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Extended Abstract

Droplet dynamics on surfaces under shear flow affect the efficiency of the removal of water condensate in condensation.
Surfaces containing areas of different wettability (referred to as heterogeneous surfaces) are popular in condensation as the
utilization of these surfaces can facilitate droplet removal and thus enhance the heat transfer rate. As such, droplet dynamics
on heterogeneous surfaces are investigated in this study. A centrifugal fan is used to generate channel flow, a two-duct
method is employed to achieve designed air velocity instantly, and a high-speed camera is utilized to capture droplet
behaviors. Experiments are performed for droplets with different volumes under different air velocities. Silicon wafers, which
possess a hydrophilic (HI) property, are used as the substrates for surface fabrication. In order to turn hydrophilic areas to
hydrophobic (HO), the surfaces are processed with O, plasma and then through chemical vapor deposition [1-4]. The HO
areas acquired through the vapors of 1H,1H,2H,2H-Perfluorooctyltriethoxysilane and 1,3-Dichlorotetramethyldisiloxane are
referred to as HO-POTS and HO-PDMS respectively. The HO-POTS areas have a large contact angle hysteresis (CAH),
while the HO-PDMS areas have a small CAH. To acquire superhydrophobic (SHO) areas, textures are fabricated in advance
through laser ablation before the O, plasma process [1-2,4]. There are six heterogeneous surfaces for investigation with
different combinations of the areas of various wettability: HI+SHO, HO-POTS+SHO, HO-PDMS+SHO, HI+HO-POTS,
HI+HO-PDMS, and HI+HO-PDMS+SHO.

Due to the discrepancies of surface free energy (SFE) between the surface areas, droplet needs sufficient air velocity to
move from an area with high SFE to a low-SFE area. Critical velocities of airflow for droplets to pass the boundaries between
various areas are measured. The HI+SHO and HI+HO-POTS surfaces require the largest air velocities for droplets to cross
the boundaries, followed by the HI+HO-PDMS surface. The boundary between the HO-PDMS and SHO areas features the
smallest critical air velocities, indicating the smallest differences in SFE. Droplet motion on the HI+SHO surface under 15.5
m/s airflow can be divided into 5 stages. During the process of passing through the boundary, ligament breakup and baby
droplet generation are observed. Droplets display different phenomena on the HO+SHO surfaces when moving through the
border, which include tail formation, tail detachment and tail retraction. On the two HI+HO surfaces, although droplet speed
decreases when crossing the boundary, droplet does not detach from surface throughout the whole process unlike the surfaces
containing SHO areas. It should be noted that on the HI+SHO and HI+HO-POTS surfaces small droplet(s) would be
separated from the main droplet and remain at the boundary after the droplet crosses the border due to the largest differences
in SFE. There are no small droplets remaining at the boundaries on the HO-POTS+SHO, HO-PDMS+SHO and HI+HO-
PDMS surfaces, indicating a better performance of droplet removal. It can be concluded that adding a SHO area to a
hydrophilic surface would assist in droplet removal. However, in order to avoid small droplet(s) remaining at the boundary
and increase the performance of droplet removal, a hydrophobic area with a small CAH should be added between the HI and
SHO areas. Therefore, experiments are also performed on the HI+HO-PDMS+SHO surface and the conclusion is verified.
The results of this study can be used as a baseline for further investigation of droplet dynamics under shear flow as well as a
reference for the design of surfaces that facilitate droplet removal.

088-1



References

[1] A. Samanta, Q. Wang, S. K. Shaw, and H. Ding, “Roles of chemistry modification for laser textured metal alloys to
achieve extreme surface wetting behaviors,” Materials & Design, vol. 192, p. 108744, Jul. 2020.

[2] Y. Xia, X. Gao, and R. Li, “Surface effects on sub-cooled pool boiling for smooth and laser-ablated silicon surfaces,”
International Journal of Heat and Mass Transfer, vol. 194, pp. 123113-123113, Sep. 2022.

[3] X. Zhao, Arifur Rahman Khandoker, and K. Golovin, “Non-fluorinated omniphobic paper with ultralow contact angle
hysteresis,” ACS Applied Materials & Interfaces, vol. 12, no. 13, pp. 15748-15756, Mar. 2020.

[4] Z.Xu, Y. Xia, J. Huang, and R. Li, “Droplet dynamics under shear flow on surfaces with different wettability,” May
2024. Available at SSRN: https://ssrn.com/abstract=4835487 or http://dx.doi.org/10.2139/ssrn.4835487

088-2



