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Research Topics: 

1) Surface Treatment for Long-lasting Dropwise Condensation:  

 

 

 

Water vapor condensation occurs frequently in diverse industrial fields; therefore, enhancing 
the condensation heat transfer performance can increase the overall system’s efficiency. 
Dropwise condensation induced by a superhydrophobic surface generally leads to improved 
performance compared to filmwise condensation by the frequent shedding of condensed 
droplets. However, finding a superhydrophobic surface with appropriate durability remains 



challenging owing to the harsh environment encountered by many condensers. 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) Anti-frosting Performance for Commercial Heat-Exchanger 

  
 
We conducted the heat exchanger frosting experiment in a temperature/humidity-
controlled room to investigate the applicability and the effect of edge-coating on the heat 
exchanger. A commercially used superhydrophilic fully coated sample, PVDF edge-coated 
sample, ceria/PVDF edge-coated sample, and ceria/PDMS edge-coated sample were tested 
to check its anti-frosting performance. In the case of the ceria/PDMS fully coated sample, 
we used the result from the previous study since the testing condition was identical. The 
visualization of each sample during the experiment is shown in the figure. The frosting 
rapidly accumulated on the commercially used superhydrophilic heat exchanger, which 
blocked the air passing through the heat exchanger. After 40 minutes of experiment, the 
front side was fully covered with frosting. On the other hand, ceria/polymer edge-coating 
delayed the frost propagation and accumulation at the edge, which resulted in a lower air 
side pressure drop compared to the superhydrophilic sample.Moreover, the frost 
suppression that occurred at the edge-coated heat exchangers led to an enhanced heat 
transfer rate. Concurrently, the heat transfer rate of all heat exchanger samples exhibited a 
consistent drop due to the surface temperature of the heat exchanger being consistently 
maintained at approximately -12 degrees, much below the freezing temperature. 
Furthermore, despite the fact that the edge-coating exhibits a greater pressure drop and 



lower heat transfer rate compared to the fully coated sample in the previous study, it can 
still be applied to an already installed heat exchanger using a simpler fabrication process 
than the full coating. Additionally, only approximately 5% of the surface area needs to be 
coated, making it a cost-effective option. 

 


