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Abstract

This paper investigates a three-dimensional CFD analysis of hydrodynamic journal bearing performance
for two different available types of lubricants, SEA 10W50 and SEA 15W40, considering thermal, elastic
deformation, and cavitation effects. A 3-dimensional CFD model founded on continuity, momentum, energy,
in addition elasticity equations has been implemented. The analysis is performed for a bearing with different
journal speeds (1000-3000rpm) and eccentricity ratios (0.1-0.9). The cavitation effect was considered using
the model of Zwart-Gerber—Balamri multiphase flow model. The bearing material elastic deformation was
considered by implementing the two-way FSI technique through ANSYS-FLUENT 2019 R2. A comparative
study of the oil film temperature, thermal pressure, also the load capacity by the bearing has been performed.
By comparing the current work's oil film temperature results with those obtained by Ferron et al (1983), with a
maximum deviation between the results not exceeding 3 percent, the mathematical model was validated. The
findings demonstrate that, once the cavitation consequence is taken into account, the lubricant film pressure
decreases. Furthermore, at what time the bearing rotates at greater eccentricity ratios and rotational speeds,
more deformation material of the bearing is seen. The current research may help in predicting the bearing
performance parameters in real-world situations.
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List of Symbols/Acronyms

anue — The volume fraction of the nucleation site which can
be taken as 5 x 10~*

¢ — Radial clearance [m]

cp — Thermal conductivity of base oil [J/kg °C]

D — Journal or Shaft diameter [m]

E — Eccentricity between shaft and bearing [m]

f — Coefficient of friction

Fevap — The coefficient of condensation which can be taken
as 0.01

Fcond — The coefficient of evaporation which can be taken
as 50

Fs — Friction force [N]

THD — Thermohydrodynamic

TEDH — Thermoelastohydrodynamic

h — Film thickness [m]

Ah — Relative rigid displacement for the two bearing
surfaces

k — Thermal conductivity [W/m*°C]

L — Length of the bearing [m]

L/D — Aspect ratio

N — Speed of rotation [RPM]

Ne, Nc — Mass transfer source terms connected to the
growth and collapse of the vapor bubbles
respectively

O’ — Bearing center

O — Shaft center

p — This pressure in the local fluid film [N/m?]

pv — Bubble surface pressure

PV — Pressure of vaporization [Pa]

Pv — Saturation pressure of the fluid [Pa]

1. INTRODUCTION

Journal bearings are frequently used in the
transmission of heavy loads at a constant rotational
speed. One of the most effective types of journals
bearing designs is one with hydrodynamic
lubrication. Because of their higher performance,
difficult damping, besides comfort of manufacture,
various configurations of these bearings were widely
used in engineering applications [18]. They can be
used to support the turbine/generator unit in
hydropower plants, as well as many revolving
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machines that have at least one rotating section that
must be isolated from the machine's stationary
portion. The lubricant is used to keep the two
surfaces from rubbing against each other by forming
a thin film that can be sheared without harming the
surfaces. On experimental bases, Nour Marey (2019)
[1] investigated the impacts of performing pressure
distribution within the hydrodynamic journal
bearing. The experiment work included the use of a
variety of lubrication oils, including SEA 20W50,
SEA 10W40, and SEA 5W30, in order to determine
their unique roles in deciding whether lubrication is
hydrodynamic or hydrostatic. The pressure behavior
of several lubricants within the hydrodynamic
journal bearing at various speeds ranging from 50 to
400 RPM under constant loads had been studied. The
maximum film pressure ratio was found to be 0.2,
0.6, and 0.3 for the bearing lubricated with SEA
20W50, SEA 10W40, and SEA 5W30 lubricants
respectively at a maximum speed of 400 RPM. The
effects of the friction and wear behavior of journal-
bearing material were examined by Baskar and
Sriram (2014) [2] using a pin on disc wear tester with
three changed lubricating oils, namely lubricating oil
(SAE20W40), rapeseed oil (CMRO), and
chemically modified rapeseed oil with Nano CuO.
An extreme load of 200 N too sliding speeds ranging
from 2 to 10 m/s were used in wear tests. According
to the findings, lubricating oils and sliding
conditions had an impact on how much friction and
wear the journal bearing material exhibited. The
journal bearing material for CMRO with Nano CuO
has a lower friction coefficient than the two other
oils. When the bearing was lubricated 20W40 and
CMRO, it was observed that the journal bearing
components wore out more quickly.

