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Fig. 1. The lubrication model of textured surfaces consist-

ing of rectangular grooves and rough peaks.
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R 1 KRR S HE

Table 1.  The geometrical parameters for textured models.

FEEFY T, w H
BT (SR W) 500,/600 0.60 0.2/ 0.4/ 0.6/ 0.8 /1.0/ 1.2
BRI (fHEWEELH ) 400/500/600 0.50/ 0.55/ 0.60 /0.65/ 0.70 1.0

# 2 IEHIEEI PR T BEmROIE SR R

Table 2. Sketch maps of textures on the lower wall surfaces of the lubrication models.
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Fig. 2. The lubrication performance in models I and II: (a) Bearing capacity and friction force in model I; (b) frictional coefficient in

model I; (c¢) bearing capacity and friction force in model II; (d) frictional coefficient in model II.
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Fig. 3. Distribution of streamlines in models I and II: (a) Model I; (b) Model II.
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Fig. 7. Distribution of streamlines in the lubrication models with rough peaks.
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Fluid dynamics simulation on water lubricating
performance of micro-/nano-textured surfaces
considering roughness structures”
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Abstract

With the development of surface precision machining technology and extensive studies on lubrication and
friction reduction, the use of surface texture to reduce friction has attracted widespread attention, but few
studies have considered the influence of surface roughness on lubrication characteristics. By employing the
computational fluid dynamics (CFD) simulation method, the lubrication models with rectangular textures and
the introduction of rough asperity structures at the same time are established. The effects of the corresponding
structure parameters on the lubrication performance of textured and roughed surfaces are studied under water
lubrication conditions. Our results suggest that the adjustment of geometric parameters on the micro-/nano-
structured surfaces can influence the load-bearing capacity of the water lubrication film, thus affecting the
hydrodynamic lubrication performance on the surface. In addition, the generation of vortex in the micro-
textures can bring changes in vorticity, which causes energy dissipation and affects frictional forces. In the
lubrication model with rectangular textures, optimal hydrodynamic lubrication performance is obtained under
the appropriate depth ratio H = 0.6. Meanwhile, the corresponding lubrication performance can be enhanced by
increasing the width ratio (W) of surface texture. After introducing random asperity structures on the micro-
textured surface with a standard deviation § = 0.5, the bearing capacity is increased by 44%, and the friction
coefficient is reduced by 30.9%. Moreover, the introduction of half-sine rough asperity structures can only result
in relatively minor differences in the lubrication performance, i.e. the changes of bearing capacity and friction
coefficient are less than 10%. However, the introduction of compound hierarchical structure consisting of
random asperity structures and half-sine rough asperity structures can result in an increase in the corresponding
bearing capacity by 42% and a reduction in the friction coefficient by 31.1%, which implies a significant

enhancement in the hydrodynamic lubrication performance.
Keywords: micro-texture, roughness, hydrodynamic lubrication, computational fluid dynamics simulation

PACS: 46.55.+d, 81.40.Pq, 62.20.Qp DOI: 10.7498 /aps.73.20240333

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51909023, 51775077), the Natural
Science Foundation of Liaoning Province, China (Grant No. 2021-MS-140), and the Fundamental Research Funds for the
Central Universities, China (Grant Nos. 3132023122, 3132023516).

# These authors contributed equally.

1 Corresponding author. E-mail: whlgzt@163.com

114601-12


http://doi.org/10.7498/aps.73.20240333
mailto:whlgzt@163.com
mailto:whlgzt@163.com
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

TN REIE TR AN S5 M R T K IR 3 1A B

BEE FE AN AAAE KR

Fluid dynamics simulation on water lubricating performance of micro—/nano—textured surfaces considering
roughness structures

Gu Jing-Xuan  Zheng Ting  Guo Ming-Shuai  Xia Dong-Sheng  Zhang Hui-Chen

5] Fi{i &, Citation: Acta Physica Sinica, 73, 114601 (2024) DOI: 10.7498/aps.73.20240333
TELR T2 View online: https://doi.org/10.7498/aps.73.20240333
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

e P A L U Sl A Bl g~ i L
Mechanism analysis of magnetohydrodynamic control in hypersonic turbulent flow

PFEEEAR. 2022, 71(21): 214702 hitps:/doi.org/10.7498/aps.71.20220941

AR A Bl 27 B S AR e SR s BB S A L S RIS
Venturi—effect rotating concentrators and nonreciprocity characteristics based on transformation hydrodynamics

YrE2EdE. 2022, 71(10): 104701 https://doi.org/10.7498/aps.71.20212361

eXtended Pom—PomZh #l 4 It A B e B v ks - 8l 1 24 A5

Improved smoothed particle dynamics simulation of eXtended Pom—Pom viscoelastic fluid

YIBR2A4R. 2023, 72(3): 034701  https://doi.org/10.7498/aps.72.20221922

ARG R B DR AL R 2073 )~ A
Molecular dynamics simulation on shear thinning characteristics of non—-Newtonian fluids

YyF2EAR. 2021, 70(12): 124701 https://doi.org/10.7498/aps.70.20202116

FER iy B A5 B IR B A Tz 1) 22 A S s 1 22U

Multi—fluid and dynamic simulation of tungsten impurity in tokamak houndary plasma

WIBEAEAR. 2023, 72(21): 215213 hitps://doi.org/10.7498/aps.72.20230991

Il Lennard-Jones LA ESHRHE S T3 12 £ 0F5E
Molecular dynamics study on structural characteristics of Lennard—Jones supereritical fluids

YFRE2R. 2020, 69(7): 070201 https://doi.org/10.7498/aps.69.20191591


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240333
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220941
https://doi.org/10.7498/aps.71.20212361
https://doi.org/10.7498/aps.72.20221922
https://doi.org/10.7498/aps.70.20202116
https://doi.org/10.7498/aps.72.20230991
https://doi.org/10.7498/aps.69.20191591

	1 引　言
	2 CFD仿真方法与润滑模型
	2.1 CFD仿真计算方法
	2.2 表面微结构模型

	3 结果分析
	3.1 微织构几何参数对润滑特性的影响
	3.2 不同粗糙峰结构对润滑特性的影响

	4 结　论
	参考文献

