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Introduction

Dropwise condensation
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Introduction

Dropwise condensation (Constriction resistance)

« Constriction resistance is caused by the bending of the heat flux lines in substrate
It causes non-uniform heat flux and surface temperature on dropwise condensation
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Introduction

Dropwise condensation (Constriction resistance)

« High thermal conductive material can reduce the constriction resistance
* The substrate material is often limited by its mechanical strength and integrity

« Changing the substrate material is impractical in many industrial applications
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Introduction

Surface modification technigue

» Surface modification can change the surface material without altering substrate

« CVD and PVD are well known surface modification techniques

* However, it needs high temperature or vacuum condition

 Itis difficult to apply the commercial heat transfer tubes such as heat exchanger
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Introduction

The objective of this study

« Useful surface modification technique(Layer-by-layer) was selected.
» High thermal conductive material(Multi-walled carbon nanotube) was deposited

« Condensation heat transfer experiment was conducted on modified surface
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Surface modification

LbL assembled MWCNT coating
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Surface modification
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Surface modification

Hydrophobic coating
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Surface modification

Surface preparation

» Three surface were prepared for the condensation heat transfer experiment
» The substrate was selected to commercial stainless-steel (Bare)
* LbL-assembled MWCNT surface(CNT) cannot promote the dropwise condensation

« Hydrophobic coatings on the CNT surface was deposited (CNT+HPO0)

CA ~ 85° CA ~ 20° CA ~ 105°
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Method

Experimental set up (Test Loop)
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Method

Experimental set up (Test section)

Steam/air inlet
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Result

Condensation heat transfer coefficient
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Result

Flooding
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Result
Droplet morphology (Regime map)

« Droplet morphology regime map was developed by Enright et al.

« CNT+HPo surface was in Wenzel state region, and it caused flooding condensation

Droplet morphology regime map on nanostructured surface
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Result

Droplet morphology (Condensation heat transfer)

 Flooding has no enhancement of condensation heat transfer than the sliding
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Result

Effect of the constriction resistance

« The CNT layers of the CNT+HPo surface can reduce the constriction resistance

» Constriction resistance was inserted to the condensation HTC model
Thermal resistance of the single droplet
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Result

Effect of the constriction resistance

* The present model (with constriction) is in line with the experimental result
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Result

Effect of the non-condensable gas

» The condensation HTC of each surface decreased as air mass fraction increased
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Result

Effect of the non-condensable gas

» Dropwise condensation HTC was similar with the filmwise as air fraction increased
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Conclusion

Effect of CNT layers on the dropwise condensation
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Appendix

Data reduction (LMTD method)
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Appendix

Dropwise condensation HTC model
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Appendix

Dropwise condensation HTC model
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Appendix

Dropwise condensation HTC model

2

1 r \ 3
N(r) = —
37Tr rmax rmax

_ (6(cos 8, — cosb,)sinb ay, "
"max =\ (2 = 3 cos 6 + cos3 0) p.g

Te = (4Ns)_1/2

©0.037
’ rr%iin
Te Tmax
qgrop = ( j Qarop (r)n(r)dr + j Qdrop (r)N(r)dr)
Tmin Te

S. KIM and K. J. KIM, “Dropwise Condensation Modeling Suitable for Superhydrophobic Surfaces,” Journal of Heat Transfer 133 8, 081502 (A )HtENA

ps://doi.org/10.1115/1.4003742.



Appendix

Dropwise condensation HTC model
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Appendix

Dropwise condensation HTC model
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Appendix

Droplet morphology regime map

Droplet morphology regime map on nanostructured surface
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