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Pool boiling heat transfer enhancement by amphiphilic Janus particles
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Abstract: To enhance the pool boiling heat transfer performance, amphiphilic Janus particles were introduced into
the pool boiling system. Amphiphilic Janus particles with different particle sizes were prepared, and the effects of
the stacking layer number of Janus particles and the combination of particles with different sizes on pool boiling
heat transfer performance were investigated. The results showed that the combination of two layers of millimeter—
sized particles and 0.2 wt.% nanoparticles exhibited the best enhancement effect, achieving a critical heat flux of
244.3 W-cm™ and a heat transfer coefficient of 250.6 kW-m™-K™', which were 117.7% and 149.9% higher than
those of a smooth surface, respectively. The enhancement mechanism lies in that the hydrophobic side of Janus
particles reduces the bubble nucleation energy barrier and promotes bubble generation and departure, thereby
enhancing the heat transfer coefficient; meanwhile, the hydrophilic side facilitates liquid reflux to the evaporation
region due to its lyophilic property, thus increasing the critical heat flux. This study provides a new idea and

experimental basis for advanced thermal management of high—power electronic devices.
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Fig.1 Preparation process and apparent contact angle testing of 1.0 mm Janus particles
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Fig.2 Preparation process and apparent contact angle measurement of nanoscale Fe,0,-Si0, Janus particles
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Fig.4 Schematic diagram of pool boiling heat transfer experimental system
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