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Abstract 

Heat transport in ebullient phase-change is essentially governed by interfacial activity: the 

liquid-solid interface predicates wetting and nucleation of embryonic vapor bubbles, and the 

liquid-vapor interface affects dynamic surface tension, Marangoni convection, and the 

postnucleation ebullient dynamics. At the micro-scale in this process, the transient transport 

mechanisms at the solid-liquid-vapor interfaces during nucleation and the subsequent 

vaporbubble growth dynamics, which essentially characterize the macro-scale phase-change 

behavior (heat transport and ebullience or bubbling signature), can be altered by introducing 

small quantities of surface-active additives (reagents or polymers) in a pure liquid (water). In 

the case of surfactants in particular, the additive’s ionic or non-ionic nature, molecular chain 

structure, level of ethoxylation, and molecular weight, among other factors, affect and control 

this process; in fact, surface wetting and surface tension can be decoupled. This keynote 

explores and delineates those aspects of micro-scale interfacial changes that are essentially 

caused at a molecular-scale by the relative adsorption-desorption of additives in a pure fluid 

at the liquidvapor interface, and their physisorption and electrokinetics at the liquid-solid 

interface. The consequent interface-control mechanisms, and in turn the ebullient phase-

change processes are critical for developing novel micro-scale thermal-fluidic devices, space-

based or low-gravity thermal systems, and effective management of very high heat fluxes and 

heat transfer rates in a broad spectrum of micro-scale devices (MEMS, Lab-on-Chip, sensors, 

etc.) to large-scale power and thermal-management systems, among others. 


