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Research Progress on Liquid-Air Coupled Cooling Systems for High-Power-
Density Data Centers
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Abstract Faced with the heat dissipation challenges posed by the rapid increase in the computing power of data centers, traditional air
cooling can no longer meet their cooling demands because of its limited heat dissipation density. Meanwhile, full immersion liquid
cooling is difficult to adopt widely owing to coolant cost, ease of maintenance, and material compatibility. This paper reviews the progress
in the application of liquid-air coupled cooling systems in high-power-density data centers and highlights that utilizing cold-plate liquid
cooling to efficiently capture the chip heat can significantly reduce the auxiliary air cooling load. It confirms that through the
reconstruction of rack airflow fields and optimization of low-flow air cooling, combined with intelligent coordinated control, the power
usage effectiveness of the system can be optimized to below 1. 15. In the future, the integration of liquid and air cooling systems sharing
the same source and waste heat recovery technologies would drive data centers toward zero-carbon goals. This review aims to provide
technical guidance for the construction of next-generation data centers that balance cooling efficiency and economic benefits.

Keywords data center cooling; liquid-air coupled cooling system; high power density; zero-carbon; heat dissipation
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Fig.1 Energy conservation and emission reduction challenges brought by chip development'*
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Fig.2 Unified air-liquid cooling system'”’
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Fig.3 Microchannel cold plate structure
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Fig.4 Mechanism of wind-liquid coupling system
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