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Flow stability of a liquid film partially wetting a substrate with
rectangular trenches1 DIONYSIS PETTAS, University of Patras, GEORGE
KARAPETSAS, Aristotle University of Thessaloniki, YIANNIS DIMAKOPOU-
LOS, JOHN TSAMOPOULOS, University of Patras — We investigate the hydrody-
namic stability of a Newtonian liquid film flowing down an inclined, solid substrate
featuring periodic rectangular trenches. We focus on cases where the film fails to
thoroughly wet the topography forming air inclusions inside the structure of the sub-
strate. We solve the two-dimensional NavierStokes equations and develop a finite
element model to accurately describe the exact configuration of all liquid-gas inter-
faces at steady state. To determine the linear stability, we consider perturbations
around this base state and employ Floquet-Bloch theory to account for disturbances
of arbitrary wavelengths, i.e. not necessarily matching the periodicity of the sub-
strate. Through numerical simulations, we highlight the effect of inertia, viscous,
and capillary forces on the stability of the fluid flow and also examine in detail
the effect of substrate wettability, orientation with respect to gravity and geometric
characteristics of the substrate. Moreover, the existence of the freely moving con-
tact lines inside the cavity gives rise to multiple steady states which are analyzed
for their stability. The role of air inclusions in the stabilization of the liquid film
and the related mechanism will be discussed.
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