Accepted Manuscript

Spontaneous Rise in Open Rectangular Channels under Gravity

Vignesh Thammanna Gurumurthy, Ilia V. Roisman, Cameron Tropea, Stephen

Garoff
PII:
DOI:

Reference:

To appear in:

Received Date:
Accepted Date:

S0021-9797(18)30557-5
https://doi.org/10.1016/j.jcis.2018.05.042
YICIS 23620

Journal of Colloid and Interface Science

7 March 2018
16 May 2018

Please cite this article as: V.T. Gurumurthy, I.V. Roisman, C. Tropea, S. Garoff, Spontaneous Rise in Open
Rectangular Channels under Gravity, Journal of Colloid and Interface Science (2018), doi: https://doi.org/10.1016/

j.jcis.2018.05.042

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jcis.2018.05.042
https://doi.org/10.1016/j.jcis.2018.05.042
https://doi.org/10.1016/j.jcis.2018.05.042

Spontaneous Rise in Open Rectangular Channels under
Gravity

Vignesh Thammanna Gurumurthy, Ilia V. Roisman, Cameron Tropea
Institute of Fluid Mechanics and Aerodynamics, Alarich-Weiss-Str. 10
Technische Universitat Darmstadt, 64287 Darmstadt, Germany
Stephen Garoff

Department of Physics and Center for Complexr Fluids Engineering
Carnegie Mellon University, Pittsburgh, PA 15218, USA

Abstract

Fluid movement in microfluidic devices, porous media, and textured surfaces
involves coupled flows over the faces and corners of the media. Spontaneous
wetting of simple grooved surfaces provides a model system to probe these flows.
This numerical study investigates the spontaneous rise of a liquid in an array
of open rectangular channels under gravity, using the Volume-of-Fluid method
with adaptive mesh refinement. The rise is characterized by the meniscus height
at the channel center, outer face and the interior and exterior corners. At lower
contact angles and higher channel aspect ratios, the statics and dynamics of
the rise in the channel center show little deviation with the classical model for
capillarity, which ignores the existence of corners. For contact angles smaller
than 45°; rivulets are formed in the interior corners and a cusp at the exterior
corner. The rivulets at long times obey the one-third power law in time, with a
weak dependence on the geometry. The cusp behaviour at the exterior corner
transforms into a smooth meniscus when the capillary force is higher in the
channel, even for contact angles smaller than 45°. The width of the outer face

does not influence the capillary rise inside the channel, and the channel size
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