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Control of pressure field in hydrodynamic lubrication by micro-dimple applied on sliding surface
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Surface texturing is used as a surface modification technique for the sliding parts. In surface texturing, tiling
processing which is one of cutting process has ability to create dimples having complicated shapes which could not be
produced by laser- or etching-processing. Researches on numerical analysis about surface texturing has been reported.
In the studies, simple dimple shape is attached to explain the mechanism of hydrodynamic pressure effect by
two-dimensional analysis. In addition, the load capacity is thought to increase due to the cavitation phenomenon in
which the liquid changes into a gas due to the generation of negative pressure. However, the detail conditions for the

occurrence have not been discovered. In this research, we report tribological properties under hydrodynamic

lubrication on the textured surface by use of computational fluid dynamics and the effective use of the cavitation

phenomenon to improve the load capacity.
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Fig. 1 Schematic of simulations.

Table.1 Computational condition

L Computational
Sliding Speed | U=1.0m/s Region L=1000 um
Boundary | 100 kpa | WorkingFluid | PAO10
Pressure
Film Thickness | h=5.0 um Viscosity n=840mPa-s
Dimple Width | w =200 um Density p = 840 kg/m’
Dimple Depth | d=5.0 um
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Table.2 Computational condition.
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- Working
Sliding Speed U=10mnvs . H0
Fluid
Boundary Fluid
P=100kPa . 1n=1.003 mPa-s
Pressure Viscosity
Minimum Fluid
) ] h=0.1, 1.0 um ) p=9982 kg/m’
Film Thickness Density
. Gas
Dimple Width w=200 um . 1n=0.013mPa-s
Viscosity
. Gas
Dimple Depth d=5.0 um . p=0.5542 kg/m’
Density
Computational Vapor
pu. L=1000 um P;=3540Pa
Region Pressure
Wedge Angle 6=-0.001,0.001°

Fig.2 Pressure distribution (left) and streamline (right)
in case of square dimple.
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Fig.3 Pressure distribution (left) and streamline (right)
in case of half-moon dimple.
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Fig.4 Relationship of load capacity .
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Fig.5 Schematic of simulations.
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Fig. 6 Pressure Distribution around the dimple .

Fig.7 Void fraction distribution in case of cavitation model.
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