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 A B S T R A C T 

The present study investigates numerically the steady-state performance 
of macro-grooved hydrodynamic journal bearings (MGHJB) with 
rectangular-shaped macro-grooves in different bearing surface regions, 
such as the full, first, second, and pressure-increasing regions. The 
steady-state parameters like load carrying capacity (LCC) and friction 
coefficient (FC) are calculated using the finite element approach by 
solving the governing Reynolds’s equation of lubricant flow. The effect of 
rectangular macro-grooves provided in the specific regions of the 
journal bearing, along with the variation of groove depth and the area 
density, is considered for investigation at different eccentricity ratios. 
From the simulated results, the steady-state parameters of the journal 
bearing are enhanced from lower to higher eccentricity ratios. The 
maximum enhancement of LCC is 95.75% and reduction in friction 
coefficient (FC) is 48.67% found at the lower eccentricity ratio of 0.2 
when four rectangular-shaped macro-grooves are provided in the 
pressure-increasing region at a groove depth of 0.9 and an area density 
of 58.50%. Furthermore, with the inclusion of 0.5% weight fractions of 
copper oxide and cerium oxide in the lubricant at 90°C, the steady-state 
performance of the bearing is further enhanced. 
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1. INTRODUCTION  
 
In today's competitive technological 
development environment, the fundamental 
consideration while developing any machine 
component is its lifetime and dependability. A 
rotating shaft is always the key element of 
industry, such as electrical motors, generators, 
pumps, compressors, and high-speed machining 

spindles, etc. Bearings are used to guide and 
support shafts to minimize friction between 
components during relative movement. In mostly 
fast-speed rotational machinery, modifications to 
the surface topology of the bearing profile, such 
as surface waviness, texturing, grooves etc. as 
observed by different researchers, have an 
impact on the bearing's operation. Further, 
macro and micro texturing has been viewed as an 
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efficient means of lowering friction and 
increasing load-carrying capacity, especially at 
varying loads and speeds, and adds to enhanced 
efficiency, durability, and dependability of 
hydrodynamic journal bearings. To enhance the 
bearing performance, a designer must choose the 
appropriate texture distribution and its shape. 
The textured region acts as lubricant reservoir 
and enhances the nominal lubricant film 
thickness and minimizes the friction between 
two lubricating surfaces as textured or grooved 
area provides an enhanced clearance between 
journal and bearing surface thereby improving 
the performance of hydrodynamic journal 
bearing. Furthermore, several studies 
demonstrate that utilising lubricant additives 
including nanoparticles improves the overall 
efficiency and dependability of journal bearings. 
By incorporating appropriate texturing shape, 
optimum number of textures and nanoparticle 
additives in the base lubricants can be a 
promising approach for enhancing the steady-
state performance of bearings in high-speed 
machines.  
 
Many studies in past few years have investigated 
the impact of different geometrical 
characteristics such as texture/groove shape, 
size, and area density on the static and dynamic 
performance of journal bearings. C. C. Wang and 
C. L. He [1] reported that the herringbone 
grooves affected the performance of 
hydrodynamic journal bearing and the groove's 
tip produces the most pressure and can lower the 
outlet's average axial velocity. V. Kumar and S. C. 
Sharma [2] looked into the performance of hybrid 
thrust bearings with micro-grooves of 
trapezoidal, triangular, circular, and rectangular 
geometries. They discovered that rectangular 
grooves offer the highest load-carrying capacity 
at the optimum value for groove width and depth. 
Further many researchers have explored the 
effects of partial texturing on the bearing regions. 
M. Qiu et al. [3] investigated the effects of 
commonly used dimple forms on gas-lubricated 
slider bearings, and discovered that the 
maximum performances are achieved by using 
the ellipsoidal dimple. The effect of rectangular 
texture on the tribological performance of a 
journal bearing under steady-state condition was 
studied by authors [4], with a focus on its 
geometry by modifying the ratios and positions. 
The results showed that rectangular shaped 
micro-dimples can significantly increase journal 

bearing performance. N. Tala Ighil et al. [5] 
investigated the operation of textured journal 
bearings with spherical and cylindrical 
distributions. They determined that entire 
texture regions had a negative impact on journal 
bearing performance while partial texture 
regions had a positive effect. A star-like texture 
lowers the friction coefficient more than a 
triangle, circle, ellipse, or chevron shaped 
textures on the bearing surface [6]. Micro-
grooving reduces the average temperature and 
enhance the friction coefficient when compared 
to spherical texture on hydrodynamic journal 
bearing [7]. S. Sharma et al. [8-9] used the finite 
element analysis to investigate the effect of 
protruded, triangular and chevron-shaped 
dimple texture on the hydrodynamic journal 
bearing and reported that load capacity enhances 
and friction coefficient reduces with an increase 
in the textured depth when it is located in an area 
of increasing pressure. The static characteristics 
of a bearing are enhanced when its dimples are 
located in its pressure-rising part and the load 
capacity is increased together with the friction 
force by the spikes at the pressure-falling zone 
[10]. Further, a well-chosen lubricant rheology, 
slip boundary condition, and micro-texture all 
work together to improve the hydrodynamic 
lubrication film stability in journal bearings [11]. 
The test findings by [12] revealed that textured 
surfaces significantly reduce wear in non-
magnetic, brittle and plastic materials. However, 
this wear reduction effect is less noticeable in 
bearings polluted with magnetic compounds. P. 
Li et al. [13] investigated the impact of various 
bottom profiles of square textured bearings and 
reported that flat bottom yield maximum static 
performance of journal bearing. B. Jiao et al. [14] 
reported the enhancement of the load-carrying 
capacity, wear resistance, and coefficient of 
friction of tribo-pairs by using appropriate 
surface texture on two contact surfaces. They 
investigated the effect of texture characteristics 
such as the elliptical aspect ratio, depth-to-
diameter ratio, density, and distribution on 
tribology performance. The results revealed that 
density had a significant impact on the coefficient 
of friction and load-carrying capacity. The fully 
spherical textured hybrid bearing has lower 
frictional torque in comparison to partial 
textured as reported by [15], while there is 
increased performance metrics of the cylindrical, 
spherical, triangle, and kite-textured bearings 
when the texture distribution occurs in the 
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bearing’s pressure-rising zone [16]. The 
appropriate values for the depth, angle, 
circumferential width ratio, and number of 
grooves improved the bearing's load capacity, 
maximum film pressure, and energy efficiency 
[17]. Furthermore, it was discovered that groove 
radial width has the greatest influence on bearing 
performance differences under different rotation 
orientations, followed by the effects of the angle, 
number, circumferential width ratio, and depth of 
the groove. The characteristics of flexible bearing 
with texturing depend upon the number of 
textures, its depth and location [18], while, a 
partial texturing slider with orientation grooves 
parabolic with infinite width, the lubricant 
pressure depends upon the orientation angle of 
groove, density area and depth [19]. G. Xu et al. 
[20] by using the finite difference technique 
reported that the hybrid water-lubricated 
herringbone groove journal bearing has larger 
dynamic coefficients and better system stability 
in comparison with the hydrodynamic groove 
bearing at low speed, while at high speed 
hydrodynamic effect dominants the hydrostatic 
effect. A. B. Shinde and P. M. Pawar [21] 
determined the optimal configuration for journal 
bearings with partial micro-grooves. T. Chen et al. 
[22] determined the best geometrical parameters 
for the partially textured bearings with circular 
grooves to maximize their load-carrying capacity. 
In recent times, H. Feng et al. [23] analyzed the 
water-lubricated grooved hydrodynamic journal 
bearing and discovered that the groove texture 
parameters have an impact on the load capacity 
and significantly raise the load capacity at high 
rotational speed and less eccentricity ratio. By 
using numerical investigation [24] showed that 
the bearing system's stability and minimal fluid 
layer thickness are increased due to micro-
grooves and magneto rheological fluid. D. Li et al. 
[25] investigated surface texture parameters and 
concluded that the chevron groove texture was 
best suited for high speed and low load situations. 
Further, studies by [26-29] revealed various 
other 3-dimensional irregularities, including the 
non-circularity of bearing, surface waviness, 
different texturing and the journal shapes 
influence the steady-state performance 
characteristics of the bearing. 
 
