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Abstract: Many studies have been performed on the impact of surface roughness on journal bearings, but there is still much to learn.
Hydrodynamic lubrication has received far more attention than elastohydrodynamic lubrication. The effect of roughness and
elastohydrodynamic lubrication on journal bearing cavitation will result in the lubricant and structural. This research will look into the
effect of surface roughness on the pressure distribution, vapor volume fraction, and deformation of the journal bearing. The 2-way FSI
approach, which is modeled with CFD, will be a helpful technique in this study. The simulation begins with the creation of a model in
CAD and the determination of its geometry, meshing, phase definition, boundary conditions definition, and the determination of the
Solution Method, the Solution Control, and the lteration Process.The interaction of the lubrication fluid with the journal bearing's
structure will be intriguing to see.It has been confirmed that as roughness increases, the pressure distribution, vapor volume fraction,

von Mises stress, and deformation values decrease.
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1. Introduction

Bearing roughness has received much interest in recent
years because of its opportunities to enhance tribological
performance by lowering friction and wear and increasing
load-carrying capacity. Roughness on the surface has been
shown to improve the performance of tribological
interactions in a variety of applications. One of the
significant challenges is that the ideal roughness variables
depend on the type of interaction and, more importantly, the
operating conditions[1].Liang et al. [2]have been discovered
that roughness at the lubricant inlet area can increase bearing
performance, and that shallow dimples have a better effect
than deep dimples. Microtextured surfaces have also been
shown to improve bearing performance in some experiments
[3]. The friction coefficient was reduced as a result of the
roughness, with the maximum reduction of roughly 40%
when compared to non-roughness samples, as shown by
Galda et al.[4] in their research.

The process of creating and shattering air bubbles in liquids
is known as cavitation. Cavitation happens when the fluid's
static pressure drops below the vapor pressure of the liquid.
Evaporation can occur not just when the temperature drops,
but also when the pressure reduces. When the air bubbles
reach a pressure higher than the vapor pressure, they will
change back.When estimating the texture effect, it is critical
to consider the cavitation phenomenon[5].As the pressure
falls below the vapor pressure, air bubbles emerge in the
cavitation area.When bearings are operated at higher speeds,
a multiphase analysis of bearings with cavitation becomes
particularly critical[6].Ausas et al. [7] explored the role of
cavitation (negative pressure) on the numerical evaluation of
journal bearing lubrication performance.When oil pressure
rises on the convergent side of the bearing, these vapor
bubbles rupture, resulting in high-intensity microjets

[8].Yang et al.[9] discovered that the hydrodynamic plain
bearing was severely harmed by cavitation wear as a result
of flow instability.

In the modeling of lubrication difficulties, the handling of
cavitation processes is crucial. To address this issue, many
numerical methods have been devised. Qil supply cannot be
estimated because mass is not preserved inside the cavitation
area, but Reynolds conditions are the most extensively
employed at the moment[10]. Cheng et al.[11]experiments
found that a velocity-slip model that includes slip length
within the cavitation area and slip boundary conditions at the
liquid-gas boundaries can accurately determine the load
capacity of a journal bearing.

Liu et al. [12] used CFD and modular FSI approaches to
investigate thecavitation, center movement of the journal,
and pressure distribution of an elastohydrodynamic
lubrication issue [12].The maximum lubricant film pressure
can generally be reduced due to -elastohydrodynamic
factors[13].A perturbation approach based on the Reynolds
equation was used to compute the oil film pressure
distribution, as well as the bearing dynamic stiffness and
damping matrices. The bearing dynamic characteristics are
determined by perturbing each node of the lubricant film
domain, taking into consideration the impact of structural
deformation in local bearings, journal tilting, and
bending[14]. Other research looked into how a CFD method
based on fluid-structure interaction(FSl)can accurately
forecast the transient flow field of a misaligned journal
bearing in a rotor-bearing system [15].Fluid film on journal
bearings will be analyzed using the FSI (fluid-structure
interaction) approach. The main purpose of this project is to
find the impact of journal bearings roughness that undergo
cavitation, with a focus on what happens to the cavitation
area subsequently. Hydrodynamic pressure, vapor volume
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fraction, von Mises stress,and shaft deformation caused by
roughness applied to the housing and shaft are also
investigated.

