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The impact of slip for regime transitions in capillary rise
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The rise and fall of a liquid in a capillary of radius R is studied as a prototypical example
for a dynamic wetting process, which is the research focus of the Collaborative Research
Center(CRC) 1194 at TU Darmstadt. The oscillatory dynamics of liquids in capillaries
has been studied in [1] and [2] based on a simplified model formulated as an ordinary
differential equation (ODE). It is shown that, for this model, the transition from a mono-
tonic rise to an oscillatory regime is governed by the non-dimensional parameter (see also
[3])

Ω = 8

√
2η2σ

R5ρ3g2
.

In fact, the ODE introduced in [2] predicts rise height oscillations if Ω < 2. However,
the effect of tangential slip at the contact line, which is commonly used to regularize the
moving contact line singularity [4][5], is not captured by these simplified models for cap-
illary rise. In a previous work in the CRC published in [6], direct numerical simulations
of capillary rise show that the onset of rise height oscillations depends strongly on the
slip length used in a sharp interface model based on the Navier slip condition. Recently,
Gründing included slip into an extended ODE model for capillary rise [7].

The current work presents a mathematical analysis for the extended ODE model [7],
to study the impact of slip on the regime transition to oscillatory rise. In addition, the
influence of the dynamic contact angle is studied based on the model introduced in [8].
To gain a deeper insight into the process and to assess the range of validity for the ODE
model, direct numerical simulations in 3D for the full continuum mechanical problem are
performed based on an ALE interface tracking method in OpenFOAM [9].



2

REFERENCES
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