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ABSTRACT

Liquid films falling down a vertical wall are always unstableto sufficiently long waves and exhibit a rich
dynamics that strongly depends on the Reynolds numberRe [1]. A particularly interesting case is that at
moderateRe, when the interface of the liquid film,h(x, t) appears to be randomly covered by localized
coherent structures, solitary pulses, which are stable androbust. These pulses consist of a nonlinear
hump preceded by smaller oscillations controlled by capillary and viscous effects. At sufficiently large
distances from the inlet of the film, these localised pulses interact each other as quasi-particles through
attractions and repulsions giving rise to the formation of bound states of two or more pulses travelling
at the same speed, and separated by well-defined distances.

In this work [2], we examine the interaction of two-dimensional solitary pulses on falling liquid films.
We make use of an averaged model that includes the usually omitted second-order viscous effects in
the long-wave expansion [3]. These effects originate from the streamwise momentum equation and tan-
gential stress balance, and play a dispersive role affecting primarily the shape of the capillary ripples in
front of the solitary pulses. They turn out to be crucial whendescribing the pulse interaction that eventu-
ally gives rise to the formation of bound states. By developing a coherent-structures theory that assumes
weak interaction between the pulses [4], we are able to theoretically predict the pulse-separation dis-
tances for which bound states are formed. Our theoretical predictions are in very good agreement with
computations of the fully nonlinear system. On the other hand, by studying numerical strong interac-
tions between pulses we find an emerging steady oscillating state for the pulse separation length that
is significantly affected by viscous dispersion. We also demonstrate that the presence of bound states
allows the film free surface to reach a self-organized state that can be statistically described in terms of
a gas of solitary waves separated by a typical mean distance and characterized by a typical density.
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