Liquid wedge motion by evaporation/condensation
controlled by diffusion
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Since the seminal article by Huh and Scriven [tlis well known that the standard hydrodynamicssfaa
describing the motion of the triple liquid-gas-glotiontact line in a configuration of partial weginTheir
hydrodynamic model based on classical hydrodynamitis the no-slip condition at the solid-liquid ént
face and the imposed to be straight liquid-gasaserpredicts infinitely large viscous dissipatitirthe nor-
mal stress balance is considered at the free syrfach a problem has no solution at all [2]. Amdifter-
ent mechanisms that are proposed to relieve tigulsinty (see [3] for a review), the present stddguses
on the evaporation/condensation phenomena indugeldebdeformation of the profile close to the cohta
line (Kelvin effect). The demonstration of the féltat change of phase regularizes the contacsiimgulari-
ty has been done recently by two independent grpdyp$, for the configuration where the liquid iars
rounded by its pure vapor. In this configuratioma@oration or condensation rate is controlled &y libat
exchange phenomena. Such a situation occurs e.gulibles in boiling. In the present work, we addra
much more common situation where a volatile ligtiidplet is surrounded by an atmosphere of othezgyas
like air. This case is more challenging, sincedtiaporation or condensation rate is controlledhgyvapor
diffusion in the gas, which results in a non-logghporation or condensation flux [6, 7].

The studied geometry is a liquid wedge of infingegth on a solid substrate (fig. 1). The no-sbpdition is
assumed at the solid-liquid interface and the systeassumed to be isothermal. The mass exchamgerdy
ics is controlled by vapor diffusion in the ineagsgand interfacial kinetic resistance. Two différesuses of
departure from thermodynamic equilibrium are iniggged. In the first configuration (fig.2, lefthe atmos-
phere is saturated and the substrate moves aa@dystelocity with respect to the wedge. In the seccon-
figuration (fig.2, right), the substrate is moties$ and evaporation-condensation occurs in thesatumated
atmosphere, which causes the liquid motion indidewedge. A perturbation analysis is performed &ith
model based on the lubrication equations for liquidse and the diffusion equation in gas phaseorgby
the micro-region, asymptotic developments are edrout for modeling the visco-capillary intermediag-
gion and matching the micro- and intermediate negjio

inert gas+vapor

contact line

~a

solid substrate A

Fig. 1: Liquid wedge on a solid substrate.
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Fig. 2, left: first configuration. The substratemoving at velocity U. The gas domain is semititefj and
the vapor concentration.gat infinity corresponds to the saturated vaporgs@re above a flat liquid surface
(the system is at thermodynamic equilibrium whe®URight: second configuration. The substrate @s m
tionless, and a vapor concentratiog4c is imposed at a distaneefrom the substrate (the system is at

thermodynamic equilibrium wheftt =0).

For the first configuration, it is shown that fraanmathematical point of view, Kelvin effect reliavthe
contact line singularity, and all the physical qutges (meniscus curvature, mass flux, etc) bectarge but
finite at the contact line. However, for two comnfarids (water and ethanol) under the ambiant cihors,
the characteristic length scale of the Kelvin dffsorery small, leading to liquid thickness incistsnt with
the continuum mechanics. For such fluids, to méleenhodel self-consistent, one needs to rely onhanot
microscopic singularity relaxation mechanism likg. dnydrodynamic slip. The second configuratioalso
analysed. Differences and similarities with thetfisne are pointed out.
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