Lubricant helps for smooth relative motion 
between two bearing surfaces and reduces wear 
and friction. According to researchers [30-33], 
adding nanoparticles such as nano diamonds, 

copper-oxide, aluminum oxide, tungsten oxide 
etc. to mineral, synthetic, and bio-based lubricant 
oil enhances the lubricant’s viscosity, which 
enhances the bearing's performance. P. Zulhanafi 
et al. [34] examined the performance of the bio-
based lubricant, palm mid olein (PMO), in journal 
bearing applications and reported enhancement 
in pressure and reduction in friction. Further, 
T. P. Gundarneeya and D. P. Vakharia [35] 
investigated the journal bearing performance 
using nanoparticle additions in the Avalon base 
oil and discovered enhanced load capacity and 
maximum pressure in contrast to the oil with no 
nanoparticles at different speeds. K. G. Binu et al. 
[36] examined the impact of nano-additives i.e 
TiO2 in lubricants, and concluded that using 
lubricant additives increases bearing load 
capacity. Moreover, S. R. Suryawanshi and J. T. 
Pattiwar [37] added nanoparticles at different 
weight fractions in plain and elliptical journal 
bearings, and measured the shear viscosity of the 
particles using the Tribotester, they reported that 
the elliptical bearing outperformed the plain 
bearing. Nano-lubricant had natural ability to 
improve the antifriction/anti-wear qualities of 
the main lubricant [38]. Further, metal oxide 
nanoparticles have emerged as critical 
engineering materials in lubricating oils, and 
extensively used in bearings, gears, bushings, 
electrical connections etc. B. Bhattacharjee et al. 
[39] investigated the hydrostatic bearing 
operating with nano-additives using a modified 
Darcy's flow equation and discovered that the 
enhancement in performance due to presence of 
nano-additives in the lubricant. R. K. Dang et al. 
[40] examined the characteristics of elliptical 
bearings operating with copper-oxide and 
tungsten oxide nano-additives lubricants at 
different percentage concentration by weight 
(0.5-0.2), at different eccentricity ratios, and 
discovered a rise in load-carrying capacity (LCC) 
and minimum enhancement of oil temperature at 
higher concentrations of nano-additives. P. Khan 
et al. [41] evaluated the static Performance 
characteristics across a variety of eccentricity 
ratios and power law index. When nanoparticles 
are added to base lubricants, the findings reveal 
an increase in load bearing capacity, maximum 
pressure, and friction force compared to the base 
lubricant. K. S. Babu et al. [42] created the 
viscosity equation mathematically by examining 
the effects of zinc oxide (ZnO) and aluminum 
oxide (Al2O3) nanoparticle in lubricant using FEM 
to solve Reynolds's equation and found an 
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enhancement of journal bearing performance. 
S. B. Kalakada et al. [43] created an mathematical 
equation based on experiment results with SAE 
15W40 oil with various nano-additives, including 
CuO, Al2O3, CeO2, etc. at temperatures 30-90°C 
and weight concentration of nano-additives as 0-
0.5 percent in lubricant and found that bearing 
performance had been improved. K. Prabhakaran 
Nair et al. [44] employed CuO, Al2O3, CeO2 

nanoparticles in oil to calculate temperature and 
pressure distribution journal bearing using 
modified Reynolds and energy equations and 
solving the equations using FEM and MATLAB 
code. They adopted an iterative approach to 
determine film thickness and computed load 
capacity, friction force, end leakage, and attitude 
angle with nano-lubricants in iso-viscous and 
thermo-viscous environments and found that 
load capacity and friction force increased in all 
circumstances. K. Yathish et al. [45] found 
enhancement in the load-carrying capacity (LCC) 
of hydrodynamic journal bearing with two-axial 
groove operated on nano-lubricant including 
TiO2 nanoparticle additions. The size of the 
nanoparticles can also affect the tribological 
properties of friction surfaces [46-47]. Further, 
researchers [48-49] have reported numerical 
techniques using MATLAB for hydrodynamic 
journal bearings problems.  
 
After a through literature review, it has been 
observed that the applications of micro-textures 
has gained popularity in tribological systems 
[50-51] during the last couple of decades, but 
notably, there is a lack of research specifically 
addressing the impact of macro-textured or 
grooved surfaces on the performance of journal 
bearing systems. More importantly, research 
gap exists in the limited exploration of macro-
grooved regions such as the full region, first half, 
the second half region with most studies 
focusing primarily on the pressure-increasing 
region. Further investigation into these less-
explored regions could provide a more 
comprehensive understanding of journal 
bearing performance. Further no study has yet 
been performed investigating the combined 
effects of rectangular macro-grooves situated in 
various regions of the bearing and the use of 
nanoparticle additives in lubricants on the 
steady-state performance parameters of 
hydrodynamic journal bearings. So, the 
objective of the present work aims to bridge this 
gap in the literature by providing critical 

insights into the interplay between rectangular 
macro-surface textures and lubricant additives 
and find the optimum design parameters. In this 
study, the effect of rectangular shaped macro-
groove textures on the various regions of 
bearing surface, variation of groove numbers 
and depths, and area density is considered for 
investigation at the eccentricity ratios (0.2 to 
0.8). Figure 1 (a) and (b) show the cross-
sectional view and geometrical parameters of 
macro-grooved hydrodynamic journal bearing 
(MGHJB) considered in the present study. The 
results of this simulation study should help the 
designer for designing better hydrodynamic 
journal bearing that operates more smoothly 
and efficiently. 
 

 
(a) 

 

 
(b) 

Fig 1. (a) Three-dimensional (b) Two-dimensional 
view of MGHJB with different coordinates. 

 
 
2. MATHEMATICAL MODELLING 
 
The governing non-dimensional form of 
Reynolds equation to determine the pressure 
distribution of thin viscous fluid layers for a 
journal bearing working at steady state regime, 
assuming that the flow is incompressible and 
laminar, Newtonian and iso-viscous fluid is 
written as [5,6]: 
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In the present FEM-based Reynolds equation 
formulation, sharp-edge flow singularities and 
entry/exit losses along groove boundaries are 
not explicitly resolved, as the model assumes a 
smooth pressure variation within the lubricant 
film and neglects localized inertial effects. These 
singularities are inherently smoothed by the 
discretization process, and the governing 
equation does not capture abrupt velocity or 
pressure gradients that may occur in reality at -
sharp edges. To minimize numerical artifacts, a 
sufficiently fine mesh has been used around 
groove boundaries to better approximate the 
pressure distribution. Additionally, the groove 
edge geometry in the model is idealized with a 
finite transition rather than an infinitely sharp 
corner, which helps reduce unrealistic 
singularities. 
 

