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Advances in Fault Diagnosis Technology for Cold-Plate Liquid Cooling in
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Abstract With the rapid development of artificial intelligence and high-performance computing, cold-plate liquid cooling technology
has gradually become a mainstream solution for satisfying the heat-dissipation demands of high-heat fluxes data centers. This paper
describes the triggering mechanisms, impact hazards, and the coupled evolution patterns of typical faults in data center cold-plate liquid
cooling systems. The principles and characteristics of direct-detection techniques and inverse-problem fault diagnosis techniques are
then summarised based on operational data and outlines the key problems encountered when applying these diagnostic techniques to real -
world cold-plate liquid cooling systems. Finally, based on diagnostic experience in the HVAC (heating, ventilation and air conditioning )
field, this study concludes the targeted methods for addressing these problems, including semi-supervised learning, few-shot learning,
data augmentation, and physics-data fusion. Future research could focus on multi-algorithm fusion, mitigating data imbalance, and
enhancing model interpretability and anti-interference capabilities to improve the accuracy, reliability, and engineering applicability of
fault identification. The review and synthesis presented in this paper can serve as a reference for both theoretical research and engineering
applications in the field of cold-plate liquid-cooling fault diagnosis.
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Fig.2 Classification of common liquid cooling technologies
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Tab.1 Fault classification of cold plate liquid cooling systems
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