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Fig. 1. (a) Schematic diagram of a two-phase Couette flow system model; (b) diagram of the nanochannel and rough structure model.
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Fig. 2. Influence of shear velocity on (a) velocity profile and (b) density profile of liquid atoms; (c¢) steady-state bubble morphology.
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Fig. 3. (a) Plot of boundary slip velocity as a function of shear velocity; (b) plot of shear stress as a function of shear velocity.
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Fig. 4. (a) Velocity profiles of liquid atoms at different solid-gas interaction strength; (b) plot of boundary slip velocity as a func-

tion of solid-gas interaction strength.
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Fig. 5. (a) Steady-state bubble morphology and (b) density profiles of liquid atoms under different solid-gas interaction strength.
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Fig. 6. When the shear velocity is 40 m/s, (a) velocity profile of liquid atoms at different rough area fraction; (b) plot of boundary

slip velocity as a function of rough area fraction.
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Fig. 7. When the shear velocity is 40 m/s, (a) steady-state bubble morphology and (b) density profiles of liquid atoms under differ-

ent rough area fraction.
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Fig. 8. When the shear velocity is 40 m/s, (a) velocity profiles of liquid atoms at different rib heights; (b) plot of boundary slip velo-

city as a function of rib height.
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Fig. 9. When the shear velocity is 40 m/s, (a) steady-state bubble morphology and (b) density profiles of liquid atoms under differ-

ent rib heights.
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ent gas concentration.
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Abstract

Bubble drag reduction technology is of great significance in improving the propulsion efficiency of
underwater vehicle and reducing the comprehensive energy consumption during navigation. Bubble drag
reduction is a highly effective method of reducing the frictional resistance encountered by large ships and
underwater vehicles during navigation. It exhibits excellent stability in drag reduction, and has advantages such
as environmental friendliness, adaptability to various flow environments, and suitability for all underwater
components of ships. Therefore, it is greatly significant to conduct in-depth research on bubble drag reduction
and its underlying mechanism. In this work, the flow characteristics and the boundary bubble drag reduction
mechanism of gas-liquid Couette flow in parallel wall nanochannels are studied by molecular dynamics method,
and the influences of surface wettability, wall roughness, and gas concentration on boundary slip velocity and
bubble drag reduction effect are analyzed. The results indicate that the bubble drag reduction effect is enhanced
with the increase of boundary slip velocity. In the gas-liquid two-phase flow region, with the increase of shear
velocity, the lateral deformation of boundary adsorbed bubble and boundary slip velocity increase, thus
enhancing the bubble drag reduction effect. The increase of solid-gas interaction strength and gas concentration
can lead to the enrichment of gas atoms near the wall, improve the bubble spreading characteristics on the wall,
and thus increase the slip velocity of the solid-liquid interface. The wall roughness can change the spreading
characteristics of bubble, affect the boundary slip velocity, and then change the drag reduction effect of the
fluid-solid interface. As the rib height increases, gas atoms accumulate in the grooves between ribs and the
adsorption quantity of gas atoms on the upper surface of the rib decreases, which leads to the decrease of the
boundary slip velocity of the solid-liquid interface and ultimately reduces the drag reduction effect. The research
results will provide important theoretical guidance for implementing the boundary drag reduction technology in

large ships and underwater vehicles.
Keywords: bubble drag reduction, boundary slip, Couette flow, molecular dynamics

PACS: 47.85.1b, 47.45.Gx, 83.50.Ax, 02.70.Ns DOI: 10.7498/aps.73.20240474

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12272151, 52005222, 92248301).
1 Corresponding author. E-mail: liuzhen@just.edu.cn

1 Corresponding author. E-mail: zhangzq@ujs.edu.cn

154701-10


http://doi.org/10.7498/aps.73.20240474
mailto:liuzhen@just.edu.cn
mailto:liuzhen@just.edu.cn
mailto:zhangzq@ujs.edu.cn
mailto:zhangzq@ujs.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

YRR Couet teVRUIL S IR FEA L
K KZde KA X Kb
Mechanism of boundary bubble drag reduction of Couette flow in nano—confined domain

Zhang Peng  Zhang Yan-Ru  Zhang Fu-dian  Liu Zhen  Zhang Zhong-Qiang

515 &, Citation: Acta Physica Sinica, 73, 154701 (2024) DOI: 10.7498/aps.73.20240474
TEZE 71 View online: https:/doi.org/10.7498/aps.73.20240474
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

R oK P AR RIS A o

Molecular dynamics analysis of shock wave—induced nanobubble collapse in water

WIBEAEA. 2021, 70(13): 134702 https://doi.org/10.7498/aps.70.20210058

AEXS PR R 18 P B 1A BELIN 231 3l 1 225

Molecular dynamics study of interface thermal resistance in asymmetric nanochannel

WIFIEH. 2020, 69(22): 224701 hitps://doi.org/10.7498/aps.69.20200491

ANEEE ST AR T8 7R 535U S A IS 1) 7353 1 2540

Molecular dynamics simulation of effect of non—condensable gases on heat transfer of water molecule flow in nanochannels

PPz 2024, 73(9): 094701 https://doi.org/10.7498/aps.73.20240192

A B M Y A B 2313 1245

Molecular dynamics study on effect of wettability on boiling heat transfer of thin liquid films
P4, 2024, 73(9): 090201  https://doi.org/10.7498/aps.73.20232026

AR AR 5 DR AL 4 7013 )~ AR
Molecular dynamics simulation on shear thinning characteristics of non—Newtonian fluids

YrH2E 4. 2021, 70(12): 124701  https://doi.org/10.7498/aps.70.20202116

DRI 75 BE (97013 AU AR S A A S Bk 11

Large scale and quantum accurate molecular dynamics simulation: Liquid iron under extreme condition

YIBR2A 4. 2023, 72(18): 187102  hitps://doi.org/10.7498/aps.72.20231258


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240474
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210058
https://doi.org/10.7498/aps.69.20200491
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20232026
https://doi.org/10.7498/aps.70.20202116
https://doi.org/10.7498/aps.72.20231258

	1 引　言
	2 模型和方法
	3 模拟结果讨论与分析
	3.1 速度轮廓和密度分布
	3.2 表面润湿性对液体流动及边界减阻的影响
	3.3 固体壁面粗糙度对液体流动及边界减阻的影响
	3.4 肋高对液体流动及边界减阻的影响
	3.5 气体浓度对液体流动及边界减阻的影响

	4 结　论
	参考文献

