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Surface modification of a lubricated bearing, such as hydrophobic coating inducing slip situation and texturing, is proved to
enhance hydrodynamic performance. As widely known, in textured surface lubricant inertia and cavitation can significantly

affect the hydrodynamic pressure profile. However, a brief liter

ature review indicates that studies related to the correlation

between cavitation and inertia, especially in the presence of slip, are considerably limited. The present study examines the
effect of inertia on cavitation phenomena by considering the slip boundary using two approaches, namely computational
fluid dynamics based on full Navier—Stokes equations and analytical lubrication equation based on the Reynolds equation.
The modified Reynolds equation with slip concept is used with respect to the slip effect applied on the surface of the bearing.
The results indicate that the inertia as well as the slip condition significantly affects the cavitation area. It is also highlighted

that the cavitation area reduces by increasing the inertia effect,

and it becomes smaller when the slip is introduced.
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List of symbols

a Inlet length

b Texture (dimple) length
B, Slider length

c Outlet land length

hy Texture depth

Land film thickness in inlet land at B
Dam  Atmospheric pressure

Doy Cavitation pressure

U Sliding velocity

w Load support

X Coordinate in sliding direction

Z Coordinate through film thickness
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U Lubricant dynamic viscosity
a,, o, Slip coefficients at surface s (moving) and &
(stationary)

1 Introduction

Surface texturing is an effective technique to enhance the
tribological performance of lubricated mechanical com-
ponents. As widely known, the introduction of textured
surfaces can significantly affect the load support of sliding
bearings. Recently, significant efforts have been focused on
investigating the influence of the geometric parameters of
texture. When texture is applied on the bearing, inertia and
cavitation may exist and affect the lubrication performance.

Several studies reported that the inertia significantly
affects bearing performance both theoretically [1-7] and
numerically [8—10]. Based on analytical approach, Safar
and Shawki [1] investigated the effect of inertia force on
the turbulent bearing characteristics. The results revealed
that the consideration of inertia effects leads to increased
pressure. The effect appears considerably insignificant albeit
favourable. The finding was also strengthened by the results
of a study by Kakoty and Majumdar [2]. They concluded
that the steady-state characteristic of bearing is not signifi-
cantly affected by fluid inertia. However, its effect cannot
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be ignored. Khalil et al. [3] performed a theoretical analysis
and stated that the convective inertia force combined with
centrifugal force increases the pressure inside the recess
and land regions. However, in squeeze film air contact, the
results indicated that fluid inertia does not significantly
affect the load-carrying capacity of the contact [4]. Syed and
Sarangi [8] examined the lubricating performance of tex-
tured parallel sliding contacts considering fluid inertia effect.
The results indicated that fluid inertia effect leads to changes
in the performance parameters. Woloszynski et al. [9] evalu-
ated the inertia effect in finite hydrodynamic bearings with
surface texturing using a spectral element solver. They con-
cluded the inertia effect increases with increasing Reynolds
number and decreasing dimple aspect ratio (i.e. ratio of dim-
ple length to dimple depth). The result was also consistent
with the study of Dobrica and Fillon [10]. Specifically, they
conducted a parametric study on the texturing parameters,
dimension (depth and width), number, and density of the
cells to improve hydrodynamic performance. They analysed
the validity of the Reynolds equation (RE) and inertia effects
in parallel textured sliders of infinite width using the RE
and commercial CFD simulation software (FLUENT). In
the case of journal bearing, the longitudinal inertia has a
dominant influence on the increase in the values of the bear-
ing mechanical parameters, while the circumferential inertia
causes a small decrease in the pressure and load-carrying
capacity [5]. In a recent study, Okabe [6] revealed that the
fluid inertia generates more hydrodynamic load although
it does not significantly alter bearing stiffness or damping.
It should be noted that most of the aforementioned studies
focused on the inertia effect in the analysis of bearing lubri-
cation. As widely known, when the texturing is of specific
interest, the presence of cavitation can reduce or increase the
lubrication performance based on the texturing parameters.
In terms of inertia and cavitation, in the recent publication,
Lin et al. [7] discussed the complete analysis of the ther-
mohydrodynamic cavitating flow lubrication model includ-
ing effects of cavitation, inertia, and turbulence. The results
indicated that inertia and cavitation reduce the load-carrying
capacity and friction torque, while load-carrying capacity

