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ABSTRACT: The purpose of this paper is to achieve a good fluid drag reduction effect by studying the relationship between the
characteristics of nanobubbles and boundary slip under the influence of hydrophilic and hydrophobic surface structures in
asymmetric channels. In this paper, the binary system molecular dynamics method is used to study the slip drag reduction effect
of nanobubbles flowing in the channel. Firstly, the asymmetric microchannel model on the upper and lower walls is established,

and the microchannel interface velocity slip phenomenon under the influence of nanobubbles is explored by considering the
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flow and heat transfer process of the microchannel. The simulation results show that when keeping the height of the hydrophilic

lower wall and the temperature difference between the upper and lower walls unchanged, the increase in the height of the

nanostructures on the upper wall promotes the volume increase of nanobubbles in the channel; in addition, when the upper wall

is a hydrophobic wall, the nanobubbles appear in the form of a wall surface. As the volume increases, the slip length of the upper

wall in the corresponding channel increases; when the upper wall is a hydrophilic wall, the nanobubbles are in bulk form, and as

the volume increases, the corresponding upper wall’s slip length is reduced. In an asymmetrical channel, under the influence of

the height of the upper wall structure, the increase of the nanobubble volume in the form of a wall surface promotes the drag

reduction in the channel, while the increase of the nanobubble volume in the bulk form inhibits the drag reduction in the channel.

Therefore, the research results in this paper provide a theoretical basis for exploring the application of nanobubble engineering

in drag reduction.
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Fig.1 Asymmetrical channel model diagram: a) 3D view; b) overall front view
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Tab.2 Difference between the velocity of the fluid near the upper and lower walls and the velocity of the plate surface,
the average velocity of the fluid and the volume of the nanobubbles on different height of drain upper wall

Hyop/nm 0 0.2 0.4 0.6 0.8
Avigy/(nm-ps 1) 0.019 0.023 0.035 0.0350 0.040 56
AVgown/(nm-ps ") 0.018 0.001 8 0.002 0 0.002 5 0.002 8
v/(hm-ps ™) 0.015 8 0.021 0.023 0.025 4 0.028
Vinm® 0 0.450 1.306 3.939 4.840
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Fig.5 Temperature distribution of the fluid along the z
direction under the influence of nanobubbles
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Tab.3 Fluid temperature difference near the upper and lower walls, aver age fluid temperature,
volume of nanobubbles on different height of drain upper wall

Hiop/nm 0 0.2 0.4 0.6 0.8
ATx/K 18.943 04 12.583 8.658 41 6.345 2.373
ATgown/K 4.502 5 4.265 3.528 25 3.1 2.054
TJ/K 104.702 2 101.897 75 99.093 3 96.523 4 94.963 8
V/nm® 0 0.450 1.306 3.939 4.840
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Fig.6 Nanobubbles under the influence of the height change of the hydrophilic upper wall structure
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Tab.4 Difference between the velocity of the fluid near the upper and lower walls and the velocity of plate surface,
average fluid velocity and the volume of the nanobubble on different hydrophilic upper wall height

Hiop/nm 0 0.2 0.4 0.6 0.8
Avmp/(nmps’l) 0.017 0.0075 0.0032 -0.001 -0.0026
Avdown/(nm-ps’l) 0.0018 0.0008 —-0.0003 -0.0025 -0.0052
va/(nm~ps") 0.026 0.0234 0.0183 0.017 0.0145
¥V/nm® 0 0.820 1.204 2.004 3.682
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Fig.9 Temperature distribution of the fluid along the z
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Tab.5 Relationship between fluid temperature difference near the upper and lower walls, the average fluid
temperature, and the volume of the nanobubble on different hydrophilic upper wall height

Hmp/nm 0 0.2 0.4 0.6 0.8
ATmp/K 18 10.5 6.01 5.4 1.5
ATmp/K 4.5 3.8 2.5 1.8 1.4
TJ/K 104.5 102.3 97.5 95.3 93.3
V/nm’® 0 0.820 1.204 2.004 3.682
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