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Extended Abstract

Superhydrophobic surfaces (SHS) (contact angle > 150° and contact angle hysteresis < 5°) have great importance in
dropwise condensation, atmospheric water generation, self-cleaning, and anti-icing [1]. Coalescence-induced droplet
jumping during condensation generates a continuous relay of jumped droplets [2], that crawl along the horizontally mounted
condensing surface [3][4]. The dynamical stages of coalescence-driven jumping droplets include secondary jumps [5],
trigger jumps [6], billiard-induced droplet jumping [7], and in-plane droplet jumping from the sidewalls of the structured
surfaces [8]. At a higher degree of subcooling, the jumping droplet changes from a self-propelled mode to forced jumping
[9]. Condensation studies of humid air have primarily been performed on nano-textured functionalized non-metallic surfaces.
Also, precise control of the dimensions of hierarchical textures on metallic substrates is expensive and restricts scalability
beyond the laboratory environment over a longer time duration [10]. Coalescence dynamics have been studied at the initial
stages of droplet growth using environmental scanning electron microscopy (ESEM), restricting the vapor pressure to 700-
1300 Pa[11].

The objective here is to study the condensation of humid air on a superhydrophobic metallic surface for a longer duration
in an open environment. The commercially available copper substrate of size 20 mm x 20 mm X 2 mm is the condensing
surface. The substrate is made superhydrophobic using Glaco mirror coat (colloidal solution of SiO; in iso-propyl solution).
Two T-type thermocouples are embedded sideways in the substrate for measuring the condensing surface temperature. The
copper substrate is thermally pasted on an aluminum cooling block. The inlet and exit temperatures of the coolant flowing
in the block are measured using T-type thermocouples. The humidity and ambient temperature around the experimental
apparatus is measured using TESTO 176H1 humidity sensor. The condensing surface temperature is maintained constant in
time using a constant temperature bath at temperatures below the dewpoint. The moisture present in the immediate
environment starts to condense as the temperature of the condensing surface falls below the dew point. A Leica M205A
stereomicroscope having maximum and minimum resolutions of nearly 0.2 um/pixel and 4 pm/pixel, respectively is used to
record the plan-view of the condensation process. A high-speed camera with 2000 fps and pixel resolution of 1024 x 1024
over the substrate is used to record the side view of the condensation behavior.

Sessile droplets on a Glaco-coated superhydrophobic substrate of copper at a subcooling of 4.8 K form a dropwise
condensation pattern in moist air. For an experimental duration of three hours, coalescence-triggered droplet jumping events
are identified using a Photron SA3 high-speed camera and droplet distribution patterns are recorded under a Leica
stereomicroscope. While previously studied mechanisms of droplet growth and coalescence are visible, the bouncing of
droplets is visibly tracked. On returning to the surface, micron-sized drops settle over the larger ones on the millimetric size
for an extended length of time. At later times, nucleation of droplets below a grown droplet around the three-phase contact
line is also observed. The existing numerical model of droplet condensation does not account for these details. Hence, the
observations of the present study have an impact on the modeling of the dropwise condensation process and the determination
of condensate productivity.
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