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1. INTRODUCTION

Performance Analysis of Elliptical
Journal Bearing Lubricated with
Experimentally Characterized Nano-
lubricant Considering Thermal Effect
Using CFD Technique

This study uses computational fluid dynamics (CFD) to quantitatively
examine the performance of an elliptical journal bearing (EJB) lubricated
with TiO, and ZnO nano-lubricant considering thermal effect. In an
experiment, nanoparticles with particle concentrations varying from 0 to 2
weight percent are mixed with SAEISW40 engine oil to create these
lubricants. The impact of weight fractions, rotational speed, eccentricity,
and ellipticity ratios on the thermal performance of the EJB has been
examined. The Kreger-Dougherty model is employed to understand the
effects of oil film temperature as well as nanoparticle concentration on
lubricant viscosity. The pressure and temperature determined by (Dang
2020) and (Wang 2021were evaluated against the CFD model with good
agreement. The findings show that for 2 wt% nanoparticles, ¢ of 0.6 and N
of 5000 rpm, the load-carrying capacity increased by 5.5% and 4% and
the side leakage flow decreased by 24.4% and 18%.

Keywords: EJB, nano-lubricants, Zinc Oxide (ZnO), Titanium dioxide
(TiO,), Thermal effect, CFD.

and Sharma [3] using the finite difference method. An

Different configurations of plain bearings are used in
rotating machinery and power generation appliances.
The elliptical bearing is characterized by cooler oil film
with more stability at higher velocities than the circular
one. It was commonly used in turbo sets of small and
medium ratings, steam turbines, and generators.

