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1. Figure section

Figure S1. Schematic of the underwater drag reduction test system. The system mainly consisted 
of a water circulation system, a gas supply system, and a force measurement system. The water 
circulation system consisted of a water tank, a water pump, and an open channel, forming an open 
channel turbulence loop. The water velocity in the channel was adjusted by the speed control of the 
water pump and the size control of the outlet. The water velocity was monitored by a flow meter, 
and the force measurement system used a traction drag plate method to measure the drag reduction 
rate, the bottom groove of the drag plate could be embedded into the test surface. The front end of 
the drag plate was connected to a force sensor through a traction rope to directly measure the water 
flow resistance. The drag plate adapted to changes in liquid level height by connecting to a lifting 
platform. The gas supply system used a variable frequency air pump to directly supply air, and the 
air outlet was located at the front end of the upstream position of the drag plate. The airflow meter 
detected the airflow status. The bottom groove of the drag plate can fix different experiment 
samples. One side of the drag plate was connected to a force sensor (DYX-306, China Bengbu 
Sensing System Engineering Co., Ltd.). Underwater freedom gas bubbles were generated by the air 
pump (ES-3910, China Anyuan Huaqun Technology Co., Ltd.) on the same side of the drag plate 
connection force sensor.



Fig. S2. Drag reduction rate of the SPSB at different water temperatures.

 
Fig. S3. Surface roughness of the exterior area of the track for two types of surfaces. We fabricated 
an underwater superaerophilic pattern composed of superhydrophobic track and outer 
superhydrophilic region. The first figure of Figure S3 was the surface profile of superhydrophilic 
region. The second figure of Figure S3 was the surface profile of hydrophilic region of SPSB.



Fig. S4. Comparison of drag reduction rates between two different surfaces, where the control group 
was the underwater superaerophilic pattern composed of superhydrophobic track and outer 
superhydrophilic region.

Figure S5. Boundary attribute setting of the SPSB numerical simulation model.



Figure S6. Grid division of the SPSB numerical simulation model.

Figure S7. Comparison of the experiment value and simulation value of the SPSB at a gas flux of 
0.5 L·min-1 and the different water velocities.

Figure S8. Gas volume fraction cloud map of the SPSB.



Figure S9. Schematic of the anti-diatom attachment experimental device.

Figure S10. Image of the pattern arrangement when the SPSB can achieve maximum anti fouling 
area.



2. Table section

Table S1. Average drag reduction rate of the SPSB at different gas fluxes and 
0.3 m·s-1 water velocity.

Gas flux / L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

24.59 35.42 40.97 46.65 47.81 49.22 49.88 51.58

Table S2. Average drag reduction rate of the SPSB at different gas fluxes and 0.4 m·s-1 water 
velocity.

Gas flux/L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

18.4 24.29 31.95 38.44 41.51 42.6 43.34 43.21

Table S3. Average drag reduction rate of the SPSB at different gas fluxes and 0.5 m·s-1 water 
velocity.

Gas flux/L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

15.72 21.79 27.79 33.38 36.02 36.62 36.37 37.12

Table S4. Average drag reduction rate of the SPSB at different gas fluxes and 0.6 m·s-1 water 
velocity.

Gas flux/L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

11.43 18.3 25.4 27.66 30.74 30.75 31.75 32.14

Table S5. Average drag reduction rate of the hydrophobic Al surface at different gas fluxes and 
0.6m·s-1 water velocity.

Gas flux/L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

3.17 3.63 4.05 6.19 7.83 8.18 9.26 9.75

Table S6. Average drag reduction rate of the untreated Al at different gas fluxes and 0.6m·s-1 
water velocity.

Gas flux/L·min-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Average drag 
reduction rate / %

3.73 2.92 3.96 5.93 7.37 6.3 8.73 8.31



Table S7. Comparison of the drag reduction rate of different methods that reported in the 
literatures.

Methods References Water velocity / m·s-1 Drag reduction rate / %

[1] 0.26 27
Gas lubrication

[2] 0.2 20

[3] 1.5 17.25

[4] 2 10

[5] 0.5 10.26

[6] 0.1 28.5

[7] 0.6 20

Bionic skin

[8] 2 9.9

[9] 0.2 30
Groove

[10] 0.3 15

[11] 6 12.65
Coating

[12] 0.8 25.27
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Video S5. The experimental process of simulating barnacle larvae adhering to the untreated Al 

surface and SPSB.
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