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Abstract

Surface modification technique enabling the control of condensation provides various benefit in

various engineering systems, such as heat transfer, desalination, power plants, and so on. In this
study, lubricant oil-impregnation into Teflon-coated nanoporous anodic oxide layer of aluminum
to enhance a de-wetting and mobility of water droplet on surface. Due to the surface treatment
improving water-repellency, the condensation mode is changed to dropwise, thus the frequency
of sliding condensed water droplet on surface is increased. For these reasons, the surface of
oil-impregnated Teflon-coated nanoporous anodic aluminum oxide shows significantly enhanced
condensation heat transfer compared to bare aluminum surface. In addition, the porosity of
anodic aluminum oxide affected the mobility of water droplet even with oil-impregnation and
Teflon-coating, indicating that the optimization of porous structure of anodic oxide is required
for maximizing the condensation heat transfer.
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Fig 1. Schematic procedure for sample preparation with
anodic oxidation, pore widening, Teflon coating and
oil-impregnation..
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Fig 2. (a) Schematic procedure of pore-widening. Surface
morphology of (a) as anodized surface and the surface
with pore-widening for (c) 20 min, (d) 40 min, (e) 60 min
and (f) 80 min.
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Fig 3. (a) Static contact angle, (b) contact angle hysteresis
(advancing contact angle — receding contact angle) and (c) sliding
angle ofg water droplet. Bare and AAO indicate the
electropolished aluminum and as anodized surface, respectively.
AAO-1, AAO-2, AAO-3, AAO-4 and AAO-5 indicate the
oil-impregnated Teflon coated anodic aluminum oxide without,
with 20 min, with 40 min, with 60 min and with 80 min
pore-widening, respectively.
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Fig 4. (a) Schematic and optical image of test setup. (b)
Schematic cross-section of copper meter bar and optical
image of meter bar with sample attachment.
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Fig 5. (a) Schematic cross-sectional temperature profile.
Measured temperature of each thermocouple in copper meter
bar with (b) bare aluminum, (c) as anodized aluminum, (d)
oil-impregnated = Teflon- coated anodic oxide without
pore-widening, (e) oil-impregnated Teflon-coated anodic
oxide with 20 min of pore-widening, (f) oil- impre nated
Teflon-coated anodic oxide with 40 min of pore-widening,
(g) oil-impregnated Teflon-coated anodic oxide with 60 min
of pore-widening, (h) oil-impregnated Teflon-coated anodic
oxide with 80 min of pore-widening.
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Table 1. Summarized condensation heat transfer. Bare and AAO indicate the electrogolished aluminum and as

anodized surface, respectively. AAO-1, AAO-2, AAO-3, AAO-4 and AAO-5 indicate t

e oil-impregnated Teflon

coated anodic aluminum oxide without, with 20 min, with 40 min, with 60 min and with 80 min pore-widening,

respectively.

Sample Bare AAO AAO-1 AAO-2 AAO-3 AAO-4 AAO-5
Condensation
Heat Transfer 2.54 2.38 2.63 3.31 4.01 4.02 2.99
W/m®

Fig 6. Optical image of surface condensation. (a) bare aluminum, (b) as anodized aluminum, (c) oil-impregnated
Teflon-coated anodic oxide without pore-widening, (d) oil-impregnated Teflon-coated anodic oxide with 20 min of

pore-widening, (e) oil-impregnated Teflon-coated anodic oxide with 40 min of pore-widening,

oil-impregnated

Teflon-coated anodic oxide with 60 min of pore-widening, (g) oil-impregnated Teflon-coated anodic oxide with 80

min of pore-widening.
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