Many works have been conducted concerning the
thermal effect on the performance of such bearings
using different numerical and experimental techniques.
Hussain et al. [1],examined the heat effect on circular
and noncircular bearings. It was found that the EJB and
the two-lobe bearing have the lowest and the highest
load-carrying capacities, respectively. It was also
discovered that, in contrast to these bearings, the load
carried by the circular bearing is more sensitive to
fluctuations in eccentricity ratio. In contrast, the
ellipticity ratio has the dominant effect on the load
carried by noncircular bearings. The isothermal and
thermal performance of an elliptical bearing was
numerically evaluated by Mishra [2]. It was found that
pressure and temperature decreased as the ellipticity
ratio increased due to the thick oil film. Additionally, it
was also established that the isothermal pressure was
higher than the thermal pressure. The side leakage and
the friction coefficient decreased as the ellipticity ratio
increased. The thermal behavior of an EJB lubricated
with different grades of oil was discussed by Chauhan
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increasing pressure and temperature with the bearing's
speed and eccentricity ratio and a decrease of those
parameters with the elliptical ratio have been noticed.
Experimental evaluation of the thermo-hydrodynamic
performance of various kinds of oil-lubricated elliptical
journal bearings was conducted by Sehgal [4]. It was
noted that the rotational speed, loads, and oil types
affected the thermal behavior of these bearings. In
another work, Sehgal et al. [S] conducted an experi—
mental measurement of the oil film temperature of EJB
lubricated by Mak 2T, Hydro oil 68, and Mak
Multigrade oils while operating at different loads and
speeds. The obtained data demonstrated that the tempe—
rature and lubricant flow increased with the applied load
and speed. Additionally, it was observed that a lower
temperature was obtained when using Mak 2T Oil.
Using a three-dimensional CFD approach, Susilowati et
al. [6]investigated the laminar and turbulent behavior of
a circular journal bearing numerically. The numerical
simulation shows that thevelocity impacts the bearing
pressure.Additionally, it was shown that both laminar
and turbulent regimes exhibit a similar tendency in the
distribution of static hydrodynamic pressure. Singla and
Chauhan [7] evaluated the oil film pressure and
temperature at the mid-plane of a finite EJB working
under different loads and lubricated with several grades
of HYDROL oil. It was shown that the pressure and
temperature increased with the applied load. It has been
noted that oil grade HYDROL 68 gives the maximum
increase in pressure and temperature under all working
conditions compared to other lubricating oil grades. The
impact of the eccentricity ratio on the friction force,
load, and hydrodynamic pressure of a circular plain
bearing was studied by Susilowati et al. [8] using the
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CFD technique. It was found that at higher eccentricity
ratios, the bearing pressure and the load have been
increased. The response of the EJB pressure, load, and
temperature for different geometrical parameters was
studied by Ebrahimi et al. [9]. It was noticed that while
these parameters rose with the eccentricity ratios, an
increase in non-circularity produced a drop in the
highest oil film pressure temperature, in addition to the
friction force. The variations in the load's direction and
the bearing's primary axis's angle also result in
decreased load and pressure and increased friction
coefficient. Using an appropriate computer program
created in MATLAB, Kumar et al. [10] examined the
impact of an elliptical bearing's geometrical
characteristics on the load and the film thickness. The
findings show a pressure rise in the eccentricity ratio.
Using an elliptical journal bearing with varying loads,
speeds, and constant feeding pressure, Bhaskera et al.
[11] investigated the experimental effect of Hydro oil 68
grade on the bearing performance. The results revealed
an improvement in temperature and pressure distri—
butions due to operating at constant speed and variable
loads. Wang et al. [12] studied the impact of the non-
circularity on the performance of an EJB while
considering the cavitation effect using a mixed two-
phase flow model. According to the data, elliptical
bearings experience a lower maximum temperature rise
than cylindrical ones. Additionally, the upper and lower
lobes' highest pressure rises when the ellipticity grows.
The EJB was discovered to transfer heat more effec—
tively than the cylindrical bearing. The bearing's lubri—
cation becomes crucial for improving performance once
it has been built and put into use. Thus, altering the oils
used to lubricate these bearings becomes a more
efficient way to accomplish this. In order to account for
the heat effect, Kedzierski [13] examined a circular
journal bearing lubricated with Nano-sized Al,O;, Cu,
Si, Al, and CuO lubricants. According to the inves—
tigation, the increased heat capacity of the Nano-lub—
ricant led to an improvement in the journal-bearing
performance. The thermal performance of an elliptical
bearing lubricated with Nano-lubricant based on TiO,
and CuO with 0.5, 1, and 2wt% dispersed in three
different grades of mineral oils and working at variable
speeds and eccentricity ratios was evaluated by Dang et
al. [14]. The Nano-lubricant effect on the oil's thermo-
physical characteristics was considered. The governing
equations were simultaneously solved for pressure,
temperature, and power loss evaluation. Temperature
and nanoparticle concentration impacts on the lubricant
viscosity were taken into account using the Krieger-
Doherty viscosity model. It was observed that the
maximum value of the pressure and load increased with
higher nanoparticle concentrations and viscosity-grade
lubricants. The circular journal bearing thermo-hydro-
dynamics performance when lubricated with TiO, and
Al,O;Nano-lubricants considering cavitation effect
using CFD technique was studied by Saba et al. [15].
The obtained results demonstrate that the maximum
pressure increased by 21%.Shooroki et al. [16] stated
that applying Nano-lubricant to journal bearings is
expected to enhance steady-state performance para—
meters such as load-carrying capacity, attitude angle,
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surface cooling, and effective viscosity. The heating
effect of two-lobe bearing lubricated with SiO, and
multiwall carbon nanotubes distributed in SAE40 oil
has been examined using the traditional Reynolds
equation model. The performance of a bearing with
various levels of non-circularity was examined in
relation to the effect of the nanoparticle volume percent.
An improvement in the pressure and the bearing load
was obtained by increasing the lubricant's effective
viscosity due to the dispersing of the nanoparticles.
Using the CFD technique, Basim et al. [17] examined
the impact of the bearing temperature, bearing defor—
mation, and cavitation on the circular journal bearings'
performance when lubricated with TiO,, Al,O;, and
CuO nano-lubricants. It was noted that the bearing
pressure and the bearing load dropped while considering
cavitation and elastic deformation. The temperature
effect on a circular bearing lubricated with SAE15W40
distributed with various weight fractions of TiO, and
ZnO nano-particles was studied by Yasir et al.[18] using
the Kreger-Dougherty model to discuss the temperature
and nanoparticles' impact on the lubricant viscosity.
Aggregate ratios were evaluated experimentally using a
dynamic light scattering test. A higher percentage of the
nanoparticles added to the basic oil improved the
bearing's load. It is obvious from a review of previous
publications described above that little research has
been done on the thermal behavior of elliptical bearings
that have been lubricated with experimentally specified
Nano-lubricants utilizing the CFD approach. The
primary objective of the present work is to build a three-
dimensional CFD model to investigate the static
properties of the elliptical journal bearing when lubri—
cated with experimentally characterized nano-lubri—
cants, including a variable viscosity with temperature
and nanoparticle concentrations. Since the lubricant
viscosity affects the performance of the hydrodynamic
bearings more than any other physical characteristics, a
thorough evaluation is necessary. The viscosity of a
Nano-lubricant depends primarily on the aggregate
ratio, which varies depending on the type of lubricant in
consideration. This ratio can be used to demonstrate
how the type of nanoparticles utilized affects the
performance of hydrodynamic bearings. The majority of
the earlier studies used a constant value for this para—
meter. The two-step method synthesized the required
TiO, and ZnO Nano-lubricants used in the present
work. The aggregate ratio required for calculating the
lubricant viscosity of such lubricants using the Kreger-
Dougherty model was estimated experimentally using
the dynamic light scattering test. Also, the density,
thermal conductivity, and specific heat were taken as a
function of nanoparticle concentration only.

2. NANO-LUBRICANT PREPARATION

The use of the Nano-lubricant is of great importance
since it considerably enhances the performance charac—
teristics of the investigated bearing. However, Commer—
cially available lubricants with aggregated nanoparticles
have a significantly improved viscosity, which increases
load-carrying capacity and can improve their tri-
bological characteristics compared to other conventional
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engine oils [19]. Hence, using the Nano-lubricant with
the elliptical journal bearing was expected to improve
its load-carrying capacity, which suffers compared to
the circular journal bearing with a small expense in
power dissipation. The Nano-lubricant used in the
current investigation was made of 99% pure TiO, and
ZnO nanoparticles sized 30 nm dispersed in SAE15W40
oil at varied concentrations. The following techniques
were utilized to make such Nano-lubricants (it was
extensively described in [18], and it will be repeated
herein):

a. The nanoparticles were confirmed using the XRD
test. Figures (1-a) and (1-b) show the results that were
achieved.

b. SEM images of as-received ZnO and TiO, nano-—
particles have been created and are shown in Figures 2-a
and 2-b, respectively. ZnO nanoparticles are shaped like
plates in Figure 2-a, whereas TiO, nanoparticles seem
spherical in Figure 2-b. Although nanoparticle aggre—
gates have average sizes of 58.54 nm and 51.05 nm, for
ZnO and TiO,, respectively, they are still less than 100
nm in size.

