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presented for two patterns of textured bearing, i.e., bearing with high inertia and one
with low inertia. Based on the simulation results, the inclusion of cavitation modeling
has a strong effect of the load support as well as the friction force. The “no-cavitation”
cases lead to under-estimation of the predicted performance of lubrication. It is also
shown the presence of the inertia is proven to increase the load support.
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1. Introduction

In the last centuries, the research of surface texturing of the bearing has obtained an explosion
interest by workers around the world. It is well accepted that the surface texturing approach has
proven to enhance the lubrication characteristics. Numerous workers based on lubrication theory
have introduced several mechanisms of lift generation of textured surfaces, including the cavitation.
Fowell et al., [1], based on the mass-conserving numerical analysis, stated that any convergence
between the bearing surfaces provides a significant mechanism for lift generation. The “inlet suction”
was proven as a mechanism for creating additional load support. The cavitation phenomena in
bearing were in more detail studied.
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Similarly, Gherca et al., [2] investigated the effects of texture geometry using a mass-conserving
model. It was highlighted that the load support was strongly affected by the geometrical features
such as size, density, and shape. Henry et al., [3] experimentally studied the effect of surface texturing
on the steady-state behavior of bearings. It can be found that the textured bearings reduce friction
up to 30% at low loads, while for heavy loads, their performance is equivalent or even lower than
that of an untextured bearing. Yagi et al., [4] studied the value of the load support enabled by the
textured pattern in the hydrodynamic lubrication regime. They concluded that the mechanism of lift
generation was strongly affected by boundary conditions. Zhang et al., [5] investigated the effect a
rectangular array of circle dimples on the film thickness profile. It was concluded that the lift
generation could be improved through the appropriate partial arrangement of textures. Later, Shinde
and Pawar [6] proposed the optimal surface texturing parameters to improve the performance of
bearing. For improving the accuracy of the prediction, Muchammad et al., [7-8] considered the
cavitation effect in solving the lubrication problem of the textured bearing.

Based on the literature survey, it can be highlighted that the cavitation strongly influences the
lubrication performance. However, most of the published works, the cavitation is not modeled
adequately because the single-phase analysis was assumed. In recent publications, some workers
have used the multi-phase cavitation modeling to capture the cavitation phenomena, for example,
[9-13]. It was found that such an approach matches well with the experiment results.

The present work based on the CFD method focuses on how important the cavitation model
should be included when the lubrication problem is of particular interest. Additionally, in the present
study, two different textured bearings are considered dealing with the inertia effect.

2. Methodology

In the present study, the lubrication problem is solved by the Navier-Stokes and continuity
equations. The Navier—Stokes (N-S) equations are solved over the domain using a finite-volume
method with the commercial CFD software package FLUENT®. Not like the previously published
works in which the cavitation model is ignored, in the present study, the cavitation effect is taken
into account. In this study, the Zwart-Gelber-Belamri is employed due to its capability (less sensitive
to mesh density, robust, and converge quickly [14]. For Zwart-Gelber-Belamri model, the final form
of the cavitation is as follows

3anuc(1—ay)py ZPU_P
Rp 3 pe

. 3aypy |2P—Py
ifp = Py, Re = Feona Rp /57 (2)

where Fevap = evaporation coefficient = 50, Fcond = condensation coefficient = 0.01, Rg = bubble radius
=10 m, anuc= nucleation site volume fraction= 5x10-4, p = liquid density and py = vapor pressure.
Figure 1 shows the computational domain of textured slider bearing. The model used here is
inspired by the work of Dobrica dan Fillon [15]. The CFD model has p: = 0.5 and S = 1.0. The no-slip
boundary condition is employed, and the isothermal condition is assumed. The bottom of the bearing
is the moving wall. Two cases of the simulation are used here; that is, first, the case with 57.3 and A
=2 and second, the case with Re =5 and A = 20. For the top surface, the stationary surface is assumed.
The commercial software based on the finite volume method ANSYS Workbench 16.0 is used to solve

ifp < Py Ry = Fopap (1)
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the lubrication problem. As a note, A is defined as the ratio between the dimple length and dimple
depth.
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Fig. 1. Computational domain of textured slider bearing

Figure 2 shows the boundary condition employed in this study. At two sides of the domain, the
periodic boundary condition is used. In the present study, to obtain more accurate results, the mass-
conserving cavitation model, as mentioned earlier, is adopted. For calculation, the lubricant density
p is 860 kg/m3, and the lubricant dynamic viscosity n is 0.03 Pa-s. For the vapor behavior, the

parameter is as follows: the vapor density pvap is 1.256x10 kg/m> and the vapor viscosity nvap is
0.02556 Pa-s.