Fig. 1 Schematic diagram of l

and friction torque increase due to turbulence. Another inter-
esting result was that the influence of inertia effect on the
static characteristics of bearing exceeds the cavitation effect
under a high-speed condition.

In addition to surface texturing, the slip induced by
hydrophobic coating is considered as a technique to enhance
lubrication performance. Several researchers including
Salant and Fortier [11], Wu et al. [12], Ma et al. [13, 14],
Bayada and Meurisse [15], Rao [16], Aurelian et al. [17],
Tauvigirrahman et al. [18], Syed and Sarangi [19], and Wang
and Lu [20] explored the behaviour of the sliding contact
with respect to the effect of slip on the load support and fric-
tion. The results indicated the existence of a lift force (load
support) even in the absence of a wedge effect. It should be
noted that most of the studies ignored the presence of the
cavitation.

The literature survey shows that the studies related to the
correlation between cavitation and inertia and especially in
the presence of the slip are significantly limited. The present
study focuses on predicting the hydrodynamic pressure via
computational fluid dynamic (CFD) and modified Reynolds
equation to explore the influence of inertia and slip bound-
ary on the hydrodynamic pressure of textured parallel slid-
ing contacts by considering cavitation. In this research, an
analytical model of the RE considering cavitation based on
a study by Muchammad et al. [21] is adopted.

2 Methodology and its solution
2.1 Geometric model

The textured bearing configuration is shown in Fig. 1. The
textured surface is composed of a single recess with or
without boundary slip. For the analysis of a pocketed bear-
ing with slip condition, the boundary slip is engineered to
occur on the complete stationary surface and all sides of
the pocket cell (see Fig. 1) as denoted by the red line with
circles. For all the following simulations, the standard one-
dimensional bearing geometry is investigated with values
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for the parameter as shown in Table 1. It should be noted
that the parameters employed in this study are inspired by
the works of Muchammad et al. [21], Olver et al. [22], and
Fowell et al. [23].

In the present study, to explore the correlation between
the inertia, the cavitation, and the slip, two cases varying
different geometric textures are of main particular interest.
Case 1 refers to the bearing with texture depth A, of 2 um

Table 1 Characteristics of the analysed main bearing

(i.e. h4=0.5 h,), and case 2 refers to the one with i of 4 um
(i.e. hy =h,). For each case, the texture length b is varied
to 0.25 mm and 0.75 mm as shown in Fig. 2. According
to Dobrica and Fillon [10], in this way the inertia effect
as a function of texture depth as well as texture length can
be evaluated in terms of the hydrodynamic pressure. For
all cases, Reynolds number is set to be constant, i.e. 0.286.
In the present analysis, when slip is of particular interest,
the slip condition is implemented to all stationary surfaces
including the texture cell as mentioned before. It should be
noted that the inlet length a is set to constant, i.e. 0.75 mm.

