Accepted Manuscript

- . Experimental
Post-Impact Drop Vibration on a Hydrophilic Surface Thermal and

Fluid Science

Fujun Wang, Tiegang Fang

PIL: S0894-1777(18)31127-0

DOI: https://doi.org/10.1016/j.expthermflusci.2018.06.013
Reference: ETF 9509

To appear in: Experimental Thermal and Fluid Science

Received Date: 11 August 2017

Revised Date: 20 June 2018

Accepted Date: 20 June 2018

Please cite this article as: F. Wang, T. Fang, Post-Impact Drop Vibration on a Hydrophilic Surface, Experimental
Thermal and Fluid Science (2018), doi: https://doi.org/10.1016/j.expthermflusci.2018.06.013

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.expthermflusci.2018.06.013
https://doi.org/10.1016/j.expthermflusci.2018.06.013

Post-Impact Drop Vibration on a Hydrophilic Surface

Fujun Wang and Tiegang Fang*
Department of Mechanical and Aerospace Engineering
North Carolina State University
Raleigh, NC 27695
USA

*Corresponding Author

Tiegang Fang

Department of Mechanical and Aerospace Engineering
North Carolina State University

911 Oval Drive-Campus Box 7910

Raleigh, NC 27695

Phone: (919) 515-5230, fax: (919) 515-7968

E-mail: tfang2@ncsu.edu

Abstract

Post-impact drop vibration on a hydrophilic surface has been studied experimentally in terms of the
oscillation of spread and thickness factors. Water droplets were dropped from a piezoelectric droplet
generator onto a smooth aluminum surface. Three different regimes featuring different oscillatory behaviors
were classified based on Weber number. Quantitative characterization of the drop vibration was conducted for
Regime | withWe < 30. Mobile contact line (MCL) and pinned contact line (PCL) vibrations were
differentiated for the first time.in analyzing the post-impact drop vibration. A time-frequency analysis shows
that the transition from MCL vibration to PCL vibration features a tiny shift to a higher oscillation frequency.
The normalized oscillation frequency can be well scaled by Q~We~1/2 as shown from the classical models.
A new, empirical, unifying model was developed to account for the contact line movement in order to
incorporate both MCL and PCL vibrations. The hysteresis-induced force at the three-phase contact line was
found to alternate the equilibrium position of the vibrating drop with time, and thus making the oscillatory
behavior nonlinear. It can be derived from the unifying model that the oscillation frequency should also scale
as O~We~1/2 and the damping factor should scale as {~Re~1, which are validated by the presented
experimental results. Finally, the good scaling of the damping factor indicates that the major damping

mechanism, for both MCL and PCL vibrations, should originate from the viscous dissipation.
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