2. Methods

2.1 Theory

Many investigations use Reynolds or Stokes models, which
ignore pressure gradients and inertia effects in the
lubricating film. However, Arghir et al. [16]have shown that
Navier-Stokes equations are ineffective for predicting
pressure riseswhen macroroughness is present, as inertia
effects might be significant. RANS (Reynolds averaged
Navier-Stokes simulation) is a turbulent flow model that
solves the Navier-Stokes equation over time. One of the
RANS models used in fluent is the Two-Equation Model.
The Reynold averaged Navier-Stokes simulation (RANS),
which is commonly employed in Computational Fluid
Dynamics to tackle a challenging 3D scenario, is replaced
by the Two-Equation Model (CFD). In an incompressible
viscous fluid, the RANS equation for determining film
pressure is:

K __op oup QUi 9 (=) (1)
X (puiuj)_ OX. J{M[axj - 6X»j:|+ ox, ( pu‘uj)

Czaban[17]looks at the impact of roughness on the factors
involved, which necessitates the employment of statistical
models. The Reynolds stochastic equation can be used to
derive analytical considerations in the case of journal-
bearing with hydrodynamic lubrication. The outcomes of the
CFD simulation for hydrodynamic lubrication of conical
bearings, considering the impacts of shaft and housing
surface roughness, are shown. Roughness can be depicted as
grain-sand roughness in this CFD simulation. Roughness
height, for example, can be estimated (Kg). The following
algorithm, as shown in equationseq. 2 and eg. 3, can be used
to convert this parameter value to the arithmetic mean of
surface roughness (R,).

2
K,=5.853 R, (3)

The flow in cavitated areas was viewed as a two-phase
lubricant and vapor/gas flow with uniform density, while the
flow in the rest of the film was viewed as a compressible
flow with constant bulk modulus[1]. To come up with a
solution, the Schnerr-Sauer cavity model uses a derivation of
the equation for mass transfer from a fluid to a vapor. The
number of bubbles per volume of fluid is denoted by ny. If
no bubbles are created or destroyed, the bubble density will
remain constant. The cavitation model's final equation is as
follows:

P <P o>R=PPg1a)> [HRZP)
P R, 3p,

IfP>P >R=LP g1 o) 2P-R) ()
P R, 3p,

2.2 CFD Model
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Figure 1: (a) Geometry journal bearing (b) boundary
condition

The surface roughness of the outer shaft and inner bearing is
modeled in this work. The lubrication mechanism is
elastohydrodynamic lubrication, the fluid is Newtonian and
incompressible, the turbulent flow model is k-epsilon, and
the surface roughness is uniform sand-grain roughness, and
the roughness parameter is utilized (R,), the load applied is
negligible, and there is no mention of the effect of
displacement heat on lubrication. The dimensions of Figure
1 are as follows: the shaft radius is r = 50 mm, the housing
radius is R = 50.145 mm, the bearing length L=133 mm,
eccentricity ratio € = 0.61, vapor viscosityps= 2 X 10° Pa.s,
lubricant viscosity = 0.0127 Pa.s, vapor density ng = 1.2
kg/m?, lubricant density p = 840 kg/m® maximum thickness
fluid Hpa= 0.23345 mm,minimum thickness film Hp,=
0.05655 mm, roughness R,= 0.2 um, 0.8 pm, 3.2 um, 25
pm,yield strength Y, = 2.5 x 10%Pa, andYoung’s Modulus E
=2x 10" Pa.

Four boundary conditions are used in this simulation:
pressure input, pressure exit, moving wall, and stationary
wall. Both the inlet and output pressures are set to zero.
Concerning the bearing housing, the shaft is a moving wall
with a rotational speed of n = 48.1 rad/s (stationary wall).
The fluid is estimated using the finite volume method and
CFD after all of the parameters have been entered. The
SIMPLE technique is used to achieve an exact pressure for
the velocity—pressure interaction. The momentum and
volume fraction equations are discretized using a first-order
upwind method. The spatial discretization of turbulent
kinetic energy and turbulent dissipation rate is done using
the first-order upwind discretization scheme.

2.3 Meshing
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Figure 2: Meshing Models

To ensure that the parts are of good quality, the mesh used is
a Hexahedral grid that is designed using the multizone, face
sizing, and body sizing features. With a body sizing of 0.8
mm and a face sizing of 0.86 mm, the multizone is
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hexahedral, the multizone size is 0.095, the number of
elements is 195216, the number of nodes is 261856, the
maximum skewness value is 0.42061, the minimum
skewness value is2.4721 x 10 and the average skewness
value is 4.4796 x 102 Because the skewness in this
modeling is 0.4206, the mesh quality is good, and it may
generate good computational quality.The better the data
transfer between the meshes, the less skewed it is. When an
element is skewed, it requires a lot of correction when
computing, which decreases the quality of the computation
and slows down the process.