According to Lorenz et al. (2017) [3], The
geometry of the contacting component surfaces and
the characteristics of the lubricating fluid must both
be taken into account when forecasting the wear and
power loss of journal bearings in internal
combustion engines. A common modeling approach
for this objective is a Reynolds-averaged equation
with laminar flow conditions. It displays a model for
the temperature distribution of the lubricant and the
bearings. The thermal contact characteristics
between these domains are also included. The effect
of oil film temperature on oil film viscosity and,
consequently, load-carrying  capability s
demonstrated. The thermohydrodynamic
investigation of an elliptic bearing lubricated
through various oils was carried out by Chauhan et
al. in 2010[4]. Studies have been done on the load
supported thru the bearing, thermal pressure, then
lubricant temperature rise. It be situated discovered
that the minute the bearing is oiled by oil that has the
highest viscosity, the load it can support increases.
The influence of viscoelastic qualities of multigrade
oils on lubrication characteristics was examined by
Williamson et al. (1997) [5]. investigated the
rheomelectrical properties of different multigrid oils
with similar shear viscosity responses. The obtained

results show that the viscoelasticity produces
measurable and beneficial effects on lubrication
characteristics at the higher eccentricity ratios.
Rasep et al. [6] (2021) used CFD technique to
investigate the effect of cavitation on the journal
bearing performance when it was lubricated with
engine oil, palm oil, and water. The importance of
including the cavitation effect was demonstrated.
Muchammad et al. [7](2021) studied the effects of
Mechanical also thermal deformations taking place
the performance of the plain bearing with iso-
viscous boundary conditions based on CFD and FSI
techniques. It was demonstrated that the elastic and
thermal deformations of the bearing body had an
extreme effect on the bearing performance. A fresh
method was used by Bekir Sadik Unlu and Enver
Atik (2019) [8] to investigate the friction coefficient
of bronze radial bearings. According to the results,
the lubricated test surroundings have a small friction
coefficient and little wear rate, in contrast to the dry
test conditions' high friction coefficient and high
wear. Liu et al. (2010) [9] proposed CFD-FSI
method to perform elasto-hydrodynamic analyses on
a rotor-bearing system. It was shown that the CFD-
FSI Approach produces more accurate results for
rotor-bearing elastohydrodynamic and hydro-
dynamic analyses. The results depict that the elastic
deformation had a significant impact on the rotor-
bearing system. For a thermohydrodynamic analysis
of a circular journal bearing, Singla et al. (2014) [10]
employed  Computational ~ Fluid  Dynamics
techniques and the ANSYS FLUENT software. The
maximum pressure and rising lubricant temperature
that occurs when the viscosity is maintained have
been shown to have an impact on the bearing's ability
to carry loads. The lubrication performance of
journal bearings was examined by Chen et al. (2019)
[11] using the fluid-structure coupling method,
which took into account realistic structures like
cavitation in addition distortion. In the numerical
analysis, the performance of journal bearings with
various groove shapes was examined in relation to
eccentricity ratio, rotating speed, and oil-film
thinness. As a result, as the bearing operates at higher
eccentricity ratio and rotational speed, the peak
pressure rises. Although it is negligible in this work
for the steel material, the twist of the solid
construction at the fluid-structure boundary is
significant and cannot be disregarded for elastic
materials. The primary objective of the current
research is to conduct a CFD analysis for the
elastohydrodynamic performance of bearings oiled
by several oil grades that be situated currently
arranged the market. The temperature of the oil film
has been predicted using a three-dimensional energy
equation. The bearing's load and thermal oil film
pressure have been presented.