Parameter Symbol Value Unit Consequently, when the b value is varied, the outlet length
¢ will change.
Length of the bearing B 2.00 mm
Inet length a 0.75 mm 2.2 Governing equations
Length of texture b 0.25 and 0.75 mm
Outlet length ¢ 100 and 0.50 mm In the present study, the analysis of lubrication is solved
Land film thickness h, 4.00 pm b . . .
¢ y two methods as follows: an analytical solution based
Textu're dept‘h h 2.00 and 4.00 Hm s on modified Reynolds theory with slip and a more rig-
DenSTty of oil P 962 kg/m% orous computational fluid dynamics method based on
Density of vapour Py 0.02536 kg/m Navier—Stokes (N-S) equations. For the first approach, the
Viscosity of oil u 0.013468 Pas lubricati . . . . . .
R s b ubrication theory is modified by including slip and cavita-
Vlscosuz O}C vapour v 1.256x10 ka s tion based on the derivation of first-order Reynolds theory.
Atm.osl? CTIC pressire Pam 100 Pa The analytical mathematical lubrication equation used in the
Cavitation pressure Deay 50 kPa . .
i i R analysis is as follows [21]:
Slip coefficient a 0.02 m” s/kg
Sliding velocity u 1 m/s
Fig.2 Schematic representation yy Y
of the textured slider bearing I \ ha I
for the case of a low b (i.e.
b=0.25 mm) and b high b (i.e. hp
b=0.75 mm) z
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3 3 ab + bc hg + 3hoK0 _ 3 3 ab + bC ho + 3h0K()
P, l(hp + ShPKp) e < - =P, (hp + 3hpr) e - 0

—6uU|[(h, +h,K,) = (h,+h,K,)]

The detailed solution method used in this research is
presented in “Appendix”. The reader can also refer to the
published work of Muchammad et al. [21] for detailed algo-
rithm used.

For the second method, the Navier—Stokes (N-S)
equations are solved over the domain using a finite vol-
ume method with the commercial CFD software package
FLUENT®. The equations are applied with constant den-
sity and viscosity and without body force. The equations are
steady and only solved in the x- and z-directions. Given the
aforementioned properties, the Navier—Stokes and continuity
equations are, respectively, expressed as follows:

pu-Viu=-Vp+yViu )

V.u=0 3)

With the application of sliding surfaces in very narrow-
gap conditions and the availability of hydrophobic mate-
rials, the classical no-slippage boundary condition breaks
down. When lubricant slips along a solid—liquid interface,
the slippage length f is generally used to address the relation
between slippage velocity and surface shear rate as follows:

ou
0z surface

u, = f “
where u, denotes the streamwise slippage velocity at the
hydrophobic surface, # denotes the slippage length, and
0u/0Z| gyrface denotes the surface shear rate. Typically, it is
postulated that a high value of § implies greater slippage.
Furthermore, it is also conventionally implied that the high
slippage is also associated with high friction force reduction.
Numerous studies demonstrated that the chemical treatment
of the surface generates a slippage length in the order of
1 pm, whereas longer slippage lengths of up to 100 pm are
obtained through combinations of deterministic textured
structures with hydrophobic surfaces. In the present study,
the slippage length of a hydrophobic surface is assumed as
uniform in space due to the application of a microscopic
scale.

To model the Navier slippage behaviour in ANSYS-FLU-
ENT, it is a necessary to create an additional subroutine to
enhance the capability of FLUENT and customise its feature
for a lubrication modelling analysis. This subroutine, termed
as user-defined function (UDF), is a function that allows a
user to define boundary conditions, material properties, and
source terms for the flow regime as well as specify custom-
ised model parameters. Thus, the Navier slippage boundary

@ Springer

condition can be applied to surfaces of the lubricated sliding
contact.

The flow is considered turbulent to ensure that the condi-
tions are representative of the bearing characteristics. The
turbulent model of Realisable k—¢ is used with standard wall
functions as near-wall treatment. In FLUENT®, three cavita-
tion models are available as follows: the Schneer and Sauer
model, Zwart—Gerber—Belamri model, and Sighal et al.
model [24]. In this study, the Zwart—Gerber—Belamri model
is employed owing to its capabilities such as less sensitivity
to mesh density, robustness, and quick convergence [24].