250
(101)
2000 | XRD pattern of Zno nanparticles
1500
£
&
=
w 1000
=
@
=
50 4
0
T T T T T
0 40 50 60 7
n
20
(@)
600 4 (101)
XRD patterns of TiO,

500

400 A

300 4

Intensity (a.u.)

200 4

100

20 30 40 50 60
20’

(b)
Figure 1. XRD of the nanoparticles (a) ZnO nanoparticles,
(b) TiO2 nanoparticles [18]
c. The SAE15W40 engine oil was dispersed with the
0.5, 1 and 2 wt% nanoparticles [18]. A surfactant (Olic
acid) was used to achieve a uniform distribution of the
nanomaterials and avoid precipitation.

d. The magnetic stirrer was used for mixing the
produced Nano-lubricant for 1 h.
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SEM MAG: 30.0 kx Det: InBeam
WD: 4.94 mm Bl: 7.00
View field: 6.92 pm Date(m/diy): 02/08/22

SEM MAG: 30.0 kx

Det: InBeam MIRA3 TESCAN

'WD: 4.96 mm Bl: 7.00 2 pm
View field: 6.92 pm |Date(mi/diy): 02/08/22

(b)

Figure 2. SEM image (a) ZnO nanoparticles (b) TiO,
nanoparticles [18]

e. To prevent the anticipated agglomeration, a homo-
genizer type (MTI) was employed to sonicate the
lubricant containing the dispersed nanoparticles at a
frequency of (40 kHz) for 15 min at room temperature.
f. In order to assure good stability, the prepared Nano-
lubricant was submitted right away for various
necessary tests like dynamic light scattering (DLS) and
viscosity studies.

g. The particle size distribution and aggregation ratios
of the produced Nano-lubricants were calculated using
dynamic light scattering (DLS). The outcomes are
displayed in Figure 3.
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Figure 3. Particle size distribution of TiO, and ZnO Nano-
particles [18]

h. Figure 3 demonstrates that while the average agg-
regate size for TiO, nanomaterial is 72 nm, it is 62 nm
for ZnO nanomaterial. The as-received nanoparticles'
average size of (30 nm) is less than the diameters of the
aggregated ZnO and TiO, nanoparticles. As a result, the
aggregate ratios of the nanoparticles are 2.1 and 2.4,
respectively.

3. CFD ANALYSIS

The next sections provide a detailed explanation of the
mathematical model that was used to determine the
pressure, temperature, and other bearing parameters.

3.1 Bearing Geometry

The elliptical journal bearing depicted in Figure 4 was
examined in the present work. It consists of a stationary
bush and journal with center Oj and radius Rj spinning
at an appropriate speed with a small gap filled by the
lubricant between them. The bearing circumferential
coordinate is represented by 6. The eccentricity, lubri-
cant viscosity, internal surface geometry, and gap bet-
ween the journal and the bearing surfaces affect
pressure growth inside elliptical journal bearings.

Ch

Figure 4. Schematic diagram of elliptical journal bearing

The EJB’s oil film thickness can be expressed as
follows [14]:

h:Cv(1+gcos¢9+Epsin2(¢9+¢)) (1)
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where:

&= Ci is the eccentricity ratio

v

E, is the ellipticity ratio defined as:

3.2 Governing equations

The governing equations for Newtonian incompressible
flow in an elliptical journal bearing with rigid walls
operating in steady-state conditions are covered in this
section. A thermo-hydro-dynamic study of such a
bearing can be performed by solving the following
continuity, momentum, and energy equations [20].

Continuity equation

op

—+A(p-v)=0 2
5 HApP) @)
where:

¥ velocity lubricant vector

p lubricant density

For a steady state solution, the term 0/0¢ is turned
off.

Momentum equations

The momentum equations are solved using FLUENT19.
The equations are applied without body force and with
variable properties with temperature and nanoparticle
concentrations. They are unsteady and solved in the x,
y, and z directions .

—(pB)+V(p-3-8)=-VP+V(T)+p-g+F (3)

where:
P is the static pressure
7 1S the stress tensor that can be evaluated as:

?=y{(v.a+v.aT)—§vXa-1} 4)

where:

M fluid viscosity

I Unit tensor

p-g i1s the gravitational force

F force due to gravity

The terms with 0/0¢ in this equation were turned off for
steady-state analysis. The laminar flow assumption is
assumed.

