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Numerical Simulation Study of Jet-Assisted Single-Phase Immersion QOil
Cooling for Servers
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(1. Institute of Refrigeration and Cryogenics, Zhejiang University, Hangzhou 310027, China; 2. Zhejiang Key
Laboratory of Refrigeration and Cryogenic Technology, Hangzhou 310027, China)

Abstract A front-jet-assisted cooling scheme is proposed for single-phase immersion oil-cooled servers to address severe bypass flows,
insufficient effective flows inside heat sink channels, and local hotspots. Numerical simulations were performed to investigate the
associated flow redistribution and mechanisms for heat-transfer enhancement. The results show that introducing front jets enhanced the
coolant momentum and renewal at the heat sink channel entrance through local impingement, stagnation pressurization, and entrainment.
In addition, the jet flow ratio primarily governed the enhancement intensity, whereas the number of jet holes assigned to each GPU heat
sink primarily affected the coverage range and temperature uniformity. Comprehensive comparison indicates that the case with five jet
holes and a jet ratio of 0.8 demonstrated the best overall performance, reducing the maximum GPU temperature from 99.12 °C to
82. 10 C and the temperature standard deviation from 2. 54 °C to 0. 26 °C.
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Fig.1 Physical model of the single-phase immersion

oil-cooled server
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Tab.1 Parameters of the key server components

214 JSF/mm YIFEIW B
Hhae 915%445%85 — 1
GPU 55%55%3 800 8
CPU 75%70x3 250 2
RAM 130x5%30 15 16
PCB 795%435x2 — 1
fifif 88X5%66 20 8
PCI-E 88X5%66 20 6
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Tab.2 Main thermophysical properties of the cooling oil
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Fig.2 Grid independence verification
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Fig.3 Validation of the numerical model for the single-phase

immersion oil-cooling experiment
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Fig.4 Velocity contours at key cross-sections inside the server
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Fig.10 Performance indices under different jet-hole numbers and jet-flow ratios
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Tab.3 Key performance indices of the conventional main-

flow condition and selected high-performance cases
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