Stationary wall

Inlet outlet

_
U

Fig. 2. Boundary condition used in this study

Figure 3 depicts the meshed model of textured slider bearing. In the present study, the model is
discretized with the rectangular mesh with a high density of mesh to capture the physical phenomena
during the lubrication process. Additionally, more refinement of the mesh is performed inside the
texture. For more detail, the mesh specification used in this study is reflected in Table 1.
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Fig. 3. Meshing the model

Table 1

Mesh specification of textured slider bearing model
Method Quadrilateral

Sizing 3.75x103 mm
Elements number 169,960

Nodal number 17,280

Max Skewness 2.99x103

Min Skewness 4.33x107

Average Skewness 1.02x10°3

3. Results
3.1 Validation

In this section, the validation of the developed CFD model is performed to ensure the correct
solution set up. The work of Dobrica and Fillon [15] is chosen in the case of textured slider bearing in
particular with a specific pattern, i.e., Re = 57.3 and A = 2. As a note, in [15], the Reynolds equation
was used to solve the lubrication problem. Figure 4 shows the comparison of the pressure between
the present study and the published work. It can be observed that the present results match the
reference well. It indicates that the developed solution set up is acceptable, and thus it can be used
to solve other cased with different patterns.
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Fig. 4. The comparison of the pressure between the present study and the
published work [16]. Results are evaluated at Re=57.3 and A =2

3.1.1 Effect of Cavitation

Figure 5 shows the comparison of the pressure between the analysis with the cavitation model
and that without the cavitation model. It can be observed that the cavitation modeling gives a slightly
different profile of pressure compared to the analysis without cavitation. It seems that there is a
cavitation phenomenon that occurs at the textured bearing. A shift of the pattern is found when the
comparison of the pressure is conducted.
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Fig. 5. The comparison of the pressure between the analysis considering the
cavitation model and that without cavitation model. Results are evaluated at
Re=573andA=2

174



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 71, Issue 2 (2020) 170-177

For the case of textured bearing with low inertia effect (i.e., Re =5.73 and A = 20), the comparison
of the pressure between the analysis considering the cavitation model and that without cavitation
model is shown in Figure 6. It can be seen from Figure 6, that the textured bearing with less inertia
effect gives a very similar profile of pressure compared to the case with higher inertia, as shown in
Figure 5. It indicates that the cavitation phenomena do not occur at the bearing with low inertia. This
finding matches well with the recent publication [12]. Also, as predicted in this study, the introduction
of the texturing is able to increase the improved performance of bearing, as discussed by Empaling
etal, [16].
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Fig. 6. The comparison of the pressure between the analysis
considering the cavitation model and that without cavitation model.
Results are evaluated at Re=5.73 and A =20

The load support as one of the indicators of tribological performance is obtained by integrating
the pressure over the surface area. Figure 7 shows the load support for several configurations of
textured bearings. It can be observed that the inertia effect has a strong role in creating additional
load support. The increased load support becomes higher when the cavitation modeling is considered
in the analysis.
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Fig. 7. Load support for several configurations
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Figure 8 shows the predicted friction force of textured patterns. The friction force is basically the
integration of the shear stress over the surface contact. It can be seen that as expected, the solution
with the cavitation model produced a higher friction force both for the case of low inertia and the
high inertia. It strengthens the previous results in terms of the load support, which mentioned that
the cavitation modeling is quite important to include in the analysis to get a more accurate result.
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Fig. 8. Friction force for several configurations
4. Conclusions

In the present study, the computational fluid dynamics (CFD) method is used in solving the
lubrication problem. The significance of cavitation modeling is evaluated. Additionally, the inertia
effect which may present in the textured bearing is also of particular interest. Based on the discussion
earlier, the conclusions can be drawn as follows

i. The inertia has a significant effect in enhancing the load support.

ii. The cavitation phenomena are proven to alter the flow characteristic. Thus, the cavitation

modeling cannot be ignored when solving the lubrication problem in particular when the
texturing of bearing exists.
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