2. CFD MODEL
2.1. Bearing dimensions

The current study was carried out using the
journal-bearing per the geometry revealed in figure
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1. Table 1 shows the bearing geometrical and
operational features, as well as the corporeal and
thermal possessions of the oil utilized. The bearing
eccentricity is thought to be regulated by the pressure
generated in the bearing's effective zone until the
generated load equalizes the externally applied load.

L

Fig. 1. Hydrodynamic journal bearing
geometry

Table 1. Bearings geometrical and
operational properties. [12]

Parameters  Units Values
L/D 0.5

R mm 50

Rb mm 50.2

P 0.1-0.9
(0] Degree 56

N r/min 1000-3000
c mm 0.2

u for SAE N s/m? 0.0544
10W50

u for SAE Ns/m?  0.0125
15W40

Py Pa 29185
Cp J/(kg.K) 2000

k wW/(m.K) 0.12

E MPa 200000
Bearing mm 100
length

2.2. Governing equations

The following are the mass conservation
equations governing the lubricant flow within the
journal bearing.
H=u,exp [-B(T — Ty)] 1)

2.2.1 Continuity equation [13]
u/dx + 0v/dy + dw/dz =0 (2)

2.2.2 Equations of momentum [13]
In this learning, the Navier — Stokes equivalence
is used:

%(p.ﬁ)+V(p.ﬁ.ﬁ)=—VP+V(?) +ptF (3)
anywhere
P is the pressure of static (N/m?)
T is the stress tensor which can be written as:

) 2
T=y (V.ﬁ+V.ﬁT)—§V><17.1] (4)

Fis the force of body.
p. g is the force of gravitational.

2.2.2 Equations of energy [13]

By resolving the ensuing steady-state and it is
possible to calculate the temperature of the oil layer
using the incompressible energy equation:

oG (g )= ()G + 3] ©

where

u is the lubricant viscosity which can be located
expressed as a meaning of oil film temperature as follow:
W=, exp [-B(T — Tin)] (6)
Lo be located the oil viscosity on the temperature of
ambient (Pa.s)

T;,, inlet oil temperature (°C)

2.3. Cavitation model

The influence of oil film cavitation on the
bearing performance was considered using the
following vapor transport equation [14]:

a 7
a(awpv)‘l'v(av'pv'vv):Nz_Nh )

N also Ny are responsible designed for the mass
transference in the cavitated zone among the fluid
and vapor stages[18]. Zwart-Gerber cavitation
model can be located used to calculate Nz and Nh
[13]:

Ifp <p,
N, = F, 3'anue(1—av)'pv 2 p,—p (8)
z = Pevap * Rbc ’ § o
Ifp > p,
9)
3-a,- 2 p— (
Ny = Feona CARLY e et

Ry, 3 4]
The generalized Rayleigh-Plesset equation[13] can

be used to explain Ry, which is the radius of the
bubble.

g LR g(dec)zzpb—p_ 20, _m_ dRc (10
Yeder T2\ dt P P Rye pr- Ry dt

Equation (9) can be rewritten as follows, excluding
the second-order and surface tension forces terms:
11
dRpc |2 Pp—P )

dt 3 P1

2.4. Fluid-structure interaction model
According to the fluid-solid domain interaction,
fluid pressure may impose a force that extends over
the fluid-structure boundary, causing the journal
bearing to move or deform [17]. The journal
bearing's  elasto-hydrodynamic lubrication s
analyzed using the ANSYS-FLUENT program. The
boundary conditions for fluid structure interactions
are displacement compatibility, traction equilibrium,
and temperature equivalence. They can be stated as:
df = ds
n-Tr=n-Tg (12)
Te=Ts
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where the letters d stand for displacement, T for
temperature, and t for stress, respectively.

2.5. Thickness of the lubricant film model

The fluid-construction interfaces' comparative
displacement in the fluid domain is consistent with
that in the solid domain. If the elastic deformation of
rigid bodies and bearing surfaces is taken into
consideration, the distance between the rotor-
lubricant interface and the bearing-lubricant
interface, as provided by [17], can be described as
the film thickness.

h=c+Ah+§ (13)
where:

c is the space left between the bearing and the
journal.

Ah is the two bearing surfaces' comparatively
inflexible displacement.