3. Result and Discussion
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Figure 3: Hydrodynamic pressure on a fluid film (Pa); a) R;= 0.2 um, b) R,= 0.8 um, ¢) R,= 3.2 um, d) R;= 25 pm

The maximum pressure falls as the roughness increases, as
shown in the graph above. The maximum pressure for
roughness 0.2 pm is 2.380 x 10°Pa, for roughness 0.8 pm it
is 2.173 x 10° Pa, for roughness 3.2 um it is 1.642 x 10° Pa,
and for roughness 25 um it is 4.974 x 10*Pa. Because of the
pressure drop generated by the roughness on the surface,the
cross-sectional area in contact with the fluid will be bigger
with a constant normal force, resulting in a smaller pressure.
The oil film pressure, carrying capacity, and friction can all
be reduced by roughness, according to a study by Verma et
al. [18]. The wedging effect on the pressurized fluid film
will be broken due to the reduced pressure caused by surface
roughness.As a result, it's crucial to focus on the provision
of surface roughness, as it can have an impact on the size of
the pressure that happens. As a result, the lower the pressure,
the rougher the bearing. The better the journal bearing
friction force performance, the lower the pressure. Because
the lubricant is under less pressure, the distance between the

cavities is growing longer and the frictional force is
decreasing. However, as the roughness rises, the weight
carrying capacity's performance deteriorates.

The smoother the surface, the greater the pressure on the
lubricant, as shown in the graph. At a roughness of 0.2um,
the largest maximum pressure occurs, while at a roughness
of 25 pm, the smallest pressure occurs. The minimum
pressure at each roughness value is -8.13 x 10* Pa, which is
nearly identical. The negative symbol denotes the bearing's
lowest operating pressure below atmospheric pressure. One
of the reasons for cavitation is negative pressure. The fluid
in the cavitation area comprises vapor or air bubbles and
lubricating oil, as the fluid in the cavitation area decreases
the pressure. Air bubbles develop in this cavitation area.As
the surface roughness rises, the appearance of this cavitation
reduces. The pressure does not change -8.13 x 10°Pa, as
shown in the pressure distribution diagram above. As the
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roughness increases, the minimum stress area (horizontal  the greater the surface roughness, the smaller the cavitation
line) shrinks. This means that fewer vapors/air bubbles are  area or the absence of cavitation.Figure 4, which depicts the
present. Because the pressure drop is still above the vapor  cavitation area and fraction volume, provides more
pressure for roughness 25 pm, no cavitation occurs, and no  information.

lubricant converts to vapor.As a result, it may be argued that
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Figure 4. Contour of vapor fraction volume on fluid film1 a) R,= 0.2 um, b) R;= 0.8 um,
C) Ra=3.2 um, d) R;= 25 pum.

It can be seen that the volume of vapor fraction that occurs  emerge in the area where there is a volume fraction, or in
in the cavitation area in the form of vapor or air bubbles  other words, lubricant starvation.

ranges from 0 percent to 47.9 percent. A condition happens

when the amount of lubricating fluid diminishes and bubbles
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Figure 5: Von Mises stress (Pa); a) R,= 0.2 um, b) R,= 0.8 um, ¢) R;= 3.2 um, d) R;= 25 pum.

The von Mises stress in the shaft and housing decreases as  increases as the fluid pressure increases. Both the shaft and
the roughness increases, as shown in the diagram above. the housing are deformed as a result of this stress

This is due to the interaction of the fluid pressure between

the shaft and the housing. As a result, the von Mises stress
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Figure 6: Deformation (m) on shaft; a) R,= 0.2 um, b) R;= 0.8 um, ¢) R,= 3.2 um, d) R;= 25 um.

It can be shown that as the surface roughness rises, the
deformation reduces. This is because when the roughness
increases, the stress that happens decreases. Because the
distortion is significantly smaller than the high asperity and
clearance in this scenario, there is no friction due to
deformation.There are obvious variations in the film
pressure distribution, the maximum film pressure, the film
thickness distribution, and the least film thickness
distribution when the journal in the bearing area becomes
misaligned due to shaft deformation.The location of the
maximum film pressure travels towards the end plane of
bearing as the angle of misalignment grows; at the same
time, the value of the maximumhydrodynamic pressure rises
[19].

4. Conclusion

Modeling of journal bearings with cavitation has been
completed successfully. The elastic deformation of the shaft,
as well as the hydrodynamic pressure and vapor volume
percentage in the fluid layer, are calculated. The
hydrodynamic pressures are affected by roughness and
cavitation, which will impair the journal bearing
performance subsequently. In addition, steam emits from the
lubricant in the cavitation area, ranging from O percent to
47.9 percent. With increased shaft and housing roughness,
the von mises stress that arises diminishes.When compared
to the housing, the shaft experiences the most deformation,
yet it is still an elastic deformation.
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