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Mechanism analysis and performance research on superhydrophobic
frost suppression of air source heat pump
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(1. School of Civil Engineering, Chang’an University, Xi'an 710061, China;
2. Guangzhou Traffic Design and Research Institute Co. , Ltd. , Guangzhou 510000, China)

Abstract: Based on the influencing factors and conditions of frost layer growth to suppress frost, this paper
improves a surface modification method to solve the problem that the outdoor heat exchanger of air source heat
pump will frost while operating under low temperature and high humidity. By this means, superhydrophobic
aluminum fins with contact angle of 158. 3° are prepared. To experimentally study the frost suppression / thawing
effect of superhydrophobic aluminum fins, the frost suppression mechanism of superhydrophobic surface is
analyzed, and a forced convection visualization experimental platform which simulates low temperature and high
humidity environment is established. The results show that the superhydrophobic surface has large nucleation
barrier, slow ice bridge propagation, less contact area between droplets and cold surface, and frequent merging-
bouncing-rolling-sliding of droplets. In the initial growth stage of frost layer, the frosting time of superhydrophobic
aluminum fin is 165 s later than that of conventional aluminum fin, and the growth rate of frost layer coverage is
small. During the frosting process under forced convection, the frosting amount of superhydrophobic aluminum fin
is 69. 8% of that of conventional aluminum fin, and the growth rate is 65. 2% of that of conventional aluminum fin.
During the defrosting process, the defrosting time of superhydrophobic aluminum fin is 64 % of that of conventional
aluminum fin, and the proportion of residual defrosting water is reduced by 47. 9%. The superhydrophobic surface
shows good characteristics of inhibiting frosting and rapid defrosting. The results preliminarily reveal the feasibility
and practical application value of superhydrophobic technology, which is applied to the surface of outdoor unit heat
exchanger of air source heat pump.
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Fig. 1 Schematic diagram of steam condensation nucleation
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Fig. 2 Schematic diagram of ice bridge

propagation phenomenon
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Fig. 4 Droplet morphology and contact angle at each

preparation stage
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Fig. 5 Schematic diagram of suppression experimental apparatus
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Fig. 6 Variation of frost coverage with time
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Fig. 10 Schematic diagram of frost melting on fin surface
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