0 The two bearing sides' combined flexible
deformation is described by.

3. MESH GENERATION

The journal is depicted as a moving wall with
absolute rotational speed, whereas the bearing is
modeled as a stationary wall. The fluid domain was
meshed using the CFD technique using hexahedral
cubicles through a total of 525048 besides an size of
element of 0.3 mm, as shown in table 2 and figure
2(a-c). The lubricant film was separated into trio
layers in a radial fashion. The eccentricity also angle
attitude values are used to agree the start of the shaft
axis. By a convergence tolerance of 10-3 and 1000
iterations, the SIMPLEC algorithm was used to solve
the governing equations iteratively.

Table 2. The fluid domain analysis results at various mesh grid

densities.
Body Mesh  Aspect Element Pressure load
size layers ratio number
0.9 3 66.915 59136 1259810 1941.0731
0.8 3 59.483 74844 1259740 1943.278
0.7 3 52.114 97632 1259990 1945.2413
0.6 3 44955 132048 1260204 1947.0573
0.5 3 37.273 189600 1260531 1949.0403
04 3 29.894 295500 1260449 1950.3141
0.3 3 22.478 525048 1260704 1951.9634
0.2 3 14.985 1177500 1260745 1952.9022

4. PERFORMANCE PARAMETERS WITH
BEARINGS

The load components in the x too y directions can
be situated calculated by way of follows [17]:

F, = ff P; - cos 6 - (d4;) (14)
4j

F = ﬂ P;-sin@.(dA;) (15)
Ai

a - mesh details of the fluid domain

1.2608

1.2606 =

1.2604 =

1.2602 < [
1.2600
1.2598 = J

Max. Pressure [MPa]

—a— Aspect ratio (66.9-14.9)

L L L] L]
[} 200000 400000 600000 800000 1000000 1200000

Number of elements

b — pressure parameter

-
1052 - -—/
1950 =

1948 =

1946 =

r
wad [
I

Load [N]

1942 =

—u— Aspect ratio (66.9-14.9)
L L L] L L L
0 200000 400000 600000 800000 1000000 1200000

1940

Number of elements

¢ — load parameter
Fig. 2. Convergence test

The bearing's total load can be calculated as
follows [17]:

W= [(F)?+ ()’
The following formula can be used to determine
the attitude angle [17]:
(B (17)
_ 1(2Y
¢ =tan (F )

X

The following formula can be used to determine
the friction force at the journal surface [18]:
Fpr = [[7-(d4) (18)

(16)

5. BOUNDARY CONDITIONS

5.1. Flow field boundary conditions

The inlet and outlet pressures of the bearing was
assumed to be atmospheric pressure, stationary
bearing housing, rotating journal interface with



DIAGNOSTYKA, Vol. 24, No. 2 (2023)

Kadhim ZH, Hammed L, Rahima FA, Ridha AM: Elastohydrodynamic analysis of a journal bearing with...

different speeds (1000-3000) rpm, elastic wall
housing.

5.2. Thermal boundary conditions
Inlet and outlet temperature was assumed to be
313K at the coupled bearing interface.

6. SOLUTION METHODOLOGY

In the first part, the meshed model is fed into the
Fluent, and the journal bearing parameters and
lubricant properties are set. The fluid domain's
operational parameters, including the original
pressure and temperature ground, are then specified.
To determine the pressure and temperature
distributions as well as the flow velocities, the
continuity, momentum, and energy equations must
be solved. Additionally, the fluid-structure crossing
point environment organization, which executes the
would-be-coupling design amid the liquid and solid
domains, realizes the data exchange of fluid-
construction edges. In the meantime, it is possible to
establish the solid domain's operational conditions
and to resolve its governing equations. The
procedure was then repeated until convergence was
attained, as depicted in figure 3. Under steady state,
laminar flow conditions, the effects of flow regime
on the lubrication performance of the journal
bearings were investigated. The governing equations
are resolved with three-dimensional accuracy. The
CFD analysis employs the SIMPLE-C algorithm for
pressure-velocity coupling. A two-phase mixture
model using the multiphase theory is applied, and its
vaporization pressure is set at 29185 Pa.

