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Experimental study on flow and heat transfer characteristics
of Single-Phase Immersion Liquid Cooling systems
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Abstract: To address the energy consumption issue in data centers, this study investigates the
Single-Phase Immersion Liquid Cooling (SPILC) system by an experimental platform. The
influential mechanisms of the coolant flow rate and chip power on the SPILC performance are
analyzed. The results indicate that the heat transfer of chips located at inlet regions is more
influenced by board layout than that of the chips at the outlet region. Moreover, the chip case
temperature shows a trend of slight increase followed by a decrease as the flow rate increases.
There exists a critical flow rate beyond which further increase does not significantly improve the
SPILC performance. Additionally, the chip case temperature rises significantly with increasing
power, and lower flow rates result in greater temperature increases. When the flow rate does not
exceed 4.0 L/min, the chip power has almost no effect on the system pressure drop. Moreover,
the influence of the flow rate on the power usage effectiveness of SPILC systems is significant
when the total chip power is low, but this effect is greatly weakened as the chip power increases.
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Fig. 1 The SPILC experimental platform
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Table 1 Performance parameter of main devices
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Fig. 2 Description of the immersion liquid-cooled cabinet
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Table 2 Technical information of simulated heat sources and heat
sinks on simulated PCBs
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Table 3 Thermophysical parameters of immersion coolants
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Fig. 3 Experimental reproducibility verification
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Fig. 4 Case temperature and thermal resistance of simulated chips at
different locations
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different operating conditions
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