Energy equation

Solving the subsequent 3-D energy equation can
calculate the oil film temperature[20].
Let:

+o—+

or oT oT  oT
A= —+u— w—
ot Ox Oy 0z
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2 2
B a_u + a_w
Oy Oy

The energy equation can be written as:

o(.orT
C A=—1|k +uB 5
pC, 6y[ ayJ u )

Equation’s (5) left side term stands for convectional
heat transmission, whereas the right side term in this
equation stands for viscous and conduction heat
transfer. The terms with 0/0f in the equations were
turned off for steady-state analysis.

3.3 Rheological and thermal characteristics of nano
lubricants

The formulas listed below can be utilized for calculating
the lubricants' rheological, physical, and thermal pro—
perties:

Viscosity of nano lubricants

The following modified Krieger-Dougherty model can
be used to determine the lubricant's viscosity as a
function of the nanoparticle volume fractions [21].

0 _[ﬂ](”m
Mg = l{l —(0—} (6)

m

where:

om: maximum fraction of particles packed. A value of
0.605 was chosen for ¢, as cited in [21]

4 inherent (intrinsic) viscosity. It can be taken as 2.5, as
cited in [21].

Substitution of ¢, and x in equation (6) gives:

o -2.5¢,
/unf:;u{l_ “] (7
Pm
where;
a VP
Pu = w(—“j (®)
a

To compute the nano-lubricant viscosity, equation
(9) can be used to convert the nanoparticle's mass
fraction to the volume fraction [22].

( P]
Yo,
P x100

=7~
M, My
Pp Py

&)

where;

@ Volume percentage of the nanoparticles

M, Nanoparticles' mass

M;Pure oil's mass

Pp» and prare the density of the nanoparticles and the
pure oil
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The following viscosity model can be used to
analyze the temperature and nanoparticle concentration
affecting the lubricant viscosity:

H = oy exp| —B(T -T;)] (10)

Thermal conductivity of nano-lubricants

The following Maxwell model can be used to
determine the nano lubricant's thermal conductivity as a
function of its volume fractions [23]:

(k, +2k)-20(kk,)
(k, +2k)+p(k—k,)

k is the thermal conductivity of the oil SAE15W40; it
was taken as 0.13 W/m.K as cited in [24]
k, is the nonparticle's thermal conductivities.

by =k (11

Nano-lubricant density

The lubricant density as a function of the volume
percentage of the nanoparticles can be evaluated as [23]

Pup =(1=0) Py + 00, (12)
Specific heat

The effect of the nanoparticle's volume fraction on the
lubricant-specific heat can be considered as [22]:

PufCrag =(1=0)(psC, )+ 0(0C,) 13

The TiO, and ZnO nanoparticle specifications are
presented in Table 1.

Table 1. Nanoparticle properties [18]

Nanoparticles TiO, ZnO
Particle size 30 nm 30 nm
Purity 99.50% 99.80%
C,(J/kg.K) 690 544
k(W/m.K) 8.3 19
p(kg/m’) 4230 5606

4. BEARING PARAMETERS

The elliptical journal bearing's parameters can be evalu—
ated as follows:

Load carrying capacity

The x and y- components of the bearing load can be
deliberated as:

W, :”Ai P; -sin¢9~<dAj) (14)
W, =”Ai P; ~cos€-(dAj)=—W (15)

the total bearing load can be determined as:

W= W +Ww;} (16)

Friction force

The bearing friction force can be calculated as:
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(Fp)=[[7(a4) (17)

Power loss
The bearing power loss can be determined as follows:

H=fWuU; (18)

Side leakage flow

The side leakage flow from both bearing sides can be
presented as:

3
j;lz 11;;1( ) o (19)

5. BOUNDARY CONDITIONS AND COMPUTATIO-
NAL PROCEDURE

The governing equations 2,3 and 5 are solved using the
ANSYS FLUENT 19 program with the following
assumptions and boundary conditions.

Boundary conditions

The following boundary for the fluid film can be assumed:
a.The journal was reprinted as a moving wall with an
absolute rotational speed.

b.The bearing was modeled as a stationary wall.

c. The two sides of the bearing are modeled as pressure
outlets, as presented in Figure 5.

d. The inlet pressure was set up as 101325 Pa.

e. Coherent boundary condition at the bearing surfaces
was adopted. This means that the velocity of the
lubricant at the journal and the bearing are the same as
the journal and bearing speeds.

Thermal boundary conditions required to solve the
energy equation can be stated as follows:

a. Through the interface between the fluid and solid
zones, the temperature distribution in the fluid film is
related to the solution of the temperature field in the
solid bearing zone as follows:

—k, % = hs;b (Ts;b _Tf ) (20)
*n s;b

where s, b, and frefer to the shaft, bearing, and oil film,
respectively. The temperature and heat transfer coef-
ficient on the inner bearing and journal surfaces Ty, T ,,
hy, hy , are implicitly computed from the conjugate heat
transfer rate between the fluid film field and the solid
bearing zone.
a. The side surfaces of the lubricant can be assumed at a
constant temperature due to the thin layer of the
lubricant as follows:

a

T=Tz= J_r£ 21)
2
a refers to the ambient.

