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The damping rate and frequency of capillary-gravity waves in a circular cylinder has proven to be surprisingly difficult

to predict quantitatively. The experimental values of damping are usually larger than the theoretical predictions. This
difficulty is associated with the fact that several sources contribute to the damping: a) viscous dissipation at the walls of
the containers, b) viscous dissipation in the interior fluid, c) viscous dissipation at the free surface due to contamination,
and d) dissipation due to contact line dynamics. Of these sources only a) and b) may be calculated from first principles;
mechanisms c) and d) must be modeled by phenomenological formulas [1]. The precise theoretical prediction of damping
due to a) and b) is essential in order to avoid the indeterminacies associated with sources c¢) and d). This problem has been
recently solved [2], through the incorporation of interior and second order boundary layer dissipation. These calculations
showed a satisfactory agreement with the experimental measurements ([1] and [3]) in the case of clean surface and fixed
contact line. When the contact line is fixed the mechanism d) is absent. In this case, the effect of contamination is
modelled through Marangoni elacticity with insoluble surfactants ([4] and [5]). This model has provided a reasonable
agreement with experiments [1] (discrepancies are within 15%), by choosing a finite Marangoni elasticity appropriately

[6].

Actually, there are discrepancies between the experimental measurements and the theoretical predictions, only in the cases
when the contact line is moving and/or the contact angle is not right.

The effect of the dynamics associated with moving contact lines is modelled through a phenomenological condition
suggested by Davis [7] in a different context. We assume that the slope of the contact line is proportional to its velocity.
This condition (which includes the two extreme cases of free and pinned end conditions) has been used by several authors
([8] and [1]) in the context of capillary-gravity waves. When the static contact angle is not right, the equilibrium position

of the free surface is not flat and the determination of the natural frequencies becomes much more difficult. These effects
have been studied experimental},[however there are not any published theoretical analysis of this problem. The main
goal of this work is to cover the lack of theoretical results on these problem. We calculate the frequency and damping
rates when the above-mentioned effects are included.

The natural frequency and damping rate of capillary-gravity waves in a circular cylinder with moving contact lines and
clean surfaces depend on the following non-dimensional parameters: the inverse gravitational Reynold<hamber
v/(gR?)Y/? (with v =kinematic velocity,g = gravitational acceleration, an@ =radius of the cylinder), the Bond
numberB = pgR?/o (with p =density ands = surface tension), the aspect ratio of the cylinder= d/R (with

d = depth of the cylinder), the static contact angjjethe wetting parametéif = \/(Rg)'/? (with A = phenomenological
constant) and the radial and azimuthal wave number of each excited mode. Most experiments on capillary-gravity waves
have been made with water or silicone oils and small cylinders & @&n< 5cm). In these condition§’ and B! are

small. The limitC' — 0 (when the contact line is fixed) required to include terms of ordeo predict correctly the
damping. In the limitB~! < 1, and wherd), # /2, there is small static meniscus (of characteristc siZ&—1) in the

vicinity of the contact line. We have studied this effect on the natural frequencies@kefi. We have also analysed the
effects of moving contact lines in the case of right contact angle (when there are not static meniscus) and nearly inviscid
liquid (C <« 1). Finally, the results are compared with experimental results showing a significant improvement.
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