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Abstract 

Experiments were conducted to study the heat transfer effects of enhanced surfaces in spray 

cooling. The enhanced surfaces including micro-, macro- and multiscale-structured shapes along 

with a referenced smooth flat surface were tested in a closed loop system with R134a as the 

working fluid. The experimental results indicate that fin arrangement rather than a simple 

increase in wetted area plays a decisive role in the cooling performance of macro-structured 

surfaces. The micro-structured flat surface was suggested to enhance nucleate boiling by 

providing more potential nucleation sites and capillary effects. Despite having the same surface 

geometries, multiscale-structured surfaces with planted micro-structures outperformed macro-

structured surfaces in terms of heat transfer enhancement. Using the smooth flat surface as a 

baseline, the micro-structured flat surface produced a relative heat transfer enhancement of 32% 

compared to the 36% of the macro-structured surfaces, while the multiscale-structured surfaces 

achieved a heat transfer enhancement of up to 65%. In addition to improving heat transfer 

performance, macro-structured surfaces provide other advantages such as prolonging the 

transition process and reducing the period of time which the heater surface remains in the 

extremely high temperature regime (film boiling) after power is switched off. 
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