In cavitation, the liquid—vapour mass transfer (evapora-
tion and condensation) is governed by the vapour transport
equation as follows [24]:

2 (@) + V-(apr) =R = R, )
where a, denotes the vapour volume fraction and p, denotes
the vapour density. Additionally, R, and R, account for the
mass transfer between the liquid and vapour phases in cavi-
tation. For the Zwart—Gerber—Belamri model, the final form
of the cavitation is as follows:

3anuc(1_au)pv 2P0—P
If p Spv’ Rg = Fevap RB 5 P (6)

3 P-P
If p>p, R =F, o |2

c con - (7)
‘ Ry 3 pm

where F,,,=evaporation coefficient=>50, F_,,4=con-
densation coefficient=0.01, Rz =bubble radius = 107° m,
@y, =nucleation site volume fraction=5x107%, p, =liquid

density, and p, = vapour pressure.

2.3 Boundary condition and computational mesh
analysis

The flow is assumed to be incompressible, steady, and the
Newtonian fluid. In the current study, the boundary slip is
applied on the entire surface of stationary wall including
the edges of texture), while the no-slip boundary condition
is applied on the moving wall. In detail, the boundary con-
dition of the domain is shown in Fig. 3. At the inlet and
outlet of the domain, the pressure is set to atmospheric and
a zero velocity gradient in the direction normal to sliding is
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Fig.3 Boundary condition of .
the computational domain

Fig.4 Mesh structure of the
computational domain

Pressure Inlet
Pressure Outlet
@ Stationary Wall
Bl Moving Wail

assumed. This can also be thought of as a fully developed
flow approximation. Additionally, to investigate the cavita-
tion effect, the comparison of the lubrication performance
between the analysis with cavitation model and that without
cavitation model is also discussed.

In the CFD approach, meshing of the computational
domain is needed in order to solve the continuity and
momentum equations over each grid cell. The high-reso-
lution scheme in FLUENT is used to discretise. It should
be noted that the meshing process for the textured surfaces
has been checked to ensure grid independent result. Thus,
to evaluate the necessary mesh density for determining the
lubricant behaviour of bearing accurately, a mesh analysis
was conducted. In the computational domain, the developed
mesh consists of four blocks with uniform grid as shown in
Fig. 4. The minimum mesh size in the longitudinal (Nx) and
transverse (Nz) directions is 1000 X 140, respectively. In the
textured area, a finer mesh is used. The mesh density is in
detail shown in Table 2.

3 Results
3.1 Validation

In this subsection, the developed methods in the present
work (i.e. N=S and RE approaches) are validated by compar-
ing the computed hydrodynamic pressure with those of Ref.
[22] under the same input parameters. It should be noted that

—
T T
Block IV
== =
Block I Block II Block III
} — } } — }
Nx
Table 2 Detail of mesh used
No. Blok Mesh edge type Ratio Interval count
1 1 NX First last ratio 0.1 375
NZ Bi-exponent 0.6 60
2 1T NX Bi-exponent 0.6 250
NZ Bi-exponent 0.6 60
3 111 NX Last first ratio 0.6 375
NZ Bi-exponent 0.6 60
4 v NX Bi-exponent 0.6 40; 80; 160
Nz Bi-exponent 0.6 125; 250; 500

the validity of mass preserving multi-phase cavitation model
used in the CFD approach is also of particular interest. As
shown in Fig. 5, the hydrodynamic pressures predicted by the
present study by either CFD or Reynolds approaches are in
good agreement with the corresponding results in Ref. [22],
which justify the validation of the developed bearing model.
The cavitation region predicted by two approaches employed
here (based on N-S and RE) also matches well with the
reference. However, as shown in insert in Fig. 5, there is
an acceptable small difference with respect to the pressure
peak as well as the cavitation region. The reason behind this
is that, first, CFD method solves the Navier—Stokes equa-
tion in which the inertia term is included; second, the CFD
approach employs the multi-phase cavitation model instead
of single-phase model to model the cavitation phenomena.
The validity of the multi-phase cavitation model as used here
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has been discussed in detail in the recent literatures [25, 26].
In what follows, all numerical computations are performed
based on the present solution set-up.

