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Research Topics:

1) Surface Treatment for Long-lasting Dropwise Condensation:
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Here, we propose a robust ceria-based superhydrophobic surface for long-lasting dropwise
condensation, where the superhydrophobicity is induced by hydrocarbon adsorption on the
surface due to ceria, not by coating itself. The surface characterization results indicate that
rapid self-recovery of superhydrophobicity (~48 hours) is possible by incorporating
polymeric binder as a hydrocarbon source. The developed surface can provide enhanced
durability even after various harsh environmental conditions, including mechanical, chemical,
and frosting damages. The heat transfer performance was 2~3x higher than the filmwise
mode, and the enhanced performance was maintained over a prolonged period due to the
sustainable dropwise mode compared to conventional hydrophobic coating. Our results
suggest that the ceria-based superhydrophobic surface can promote long-lasting dropwise
condensation, facilitating effective heat transfer in practical applications where poor heat
transfer performance is prevalent due to the filmwise mode.



2) Tailoring nanoscale polymer film for enhanced dropwise condensation
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In this study, we explore how poly(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl
methacrylate) (pPFDMA) films, deposited using iCVD, affect dropwise condensation. We
tested three coating thicknesses—25 nm, 100 nm, and 500 nm—examining their surface,
mechanical, and chemical properties using contact angle measurements, X-ray diffraction
(XRD), and atomic force microscopy (AFM). Additionally, we studied the effect of thermal
annealing on droplet mobility. As coating thickness increased, surface roughness and contact
angle hysteresis rose due to increase of semi-crystalline aggregates. However, thermal
annealing caused the polymer structure to reorganize into crystalline structure, reducing
surface roughness and hysteresis, resulting in a more uniform, low-hysteresis surface (<10°).
This led to smaller droplet departure sizes and faster droplet removal rates. In contrast, the
thickest coating (~500 nm) maintained higher hysteresis even after annealing, limiting
performance. Overall, the 25 nm and 100 nm thermally annealed coatings exhibited stable,
enhanced dropwise condensation under varying subcooling conditions. These results
highlight the potential of iCVD-deposited fluoropolymer coatings for improving condensation
efficiency, offering valuable insights for the design of advanced heat and mass transfer
systems.



3) Effect of femtosecond laser-based surface structures on condensation

Jumping + Dropwise condensation

The femtosecond laser (FSL) is a laser processing technique that enables precise surface
manipulation and even applications like graphene synthesis. Consequently, our research
focuses on creating a robust and scalable heat transfer surface achievable exclusively
through FSL. Our objective involves developing a hierarchical micro/nanostructure mimicking
the lotus effect, aiming to achieve a surface capable of sustaining jumping/dropwise
condensation even under high supersaturation levels. This endeavor seeks to explore novel
possibilities in heat transfer enhancement and surface engineering.



