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ABSTRACT: The work aims to improve the loading capacity of the water-lubricated bearing and explore the bearing mechanism
of textured water-lubricated bearings. The three-dimensional textured water-lubricated journal bearing and the two-dimensional
textured parallel contact model were established respectively by Computational Fluid Dynamics (CFD) to analyze the surface
micro-textured bearing mechanism from the macro and micro perspectives. From the macroscopic view, the loading capacity in-

creased firstly and then decreased as the textures zone moved to the downstream from upstream when the structure parameters
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kept unchanged. The micro-hydrodynamic effect occurred because of the textures, resulting in an upward pressure pulsation

trend which improved the loading capacity. However, the primary pressure region gradually became a dotted area with the tex-

tures as centers, thus resulting in the decrease of the bearing area. From the microscopic view, as the texture moved toward the

inlet, the pressure distribution moved to the left as a whole. When Re> 1, the pressure distribution moved upward as a whole

with the increase of inertia effect, and the pressure reduction at the texture was limited when the cavitation effect was consid-

ered. From the macro view, the non-homodromous hydrodynamic superposition action between the micro-hydrodynamic effect

and the primary pressure effect determines the loading capacity of the textured water-lubricated journal bearing. The high pres-

sure area of the original liquid film is used as the boundary. When the texture area is in the upstream, the bearing capacity rises

and on the contrary declines. From the micro view, the micro-hydrodynamic pressure effect is caused by the surface mi-

cro-texture mainly through the inlet suction effect, cavitation effect and inertia effect.

KEY WORDS: water-lubricated bearings; textures; Computational Fluid Dynamics (CFD); cavitation; micro-hydrodynamic

effect; loading capacity
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configuration of parallel contact pair; b) Three-dimensional model of single texture;
¢) Two-dimensional mesh model of single texture
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Tab.1 Calculation parameters

Parameter R Parameter
Specific items
types value
Length of journal bearing L/mm 100
Structural Inner diameter of journal bearing
100.04
parameters D/mm
Clearance of journal bearing ¢/mm 0.02
Density of liquid water p/(kg'm™>)  998.2
) Viscosity of liquid water u;/(Pa-s) 1x107°
Media pa- . 3
rameters Density of vapor phase py/(kg'm™)  0.5542
Viscosity of vapor phase py/(Pa's)  1.34x107°
Saturation vapor pressure p,/Pa 3540
Operating Eccentricity e 0.5
parameters Rotational speed N/(r-min") 1500
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Tab.2 Experimental verification of loading capacity

Loading capacity/N
CFD Exp.

N/(@min™")  hy/um  hy/um Error/%

2500 5486 16.99
3000 53.00 17.95
3500 51.39 18.88

3209.39 3210 0.02
3209.64 3210 0.01
3230.81 3210 0.60
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Fig.6 Pressure and vapor distribution curve of smooth bearing
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Fig.8 Effect of textured position on loading capacity
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Fig.9 Pressure distribution cloud under different textured positions (Fig.a Bearing without texture)
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