Computational procedure

The grid independence test illustrated in Figure 6 was
conducted for a journal bearing N=5000 rpm and &= 0.7,
lubricated with pure oil. The shape and the number of
elements were chosen according to the results of the
highest possible oil film pressure for such a bearing
when tested with different elements. This figure
demonstrated that a stable solution was attained when
using 379200 hexahedral mesh elements with 0.5mm
thickness and three layers in the radial direction. An
element with an aspect ratio of 17.083 was used to
ensure a good mesh quality.

Figure 5. Grid and boundary of the fluid domain
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Figure 6. Grid Independences for a bearing working at
N=5000 rpm and £=0.7

The computational procedure can be illustrated below:

a. Input parameters are specified in the design modeler
using parametric sets.

b. The elliptical journal bearing with suitable dimen—
sions is modeled using a CAD program.

c. The bearing model is imported to the ANSYS
FLUENT-19 program. The fluid film of the bearing was
discretized to finite-volume cells using the FLUENT
program.

d. The viscosity variation with the temperature was inc—
luded in the analysis using a suitable user-defined
function (UDF) written in C™".

e. The thermal conductivity, density, and specific heat
as a function of nanoparticle volume fraction were also
calculated.

f. The steady-state pressure solver is used with double
precision.

g. During isothermal analysis, the energy equation is
turned off while it is turned on during the thermal
solution.

h. The velocity field and the preliminary user-preset
pressure field were determined iteratively using the
required boundary conditions.

i. A pressure correction equation is used to boost the
pressure and velocity field, yielding interim resolutions
to all conservation equations. The equations are iterated
until they fulfill the convergence criterion. A
convergence criterion of 10™* was used for pressure and
temperature.

j- The SIMPLC method is used in conjunction within a
presto pressure environment for pressure velocity
coupling. The "first-order upwind" with discernment
scheme equation was used for each governing equation's
convection terms, except that the PRESTO was used to
solve the pressure (super-pressure option).

k. Pressure forces in X and Y directions were
determined by utilizing “custom field functions”.

1. All residual terms were given a convergence tolerance
of 10™* for better precision.

6. RESULTS AND DISCUSSION

The elliptical journal bearing the dimensions and
operational parameters indicated in Table 2 has been
modeled and studied numerically using the CFD
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technique. The results obtained for the static perfor—
mance of such a bearing under various working
conditions, including the nanoparticle weight percen—
tages, eccentricity ratios, ellipticity ratios, and journal
speeds, are reported in this section.

Table 2. Bearing Dimensions and Operating Parameters

Parameter Value Parameter Value
L/D 1 u at 40°C 0.0985Pa.s
R; 50mm B 0.0341/°C
C, 0.lmm p 877kg/m’
Major Axis 100.4mm C, 2000J/kg.°C
Minor Axis 100.2mm k 0.13W/m.°C
€ 0.3,0.5,0.7 wt.% 0.5,1,2
E, 0.3,0.6,1 N 3- 5 krpm

Validation study

The validity of the EJB CFD model has been confirmed
by contrasting some of the results obtained in the
present work with those obtained by other researchers.
The pressure distribution determined in this study for an
EJB with an €=0.7 and N= 5000rpm lubricated with
(AW32) pure oil was compared to that achieved by
Dang et al. (2020). It demonstrated a good agreement,
as illustrated in Figure 7-a.
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Figure 7. Verification of the EJB with Dang et al. (2021) (a)
Oil film pressure (pure oil) (b) maximum oil film
pressure(nano-lubricant)
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Additionally, the maximum pressure obtained in the
present work for an EJB with the same mentioned
working conditions lubricated with 0.5wt%, 1wt%, and
2wt% TiO, nano-lubricant, was compared with that
obtained by Dang et al. (2020), as illustrated in Figure
7-b. This figure illustrates obviously good agreement of
the results, with a maximum deviation of 2.7%. The
pressure and the temperature obtained in the present
work for an EJB with a noncircularity ratio of 0.5,
0.1MPainlet pressure, and 3000 rpm shaft rotational
speed lubricated with pure oil, were compared to the
results obtained by Wang et al. (2021) as can be seen in
figures 8-a and 8-b. These figures show a good
agreement between the results, with maximum
deviations for pressure and temperature of 1.38% and
1.47%, respectively.
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Angle (degree)
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Figure 8. Verification of the EJB results (a) pressure
distribution (b) Oil film temperature

6.2 Effect of ellipticity ratio

The ellipticity ratio's impact on the key performance
parameters of an EJB with N= 5000 rpm and €=0.7 has
been demonstrated in this section. The effect of the
ellipticity ratio on the oil film thickness of the EJB
lubricated with pure oil is illustrated in Figure 9. This
figure shows that the oil film thickness becomes higher
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for the bearing with a larger ellipticity ratio.
Additionally, it can be observed from this figure that the
oil film thickness at the upper lobe is greater than that of
the lower lobe as a result of the higher horizontal
clearance and the smaller vertical one. Figure 10 depicts
how the ellipticity ratio affects the EJB oil film pressure
distribution. This illustration shows that the elliptical
bearing has two pressure lobes, with the pressure at the
lower lobe being higher than that at the upper lobe.