7. DISCUSSION OF THE RESULTS

This section will present and discuss the static
properties of flexible journal bearings that have been
lubricated with various lubricants. At various values
of eccentricity ratio (0.1 to 0.8) and various values
of journal speed, performance characteristics
including maximum  pressure, load-carrying
capacity, friction force, and maximum temperature
have been evaluated (1000-3000).

7.1. Validation of the CFD model

The distribution of oil film temperature
determined by the current study was compared to
that determined by Ferron et al. (1983) [16], as
depicted in figure (4). This graph demonstrates the
strong correlation between the two distributions of
oil film temperature, with a maximum variance of
1.26 percent.

Coupling siep (lme ship)

Fig. 3. Flow Chart of two way FSI

—— Present W ork
—— Ferron(1983)

Tem perature (¢

T T T T T T T T T T T
L] N 6 M 1N 130 180 0 40 I N0 X0 M0

Bearing Angles (Degree)
Fig. 4. Distribution of bearing temperature

7.2. Thermal effect on the bearing performance

Thermal oil film pressure of the bearing was
compared with that obtained from the isothermal
model when it was lubricated with SAE10W50 and
SAE15W40 lubricants and works at a 0.5
eccentricity ratio, as demonstrated in Figure (5). This
graph makes it evident that when the oil film
temperature rises, the oil viscosity of the oil
decreases, which results in a drop in the oil film
pressure.

A lower drop in the pressure of lubricant film was
found after the lubricated bearing by SAE15W40
rather than SAE10W50. Figure 6 shows how the
temperature of the oil film rises with the variety of
oil lubricants. Because SAE10WS50 oil has a higher
viscosity than SAE15W40 oil, which consequences
in a advanced lubricant shear stress, the oil film
temperature increases once the bearing is oiled with
SAE10W5O0 oil rather than SAE15W40 oil, as shown
in the graph.
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The pressure [MPa]

eSS S SS Or L b e
—— Tso-thermal effect with SAE1STV40
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= Thermal effect with SAE15W40
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Bearing angle [degree]
Fig. 5. Thermal and isothermal
circumferential bearing pressure distribution

56
54 =
52 =
50 =
48 =
46 =
44 =
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38 =
36 =

« s Thermal effect with SAE 15W40
e Thermal effect with SAE 10W50

Temerature [°C]

) ) LJ ) ) ) ) ) L) ) )
0 30 60 90 120 150 180 210 240 270 300 330 360

Beraing Angle [degree]
Fig. 6. Temperature oil film distribution

The combined effect of journal speed and the oil
viscosity on the load carrying capacity of the bearing
is presented in figure (7). This graph shows how, as
journal speeds increase, the load supported through
the bearing increases. This figure also showed that
the decrease in oil viscosity caused by the rise in oil
film temperature had a minor impact on the load
carried by the bearing that was lubricated with
SAE15W40. When a bearing is lubricated with
SAE10W50 and rotates at a journal speed of 3000
rpm, it has been observed that the load it supports
falls by about 15%.

Figure illustrates how the effect of the oil film
temperature on the friction force at the bearing
surfaces decreases (8). This is explicable by the
lower oil viscosity under this circumstance which
leads to lower shear rate and shear stress. It can be
expressed that the bearing greased by SAE10W50
lubricant induced graeter friction force than that
lubricated with SAE15W40 due to the higher
viscosity of the former than the later.

It is also obvious that the higher shear rate and
resulting shear stress in this situation cause the
friction force generated at the bearing surfaces to
increase as the journal speed of the bearing
increases.