2.1 Lubricant- film thickness ( h ) 
 
The lubricant film thickness in non-dimensional 
form used in Equation (1) to determine the 
lubricant pressure distribution in the clearance 
space is expressed as [9]: 

(1 cos sin )j j gh X Z h = − − +  (2) 

Where, andj jX Z defines the steady-state 

journal centre co-ordinates, and 
gh  is the 

variation in lubricant-film thickness due to 
presence of the macro-groove in considered 
regions and can be expressed as [29]: 

0 00 if ( , )gh x y =  (For non-groove region) (3) 

0 0 if ( , )g gh d x y =   (For rectangular macro-

groove region)          (4) 
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0 0andx y defines the local coordinates of the 

macro-groove. The two views of rectangular 
shaped macro-groove in shown in figure 2. 
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Fig. 2. Top View and Front view of rectangular macro 
- groove.  
 

The macro-groove regions on bearing surface as 
mentioned above as defined in the equation (4) 
have been chosen from the pressure profile of the 
plain bearing and published literature [8,10] to 
place the rectangular macro-groove as depicted 
in figure 3 (a-d). One macro-groove length 
consists of 90°, 45°, and 36° in case of four 
rectangular macro-grooves placed in the full 
region, first or second half region and pressure-
increasing region. 
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(a) 
 

 

(b) 
 

 
(c) 

 

 

(d) 

Fig. 3. Distribution of rectangular macro-groove on (a) 
Bearing full region (0–360⁰); (b) First half region (0-
180⁰); (c) Second half region (180–360⁰); (d) 
Pressure-enhancing region (144-288⁰). 
 

2.2 Finite element method 
 

The non-dimensional Reynolds Equation (1) has 
been mathematically solved by using the finite 
element method. In order to discretize the 
lubricant flow domain, four nodded quadrilateral 
elements are used. The pressure is considered 
linearly distributed over an element along the 
two principal axis ζ and η is expressed as [48]: 
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Where, Nj is the shape factor of elements and ne 
are the total number of nodes in each element. 
 
By applying the Galerkin’s FEM technique the 
weak formulation of Reynolds equation (1) has 
been is expressed as [48]: 
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In Galerkin’s approach, the shape function of 
pressure, which is the primary variable, has 
been used as the weight itself. The above 
equation after simplification can be written in 
an algebraic equation in the matrix form 
expressed [6] as under: 
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For the eth element, for the Newtonian 

lubricant, the matrix and column vectors are 

expressed as: 
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The directional cosines in each direction (α and 
β) are indicated by n1 and n2, while i, j =1, 2… ne.  
 
2.3 Boundary conditions 

 
The Boundary conditions used for the solution of 
the Reynolds equation are described as under [9]: 
 
• On the two ends of the bearings i.e. at the 

leading edges, the value of the pressure is 
taken as atmospheric pressure. 

• It is assumed that there is no pressure at 
nodes located on the external boundary of the 

bearing. 
1

0.0p
 =

=  

• At the trailing edge of the positive zone, the 
boundary condition takes the impact of 
cavitation into account by assuming that the 

pressure gradient is zero: 0.0
p

p



= =


 

 
Equation (7) is solved to get the pressure and 
flow simultaneously because at each node one of 
the variables is known. 
 
2.4 Viscosity equation 

 
The non-dimensional viscosity equation [43], 
establishes a relation between (relative 
viscosity,  ), ϕ (percentage weight fraction of 

copper-oxide and cerium-oxide nano-additives 
in the reference base lubricant) and T 
(temperature), is used in the current analysis. 
The viscosity equation was formulated using the 
statistical method and experimental data with 
base lubricant (SAE 15W40 oil) with Copper 
oxide and Cerium oxide as nano-lubricant 
additives particles at a temperature of T = 30-
90°C with a weight concentration range of ϕ = 
0.1 - 0.5 percent in lubricant in non-dimensional 
form as under: 

( )1 2K K T

r

e



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−
= =     (8) 

where, 
atm

T
T

T
=  

For CuO;  

K1 =1.142 - 1.126ϕ + 5.120 ϕ2 – 6.354 ϕ3 

K2 =1.163 -1.041 ϕ + 4.218 ϕ2 – 5.080 ϕ3 

For CeO2; 

K1 =1.142 - 0.311ϕ + 1.377 ϕ2 – 2.113 ϕ3 

K2 =1.163 -0.431 ϕ + 1.521 ϕ2 – 2.060 ϕ3 

 
The relative viscosity,   is the ratio of nano-

lubricant’s viscosity at any temperature and the 
base lubricant's viscosity at similar 
temperature. Further, ϕ defines the percentage 
fraction by weight of nano-additives in the 
lubricant. The experimental findings 
demonstrate that the value of   with CuO and 

CeO2 rises with an enhancement in the weight 
fraction of nano-additives and temperature 

[43]. In the current study, the different weight 
percentage of 0.1 - 0.5% of lubricant-additives 
particles (CuO and CeO2) is used to compute 
values of   at 30°C, 60°C, and 90°C. By 

substituting the computed   at the specified 

temperature and the weight percentage of 
nanoparticles (ϕ) calculated using the 
aforementioned Eq. (8), the performance 
parameters of the macro-groove bearing has 
been computed using Reynolds equation and 
FEM.  

 
2.5 Steady-state performance parameters 

 
The dimensionless steady-state performance 
parameters of macro-grooved hydrodynamic 
journal bearing (MGHJB) are determined under 

static conditions i.e 0j jX Z= = . To determine 

the steady state parameters at a given vertical 

load (W ), the journal center equilibrium 
position need to be established. 
 
Load-Carrying Capacity (LCC): The lubricant-
film reaction components along X and Z 
directions respectively are written [15] as under: 
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The resultant fluid-film reaction i.e load-carrying 

capacity (
bW ) is expressed as [15]: 

( ) ( )
2 2

b x zW W W = +     (11) 
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Friction Coefficient (FC): The ratio of frictional 
force to load-carrying capacity (LCC) gives the 
friction coefficient (FC). The frictional force in the 
journal bearing is calculated using the following 
equation [15]:  

1 2

e

e

n

c
L

e A

h p
F dA

h



=

 
=  + 

 
    (12) 

Where, 
c  is the normalized couette shearing 

stress and is defined as ( )
0.855

1c eR = +   

Where, e

Uh
R




=  , and 

c = 1.0 in case of flow is 

laminar. 
 
Friction coefficient (FC) of lubricant fluid film is 
calculated as under [16]: 

L

b

F
f

W
=         (13) 

 
 
3. SOLUTION PROCEDURE 
 
A highly fine mesh of elements is necessary to 
get the accurate simulation's results. The 
accuracy of the solution and processing time 
both raise as the mesh density exceeds a 
particular value. Thus, to finalize the grid size, 
a mesh size testing is carried out before moving 
ahead. The calculation of load carrying capacity 
(LCC) for a rectangular macro-groove bearing 
with four macro-grooves, depth of 0.6 and 
eccentricity ratio 0.6 has been chosen under 
several mesh densities, as shown in Fig. 4. 
Initially, 200 (20 X10) elements as mesh 
density are selected to calculate LCC. However, 
above a certain level of improvement in value 
of LCC, the processing time increases 
significantly without a significant improvement 
in the accuracy of the result. The LCC of macro-
grooved hydrodynamic journal-bearing 
(MGHJB) reach the desired level of precision 
with 1170 mesh density elements. Therefore, in 
the current theoretical investigation a mesh 
size of 65 × 18 elements is finalized to do 
necessary investigation. By using the overall 
solution procedure as shown in flow diagram in 
Fig. (5), the steady-state performance 
characteristics of macro-groove hydrodynamic 
journal bearing (MGHJB) were computed.  

 

Fig. 4. Load-carrying capacity versus no. of elements 
to get optimal mesh size. 
 

 

Fig. 5. Solution procedure flow chart. 

