N

N

Lattice Boltzmann simulations of contact angle
hysteresis on chemically square patterned surfaces of
large wettability contrast
Magali Dupuy, Alexey Koltsov, Marie-Laurence Giorgi, Hervé Duval

» To cite this version:

Magali Dupuy, Alexey Koltsov, Marie-Laurence Giorgi, Hervé Duval. Lattice Boltzmann simulations of
contact angle hysteresis on chemically square patterned surfaces of large wettability contrast. Particles
2021, Oct 2021, Hamburg, Germany. hal-04431936

HAL Id: hal-04431936
https://hal.science/hal-04431936
Submitted on 1 Feb 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04431936
https://hal.archives-ouvertes.fr

Lattice Boltzmann simulations of contact angle hysteresis on chemically
square patterned surfaces of large wettability contrast

M. Dupuy*', A. Koltsov*, M.L. Giorgi' and H. Duval®

¥ Laboratoire de Génie des Procédés et Matériaux (LGPM)
CentraleSupélec, Université Paris-Saclay
3 rue Joliot-Curie, 91190 Gif sur Yvette, France
web page: http://Igpm.centralesupelec.fr/

¥ ArcelorMittal
Global Research & Development
Voir Romaine, 57280 Maizieres-les-Metz, France

ABSTRACT

The contact angle hysteresis on flat and chemically patterned surfaces with large wettability contrast
of 86° is studied numerically using an in-house lattice Boltzmann (LB) code. The two-dimensional
phase-field-based multiple relaxation time LB model of Liang et al.! has been extended to three
dimensions. The D3Q19 model is used for both the Cahn-Hilliard equation and the Navier-Stokes
equations. The wetting properties of the wall are specified using the contact angle geometric scheme
of Ding and Spelt? while the approach of Iliev et al.? is used to estimate the contact angle.

The code has first been validated by successfully simulating a 3D droplet resting on a chemically
homogeneous surface for both acute and obtuse equilibrium contact angles. Then, contact angle
hysteresis on chemically patterned surfaces has been investigated. To that end, the intrusion (resp.
extrusion) of a liquid phase into (resp. from) a channel has been simulated. The channel is formed by
two similarly patterned walls. The pattern consists of non-wetted squares regularly distributed on a
wetted surface. The intruding fluid is compelled to move quasi-statically by a body force.
Simulations have been computed with different values of the square size and inter-square distance and
their influence on the advancing and receding contact angles has been studied. By rotating the square
around its centre the influence of its orientation on the hysteresis has also been investigated. The
numerical results proved to be in good agreement with Raj’s model®. A key parameter to estimate the
contact angle hysteresis for such patterned surfaces independently of the square positioning has been
identified.
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