000
BAF1SW 40 wirh thermal sffect
SAELISW 40 with e <hermal effec
2500 BAE10W 30 with thermal sffect

(] SAE L0 50 with b ermal ofect

S0 Tiee 150 i1} 2500 L 3500
Rotational speed [RPM]

Fig. 7. The Load Carried of the Bearing vs.
Different Journal Speeds

40
G A 1WA 0 with thermal effct
15 % AF 15W40 with ie-thermal effect
n .s_-u 10730 with thermal effect
[ 5 AF 16W'S 0 with Ee-thermal offect
a0

[
L]

Friction forc[N]
B

=
=
1

500 1000 1500 2000 2500 3000 3500

Rotational speed [RPM]
Fig. 8. The Friction force vs. Journal Speeds

7.3. Cavitation effect

As shown in Figure 9, which depicts the thermal
pressure distribution for a bearing operating at
journal speed of 3000rpm and eccentricity ratio of
0.5 and lubricated with 10W50 oil, the extreme
pressure of the lubricant film decreases as the
cavitation outcome interacts with the other effects.
This occurred as a result of the density and the two-
phase (liquid-gas) viscosity lubricant decreasing,
which had an impact on the viscous period of the
Navier Stocks equivalences. The maximum
reduction in oil film pressure that results from taking
the cavitation effect into account when the bearing
operates at various rotational speeds is shown in
Figure 10. In Figure 11, the bearing greased with
SAE10W50 obviously carries a heavier load than the
bearing lubricated with SAE15W40. A bearing's
increase in load carrying capability is greater when
it runs at higher eccentricity ratios. This figure also
demonstrates that the load supplied by the bearing
reduces when the cavitation effect is considered after
the behavior of the pressure lubrication film. Figure
shows how the journal outward urged friction force
behaved when the combined effects of the oil
viscosity and cavitation were taken into
consideration (12). Due to the higher viscosity of
SAE10W50 compared to SAE15W40, it can be
located seen that the induced resistance force in the
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bearing is greater when it is lubricated with the
former. The induced friction force has lower values
when the cavitation effect was considered due to the
lower viscosity of the two- phase lubricant produced
in the cavitated zone. Figurel3 clearly demonstrates
that when the cavitation effect was taken into
account, the maximum oil film temperature
decreased. This is explained by the fact that the
lubricant contains air bubbles, which causes the
lubricant to behave as a two-phase flow and results

in lower oil viscosity and density.
040

e W ith c avitation
e WWithout cavitation

030 -

020 =

The Pressure [MPa]

1 1 I J ) J I L) L I 1
¢ W 60 S0 120 150 180 210 240 270 W0 30 360

Bearing angle [degree]
Fig. 9. Cavitation effect on circumferential
pressure distribution

1.0

Il 5AE 15W40 with cavitation
Bl sAE 15W40 without cavitation
Il SAE 10W50 with cavitation
I SAE 10W50 without cavitation

0.8 =

0.6 =

0.4 =

Max. Pressure [MPa]

0.2 =

500 1000 1500 2000 2500 3000 3500
Speed [RPM]

Fig. 10. The effect of journal speed and
cavitation on maximum pressure

7.3. The effect of elastic deformation

The effect of the elastic deformation of the
bearing material on the different bearing
characteristics was investigated with the fluid-
structure interaction method. It was put into practice
by first using (CFD) connecting the structure to the
forces and vice versa. Figure 14 shows the combined
effects of thermal and elastic deformation on the oil
film pressure of a journal bearing that was lubricated
with SAE 15W40 and SAE 10W50 lubricants and
operating at a rotational speed of 3000 rpm and an
eccentricity ratio of 0.5. Figure 15 compares the
maximum thermal oil film pressure for a bearing
with rigid and elastic bearing materials while it
works at 0.5 eccentricity ratio and varied journal
speeds. This graph makes it abundantly evident that

when the elastic deformation of the bearing liner is
taken into account, the lubrication pressure
decreases in contrast to that obtained for a rigid
bearing. This is due to a decrease in film pressure
brought on by a thickening of the oil film. The active
area of the bearing increases and the cavitation area
decreases, showing a larger load-carrying capability
in this instance when the elastic deformation of the
bearing liner is disregarded.