 
The various dimensional and non-dimensional 
geometric and operating bearing input 
parameters are given in Table 1 [8, 43] used in 
the present study. Equation (1) is solved using 
the finite element analysis with the help of 
MATLAB program. To solve the system of 
equations in order to obtain the nodal pressure at 
every gauss point in the discretized fluid domain 
of lubricant, Gauss-Seidel methodology has been 
adopted. The subsequent prerequisites are tested 
for every node after calculating vector values 

 0P  and  Q  from equation (7): 

 ε = 0.6 
 λ = 1.0  

gn =4.0 

gd

=0.6  

  =1.0 
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• Nodes are in the cavitation zone,  Q <0;  

• Nodes are in the lubricating flow zone,  0P > 0. 

 

Table 1. Input parameters (operating and Geometric) 
for macro-grooved hydrodynamic journal bearing 
system [8,43]. 

Bearing Length 0.1 m 

Journal radius 0.05 m 

Bush external radius 0.055 m 

Bush thickness 0.005 m 

Radial clearance 5 X 10-5 m 

Lub oil viscosity at 40⁰C 0.0277 Ns/m2 

Lub oil density at 40⁰C 860 kg/m3 

Inlet oil supply pressure 8.96 X 106 N/m2 

External Load 22.4 kN 

Speed of journal 3000 rpm 

Eccentricity ratio (ε) 0.2-0.8 

No. of macro-grooves 1.0 – 4.0 

Groove Depth (
gd ) 0.3-1.5 

Aspect Ratio (λ) 1.0 

Clearance Ratio ( c ) 1.0 

Speed characteristics ( ) 1.0 

No. of nodes 1235 

Percentage weight fraction of 

nanoparticles in lubricants (ϕ) 

0.1, 0.25, 0.5 

 

Solutions will exist if these criteria are met; if not, 
nodes that don't fit the criteria will be moved to 
another region and the calculation process will 
keep going until a solution is found.  
 

The computation is finished when Eq. (14), 
convergence criteria, is satisfied. The 

computations are carried out until the pressure 
differential at the subsequent iteration's node 
drops below the 0.1 percent limit. 

( )

( )

'

'

1'

0
1

100

mm

t t

m

t

p p

Z TLM

p

− −−

− −

   −    =  
 
  

 (14) 

Once the convergence criteria are satisfied, the 
steady-state performance parameters are 
determined using the equations as stated above.  
 
 
4. RESULTS AND DISCUSSION 
 
In this study, the steady-state static performance 
characteristics are determined for the smooth 
plain bearing and bearing with rectangular 
macro-grooves considering the different groove 
depth, groove number, and groove regions at the 
eccentricity ratios of 0.2 to 0.8 using the mesh 
size 65 18.  
 
Before proceeding to numerical simulation, the 
validity of the FEM computed results from 
developed MATLAB codes from the present study 
is compared with already published results [8, 
48, 49] for plain bearings as shown in Table 2. 
Moreover, the present results are also validated 
for plain bearing with published experimental 
result [51] as shown in Figure 6 and for journal 
bearing with different micro-textures with [9, 50] 
as shown in Table 3.  

 
Table 2. MATLAB code validation with published data for plain bearing without nano-additives. 

Eccentricity ratio = 0.7, Aspect Ratio=1.0 and Mesh density elements = 60*10 

Static parameters Current Study S. Sharma et al. [8] R.K Awasthi et al. [48] H. N. Chandrawat and R. 
Sinhasan [49] 

LCC 8.03 8.04 7.44 7.98 

Max Pressure 5.51 5.50 5.43 5.52 

Film Thickness 0.30 0.33 0.30 0.30 

FC  2.42 2.44 2.61 2.45 

Attitude angle  44.89 44.84 45.22 44.97 

Friction Power 19.57 19.58 19.40 19.57 

 
Table 3. MATLAB code validation with published data for bearing with four number of textures, depth of 0.6 at 
eccentricity ratio of 0.2 and 0.6. 

Static Parameters Eccentricity ratio Current result S. Sharma et al. [9] D. Byotra and S. Sharma [50] 

LCC 
0.2 1.337 1.377 1.386 

0.6 4.869 4.715 3.608 

FC 
0.2 8.930 9.561 9.339 

0.6 3.251 3.552 4.563 
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Fig. 6. Validation of present simulated result with 
experimental results of I.C.M Filgueira Filho et al. [51] 
for plain bearing. 

 
The present results are found to be consistent with 
published results, thereby validating the MATLAB 
programme used in the current study and 
maximum difference of 5-8% has been observed. 
The difference in results may be due to different 
adopted numerical technique and mesh size. 
 
The following regions [8] are selected on the 
bearing's circumferential direction for the 
placement of macro-grooves on the bearing surface 
as defined by equation (4) and shown in Fig. 3 (a-d): 

a) Full Circumferential region (0°–360°) 

b) First half region (0°–180°) 

c) Second half region (180°–360°) 

d) Pressure-increasing region (144°–288° 
 

The pressure-increasing region (144°–288°) is 
considered highly effective in enhancing the load-
carrying capacity (LCC) and reducing friction 
coefficient (FC) due to its favourable hydrodynamic 
conditions [8]. This is due to the fact that the 
lubricant pressure builds up in this region and has 
positive impact on bearing performance and hence 
this region is considered by various researchers for 
placement of textures. In present study the other 
regions i.e full circumferential area (0°–360°), first 
half region (0°–180°) and the second half region 
(180°- 360°) are also explored for deep 
understanding of various regions of the bearing for 
the placement of macro-groove textures. The 
number of rectangular macro-grooves placed in the 
circumferential direction of the bearing in different 

regions are taken as gn = 1.0 to 4.0 and the non-

dimensional groove depth is taken as 
gd = 0.3 to 1.5. 

In case of full surface of the bearing (0°–360°) 
with four rectangular macro-grooves, the first 
groove will occupy location on the bearing 
surface from 0°–90°, and then second will occupy 
90°–180°, after that third groove will lie in 180° 
to 270° and finally fourth groove will lie in 270° 
to 360°. Hence, the total length of the unit cell (Lα) 
in circumferential direction for one groove is (0°–
90°) or 1.571 radians. The total dimensions in 
axial directions of the groove is considered as Lβ 
(-1 to +1). As shown in Fig. 2, the dimension ‘a’ 
and ‘b’ has been set as margins in the 
circumferential and axial directions respectively 
for placing the macro-groove and its values are 
taken initially as 12.5% of Lα and 12.5% of Lβ. 
Hence the groove length in the circumferential 
direction (Gα) is initially taken as 75% of the cell 
dimension (Lα) and Groove width (Gβ) is taken as 
75% of the cell dimension (Lβ) in the axial 
direction in different regions. Each rectangular 
groove is located in the bearing surface with a flat 
bottom surface. In the similar pattern the 
rectangular macro-groove textures are placed in 
the other regions also. The ratio of the area 
covered by the macro-groove texture to the 
entire area where the texture/groove is applied 
may be used to compute the groove area density 
(Ad), using the following equation: 

d

Area acquired by the macro-groove/texture          

T
0

otal area considered for g
A

r
=

oove/texture formatio
× 10

n
 

In the present study, the eccentricity ratio has 
been restricted to a maximum value of 0.8 to avoid 
the onset of metal-to-metal contact. This criterion 
is based on the minimum film thickness calculated 
from the hydrodynamic analysis. For an 
eccentricity ratio approaching 1.0, the minimum 
film thickness tends toward zero, significantly 
increasing the risk of asperity contact between the 
journal and the bearing surface. By limiting the 
eccentricity ratio to 0.8, the analysis ensures that 
the lubricant film remains sufficiently thick to 
maintain full-film hydrodynamic lubrication, thus 
preventing metal-to-metal interaction. The 
steady-state parameters like load carrying 
capacity (LCC), friction coefficient (FC) of journal 
bearing are determined by considering 
rectangular macro-grooves in various regions. The 
whole analysis is performed at lower and higher 
ranges of eccentricity ratios and various groove 
numbers and depths and results are shown in 
Table 4 and 5 and Fig. 7-10. The main findings of 
this study for various regions are as under: 
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4.1 Full macro-groove region in circumferential 
direction (0°-360°) 

