Liquid wedge motion by evaporation/condensation
controlled by diffusion
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Since the seminal article by Huh and Scriven, wédl known that the standard hydrodynamics failslé-
scribing the motion of the triple liquid-gas-sotidntact line at partial wetting. Indeed, a hydragyic mod-
el entirely based on continuum mechanics, whicluges the no-slip condition at the solid-liquiderface,
predicts not only a viscous stress divergenceeattimtact line, but infinitely large viscous disgipn [1,2].
Among different mechanisms that are proposed fevelthe singularity, the present study focuseshen
evaporation/condensation phenomena induced by ¢hardation of the profile close to the contact line
(Kelvin effect). The demonstration of the fact tbhtinge of phase regularizes the contact line Enguhas
been done recently by two independent groups [&#lhe configuration where the liquid is surroeddoy
its pure vapor. In this configuration, evaporatmmncondensation rate is controlled by the heat @xgh
phenomena. Such a situation occurs e.g. for buldblesiling. In the present work, we address a muocine
common situation where a volatile liquid droplesisrounded by an atmosphere of other gases liké s
case is more challenging, since the evaporatioroodensation rate is controlled by the vapor diffusn
the gas, which results in a non-local evaporatioocondensation flux [5,6].

The studied geometry is a liquid wedge of infilg@agth on a solid substrate. The no-slip conditmas-
sumed at the solid-liquid interface and the systeassumed to be isothermal. The mass exchangenibga
is controlled by vapor diffusion in the inert gaglanterfacial kinetic resistance. Two differentisas of de-
parture from thermodynamic equilibrium are investégl. In the first configuration, the atmosphersasu-
rated and the substrate moves at a steady velsithyrespect to the wedge. In the second configumathe
substrate is motionless and evaporation-condemsatours in the non-saturated atmosphere, whichesau
the liquid motion inside the wedge. A perturbataralysis is performed with a model based on thedab
tion equations for liquid phase and the diffusiguation in gas phase. Beyond the micro-region, asytic
developments are carried out for modeling the vismaillary intermediate region and matching theroic
and intermediate regions.

It is shown that from a mathematical point of vieldelvin effect relieves the contact line singubarit
However, for conventional fluids at normal condiso the characteristic length scale of the Kelhfieat
turns out to be too small so that a different ¢fféke e.g. hydrodynamic slip) must be responsiolethe
singularity relaxation in such systems.
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