18000

Il SAE 15W40 with cavitation effect
16000 = [l SAE15W40 without cavitation effect
Il SAE10W50 with cavitation effect
I SAE10W50 without cavitation effect

14000 =

12000 =

10000 =

8000 =

Load [N]

6000 =

4000 =

2000 =

0 -

01 02 03 04 05 06 07 08 09

Ecc. ratio
Fig. 11. Effects of cavitation on the bearing
load at different Ecc..ratios

180
Il 5AE15W40 with cavitation effect

160 = [ SAE15W40 without cavitation effect
Il SAE10W S0 with cavitation effect
140 =1 [ SAE10W 50 without cavitation effect

Friction force [N]

01 02 03 04 05 06 07 08 09

Ecc. ratio
Fig. 12. Effect of Friction force vs. Different
Ecc. ratio
90

80 -

70 =

(=)
=1
L

Temerature [°C]
th
=]
L
= SAE 10W50 without cavitation

= SAFE 10W50 with cavitation

40 =

30

| ] | ] | ] ] ] | ] ]
0 30 60 90 120 150 180 210 240 270 300 330 360

Beraing Angle [degree]

Fig. 13. Effect of cavitation on the oil film
temperature distribution
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Fig. 14 Thermal effect on bearing pressure
distribution
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1.0 -

0.6 -

04~

Max. Pressure [MPa]

0.2 -
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Speed [RPM]
Fig. 15. Effects of oil film temperature on the
maximum pressure

This leads to the main conclusion that the bearing
material's elastic deformation has a significant
impact on the generated oil film pressure and, as a
result, the main bearing parameters, and should not
be overlooked by the designers in order to achieve
reasonable results. Figure illustrates the total flexible
deformation material of the bearing after it had been
greased with various types of lubricants and operated
at various eccentricity ratios (16). This graph
demonstrates that once it operates at larger
eccentricity ratios, the bearing lubricated with
SAE10W50  experiences  significant  elastic
deformation of the bearing material. This can be
attributed to the situation's increased oil film
pressure, which increases the lubricant film forces
acting on the bearing surface. When a bearing
operates at eccentricity ratios below 0.6, the type of
oil used to lubricate the bearing has a small impact
on the elastic deformation of the bearing material.
This is seen in Figure (17), which shows how the
speed journal affects the elastic deformation of the
bearing material when it is lubricated with various
lubricants and operating at 0.5.
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Fig. 16. Bearing material deformation vs.
eccentricity ratio

Figures 18 and 19 show the load carried by the
bearing determined by utilizing TEHD and THD
solutions for a bearing that operates at various
eccentricity ratios and speeds. In general, the load
borne by the bearing increases with increased
eccentricity ratio and speed, but it reduces when
elastic deformation of the bearing shell is taken into
account. The primary cause of this behavior is the
reduced oil film pressure brought on by the greater
oil film thickness obtained in this instance. Figures
20 and 21 show that the resistance force produced at
the bearing exteriors marginally lowers when
bearing elastic deformation is taken into account.
The bearing ran at varied speeds while being
lubricated with SAE15W40 and SAE10W50
lubricants at various eccentricity ratios and speeds.
This can be explained by the oil film thickening,
which causes a decrease in the friction force, shear
rate, and shear stress. The volume proportion of the
gas phase at the cavitation zone increases as the
journal speed of the bearing increases, as seen in
figure 22. (a,b,c). This figure displays the volume
fraction distribution while the bearing rotates at
1000, 2000, and 3000 rpm. As the rotational speed
rises, the cavitation area gradually expands. The
pressure of the created oil film is still higher, though.

8. CONCLUSIONS

Computational Fluid Dynamics was used to
perform thermo-elasto-hydrodynamic analysis of
circular journal bearings when it was lubricated with
different types of oil.
1.When the viscosity is maintained constant, the

temperature rise in the lubricant is greater, as is

the maximum pressure obtained. When the
temperature rises, the viscosity of the lubricant
decreases, reducing the bearing's load-carrying
capacity.

2. The lubricant pressure reductions after the effect
of cavitation is considered.

3. The current analysis could help predict bearing
performance parameters in real-world conditions
and extend bearing life.
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4. The bearing characteristics decrease when the
elastic deformation of the bearing liner is taken
into account.

5. The bearing material deforms more when it is used
at higher eccentricity ratios and rotating speeds .
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Fig. 17. The deformation of the Bearing vs.
rotational speed.
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Fig.18. The load carrying capacity vs.
eccentricity ratio.
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