 
Table 4 shows the static performance parameters 
of bearing with macro-grooves in various regions of 
bearing at eccentricity ratios, ε = 0.2 and 0.4, while 
Table 5 shows the static parameters at eccentricity 
ratios, ε = 0.6 and 0.8 respectively. It is observed 
that for rectangular macro-grooves distribution in 
the full region of bearing, the load-carrying capacity 
(LCC) is reduced at various groove numbers, 
depths, and eccentricity ratios, while friction 
coefficient (FC) is enhanced in comparison with the 
plain journal bearing. Therefore providing macro-
groove textures in full region has a negative effect 
on the static parameters of the bearing. The most 
optimistic outcome were found with placement of 

one rectangular macro-groove i.e gn =1.0, non-

dimensional depth of groove, 
gd = 1.5, and 

eccentricity ratio of 0.2, where LCC enhances by 
5.25% and FC reduces by 1.35%, while most 

adverse impact were found at gn = 1.0, 
gd = 1.5, and 

higher eccentricity ratio, ε = 0.8, where LCC reduces 
by 5.34% and FC increases by 1.39% in comparison 
with plain bearing. It was further observed that the 
most adverse effect of full macro-grooved bearing 
was found at a higher eccentricity ratio. The drop in 
LCC and rise in FC due to the presence of macro-
grooves on the bearing surface in this region may 
cause the flow rate to increase, it reduces the 
pressure generation and increasing the film 

thickness in the clearance gap, thereby reducing the 
static performance parameters. 
 

4.2 Macro-grooves in first half region (0°-180°) 
 

For rectangular macro-grooves distribution in 
the first half region of bearing, it was found 
from Table 4 and Table 5 that this configuration 
has also the detrimental effect on the LCC and 
FC for different values of groove numbers, 
depths, operating under different values of 
eccentricity ratios. The most optimistic results 

for this type of configuration were found at gn

= 1.0, 
gd = 0.3, and eccentricity ratio of 0.2, 

where LCC reduces by 5.63% and FC increase 
by 5.87%, while detrimental outcomes were 

found at gn = 2.0, 
gd = 1.5, and eccentricity ratio 

of 0.2, where LCC reduces by 81.63% and FC 
increases by 49.49% in comparison with plain 
bearing. Further at average and higher 
eccentricity ratio of 0.6 and 0.8, it was observed 

that the LCC enhances while FC reduces at gn = 

3.0, 
gd = 0.3 in the range of 1% in comparison 

with the plain bearing. It was further observed 
that the maximum reduction of performances 
was found at a lower eccentricity ratio at higher 
groove depth while the least reduction was 
found again at an average and high eccentricity 
ratio at lower groove depth.  

 
Table 4. Static performance parameters of bearing with macro-grooves in various regions at ε=0.2 and 0.4.  

Region Groove 
numbe

gn  
Groove 

Depth 
gd  

Maximum 
Pressure ε = 0.2 

Maximum 
Pressure ε = 0.4 

LCC 
ε = 0.2 

LCC 
ε = 0.4 

FC 
ε = 0.2 

FC 
ε = 0.4 

Plain 0.0 0.0 0.482 1.273 1.013 2.430 12.763 5.823 

0
-3

6
0

° 

1.0 

0.3 0.516 0.837 0.816 2.112 15.233 6.019 
0.6 0.523 0.858 0.754 2.205 18.232 6.520 
0.9 0.548 0.903 0.656 2.283 19.234 6.272 
1.2 0.503 0.873 0.623 2.305 21.323 6.259 
1.5 0.494 0.725 0.534 2.102 23.013 6.558 

2.0 

0.3 0.528 0.967 0.618 1.951 20.817 7.154 
0.6 0.531 0.877 0.625 1.029 23.181 13.379 
0.9 0.498 1.046 0.727 1.206 25.516 18.879 
1.2 0.462 0.913 0.340 0.650 27.699 21.087 
1.5 0.454 0.907 0.293 0.598 31.345 23.234 

3.0 

0.3 0.535 0.798 0.683 1.610 18.853 8.664 
0.6 0.715 0.957 0.634 1.152 20.300 12.026 
0.9 0.777 1.020 0.586 1.185 21.949 12.096 
1.2 0.775 1.006 0.527 1.633 24.373 13.001 
1.5 0.745 0.957 0.477 0.956 26.951 14.436 

4.0 

0.3 0.527 0.991 0.738 1.743 17.458 8.027 
0.6 0.659 1.030 0.654 1.426 19.675 9.763 
0.9 0.729 1.055 0.635 1.439 20.261 9.665 
1.2 0.723 1.007 0.610 1.347 21.398 10.316 
1.5 0.681 0.922 0.553 1.207 23.260 11.496 
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0
-1

8
0

° 

1.0 

0.3 0.488 1.283 0.956 2.408 13.512 5.882 
0.6 0.476 1.286 0.768 2.359 16.799 6.002 
0.9 0.469 1.284 0.798 2.245 16.678 5.998 
1.2 0.498 1.289 0.601 2.140 16.989 6.102 
1.5 0.471 1.278 0.561 2.137 17.002 6.501 

2.0 

0.3 0.481 1.286 0.865 2.408 14.928 5.882 
0.6 0.473 1.291 0.522 2.306 17.653 6.135 
0.9 0.547 1.294 0.296 2.181 18.380 6.478 
1.2 0.586 1.295 0.187 2.090 18.663 6.751 
1.5 0.571 1.295 0.186 2.040 19.080 6.911 

3.0 

0.3 0.482 1.283 0.860 2.417 15.008 5.857 
0.6 0.481 1.288 0.663 2.299 19.453 6.148 
0.9 0.477 1.290 0.548 2.193 19.517 6.437 
1.2 0.479 1.290 0.513 2.136 20.121 6.603 
1.5 0.480 1.289 0.505 2.112 25.480 6.675 

4.0 

0.3 0.483 1.284 0.906 2.400 14.255 5.898 
0.6 0.476 1.290 0.742 2.308 17.376 6.126 
0.9 0.469 1.292 0.636 2.246 20.271 6.290 
1.2 0.467 1.408 0.592 2.410 21.768 5.938 
1.5 0.466 1.291 0.562 2.191 22.899 6.443 

1
8

0
-3

6
0

° 

1.0 

0.3 0.360 0.833 0.784 1.822 13.438 7.638 
0.6 0.513 0.813 0.667 1.789 15.678 7.897 
0.9 0.478 0.834 0.586 1.712 16.789 8.019 
1.2 0.412 0.805 0.538 1.702 17.183 8.234 
1.5 0.357 0.765 0.501 1.689 17.897 8.445 

2.0 

0.3 0.544 0.987 0.688 1.643 18.700 8.495 
0.6 0.731 1.094 0.842 1.531 15.257 9.080 
0.9 0.785 1.131 0.882 1.606 14.557 8.648 
1.2 0.765 1.212 0.798 1.578 16.203 8.767 
1.5 0.723 1.109 0.756 1.523 16.789 9.123 