3.2 Effect of inertia

According to Dobrica and Fillon [10], the inertia effect can
be determined by the Reynolds number Re and/or texture
aspect ratio A (i.e. A=>b/h,). In this section, the textured bear-
ing configurations are classified into two cases varying the
textured depths, i.e. case 1 (hy=0.5h,) and case 2 (hy=h,).
For case 1, the resulted texture aspect ratios A are 125 and
375, respectively, for case of texture length 5=0.25 mm and
b=0.75 mm. For case 2, the 1 are 62.5 and 187.5, respec-
tively, for case of »=0.25 mm and »=0.75 mm. Based on
“inertia” mapping presented by Dobrica and Fillon [10],
assuming the same Reynolds number (i.e. Re =0.28 in this
study), the textured bearing in case 2 has more inertia effect
than that in case 1, which means that the variations in film
thickness with respect to the texture depth are larger. Addi-
tionally, for each case the variation of texture length b is
conducted to provoke the inertia effect. Physically, lowering
the value of b (i.e. 0.25 mm) of the textured bearing will
generate more inertia effect in comparison with the bearing
with high b (i.e. 0.75 mm).

Case 1 In this section, the textured bearings with 1;=0.5 A,
is of particular interest. Based on Fig. 6a, for the no-slip situ-
ation and low b, it is observed that the hydrodynamic pres-
sure profiles predicted by the Navier—Stokes equation (N-S)
and the Reynolds equation (RE) are identical for the case
in which the cavitation effect is ignored. However, when
the cavitation model is considered, the pressure distribution

@ Springer

predicted by the N—S exceeds that by the RE and especially
in the centre of the contact. Based on a physical view point,
this means that inertia with the presence of the cavitation
increases the hydrodynamic pressure. Another interesting
result is shown in Fig. 6b with respect to the bearing pattern
with high b wherein the RE yields a slight deviation of the
pressure prediction with respect to the N—S and especially in
the outlet edge of the contact. For the case of “no cavitation”
predicted by both the N-S and the RE, the prediction of the
hydrodynamic pressure profiles yields the same result. Over-
all, there are two specific features specified based on Fig. 6.
First, for low b, inertia plays a significantly strong dominant
role in altering the flow behaviour in terms of hydrodynamic
pressure. Second, for high b, the inertia effect is not signifi-
cant. However, in the case of “high b”, the cavitation effect
becomes dominant. In other words, the results indicate that
presence of the inertia decreases the possibility of the occur-
rence of cavitation as shown clearly in Fig. 6a.

For the slip situation shown in Fig. 7, some specific fea-
tures are highlighted. First, the predictions of the hydro-
dynamic pressure profiles between “cavitation” and “no-
cavitation” cases tend to coincide with each other. This
prevails for the pressure distribution predicted by both the
N-S and RE. It indicates that for the case in which the
inertia is dominant (i.e. low b), the presence of cavitation
is significantly reduced by introducing the slip. This is dif-
ferent when the no-slip is employed as reflected in Fig. 6a.
Second, in the case in which the inertia is less dominant
(i.e. high b), it is observed based on Fig. 7b that the predic-
tion of the pressure between the N-S and the RE coincides
irrespective of the cavitation model. This is as expected
because the inertia is less significant in the bearing with
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high b. However, while dealing with the cavitation effect,
the prediction is considerably different with respect to the
prediction of the pressure when the cavitation model is not
considered when the case is solved by the N-S as well as
when it is solved by the RE. This indicates that inertia and
the cavitation exhibit a strong relation irrespective of the
slip being introduced (see Fig. 4b). It is observed that the
increase in the inertia effect (i.e. by lowering the value of
b in this case) will decelerate the cavitation phenomena.
Figure 7a strengthens the results shown in Fig. 6a.

