HTFF'19 - 6th International Conference on Heat Transfer and Fluid Flow
Lisbon, Portugal — August 15 — 17, 2019

Paper No. HTFF 112

DOI: 10.11159/htff19.112

Fast Energy Transport in Droplet Evaporation

Long Li*, Wenyuan Xie, Guang Zhang
Qian Xuesen Laboratory of Space Technology
NO. 104 Youyi Road, Haidian District, Beijing 100094, China
lilong@qxslab.cn; xiewenyuan@gqxslab.cn; zhangguang@qgxslab.cn

Extended Abstract

Droplet evaporation is one of the most effective approaches for heat and mass transfer and has tremendous applications
in printing and coating processes[1,2], purification and desalination[3,4], surface patterning[5-8] and DNA mapping[9]. The
cooling effect of evaporation from both perspiration and exhaled moisture plays a key role in the physiological regulation of
body temperature. Particularly, energy dissipation through evaporation cooling in heat pipes is responsible for over 85% of
the total thermal load in spacecraft thermal management[10-12]. Here evaporation removes large amount of heat and
subsequently reduces the local temperature due to its endothermic attribute. However, recent studies have found unexpected
condensation rather than evaporation in the heated region of heat pipe under superheated conditions[13]. This deviates from
the conventional knowledge and may cause severe reliability issues. While the understanding of contact line dynamics and
substrate effect on evaporation have been studied in great detail, few work has been done to study the susceptibility of
temperature field and the underlying mechanisms for energy transport during the evaporation process.

Heat and mass transport in evaporating droplet are fundamentally complex due to the phase change process: the transport
patterns of energy and mass are tightly coupled with locally confined interactions such like thermocapillary convection,
surface tension and interfacial diffusion. Conventional wisdom on the investigation of droplet evaporation mainly focuses
on the wettability and cooling effect of the evaporating sessile droplet. Many strategies have been undertaken to understand
the contact line dynamics of a sessile droplet and several evaporation modes have been reported: the constant contact line
mode where contact angle decreases; the constant contact angle mode, in which the contact line keeps decreasing; and the
combination of the two. Recently, by tuning the surface energy and surface roughness using micro-/nanofabrication
techniques, textured surfaces are developed to study the micro behavior of droplet wettability. Micro wettability states such
like Wenzel and Cassie states are confirmed to affect the evaporation. All of these studies show good agreement with the
diffusion evaporation model which neglects the thermal effects. Practically, thermal effects of the substrate and droplet
during evaporation are often more important. It is found that motion of contact line is mainly caused by disturbance from
thermocapillary convections in the contact area, which subsequently drives the dissipation of energy. Theoretically,
thermocapillary convection in an evaporating droplet originates from the locally heterogeneous temperature distribution.
Therefore, energy transport to the droplet interface can be promoted under the evaporation cooling and convective mixing
effects. Typically here energy transport ratio of thermocapillary to evaporation latent heat is about 0.4 to 0.6 for spontaneous
natural evaporation. For evaporation under high heating fluxes, the temperature conditions change rapidly and are sensitive
to small disturbances along the contact-line, which makes the transport phenomena even more complicated.

In this work, we show that a fast energy dissipation route can be formed in the high thermal flux aided droplet
evaporation. Experiments show that temperature of the droplet is lower than the bare substrate for evaporations with lower

substrate temperatures, T, <36.8 °C . As the temperature of substrate further increases, temperature of the droplet will be
5-14% higher than that of the bare substrate. Numerical simulations are performed to understand the mechanisms and confirm
the experimental findings. Transition of dominated energy transport by thermal conduction and latent heat dissipation of
phase change to Marangoni convection was found to be the main incentive. The present study provides insights into the
understanding of evaporation in high thermal flux conditions and offers opportunities for thermal management under extreme
heat flux density.
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