3.0

—a— Ep=0
—e— Ep=0.3
2.5 —&— Ep=0.6
—v— Ep=1
® 20
® 20
c
X
L
£ 15
E
=
=104
(o]
0.5
OO T T T T T
0 50 100 150 200

0(deg)
Figure 9. Effect of ellipticity ratio on the oil film thickness

Furthermore, the oil film pressure of the bearing
exhibited the same behavior as the oil film thickness,
with the pressure decreasing for the bearing with a
larger ellipticity ratio due to the thicker oil film. This
figure further demonstrates that, due to the reduction in
the bearing's vertical clearance, the pressure at the lower
lobe increases as the ellipticity ratio drops until it
reaches 1.4 MPa for the bearing operating with an
ellipticity ratio of 0.3. The bearing's oil film temperature
additionally demonstrates the behavior of the oil film
thickness, as can be seen in Figure 11. For a bearing
with an increasing ellipticity ratio, the oil film thickness
increases, causing a lower oil shear rate and friction
force, leading to a drop in the oil film temperature. It is
obvious that the bearing with the smaller ellipticity ratio
achieved the highest oil film temperature.
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Figure 10. Effect of ellipticity ratio on the oil film pressure
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Figure 11. Effect of ellipticity ratio on the oil film tempera-
ture distribution, £ = 0.7, N = 5000rpm

Figure 12 shows the TiO, and ZnO nanolubricated
EJBload for various ellipticity ratios. This graph
demonstrates that the bearing load falls for the bearing
with a larger ellipticity ratio. This can be attributed to
the increased oil film thickness and reduced oil film
pressure. However, this figure shows that the bearing
load increases with the addition of different weight
fractions of nanoparticles in comparison to that
lubricated with the oil without nanoparticles. It can also
be observed that the oil dispersed with  TiO,
nanoparticles has a greater impact on the load than that
dispersed with the ZnO nanoparticles. This can be
explained by the fact that the TiO, nano-lubricant has a
larger aggregate ratio than the ZnO nano-lubricant,
which prevents the lubricant from flowing freely and
causes a higher lubricant viscosity.

Figure 13 shows a decrease in the friction force of
the EJB with increasing ellipticity ratios as a result of
the lower shear rate associated with the higher film
thickness. An increased viscosity of the nano-lubricants
with the nanoparticle concentrations dispersed in the
based oil causes a higher shear stress at the bearing
surfaces and raises the friction force.

—m— Base oil
18 —e—0.5% ZnO
—&— 0.5% TiO2
—v— 1% ZnO
16 4 1% TiO2
2% ZnO
—»— 2% TiO2
Z 141
>3
h=]
3
3124
10
8 -
T T T T T T T T

; — ; ; ;
02 03 04 05 06 07 08 09 10 11
ellipticity ratio

Fig.(12) Load carrying capacity vs. bearing ellipticity ratio
and different particle concentration

Figure 14 demonstrates that the amount of oil that
leaks out of the bearing's ends decreases for the bearing
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with increasing ellipticity ratio as a result of lower oil
film pressure at both ends. Further reduction in the side
leakage flow was observed whenusing the nano-
lubricants with a higher nanoparticle concentration as a
result of the increased viscosity and greater resistance to
the lubricant flow in this scenario.
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Figure 13. Effect of weight concentration and ellipticity
ratio on the friction force

6.3 Journal speed effect

The effect of the journal speed on the maximum oil film
pressure, temperature, and load-carrying capacity of the
bearing was investigated while maintaining the
ellipticity and eccentricity ratios at 0.6 and 0.7, res—
pectively.
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Figure 14. Effect of weight concentration and ellipticity
ratio on the side leakage flow

The pressure contours for the EJB operating at
various journal speeds (3000-5000 rpm) are shown in
Figure 15 a—c. This figure shows that the bearing
pressure rises with the rotational speed. The greatest
bearing pressure increases from 1.04 MPa at a rotational
speed of 3000 rpm to 1.1 and 1.15 MPa at a rotational
speed of 4000 rpm and 5000 rpm, respectively.

Figure 16 illustrates how dispersing various nano—
particles in the base oil affected the greatest oil film
pressure of the EJB. This figure also demonstrates how
the journal speed marginally increased the maximum oil
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film pressure within the bearing. Additionally, it has
been shown that the dispersing of the nanoparticles into
the base oil raised the maximum oil film pressure due to
the higher viscosity of the nano-lubricant. The relatively
small nanoparticle concentrations dispersed in the base
oil were responsible for slightly improving maxi—
mum bearing oil film pressure.
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Figure 15. Pressure contours for a bearing with different
journal speeds (a)N=3000rpm, (b) N=40000rpm, (c)
N=5000rpm
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Figure 16. Effect of nanoparticle weight concentration and
journal speed on the maximum pressure

Figure 17 demonstrated that the greatest bearing
temperature grows by 22% and 26% when the journal
speed increases to 4000 and 5000 rpm, respectively, in
comparison with that operating at 3000 rpm. This is
related to a higher lubricant shearing rate at faster
journal speeds, resulting in higher shear stress and
friction force, which is the main cause of bearing heat
generation. Additionally, this figure shows that the
nanoparticles dispersed in the base oil have a marginal
effect on the maximum temperature.
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Fig17.Effect of weight concentration and journal speed on
the maximum temperature

Figure 18 shows the combined effect of the journal
speed and nanoparticle concentrations on the EJB's
load-carrying capacity. The trend of this figure indicates
that when the journal speed of the bearing is raised to
4000 or 5000 rpm compared to one operating at 3000
rpm, the load-carrying capacity increases by 10.6% and
20%, respectively. This is explained by how the
bearing's wedge action increases in this situation. This
figure obviously shows that the dispersing of the
nanoparticles into the oil increased the visibility of the
nano-lubricant, which in turn increased the bearing's
ability to carry more load. It should be noted that the
addition of a small amount of nanoparticle to the pure
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oil is what causes the minor increase in load-carrying
capacity.

