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Abstract

A heat pump system is one of the main heating equipment in winter or cold regions. However, frosting
can weaken the heat transfer performance of the heat exchanger, leading to a decrease in the perfor-
mance of the heat pump. At the same time, the energy consumption of defrosting accounts for more
than 10% of the total energy consumption of the heat pump system. The existing frost suppression
techniques are ineffective, and the development and application of new frost suppression technolo-
gies have received a lot of attention. This article develops a composite nano surface coating, which can
control the size of droplets on a superhydrophobic surface by adding hydrophilic silica micro nano
particles, enhance the self bouncing phenomenon of droplets on the surface. It can accelerate conden-
sation speed and suppress frosting. Through experimental verification, compared with the copper
surface, the condensation speed of the composite nano coating has been increased by about 80%.
Compared with a common hydrophobic coating, the occurrence of frosting in composite coatings is
delayed from 4.5 minutes to 12.3 minutes, and the time required from frosting to covering 80% of the
surface area is delayed from 0.8 minutes to 3.3 minutes.
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Figure 1. Copper plate with composite coating
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Table 1. Results of the contact angle experiment
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Figure 2. The testing platform (a) Environmental Chamber; (b) Heat exchanger; (c) Main part of the testing platform
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Table 2. Setting of operating condition
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Figure 3. The influence of cooling temperature on condensation rate
B 3. QAR E XL ENE B RS

100
T
90 r \ .
SEIGFFE 3R TH o |
1
80
£ M
£ |
g 70} -
@ L
£
60
: T
S 1 T
40 | o L v
301 |
20 . | I I I
20 - 50 65 80 |

AR FE (%)

Figure 4. The influence of relative humidity on condensation rate
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Figure 5. Comparison of condensation-to-freezing dynamics between the Experimental sample coating and common hydro-
phobic coatings for heat exchangers
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