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Numerical Analysis on local Acceleration of Liquid Film

Spreading on Smooth Substrate Induced by Interaction
with a Single Short Pillar
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Control of the dynamic wetting and delivery of the liquid are indispensable technology under not only terrestrial but
also microgravity environments for a range of industrial applications and for environmental control of on-orbit facilities.
The phenomenon that liquid erodes in the gap of innumerable tiny structures (hemiwicking) has attracted researchers
for such applicationsd. Experimental® and numerical® investigations have indicated that the interaction between a
liquid film spreading on a horizontal substrate and multiple structures accelerates the fluid near the contact interface
(contact line: CL) of the liquid film. In this study we focus on the effect of the height of the tiny structure on the
acceleration phenomenon.

Target system is a liquid film spreading on the horizontal substrate on which a single short pillar is installed (Fig. 1).
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Fig. 1 Typical example of local acceleration of liquid
near front edge of liquid film (contact line) Fig. 2 Temporal variations of position (XcL) and velocity
spreading on smooth substrate after interaction (UcL) of CL.

with a cylindrical pillar.
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The analysis is conducted by varying the height of the pillar (outer diameter D = 50 um) to 40, 30, 20, and 10 um. The

temporal variations of the position and the velocity of the CL on the substrate are compared in systems with different

pillar heights (Fig. 2). It is indicated, in the case of short pillars, that the liquid near the CL is hardly driven, and that the

damping of the velocity becomes more significant. We find that a meniscus with a small curvature radius» cannot be

formed for a sufficiently long time to induce the acceleration of the liquid near CL when the pillar is short. We will

discuss the correlation between the flow field inside the film and the CL mobility.

References

1)  Jungchul Kim, Myoung Woon Moon and Ho-Young Kim, Journal of Fluid Mechanics, 800 (2016) 57.

2)  Jiayu Wang, Minh Do-Quang, James J. Cannon, Feng Yue, Yuji Suzuki, Gustav Amberg and Junichiro Shiomi, Scientific Reports, 5
(2015) 8474.

3) Rong Xiao and Evelyn N. Wang, Langmuir, 27 (2011) 10360.

4)  Lizhong Mu, Daichi Kondo, Motochika Inoue, Toshihiro Kaneko, Harunori N. Yoshikawa, Farzam Zoueshtiagh and Ichiro Ueno,
Journal of Fluid Mechanics, 830 (2017) R1.

5) Hayate Nakamura, Tetsuya Ogawa, Motochika Inoue, Takuma Hori, Lizhong Mu, Harunori N. Yoshikawa, Farzam Zoueshtiagh,

Gerog Dietze, Takahiro Tsukahara and Ichiro Ueno, Journal of Colloid and Interface Science, 562 (2020) 133.

@ © 2020 by the authors. Submitted for possible open access publication under the terms and conditions of
@ the Creative Commons Attribution (CC BY) license (http://creativecommons.org/li censes/by/4.0/).

2 of 2



