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Mechanism of initial droplet formation in dropwise condensation

LIU Tianqing, MU Chunfeng, XIA Songbai, SUN Xiangyu
(Institute of Chemical Engineering , Dalian University of Technology, Dalian 116012, Liaoning, China)

Abstract: The mechanism of the formation of initial condensate droplets for dropwise condensation is still
not clear. Magnesium was used as condensation surface in this study since it can react with hot water
(condensate) and thus make the chemical composition of the surface changed. In the experiments, the
initial condensation of steam on the magnesium surface was achieved in the designed apparatus by
controlling subcooling and condensation time. Then, the test surface was scanned with an electron probe
microanalyzer (EPMA) for the variation of the chemical composition of the surface before and after the
initial condensation, which can be used to deduce the state of the initially formed condensate, whether in
nuclei or in thin film. The results showed that the oxygen contents on the test surface increased with
subcooling and condensation time obviously after initial condensation. And the oxygen on the test surface
was not distributed uniformly. It indicated that the initial condensate was formed in nuclei on the solid
surface, but not in thin film. Therefore, the mechanism of the formation initial condensate droplets for

dropwise condensation accords with the hypothesis of surface nucleation sites.
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Fig. 1 Schematic diagram of experiment

1—steam generator; 2—vapor-liquid segregator;
3——nitrogen gas; 4—condensation chamberj;

5—air pump; 6—air heater; 7—computer
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Fig. 2 Structural diagram of condensation chamber

1—condensate drainage; 2—steam inlet;
3—thermocouple in chamber; 4—coupon;
5—vent of steam or nitrogen; 6—back cover;
7—Aront cover; 8—hole for thermocouple wires;
9—air outlet; 10—thermocouple in coupon;

11—air inlet; 12—nitrogen inlet
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Table 1 Experimental parameters and oxygen contents on

magnesium surfaces before and after initial condensation

Coupon Preparing Avemge Condensation Oxygen

No method subcogllng time/s content
’ /C ' / % (mass)

17 MCS — — 0
2% mechanical polishing — — 4.58
3% mechanical polishing 7.1 20 18. 52
4% mechanical polishing 6.2 40 20. 96
5% mechanical polishing 5.6 60 32.70
6% mechanical polishing 4.5 5 7.7
7% mechanical polishing 5.2 5 6.7
8% mechanical polishing 1.7 10 8.2
97 MCS 2.7 10 5.27
107 MCS 4.6 10 9.04
117 MCS 4.9 10 11. 17
127 MCS 4.6 20 11. 56
137 MCS 6.1 60 16. 11
14% MCS 9.3 30 20. 57
157 MCS 2.1 5 2.21
167 MCS 0.8 10 3.45
177 MCS 1.9 10 3. 56
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(b) amplitude figure
K3 27 KT ) WAEE R CE S RBE 104 nm)
Fig. 3 AFM photographs of 27 surface in

Table 1 (average roughness 104 nm)
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(a) surface topography

(b) amplitude figure
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Fig. 4 AFM photographs of 17 surface in

Table 1 (average roughness 23 nm)
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Fig. 5 Influence of subcooling and condensation time

on contents of oxygen on magnesium surfaces
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Fig. 6 Distributions of oxygen and magnesium
on mechanically polished surfaces in micro-scale
(EPMA scanned area 60 um>X 60 um; light

color, oxygen; dark color, magnesium)
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Fig. 7 Distributions of oxygen and magnesium on MCS surfaces in micro-scale

(EPMA scanned area 60 pmX60 pm; light color, oxygen; dark color, magnesium)
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Fig. 8 Distributions of oxygen and magnesium
on MCS surfaces in nano-scale
(EPMA scanned area 1 umX1 pm; light color,

oxygen; dark color, magnesium)
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