With respect to the N-S solution in which the inertia
effect is considered, based on Figs. 6 and 7, it is found that
for the no-slip case, the consideration of the cavitation
model in the computation makes the numerical results more
realistic by the presence of the cavitation area in texture. The
“no-cavitation” approach yields the “overestimation” results.

Nevertheless, when the slip condition is introduced, the lines
of pressure profiles coincide, and this means that the slip
minimises the presence of cavitation. Based on Figs. 6b and
7b, for the case of bearing with high b (i.e. low inertia), it is
observed that the cavitation region is minimised by introduc-
ing the slip situation. Additionally, for the “no-cavitation”
case, the introduction of the slip yields a lower prediction
of the pressure when compared to that in the “no-slip” case.

For the numerical results based on RE (i.e. inertia terms
is excluded) dealing with the case of low dimple length b,
based on Figs. 6a and 7a, it can be seen that for the slip
condition, there is no difference between the “cavitation”
and the “no-cavitation” approaches. This is quite similar
to the case when the N-S is used. The difference is that the
N-S represents what the so-called pressure jump as found
in the texture edges. The reason behind this is that the
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Fig.7 Hydrodynamic pressure 0.25
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inertia alters the flow in that area. The interesting finding
based on Figs. 6a and 7a is the fact that the cavitation does
not occur for slip situation. It means that slip can mini-
mise the existence of cavitation. For the no-slip case, as
expected, the cavitation approach makes the profiles lower
than the “no-cavitation” approach. Again, these results are
similar to the results predicted by N—S approach.
Regarding the cases of textured bearing with high b,
based on Figs. 6b and 7b, it is found that the pressure pro-
files predicted by the RE are very similar to that solved by
the N-S. This is as expected because for the bearing with
high b, the low inertia is found. Dealing with inertia effect,
comparing Figs. 6 and 7, the cavitation region is found to be
larger in bearing with low inertia (i.e. high ) in comparison
with the bearing with low b. This is to say that the inertia as

@ Springer
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well as slip boundary can reduce the presence of cavitation
in bearing.

Case 2 In this part, the textured bearings with hy=h,, are
of particular interest. As mentioned earlier, increasing the
texture depth iy while keeping the land film thickness #,
constant makes the inertia more significant [10]. Therefore,
the main focus in this section is that in the presence of iner-
tia, the correlation between the slip and the cavitation is
investigated.

Figure 8 shows the Navier—Stokes prediction of the
hydrodynamic distribution pressure varying the texture
length for slip and no-slip situations. It can be seen that
there are some interesting features which can be drawn.



Journal of the Brazilian Society of Mechanical Sciences and Engineering (2019) 41:387 Page9of 14 387
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First, for all situations (i.e. slip and no-slip), the cavi-
tation phenomena are not found. The predicted results
without considering the cavitation model also give the
same trends. Generally speaking, for the bearing with
significant inertia effect, the cavitation can be prevented.
This result, of course, strengthens the previous results of
case 1 dealing with the presence of inertia. Second, deal-
ing with slip effect, it is found that the slip reduces the
hydrodynamic pressure profile irrespective of the value
of b. However, other interesting finding is the fact that
when the inertia effect is reduced by increasing the b, the
deviation of the pressure profile between the “slip” analy-
sis and the “no-slip” analysis becomes larger compared

0.5 1 1.5 2

to the bearing with low b. It indicates that the slip effect
becomes more dominant to alter the hydrodynamic pres-
sure profile when the inertia effect is reduced. In other
words, the presence of the inertia in textured bearing
reduces the effect of the slip application.