Eccentricity ratio effect
The eccentricity ratio effect on the performance of EJB

was investigated by setting the bearing ellipticity ratio
to 0.6 and the journal speed to 5000 rpm.
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Figure 18.Effect of weight concentration and journal speed
on the load-carrying capacity

The greatest pressure attained by the EJB operating
at various eccentricity ratios and lubricated with pure oil
and TiO, and ZnO nano-lubricants was illustrated in
Figure 19. It was observed that the maximum oil film
pressure becomes higher as the bearing works at higher
eccentricity ratios. This can be explained by the small
distance between the journal and the bearing surfaces
(thinner oil film thickness) at the higher eccentricity
ratio. Further growth in the bearing pressure was
attained as a result of the higher viscosity of the nano
lubricant. The maximum improvement in oil film
pressure reaches 4% and 2.6% for the bearing lubricated
with 2wt% of TiO, and ZnO nano lubricants,
respectively, in contrast to that lubricated with the base
oil. The increase of the TiO,nanolubricant viscosity can
result from the larger aggregate ratio that inhibits the
lubricant flow. The combined impact of the eccentricity
ratio and nanoparticle concentration on the maximal
temperature of the EJB is shown in Figure 20. This
figure shows that the maximal temperature of the
bearing was found to grow by 3.5% and 2.82%,
respectively, due to using 2wt% of TiO, and ZnO nano-
lubricants contrasted to that lubricated with the base oil.
This can be attributed to the lower viscosity and higher
thermal conductivity of the ZnO nano-lubricant
compared to TiO, nano-lubricant.

Figure 21 depicts the load that the EJB was carrying
while operating under the same circumstances menti—
oned earlier. This figure demonstrates that the thinner
oil film thickness caused by, the higher eccentricity
ratio raises the bearing load carrying capacity. This
figure further demonstrated that the load increases when
using nano-lubricants with higher nanoparticle con—
centrations. It has been demonstrated that the bearing
load carrying capacity increased by 5.5% and 4% when
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it was lubricated by 2 wt% TiO, and ZnO nano-
lubricants, respectively. When the EJB operates at
greater eccentricity ratios, the friction force slightly
increases as a result of the increased lubricant shear rate,
as shown in Figure 22. The existence of TiO, and ZnO
nanoparticles with different weight fractions causes
further growth in the friction force due to the higher
viscosity and, hence, the shear stress at the bearing
surfaces. The maximum increase in friction force
reaches 5.7% and 3.65% for 2 wt% of TiO, and ZnO
nanolubricants, respectively.
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Figure 19. Qil film pressure vs. eccentricity ratio
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Figure 20.Temperature vs. eccentricity ratio

Figure 23 shows how the leakage flow from the
bearing ends performed after it was lubricated with TiO,
and ZnO nano-lubricants. The findings showed that the
oil side leakage increases with the eccentricity ratios
due to the higher oil film pressure at the bearing ends.
However, the bearing leakage flow was reduced when
the bearing was lubricated with nanolubricant. This can
be attributed to the higher lubricant viscosity, which
lowers its flow velocity. When the bearing was lubri—
cated with 0.5% and 2 wt% TiO, nano-lubricants, the
maximum decrease in side leakage was found to be 9%
and 24.4%, correspondingly, while these percentages
become 4.5% and 18.5% when using ZnO nano-
lubricants with the same nanoparticle concentrations.
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Figure 22. Effect of weight concentration and eccentricity
ratio on the friction force
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Figure 23.Effect of weight concentration and eccentricity
ratio on the side leakage flow

Figure 24 depicts the combined effects of the eccen—
tricity ratio and ZnO and TiO, nanoparticle concen—
trations on the EJB's power loss. This figure demon—
strates how the power loss slightly rises with the
eccentricity ratio of the bearing. Additionally, the po—
wer loss is increased due to the nanoparticle dispersion.
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It was noted that the power loss increased by 5.7% and
4.18% when using 2wt% of TiO, and ZnO nano
lubricants, respectively.
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Figure 24.Effect of weight concentration and eccentricity
ratio on the power loss

