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Abstract: The power density of data center racks continues to escalate, rendering traditional air—cooling solutions increasingly inadequate to
meet future demands for high—density, high—efficiency thermal dissipation. This paper focuses on the cutting—edge phase—change liquid
cooling technology and first analyzes and compares the technical principles, core architectures, and key parameters of phase—change cold
plate and immersion liquid cooling. Subsequently, this paper conducts an in—depth analysis of liquid cooling media across five dimensions:
classification, comparative characteristics, molecular structure, material compatibility, and market application challenges. Finally, a compara-
tive analysis of tank and rack technical architecture solutions is presented, alongside a detailed examination of the two primary challenges
confronting phase—change immersion liquid cooling. Phase—change liquid cooling technology represents the primary development trajectory
for ultra—high—density heat dissipation. It is anticipated that this technology can achieve deep integration with foundational thermal manage-
ment technologies such as air cooling, ultimately fostering a novel cooling ecosystem characterized by multi-technology convergence.
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