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ABSTRACT: The unique surface properties of superhydrophobic surfaces make them capable of sealing the air film

underwater. With excellent underwater drag reduction effects, it has become an international research hotspot. The maintenance

W BHI: 2023-08-05; f&ITHH: 2023-11-10
Received: 2023-08-05; Revised: 2023-11-10
EEWEH: 2, "tMZ AN FELEEREREIBFL2ERA (61422010102, 6142201200403 )

Fund : Foundation of National Key Laboratory of Science and Technology on Aerodynamic Design and Research (61422010102,
6142201200403)
BIxt&=X: kR, FmE, R4 Y, F. EAREFHARREABKT OB LR LR EMNEH R[] L@HEK, 2023, 52(12): 188-196.

ZHANG Zhao, XU Xiao-hui, HUANG Jin-yi, et al. Underwater Gas Film Maintenance Effect and Mechanism of Centimeter-scale Alternant
Hydrophilic and Superhydrophobic Surface[J]. Surface Technology, 2023, 52(12): 188-196.
*E{51E& ( Corresponding author )



2k 12

KA, A JROK RUBE SR K ] B 2 1R IR ROR AL 5T - 189 -

of air films on superhydrophobic surfaces is the key to its application in underwater drag reduction. Some studies show that the
air film at large scales has a good drag reduction effect. However, previous studies have mostly focused on the maintenance of
air films at millimeter and smaller scales, and the maintenance of air films at centimeter scales has not yet been reported. In this
paper, in order to overcome the problems of poor air film maintenance on existing fully superhydrophobic surfaces and
insufficient drag reduction effect of millimeter-scale air films, the idea of centimeter-scale air film maintenance on alternant
hydrophilic and superhydrophobic surfaces underwater was proposed to obtain high drag reduction performance underwater.
Firstly, the k-o turbulence model was used to simulate the water scouring of the centimeter-scale alternant hydrophilic and
superhydrophobic surface and fully superhydrophobic surfaces at a flow rate of 0.5 m/s, in which the contact angle of the
superhydrophobic surfaces in the groove on the alternant hydrophilic and superhydrophobic surface was set to 165°, and the
hydrophilic gaps were set to 45°. The contact angles of the fully superhydrophobic surfaces were all set to 165°. Then, based on
the simulation results, water scouring experiments were carried out on the two surfaces at a centimeter scale under different
water flow rates and air supply conditions, and the changes in the air film shapes of the two surfaces under different
experimental conditions were investigated. The simulation results showed that a hydrophilic gap made the gas in the groove
subject to a pinning and binding effect, which allowed gas film maintenance. The experimental results showed that the air film
on the fully superhydrophobic surface at the centimeter scale was maintained better at a flow rate of 0.55 m/s. However, when
the flow rate reached 0.94 m/s, with the calculated Reynolds number of Re =14 030, the flow state in the experimental section
was turbulent, the area covered by the air film in the groove changed from time to time, and the area that could be covered was
generally no more than 50% of the area of the groove, which made it difficult to maintain the complete air film. While in the
flow rate range of 0~1.2 m/s, the alternant hydrophilic and superhydrophobic surface and hydrophobic spacer surfaces could
maintain a stable air film surface in the superhydrophobic region, which had a good effect on maintaining the air film. Based on
the experimental results and mechanism analysis, it is concluded that, compared with the fully superhydrophobic surface, the
alternant hydrophilic and superhydrophobic surface can provide the maximum binding force to the air film due to the difference
in advancing and receding contact angle of the alternant hydrophilic and superhydrophobic surface, which has good air film
maintenance performance. The greater thickness of the air film and the greater surface velocity slip result in better underwater
drag reduction.

KEY WORDS: alternant hydrophilic and superhydrophobic surfaces; centimeter-scale air film; active air supply; air film
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