7. CONCLUSIONS

As the bearing was developed, lubrication has been
widely acknowledged as being essential to maximizing
performance. Nanoparticles, which are extremely tiny
particles, have the ability to produce tribo-films,
penetrate small asperities of moving surfaces, and
enhance tribological properties. Nanoparticles' rolling
motion decreases wear and friction losses, which further

boosts the system's effectiveness. So, the current study
represents an attempt to study the effects of using nano-
lubricants on the performance of one of the most
important noncircular bearings (Elliptical journal
bearing). The properties of an EJB lubricated with
experimentally established TiO, and ZnO nano-
lubricants were investigated using a 3D-CFD model
with the ANSYS-FLUENTI19 program. With the
available published data, the CFD model employed in
the current work was successfully and confidently
confirmed. The investigation indicated that adding
nanoparticles to base oil improved both the bearing
maximal pressure and the load that supported it. The
increase becomes higher with the higher nanoparticle
concentrations added to the base oil. The TiO,
nanolubricant reveals higher pressure and load capacity
values than the ZnO nano-lubricant. In general, the
dispersion of the nanoparticles into the base oil has little
effect on the oil film temperature compared to the
bearing load. Power loss rises with the dispersion of the
nanoparticles in the oil. The higher the nanoparticle
concentration, the higher the power loss.

Moreover, the side leakage of the lubricant always
decreases with the addition of the nanoparticles. It
becomes lower when using a lubricant with a higher
nanoparticle concentration. The bearing pressure,
temperature, and load-carrying capacity always
increased with the journal speed. The oil film pressure,
temperature, load-carrying capacity, side leakage, and
friction all decreased as the ellipticity ratio of the
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bearing increased while the eccentricity ratio remained
constant.

In general, the present work provides an efficient
CFD method to examine the performance of an elliptical
journal bearing that has been lubricated with TiO, and
ZnO nano-lubricants using ANSYS-FLUENT software.
The current study recommends this approach to reduce
experimental effort and assist bearing designers.

The present work can be extended to investigate the
effect of using PTFE and MoS, nanoparticles and their
hybrid on the static performance of such a bearing.
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Greek symbols

B Lubricant viscosity-temperature coefficient C”'
D Attitude angle(degree)

M Base oil viscosity(N.s/m”)

Ut The viscosity of the nano-lubricant (N.s/m")

D The volume fraction of nanoparticles

Pt The density of the pure oil(kg/m’)

Py The density of the nanoparticles(kg/m’)

Puf The Nano lubricant density(kg/m’)

Superscripts

! Fluid (lubricant)
» Nanoparticle
af Nanofluid (Nanolubricant)

Abbreviations

XRD X-Ray Diffraction
SEM Scanning electron Microscope

NOMENCLATURE

C, Vertical clearance of the elliptical bearing
Cy Horizontal clearance of the elliptical bearing
C, Specific heat of the lubricant

(Cp)p Specific heat of the nanoparticles

(Co)ur | Specific heat of the nano lubricant

f The coefficient of friction

H The power loss (Watt)

k Thermal conductivity of the lubricant

k, Thermal conductivity of the nanoparticles
Knp Thermal conductivity of the nano lubricant
T Temperature of the oil film

T; The inlet oil film temperature

U; The journal surface speed(m/sec)

Y The applied load (N)

FME Transactions

AHAJIM3A NIEPOOPMAHCH EJTMIITUYHOI'
JIEXKAJA TIOAMA3AHOI' EKCIIEPH-
MEHTAJIHO KAPAKTEPU30BAHUM HAHO-
MA3HUBOM C OB31UPOM HA TOIIJIOTHHU
E®EKAT KOPUIIIREIBEM LI®/I TEXHUKE

B.A. Abac, C.J. Axmen, M.A. Jacep

OBa cTyaMja KOpUCTH padyHapCcKy AWHAMHUKY (piaynma
(LI®O) 3a KBAaHTUTATHBHO HCIUTHBAWKE NepdopMaHcH
enunTHyHOr KiauHacrtor nexaja (EJB) mommaszanor
HaHo-Ma3uBoM TuO2 u 3HO ¢ 003MpPOM Ha TEPMHYKH
edekar. Y ekcrneprMeHTy, HaHOYECTHIIE ca KOHLECHT—
paurjoM yectuna Koje Bapupajy ox 0 10 2 TeXHMHCKHX
IpoleHTa ce Memajy ca MotopHuM yibeM CAEI15B40
ma Om ce cTBOpmia oBa Ma3mBa. VcmWTaH je yTHIIA]
TEXWHCKUX ynena, Op3uHe poTanmje, eKCIeHTPUIIUTETa
W CeMUNTHYHOCTH Ha Tepmuuke nepdopmance EJb-a.
Kperep-/loyrxepTu Mozmen ce KOPHCTH 3a Pa3yMEBambE
epexara Temmeparype yJpHOr (QuiMa Kao |
KOHLIEHTpALlje HAaHOYECTHI]A HAa BUCKO3UTET Ma3HBa.
[Mputucak u Ttemmneparypa yrtBphenu momohy ([lanr
2020) u (Banr 2021) cy mpouewenu y ognocy Ha L{D]]
MoJIelT ca 100puM ciarameM. Hanasu moka3syjy na je 3a
2 B1% nHanouectuna, £ ox 0,6 u H ox 5000 o/mumH,
HocuBoCT moBehana 3a 5,5 % u 4%, a OOYHH TIPOTOK
Iypema je cMameH 3a 24,4% n 18%.
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