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ABSTRACT

Increased load support performance can be achieved by adding texture on the bearing surfaces. A study on the high
textured effect on the hydrodynamic thrust bearing by cavitation is presented in this paper. The textured surface is
applied in rectangular geometric with several dimension. The single-textured thrust bearing with several heights was
analyzed by numerical methods based on Reynold’s equation and 2D CFD model analysis based on Navier-Stokes
equation. The result showed that the pressure distribution with higher textured surfaces could increase the load support
in hydrodynamic thrust bearings; in other words, the height of the texture will affect thrust bearing performance.
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1. INTRODUCTION

The use of bearings can be seen as support on the
shaft so that it can rotate adequately. Generally, bearings
are used in electric motor systems and turbomachinery
engines. There are two types of covers, contact and
contactless. In non-contact bearings the mechanical
elements such as sliding and rolling are replaced by a thin
layer (film) which contains pressurized fluid as load
support, this type of bearing is also known as a
hydrodynamic bearing where the load capacity will
depend on the area, speed, and viscosity of the lubricant

[1].

Texture surface on thrust bearing is applied by
profiling in a well-defined geometric form such as a
dimple or groove; this is different from roughness which
has a random geometric characteristic. Texture also has
an impact on bearing performance, where micro
irregularities on the surface of the rotating shaft can
generate hydrodynamic pressure to construct load
support, therefore giving texture is a feasible method for
improving bearing performance, one of them is in terms
of capacity for load carriers [2].

The texture effect on thrust bearing performance has
been studied for a long time; where texturing with dimple
geometry can significantly increase load support at high
speeds, this can be explained when heat dissipation in

load area is to be better because circulation for the fluid
becomes more efficient [3].

As for research about the effect of height of texture
and velocity on textured thrust bearings by comparing the
analytical method using the Reynolds equation and CFD
simulation analysis using the Navier-Stokes equation, in
this study, It shows that the texture ratio is one of the
factors that affects the precision of the Reynolds
equation, and it is concluded that the equation Reynolds
can be applied to high texture and low Reynolds number
thrust bearings [4]. Besides, based on the theoretical
analysis, it is known that using vary texture and velocity
on thrust bearings can generate different cavitation area
[5]. The research focused on the effect of the height of
texture on the performance of thrust bearings with
cavitation modeling in mind, with a numerical approach
analysis method through Reynolds equation and CFD
analysis.

2. METHOD

2.1. Theory

In this study, Continuity and Navier-Stokes
equations, which control CFD equations, are used for
incompressible fluid analysis and expressed as follows.

[6].
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Where VY in the cartesian coordinates is the speed, Su
is an influence on the fluid flow; 4 is fluid viscosity; p is
fluid density; p is fluid pressure.

In this study, cavitation modelling was used Schnerr
and Sauer [7]. Turbulent conditions need to be considered
because that was a parameter which is difficult to avoid
when the bearing works. The turbulent model used in this
study RNG k-2’ model that systematically removes
smaller motion levels from the governing equations in
terms of greater movement and modified viscosity. RNG
k-2'model equation is expressed as follows [6].
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2.2. CFD Model

Thrust bearing geometry used in this study
considering cavitation condition and several texture
dimension. Thrust bearing geometry can be seen in
Figure 1, for the specification of thrust bearing can be
found in Table 1, and fluid properties are shown in Table

2.
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Figure 1 2D geometry of thrust bearing model

Table 1. Main parameters of single-textured bearing characteristics.

Bearing Length Bo 2 mm
Inlet length a 0.2 mm
Texture length b 0.15 mm
Outlet length c 0.165 mm
Minimum thickness of film ho 1 um
Texture depth hd 0.75;1;125 um
Pressure inlet Pa 100 kPa
Pressure of cavitation Pc 100 kPa
Sliding speed U 1 m/s
Table 2. Lubricant properties
Density p 962 0.02556 kg/m?3
Viscosity u 0.013468 1.256x10°  Pa-s
The computer grid has been constructed with a memmam
quadrilateral mesh type. The grid at the texture edges is - Blok IV
tighter to ensure accurate analysis of the texture. The T T
number of grids in single-text geometry and longitudinal IBI|OIkII BlokII Blok Il
(Nx) and cross (Nz) directions in Figure 2 shows 1000x35 o [ 1] ] L1 — "
with 14,446 and cells as well as 15,100 nodes. L . I\JI ] |

Figure 2 Illustration of the thrust bearing computer grid
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3. RESULT AND DISCUSSION

The research was conducted by comparing the results
of pressure distribution on thrust bearing based on
Reynolds equation and Navier-Stokes equation with an
error <10%, thrust bearing performance can be observed
by pressure distribution and load support on each
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geometry. Based on results, it is known the highest-
pressure distribution is at the height Hg = 1 pm with Ppax
= 1.015 Mpa. The highest load support is obtained at the
height Hg = 1.25 pm with W = 988.43 N. The figure of
pressure distribution for each thrust bearing can be seen
in Figure 3, and the figure of pressure distribution and
load support is shown in Figure 4 and Figure 5.
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Figure 3 Pressure distribution on the thrust bearing at (a) Hd = 0.75 um (b) Hd =1 um and (¢) Hd =2 um.
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Figure 4 Pressure distribution on the thrust bearing with
the variation of texture height.
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Figure 5 Load support on thrust bearing with the
variation of texture height.
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4, CONCLUSION

The conclusions are summarized as follows based on

an analysis of the texture's effect height:

1. Texture height makes it possible to change the thrust

bearing pressure distribution.

2. With increasing texture height, load support has

increased.
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