3.0 

0.3 0.482 1.135 0.736 1.824 17.490 7.682 
0.6 0.511 1.242 0.621 1.844 20.687 7.569 
0.9 0.549 1.236 0.665 1.824 19.295 7.635 
1.2 0.536 1.154 0.655 1.177 19.596 7.863 
1.5 0.503 1.059 0.622 1.698 20.610 8.198 

4.0 

0.3 0.404 0.960 0.667 1.866 19.299 7.505 
0.6 0.374 0.860 0.496 1.622 25.914 8.588 
0.9 0.402 0.849 0.490 1.543 26.192 9.006 
1.2 0.409 0.815 0.494 1.493 25.988 9.301 
1.5 0.395 0.780 0.492 1.460 26.087 9.513 

1
4

4
-2

8
8

° 

1.0 

0.3 0.769 1.634 1.329 2.708 9.744 5.235 
0.6 0.809 1.572 1.439 2.688 9.014 5.273 
0.9 0.761 1.415 1.445 2.579 8.974 5.493 
1.2 0.696 1.267 1.408 2.453 9.210 5.770 
1.5 0.635 1.156 1.355 2.331 9.565 6.064 

2.0 

0.3 0.841 1.726 1.371 2.792 9.448 5.076 
0.6 0.936 1.713 1.514 2.811 8.562 5.041 
0.9 0.908 1.542 1.536 2.685 8.442 5.274 
1.2 0.839 1.369 1.496 2.526 8.665 5.600 
1.5 0.765 1.214 1.431 2.367 9.061 5.969 

3.0 

0.3 0.753 1.589 1.355 2.737 9.558 5.180 
0.6 0.847 1.598 1.491 2.754 8.689 5.146 
0.9 0.843 1.483 1.531 2.647 8.568 5.349 
1.2 0.797 1.346 1.476 2.503 8.783 5.650 
1.5 0.738 1.220 1.412 2.356 9.177 5.992 

4.0 

0.3 0.819 1.698 1.366 2.786 9.477 5.087 
0.6 0.944 1.735 1.437 2.854 8.930 4.963 
0.9 0.952 1.701 1.600 2.923 8.103 4.906 
1.2 0.909 1.458 1.595 2.638 8.132 5.364 
1.5 0.850 1.309 1.553 2.486 8.352 5.686 
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Table 5. Static performance parameters of bearing with macro-grooves in various regions at ε=0.6 and 0.8.  

Region Groove 
numbe

gn  
Groove 

Depth 
gd  

Maximum 
Pressure ε = 0.6 

Maximum 
Pressure ε = 0.6 

LCC 
ε = 0.6 

LCC 
ε = 0.8 

FC 
ε = 0.6 

FC 
ε = 0.8 

Plain 0.0 0.0 3.170 11.114 5.206 14.072 3.254 1.728 

0
-3

6
0

° 

1.0 

0.3 1.769 6.212 4.504 11.307 4.024 2.010 
0.6 2.236 5.450 4.507 9.484 4.975 2.312 
0.9 2.136 5.009 4.377 8.529 4.043 2.562 
1.2 2.875 4.424 4.919 7.197 4.348 3.073 
1.5 2.405 3.408 4.131 5.270 5.006 4.232 

2.0 

0.3 1.643 3.268 3.889 7.287 4.213 3.082 
0.6 1.434 2.216 2.778 5.224 5.763 4.150 
0.9 1.046 1.744 1.206 3.361 13.059 6.310 
1.2 1.027 1.198 1.002 1.493 15.688 14.046 
1.5 0.987 1.008 0.983 1.045 17.567 15.345 

 

3.0 

0.3 1.192 2.618 3.022 5.741 5.400 3.896 
0.6 1.308 1.773 1.727 2.586 9.270 8.317 
0.9 1.362 1.802 1.713 2.505 9.327 8.553 
1.2 1.318 1.704 1.633 2.398 9.764 8.916 
1.5 1.234 1.578 1.488 2.214 10.703 9.642 

4.0 

0.3 1.680 2.758 3.020 4.800 5.422 4.640 
0.6 1.602 2.591 2.433 4.017 6.661 5.466 
0.9 1.561 2.296 2.431 3.843 6.658 5.688 
1.2 1.411 1.979 2.245 3.472 7.193 6.271 
1.5 1.264 1.709 1.965 2.986 8.196 7.265 

0
-1

8
0

° 

1.0 

0.3 3.183 11.124 5.187 14.050 3.269 1.732 
0.6 3.193 11.132 5.157 14.021 3.289 1.736 
0.9 3.191 11.123 5.152 14.001 3.296 1.741 
1.2 3.190 11.101 5.121 13.989 3.312 1.745 
1.5 3.189 11.096 5.110 13.965 3.332 1.748 

2.0 

0.3 3.182 11.121 5.202 14.076 3.260 1.728 
0.6 3.190 11.117 5.162 14.044 3.285 1.731 
0.9 3.191 11.110 5.105 13.999 3.319 1.736 
1.2 3.187 11.100 5.038 13.946 3.359 1.740 
1.5 3.180 11.090 4.973 13.885 3.398 1.746 

3.0 

0.3 3.178 11.119 5.196 14.038 3.262 1.732 
0.6 3.181 11.113 5.122 13.975 3.306 1.739 
0.9 3.180 11.103 5.032 13.911 3.360 1.745 
1.2 3.181 11.089 4.967 13.853 3.399 1.749 
1.5 3.181 11.076 4.933 13.811 3.420 1.753 

4.0 

0.3 3.179 11.118 5.188 14.053 3.267 1.731 
0.6 3.181 11.111 5.133 13.999 3.299 1.736 
0.9 3.179 11.101 5.076 13.931 3.333 1.742 
1.2 3.179 11.089 5.035 13.877 3.357 1.747 
1.5 3.178 11.078 5.010 13.839 3.372 1.750 

1
8

0
-3

6
0

° 

1.0 

0.3 1.602 3.244 3.817 7.246 4.283 3.096 
0.6 1.598 2.986 2.678 4.456 5.234 4.023 
0.9 1.501 2.312 2.302 3.234 5.890 4.123 
1.2 1.411 2.012 2.001 3.102 6.234 5.678 
1.5 1.123 1.976 1.987 2.789 6.487 6.302 

2.0 

0.3 1.673 2.749 2.936 4.760 5.568 4.675 
0.6 1.636 2.604 2.464 4.032 6.574 5.445 
0.9 1.586 2.298 2.503 3.888 6.460 5.623 
1.2 1.465 2.123 2.345 3.789 6.678 5.823 
1.5 1.321 2.001 2.203 3.456 6.823 6.012 

3.0 

0.3 2.335 6.736 3.380 7.772 4.891 2.989 
0.6 2.635 6.345 3.741 8.297 4.410 2.779 
0.9 2.437 4.978 3.634 7.178 4.525 3.173 
1.2 2.147 4.018 3.401 6.206 4.823 3.638 
1.5 1.845 3.363 3.069 5.296 5.333 4.234 

4.0 

0.3 2.357 6.890 3.838 9.345 4.320 2.318 
0.6 2.248 6.330 3.698 9.174 4.446 2.478 
0.9 2.121 5.365 3.521 8.211 4.653 2.750 
1.2 1.934 4.701 3.337 7.498 4.901 2.999 
1.5 1.777 4.206 3.141 6.955 5.203 3.224 

1
4

4
-2

8
8

° 

1.0 

0.3 3.684 11.126 5.458 13.775 3.094 1.737 
0.6 3.206 7.924 5.082 11.321 3.309 2.087 
0.9 2.740 6.203 4.679 9.826 3.581 2.381 
1.2 2.387 5.271 4.341 8.868 3.847 2.618 
1.5 2.138 4.818 4.071 8.250 4.090 2.799 
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2.0 