4 Discussion
In the present work, the inertia effect is investigated by
comparing the solution results of N-S and RE. If the devi-

ation of the prediction is found, the inertia effect is high-
lighted. Figure 9 shows the prediction of hydrodynamic
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There is no significant

—— RE no-slip
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N-S approaches for no-slip
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Fig.9 Prediction of hydro- 0.11
dynamic pressure by Navier—
Stokes and Reynolds equations
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Fig. 10 Streamline of textured
bearing for the case of a no-slip
and b slip conditions. Note:
Results are evaluated by consid-
ering the cavitation model

0.5 1 1.5 2
X (mm)

pressure by N-S and RE approaches with the inclusion of
the cavitation effect for slip and no-slip situations. It can
be revealed that for the case of slip situation, the devia-
tion between the Navier—Stokes and Reynolds equations
is observed. Based on the physical point of view, it means
that the slip condition generates a special phenomenon
in the edges of the texture cell as shown in Fig. 9. To
explain what phenomenon is created by applying the slip
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(b)

situation, Fig. 10 reflects the streamline in texture cell
for no-slip and slip conditions, respectively. As shown in
Fig. 10a for case of no-slip, the vortex does not develop
in the edge of the texture, while for slip textured bear-
ing, Fig. 10b shows that the vortex occurs in the edge
of the texture (front and rear). It means that the inertia
effect becomes clearer when the slip is employed. Based
on the CFD solution by considering the multi-phase
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Fig. 11 Contour of volume frac-
tion of vapour for the case of a
no-slip and b slip conditions H

Phase 2.Volume Fraction Texture Outlet
o Texture Inlet

Contou

Texture Mid

(@)

Texture Outlet

Phase 2.Volume Fraction
Contour 1

Texture Inlet

Texture Mid

(b)

cavitation model dealing with the question of “how the
inertia affects the cavitation region”, Fig. 11 shows the
contour of volume fraction of vapour around the texture
cell for no-slip and slip conditions. Comparing Figs. 10b 200 = N-S = RE
and 11b, it is clear that in the leading edge of the texture
cell, the volume of the vapour in the case of slip condi-
tion is lesser than that in the case of no-slip due to the
presence of the more vortex. It is interesting to summarise
the tribological performance in terms of load support for
several conditions as shown in Fig. 12. Figure 12 depicts
the comparison of the load support between the “low-
inertia” bearing (i.e. A=375) and “high-inertia” bearing
(i.e. A=62.5) for no-slip situation. It can be observed 0
that the increase in the inertia effect increases the load A=62.5 r=375
support. This is as expected because as mentioned in the

150

100

Load support (N)

50

Fig. 12 Comparison of load support W for several conditions
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previous discussion, due to the presence of inertia, the
cavitation region also reduces.

5 Conclusion

This study focused on exploring the correlation between
inertia, slip, and cavitation in a bearing. Two approaches
were used to solve the problem, namely the CFD and modi-
fied RE with slip. The following conclusions were obtained
in the present study:

1. The inertia effect significantly affects the cavitation. The
presence of the inertia in textured bearing decelerates
the cavitation phenomena.

2. The slip boundary reduces the cavitation area in the
bearing.

3. In the case of “low-inertia” bearing, the slip effect
becomes more dominant in altering the hydrodynamic
pressure profiles compared to the case of “high-inertia”
one.

Appendix

The analysis below is based on continuity of flow through
the bearing. For the condition in which the slip velocity is
present on the stationary surface, the corresponding flow
rate equation can be expressed as [21]:

o n op h* + 4uha, N U a [ W +2uha,
L= "5x\ 124 ox h(h+pay) ) 2 0x\ 2(h+ pay)
3

For the first-order Reynolds equation, the flow rate is
given:

_ UMW +2phay, B3 h+4ua, dp
2 h+oua, 124 h+ pay, dx

9y ©))

No cavitation in recess

For the areas of the bearing containing parallel surfaces, the
film thickness 4 is constant, and the pressure gradient must
be linear (see Eq. 9). Equation (9) can be modified for each
region of the bearing to

2 3
U h + 2uh,a, iha +4pa, (P2 - Patm> (10)

=7 h, + uay, T 12u h, + uay, a
e Th +pay, 124 by +pa, \ b
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dcp

