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Icing Performance of Micro-nano Composite Grooves on Aluminum Alloy Surface
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Abstract: In order to develop a stable aluminum alloy functional surface with anti-icing performance, a grooved composite
microstructure was fabricated on the surface of aluminum alloy by high-speed wire cut electrical discharge machining
(WEDM) and its wettability and icing performance were tested. The mechanism was simultaneously analyzed. The results
show that microstructure on the surface of aluminum alloy form “air cushion” effect, reducing the contact area between the
droplet and the substrate and increasing the apparent contact angle of the droplet on the surface of the material. The
temperature and humidity of the test environment change the wettability of the material surface by changing the surface
tension and droplet volume of the droplet on the material surface, respectively. The wettability of the material surface has an
important effect on the ice effect, and the superhydrophobic surface exhibits excellent anti-icing properties, followed by the
hydrophobic surface. Analysis of anti-icing mechanism shows that the gas trapped by the microstructure in the groove reduces
the actual contact area between the droplet and the solid surface, and increases the distance between the droplet center of
gravity and the cold surface. It also increases the thermodynamic barrier of ice nucleation and prolongs the freezing time.
Thus, the surface of the microstructure has a certain anti-icing effect.
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Fig.2 Schematic diagram of icing performance test device
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Fig.3 SEM images of microstructure of aluminum alloy surface
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Fig.4 Contact images of the water droplets on the aluminum alloy surface
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Fig.5 Adhesion performance of the aluminum alloy surface
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