0.3 3.743 10.590 5.526 13.026 3.066 1.828 
0.6 3.262 6.937 5.101 9.945 3.932 2.352 
0.9 2.701 5.096 4.578 8.159 3.654 2.828 
1.2 2.259 4.410 4.128 7.123 4.035 3.209 
1.5 1.999 3.967 3.780 6.428 4.391 3.532 

3.0 

0.3 3.513 10.364 5.351 12.590 3.156 1.889 
0.6 3.159 7.868 4.983 10.315 3.372 2.268 
0.9 2.729 6.336 4.541 8.808 3.682 2.624 
1.2 2.377 5.401 4.153 7.807 4.010 2.934 
1.5 2.112 4.969 3.833 7.106 4.330 3.202 

4.0 

0.3 3.728 10.855 5.273 12.148 3.198 1.981 
0.6 3.337 7.326 4.969 10.150 3.251 2.305 
0.9 2.819 5.265 4.681 8.207 3.575 2.810 
1.2 2.370 4.442 4.219 7.036 3.949 3.244 
1.5 2.063 3.973 3.843 6.246 4.320 3.626 

4.3 Macro-groove in second half region (180°-360°) 
 
Due to the placement of groove textures in the 
second half region of bearing, the value of LCC 
decreases and FC increases in comparison with 
smooth plain bearing. Furthermore, it was noted 
that for all eccentricity ratio values, the presence of 
macro-grooves in first half region (0-180°) yield 
better results than the second half region (180-
360°) and full region (0-360°) since the value of LCC 
for macro-grooves in first half region is higher than 
the value of LCC found for macro-grooves in second 
half and full region for different groove numbers 
and depths. The most optimistic results for this type 
of configuration were found at 

gn = 2.0, 
gd = 0.9, 

and ε = 0.2, where LCC reduces by 12.93% and FC 
increase by 14.06%, while maximum reduction in 
performance due to macro-grooves in this region 
was found at 

gn = 2.0, 
gd = 1.5, ε = 0.8, where LCC 

reduces by 72.37% and FC increases by 
225.41% in comparison with plain bearing. 
Specifically, the reduction in LCC and increase 
in FC observed when macro-grooves are 
located in the diverging zone (full or second-
half regions) is primarily due to the formation 
of a lubricant reservoir. In this configuration, 
the grooves in the diverging region allow more 
lubricant to accumulate, which increases the 
local film thickness but diminishes the 
hydrodynamic wedge effect. This reduction in 
pressure build-up lowers the LCC, while the 
thicker lubricant film increases viscous shear, 
thereby raising the FC compared to a smooth 
plain bearing. 
 

4.4 Macro-groove in the pressure-increasing 
region (144°-288°)  

 
Tables 4 and 5 and Fig. 7 to 10 shows the 
variation in LCC and FC at different eccentricity 
ratio with one to four number of macro-groove i.e 

gn = 1.0 to 4.0 and non-dimensional groove depth 

of 
gd = 0.3 to 1.5. Fig. 7 (a) and (b) shows the 

variation of LCC and FC with placement of one 
macro-groove (

gn = 1.0) in pressure-increasing 

region at different eccentricity ratio and groove 
depth. It is observed that with placement of one 
macro-groove in pressure-increasing region, the 
greatest improvement of LCC is 42.64%, while FC 
reduces by 29.68% at ε=0.2 and, groove depth, 

gd

= 0.9 in comparison with the plain bearing.  
 

 
(a) 

 
(b) 

Fig. 7. (a) LCC versus eccentricity ratios (ε) (b) FC versus 
eccentricity ratios (ε) and groove depths for one macro-

groove (
gn = 1.0) in pressure-increasing region. 

 

Fig. 8 (a) and (b) shows that with two macro-
grooves (

gn =2.0), the maximum enhancement of 

LCC is 51.62% and reduction in FC is 33.85% at 
ε=0.2 and, 

gd = 0.9 in comparison with plain bearing.  
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(a) 

 
(b) 

Fig. 8. (a) LCC versus eccentricity ratios (ε) (b) FC versus 
eccentricity ratios (ε) and groove depths for one macro-

groove (
gn = 2.0) in pressure-increasing region. 

 

 
(a) 

 
(b) 

Fig. 9. (a) LCC versus eccentricity ratios (ε) (b) FC versus 
eccentricity ratios (ε) and groove depths for one macro-

groove (
gn = 3.0) in pressure-increasing region. 

 

Fig. 9 (a) and (b) depicts that with the placement 
of three macro-grooves (

gn = 3.0), the maximum 

increase in LCC is 49.35% while reduction in FC 
is 32.86% at ε=0.2 and, 

gd = 0.9 in comparison 

with plain bearing.  
 
While Fig. 10 (a) and (b) shows that due to the 
placement of four macro-grooves (

gn = 4.0) at 

ε=0.2 and, 
gd = 0.9, LCC increases by 57.95% and 

FC reduces by 36.51%.  
 
The reason for performance enhancement is that 
when macro-grooves are created in this region, a 
cavity is formed on account of which journal get 
an extra space in the clearance zone. As a result 
journal tries to move towards cavity formed due 
to macro-grooves and therefore the film 
thickness may reduce thereby increases the value 
of pressure and hence the LCC increases and FC 
decrease. At eccentricity ratio, ε=0.4, the value of 
LCC increases and FC decreases with increase in 
the groove number and depth and the maximum 
enhancement in LCC is 20.29% and reduction in 

FC is 15.75% at 
gn = 4.0, gd = 0.9 in comparison 

with the plain bearing.  
 

 
(a) 

 
(b) 

Fig. 10. (a) LCC versus eccentricity ratios (ε) (b) FC 
versus eccentricity ratios (ε) and groove depths for one 

macro-groove (
gn = 4.0) in pressure-increasing region. 
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It has been observed that at eccentricity ratio of 
0.2, and 0.4 the LCC increases and FC decreases 

upon increasing the groove depth upto gd = 0.9 

and after that it shows the declining trend on any 
further increment in the value of depth of macro-
groove. The results obtained at the low ratio of 
eccentricity of 0.2 and 0.4 established the 
significant effect on the performance of the 
bearing and confirm with the findings [8, 49]. At 
eccentricity ratio, ε=0.6, it was found that LCC 
decreases and FC increases with enhancement in 
groove number in this region, the maximum value 
of LCC and FC was found at low groove depth. At 
ε=0.6, the maximum enhancement in LCC is 6.15% 

and the reduction in FC is 5.77% at 
gn = 2.0, gd = 

0.3. At higher eccentricity ratio, ε=0.8, the 
presence of macro grooves with different numbers 
and depths has negative effects on the 
performance of bearing. It is established that the 
performance is maximum at higher number of 
macro-groove at large value of the groove depth at 
low eccentricity ratio while by enhancing the 
eccentricity ratio the performance of bearing is 
found better only at lower number of macro-
groove with low groove depth. The results further 
shows that positive effect of macro-groove on 
bearing performance are found with bearing 
operating at lower to average eccentricity ratios. 
The outcomes completely concur with the 
published findings [9]. 
 
4.5 Lubricant flow rate (Q) 
 
In the present study, we had initially focused on 
global performance parameters such as load 
carrying capacity (LCC), and friction coefficient 
(FC) to assess the comparative performance of 
different configurations of rectangular shaped 
macro-grooves. The flow field distributions in 
the form of bearing lubricant flow rate 
diagrams are shown in Fig. 11 (a-d). 
 