Ul +2uh,0, B b, + 4, <Patm -P, >
C

) h, + pay, T 12p h, + pay,
12)
with one condition g,z = gpc = qcp based on volume

conservation.
When ¢, is set to be equal to g,

ghi-i-zﬂhoah _ h_?)h0+4ﬂah <P2_Patm>

2 h,+ pa, 12u h,+ pay, a
5 3 (13)
U ho + Zﬂhtlah ho ho + 4/4(111 Py — P
2 h,+ ua, 12pu h,+ pay, c

P2_Patm _ Patm_P3
(F5=)=(=) a

For the non-cavitating case, P, is unknown. Equating flow
rate in inlet land and recess, g, = gpc

ghg +2uh,a B h_iha +4ua, <P2 - Py

2 h,+ pa, 12y h,+ pay, a
15
_ gh§+2yhpah _h_;h,,+4;4ah pP,—P, (15)
2 h,+ pa, 12 h, + pa, b
IfKU=]’:Z’ andKP=h’fZ , then
o THA), pTHO,
Uh h P,—P
(14+K,) — == (1+3K,)( 2—2=
k) = (1) (2
Uh P p._p (16)
P P 3=
=—(14+K,) - —(1+3K
2 ( + P) 12;4( + P)( b >

From Eq. (14), it is known that Py = Py, — < (P = Py );
therefore,

<P3—P2> _ab+bc

- —— (Pum = P2) (17

Substitution of Eq. (14) in Eq. (15) gives

3 3
3 3 ab + bC ho + 3th0
P, l(hp 3K, ) I ( -

3 3
_ 3 3 ab + bc b, + 30K, (18)
-P,. l(hp + 3hp1<p) e ( -

—6uU|(h, +h,K,) = (h, +K,)|

where

% 13 3
Ct =1 + 3K,

p p

* _ 1.3 3
Cr =1 + 31K,
C,=h,+hK,
C,=h,+hK,
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Combining Eqgs. (17) and (18) to eliminate P; gives
2
a
ab + be C: ab + be . C: W= Palma+E(Pcav_Palm) + [Pcavb(l_xb)]
P, C+— ) =Py, Ci+—=2)-6uU(C,-C,)
ab> " a ab> " a P 6,uU(X )2 C*(X )2
b b
(19) + |:Pcath+2—C*(Cp_Co) +;—*(Pcav_Patm)
aC
and thus, P P
2
6MU(C —C)bC + Path_Z(Pcav_Palm)]_Palm(a+b+c)
14 o
P;=P (20) 27

atm T~ o
an + cCp + bCO

Due to linearity between the pressure gradient in the inlet
and outlet lands and in the recess, each of three areas of the
bearing has a triangular pressure distribution that can be
simply integrated to determine the load support. Therefore,
the total normal force reads [21]:

6uU(C, - Co)ab<a+b> 6uU(C, - Co)bc(b+c,>

T 4G +cCi+bC\ 2 )T aCi+cCr+bCi\ 2
(22)
Finally, the load support reads
6uU(C, = C,) p| @ —ab — & + be
W= o 3 = 23)
P a+c+b=2

Cavitation in recess

For the case of cavitation in recess, P, is assumed to be equal
to Pcav’ SO daB = 4p'c g1ves

Uho h¢37 Pcav - Patm
(14 K,) - 12“(1+3K0)<—>

a
24
L i 143k, (D2 L -
—7( + ,,)—@( +3K,) x,
where
C*(PS_PcaV)
X, = - 25)

~6u(C,-C,) - ¢y ((Lamctin)

It should be noted that for the cavitation zone, the pres-
sure must be integrated separately, i.e. the non-cavitated area
and cavitated area of the recess, so the total load support
reads

W= WAB+ WBB’ + WB’C+ WCD —Patm((l+b+c)
Thus,

(26)
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