitations in sensitivity, response time, and
accurate localization of leaks, especially in complex piping systems. This study proposes a new leak detection method
that installs a rigid guide tube within the insulation layer surrounding reactor cooling pipes and combines an improved
frequency center of gravity calculation method with a new signal-to-noise ratio analysis to create a cost-effective and
efficient detection technology. Experimental evaluations demonstrate the efficiency of this system and validate its new
value to the current insulated piping leak detection technologies. Future research will focus on optimizing key
parameters, such as the threshold frequency shift (Af) and the number of randomly selected frequencies (N), using
machine learning techniques to further enhance the system’s accuracy and reliability in various environments.
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