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=PFL  Last Time

= Nucleation in condensation
= Rose’s analysis of dropwise condensation

= Nusselt's analysis of filmwise condensation
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sz{ Intended Leamning Objective Today

= Typical condensation enhancement strategies
= Jumping-droplet condensation
= Design principles for lubricant infused surface

= Wicking condensation
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Condensation Enhancement

Finned Tube Condenser

Gu et al., International Journal of
Heat and Mass Transfer 2020
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Increase condensation heat transfer area



f:Fi Promoting Dropwise Condensation
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=PFL  Condensation Enhancement
AN\

Energy Transport Advances

2% 10° — Flat hydrophobic surfaces (dropwise)® 60-65 115,156
— SAM on CuO nanostructure (jumping)””
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f:i Jumping Droplet Condensation

Coalescence
SE3<SE1+SE2

Coalescence departure

https://doi.org/10.1103/PhysRevLett.103.184501
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=P7L Jumping Droplet Condensation

@SE3<SE1+SE2
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Coalescence departure
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Appl. Phys. Lett. 103, 161601 (2013)
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=PFL Distribution of Droplet Rad
X\ Ccondensation

= Probability density function

7"_2/3 -
A(T') — 1 T =K3 —
/3 max
3rmax pg
1 "max
dd
h;. =— A(r)d
ac = a7 ) gz AT

B 26.11.2025

forr, <r < tax

10



=PrL

ETA \
Energy Transport Advances

B 26.11.2025

Distribution for Jumping Droplet Condensation
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Since contacting neighboring
droplet will cause jumping removal,
droplet radius should be around half
the nearest neighbor distance

Jumping-droplet mode will
result in smaller average
droplet sizes on the surface
and better heat transfer
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Different Condensation Mode

Filmwise condensation

Dropwise condensation

Miljkovic et al., Nano Lett. (2013)

Superhydrophobic surface

Jumping-droplet
condensation
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Heat Transfer Enhancement
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Nano Lett. 2013, 13, 179-187
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How About Low Surface Tension Fluids

Lubricant Infused Surface (LIS)

Functionalized . Lubricating film Test liquid
porous/textured solid (Ilqwd B) (I|qu1d A)
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Nature volume 477, pages 443—447 (2011)
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=P7L How to Design LIS
XN\

Energy Transport Advances

(I) S;4+0, cloaking (1) S; <0, spreading

-

(1) S5 # —yiR (IV) Sis@) # —YaR

A .A.

vV * 0, miscible
V) va Legend:

@ Impinging Droplet
@ Lubricant
O Solid Surface

ACS Appl. Mater. Interfaces2017, 9, 42383-42392
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=P7L " van Oss, Chaudhury, and Good
AN (vOCG Model)

Langmuir 1992,8, 2877-2879

yiot = yiW 42 /V,IVA‘
vadt =vi" +vE" - ZJVEWVBLW + 2,/VXV,4‘ + 2,/1/5)/5 -2 /VXVB‘ - 2,/)/5)/;

Phenomenological, Lifshitz-van der Waals component + polar component

Metallic interactions not considered
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:{ Condensation Experiment

Water (72 mN/m)

Regular B DS
hydrophobic ’

LIS
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Toluene (28 mN/m)
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Heat Transfer Enhancement
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Condenser Subcooling (K)

Preston, D.J. et al. Sci Rep 8, 540 (2018)
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Note the effect of NCG (non-condensable gases)
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f:F{ Wicking Condensation
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Langmuir 2018, 34, 4658—-4664

wick, max
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——1 mm Wick Model ¢ 1 mm Wick Exp.
—2 mm Wick Model = 2 mm Wick Exp.
1—Filmwise Model e Filmwise Exp.
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Langmuir 2018, 34, 4658-4664
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