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Evaluation of passive cooling driven by self-propelled drops
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We conducted experimental investigations on the drop propulsion
characteristics on a composite wettability ratchet that combines superhydrophobic and
superhydrophilic regions. The results showed that as the drop size decreases, the acceleration
increases. Additionally, we found that the maximum acceleration and the maximum uphill angle occur
at a ratchet temperature of 150 . The model predictions and experimental findings were generally
consistent, revealing that drops can climb due to the propulsive force generated by nucleate
boiling, surpassing the pinning force and gravity. We also discovered the importance of an
asymmetric wetting property on the heating surface for drop propulsion through nucleate boiling. In
the hybrid wettability ratchet, we revealed that the propulsive force is generated by the internal
flow induced by the expansion and contraction of bubbles formed in the superhydrophilic region.
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