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A Study of Frost Formation on Different Hydrophilic Surfaces
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ABSTRACT: An experimental study has been conducted to investigate the effects of surface
energy on frost formation. Test samples with two different surfaces are installed in a wind
tunnel and exposed to a humid airflow. Dynamic contact angles (DCA) for these surfaces are
23° and 88° respectively. The thickness and the mass of frost layer are measured and used
to calculate the frost density while frost formation is visualized simultaneously with their
measurements. Results show that frost density increases as time increases at specific test
conditions. The air Reynolds number, the airflow humidity and the cold plate temperature are
maintained at 12,000, 0.0042 kg/kg and —21T, respectively. The surface with a lower DCA
shows a higher frost density during two-hour test, but no differences in the frost density
have been found after two hours of frost generation. Empirical correlations for thickness,
mass and density are assumed to be the functions of the test time and DCA.
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Fig. 1 Schematic diagram of test equipment.
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Fig. 2 Schematic diagram of test sample.

(a) DCA: 23° (b) DCA: 88°

Fig. 3 Photo of water spray results.
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Table 1 Test conditions

Inlet dry bulb temp.,, T | 120
Inlet wet bulb temp., T 7.0
Air Air Reynolds number | 12,000
Relative humidity, % 50
Absolute humidity, kg/kg | 0.0042

Water+ Inlet temperature, C —-250
al
Flow rate, kg/h 50
Ethyleneglycol ’
v v Mass ratio 50 :50
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Fig. 4 Test results of frost thickness.

(b) DCA: 88°

(a) DCA: 23°

Fig. 5 Photo of the frost generation in differ-
ent surfaces.
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Fig. 8 Test results. of frost density.
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