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Abstract — In order to improve the efficiency and reliability of the machine, the friction should be minimized.
The most widely used method to minimize friction is to maintain the fluid lubrication state. However, we can
reduce friction only up to a certain limit because of viscosity. As a result of several recent studies, surface tex-
turing has significantly reduced the friction in highly sliding machine elements, such as mechanical seals and
thrust bearings. Thus far, theoretical studies have mainly focused on isothermal/iso-viscous conditions and have
not taken into account the heat generation, caused by high viscous shear, and the temperature conditions on the
bearing surface. In this study, we investigate the effect of dimple depth and film-temperature boundary conditions
on the thermohydrodynamic (THD) lubrication of textured parallel slider bearings. We analyzed the continuity
equation, the Navier-Stokes equation, the energy equation, and the temperature-viscosity and temperature-density
relations using a computational fluid dynamics (CFD) code, FLUENT. We compare the temperature and pressure
distributions at various dimple depths. The increase in oil temperature caused by viscous shear was higher in the
dimple than in the bearing outlet because of the action of the strong vortex generated in the dimple. The lubri-
cation characteristics significantly change with variations in the dimple depths and film-temperature boundary
conditions. We can use the current results as basic data for optimum surface texturing; however, further studies
are required for various temperature boundary conditions.

Keywords — dimple(2 &), friction reduction(W} 24 73), parallel slider bearing(¥3 3 &£2}o]H o] &), surface

texturing(3£ W % 2 7}, thermohydrodynamic lubrication(& A & &), thermal wedge(E 2 71)
Nomenclature h : Film thickness (um), see Fig. 1
h, : Dimple depth (um), see Fig. 1
B : Bearing cell size (um), see Fig. 1 hy : Local dimple depth (um), see Eq. (2)
c : Minimum clearance (um), see Fig. 1 ko : Effective conductivity of oil
Cu : Specific heat of oil (J/kgK) ki : Thermal conductivity of oil (W/m-K)
E : Total energy per unit mass p : Pressure (Pa)
Py : Inlet boundary pressure (Pa)
"Corresponding author : jpark@gnu.ac.kr P + Outlet boundary pressure (Pa)

Tel: +82-55-772-1623, Fax: +82-55-772-1577 T, : Base radius of dimple (um), see Fig. 1
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T : Temperature (K)
: Ambient temperature (K)

5

: Sliding speed of bearing (m/s)
: Flow velocity vector

: Cartesian coordinates

=<
N

: Dimensionless x-coordinate, x/B+0.5
: Viscosity-temperature coefficient (K™)
: Absolute oil viscosity (kg/m-s)

A : Reference oil viscosity (kg/m-s)

: Density -temperature coefficient (K™)
: Oil density (kg/m’)

: Reference oil density (kg/m’)

: Effective stress tensor
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Fig. 1. Schematic of parallel slider bearing.
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Fig. 2. Example of grid structure.

Table 1. Bearing size and operating condition

Symbol Value

Bearing cell size, um B 150
Dimple radius, pum T, 50

Dimple depth, pm h, 10, 20, 30

Minimum clearance, pm c 1
Boundary pressure, Pa Py, P, 0
Ambient temperature, K To 310
Sliding speed, m/s U 10
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Table 2. Oil properties

Symbol  Value

Viscosity, kg/m-s n, 0.0174

Density, kg/m’ o, 897.1

Specific heat, J/kg-K Cy 1,926
Thermal conductivity, W/m-K ki 0.132
Viscosity-Temperature coefficient, K™ B 0.035
Density-Temperature coefficient, K™ v 0.0012
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Fig. 4. Temperature increase at y=0.Sc for untextured
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Fig. 5. Pressure distribution for untextured bearing. (a)
Isothermal case, (b) T-A condition, (c) A-T condition.
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