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INTRODUCTION

Time/min

Effects of frost layer:





increasing the heat transfer resistance
reducing the air flow
reducing the heating efficiency
even resulting in the shutdown of the unit

Surface treatment for restraining frost layer growth
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It is generally acknowledged the contact angle hysteresis is the measurement of
the roughness.
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Jhee (Int J Refrig, 2002) revealed
that the heat exchanger with
hydrophobic surface treatment was
more effective in view of the
defrosting efficiency and time.

Liquid behaviors in frosting and defrosting processes
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Liquid behaviors include droplets condensation on the cold fin during the
initial stage of frosting process, and frost melting, water retention and
evaporation during defrosting process.

Liquid behaviors in frosting and defrosting processes
Condensation: the foundation of frost layer growth, and has a direct
influence on the frosting process.
Frost melting: time and energy are required.
Water retention: more time and energy than frost melting are required
to evaporate the retained water.
In this paper, liquid behaviors on three kinds of fin samples with
different surface characteristics were studied. The effects of the contact
angle and the contact angle hysteresis on condensation and frost melt
water retention were analyzed.
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The contact angle and contact angle hysteresis of prepared fin samples.
(a) Hydrophilic fin sample: θ=15o, △θ=140o; (b) Bare fin sample: θ=98o,
△θ=36o; (c) Super hydrophobic fin sample: θ=160o, △θ=5o.
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The measurement of diameter of retained
droplet. (a) The grid of scale plate; (b) A
photograph of water retention.

The length of each grid
was 0.1mm. The
photograph of droplet was
compared with the scale
plate. The diameter of the
droplet D was

D  N  0.1mm

Measurement of retained water mass :
A precision weighing scale, with accuracy of 0.0001g and measuring range of
0–220g, was used to weight the retained water mass on the fin surfaces. After
frost melting, the retained water was absorbed quickly and thoroughly with the
absorbent paper, and then was weighed.
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Repeated tests indicated
that the measuring error
was less than 3%.

Experimental conditions

Experimental procedure:
 Three fin samples with different surface characteristics were prepared.
 The contact angle and the contact angle hysteresis were measured with
video optical contact angle measuring instrument.
 The fin sample was fixed to the cold platform vertically.
 The temperature of platform was set to -10oC and kept 1h for frosting.
 After frosting for 1h, the temperature of platform was raised to 50oC for
defrosting.
 When there was no frost melt water flowing out from the fin, the retained
water mass was measured.

RESULTS AND DISCUSSION
Droplet condensation during the initial stage of frosting
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Droplet condensation during the initial stage of frosting
Similarity:
Some small droplets appeared on the fin surface, and then became bigger and
bigger until they were frozen.
Differences:
 The droplets appeared on the surface after 35s, 22s and 60s.
 The density of initial droplets was different.
 The sizes and shapes of droplets were obviously different.
 The fraction of the surface covered was different (91%, 63% and 15%).
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Droplet condensation during the initial stage of frosting

Consolidation, rolling and departure of droplets on the super
hydrophobic fin. (a) (b) Consolidation; (c) (d) Departure; (e)
Rolling.

These results indicate that the super hydrophobic fin shows
good performance in restraining droplet condensation.

Frost melting and water retention
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Frost melting on three fin surfaces

Frost melting and water retention

Frost layer being released from
super hydrophobic fin

Schematic diagram of frost layer being
released

The frost melting time decreases
with the increase in the contact
angle (36s, 25s and 22s,
respectively).
Frost melting time changing with contact angle

Frost melting and water retention
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Frost melt water retention on three fin surfaces
0.12

The mass of residual water /g

0.109

The retained water mass on the super
hydrophobic surface decreased by
79.82% and 65.63% compared with
those of the other two fins.
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The decrease in retained water
will reduce the energy required
for evaporation and shorten the
evaporation time.

Frost melting and water retention
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Force analysis of a retained
droplet on fin surface

Fc  2cr sin  (cos  r  cos  a )
2  3cos   cos 
3

Fg 

3

Force
balance

 r3 g
1

 6c (cos  r  cos  a ) sin   2
rmax  

3
   2  3 cos   cos    g 

 When Fc ﹥ Fg (r ﹤rmax), the droplet will stayed on fin surface.

 When Fc ﹤ Fg (r ﹥rmax), the droplet will depart from fin surface.
 rmax is related to θr, θa and θ, which is determined by the fin surface
characteristics.

CONCLUSIONS
 Droplets were observed on bare fin firstly and on super hydrophobic fin last,

and exhibited different sizes and shapes under the effects of surface
characteristics.
 The droplet distribution was sparser on the super hydrophobic fin then on
the other two fins because of the consolidation, rolling and departure of
droplets.
 Retained water formed a thin water film on the hydrophilic fin while only a
few droplets of small sizes stayed on the super hydrophobic fin.
 The retained water mass on the super hydrophobic fin was the least, which
reduced the energy and time for evaporation.
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