These provide additional physical insights into 
the pressure and velocity variations inside the 
bearing clearance, thereby complementing the 
global performance parameters presented in 
earlier sections. It has been found that 
geometrical discontinuities, such as macro-
grooves, can create localized changes in the 
lubricant film thickness and pressure, which may 
disrupt the continuous flow and lead to increased 
flow resistance, although specific effects vary. 
The impact of these discontinuities depends on 

the geometry, number, and interaction with other 
factors like shaft speed, lubricant properties etc. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 11. (a-d) Bearing lubricant flow rate (Q) versus 
eccentricity ratios (ε) with four rectangular shaped macro-

grooves (
gn = 4.0) and groove depths in different regions. 

gn =4.0 

Pr. Inc. region 

 

gn =4.0 

Full region 

 

gn =4.0 

1st Half region 

 

gn =4.0 

2nd Half region 
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Fig 11 (a-d) depicts the non-dimensional bearing 
lubricant flow rate due to presence of four 
rectangular shaped macro-grooves in different 
regions of bearing surface. It has been found that 
maximum flow at eccentricity ratio of 0.2 and 0.4 
is 146.03% and 50.14% respectively due to 
presence of four rectangular shaped macro-

grooves in full region at 
gn = 4.0, 

gd = 1.5 in 

comparison with the plain bearing as shown in 
fig. 11 (b). While at eccentricity ratio of 0.6 and 
0.8, the maximum lubricant flow rate is 26.82% 
and 23.12% respectively due to presence of four 
rectangular shaped macro-grooves in first half 

region at 
gn = 4.0, 

gd = 1.5 in comparison with the 

plain bearing as shown in fig. 11 (c).  
 
4.6 Optimum parameters of rectangular 

macro-grooves in pressure increasing 
region (144°-288°) 

 
After determining the maximum results in terms 
of load-carrying capacity (LCC) and friction 
coefficient (FC) due to presence of rectangular 
macro-grooves in the pressure-increasing region, 
further efforts were made to explore the 
potential performance by altering the area 
density by varying the dimensions of the 
rectangular macro-groove i.e Gα and Gβ in 
pressure-increasing region. This has been done 
to examine whether area of the rectangular 
macro-groove could further affect the bearing's 
performance in pressure-increasing region 
where the pressure was higher, potentially 
leading to even better LCC and FC values. The 
groove length in the circumferential direction 
(Gα) is initially taken as 75% of the unit cell 
dimension (Lα) and Groove width (Gβ) taken as 
75% of the cell dimension (Lβ) in the axial 
direction. The optimum parameters of 
rectangular macro-grooves have been 
determined at eccentricity ratio of 0.4. As found 
in earlier section 4.4 that with four rectangular 
shaped macro-grooves in the pressure- 

increasing region with depth, gd = 0.9, at 

eccentricity ratio, ε=0.4 and area density of 
56.25%, the maximum enhancement in LCC is 
20.29% and reduction in FC is 15.75% in 
comparison with plain bearing.  
 
The dimension of the rectangular macro-
groove (Gα) in circumferential direction is 
varied by changing the value of margin ‘a’ along 

length of the unit cell, Lα as shown in Fig. 2. 
Corresponding to the maximum value of LCC, 
the optimum value of the groove length in the 
circumferential direction (Gα) is found as 90% 
of the cell dimension (Lα) i.e a=5% margin on 
both sides of the unit cell. Further by fixing the 
value of Gα and margin ‘a’, the margin in axial 
direction ‘b’ and Groove width (Gβ) was varied 
and it was found that at Gβ as 65% of the cell 
dimension (Lβ) in the axial direction i.e b= 
17.5% margin on both sides of the unit cell, the 
maximum value of LCC was found. Hence, it is 
established that with an area density of 
rectangular macro-groove as 58.50 %, there is 
enhancement of LCC as 27.78% and reduction 

in FC as 21.36% with four macro- grooves, 
gn = 

4.0, depth, gd = 0.9, at eccentricity ratio, ε=0.4 

in comparison with plain bearing. The 
outcomes corresponding to the optimal 
parameters of macro-groove agree with the 
published results [7]. With these optimum 
parameters and area density of 58.50 %, the 
performance of bearing in terms of LCC and FC 
was determined at eccentricity ratio 0.2 to 0.8. 
The maximum enhancement of LCC was found 
as 95.75% and reduction in COF as 48.67% at 

gn = 4.0, gd = 0.9 at ε=0.2, while at ε=0.6, 
gn = 

2.0, gd = 0.3, LCC enhances by 7.96% and FC 

reduces by 6.84%. However, at higher 
eccentricity ratio of 0.8, the presence of macro-
groove texture, the maximum performance was 

found at optimum geometry of one groove, 
gn

= 1.0 in pressure increasing region, at depth of 
0.3, as LCC enhances by 1.72% and reduction in 
FC is 1.46%. The optimal dimensions of the four 
rectangular macro-grooves placed on the inner 
surface of bearing in terms of length, width and 
depth (in millimetre) at different eccentricity 
ratios (0.2 and 0.4) are 31.05 mm, 65 mm and 
0.045 mm respectively. Hence, the optimal total 
length of the rectangular shaped macro-groove 
is 35.94% of the circumferential length of the 
bearing, while the total width of the groove is 
65% of the axial length of the bearing. 
 
Fig. 12 (a) - (b) shows a 3D surface plot of film 
thickness and pressure distribution as a 
function of the circumferential direction (α) 
and axial direction (β) for macro-grooves with 
four groove number, depth 0.3 and placed in 
full region.  
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(a) 

 

(b) 

Fig. 12. (a) Non-dimensional Film thickness and (b) 
Pressure curve for bearing with four macro grooves in 

full region at groove depth, gd = 0.3 at ε=0.2. 

 
The pressure profiles illustrate how the 
pressure distribution varies across the bearing 
surface. This plot highlights areas of high and 
low pressure, which can help optimize 
performance, improve LCC and reduce FC in 
journal bearing. These variations are 
influenced by the groove number, depth, area 
density and region. Similarly the thickness 
profiles represent the film thickness across the 
bearing surface, crucial for maintaining 
lubrication and preventing metal to metal 
contact. These plots effectively highlight how 
the film thickness changes across these 
directions, pinpointing areas where the film is 
thinnest to ensure smooth operation.  
 
4.7 Effect of lubricant additives on static 

performance parameters of macro-grooved 
hydrodynamic journal bearing (MGHJB) 

  
Based on the previous studies and findings, this 
research focuses on improving the bearing's 
load-carrying capacity (LCC) and friction 
coefficient (FC) by incorporating nanoparticles 
as lubricant additives. It is observed that the 
performance of the journal bearing is improved 

with the addition of nanoparticles lubricant 
additives like CuO and CeO2 in the lubricants. 
The inclusion of CuO and CeO2 lubricant 
additives enhances lubricant viscosity [43]. The 
study is conducted at eccentricity ratio of 0.4 
and aspect ratio of 1.0 using the optimal 
parameters of macro-grooved hydrodynamic 
journal bearing (MGHJB) determined in the 
earlier section to investigate the effect of 
further variations in static performance 
parameters using lubricant additives. 

 

In the current study, LCC and FC of plain circular 
journal bearing operating with lubricant 
additives (CuO and CeO2) is compared with 
macro-grooved hydrodynamic journal bearing 
(MGHJB) with four rectangular shaped macro-
grooves in the pressure-enhancing region with 
optimum parameters as found earlier in section 

4.6, with 
gn = 4.0, depth, gd = 0.9, at eccentricity 

ratio, ε = 0.4 with lubricant additives. The 
lubricant addtives as nanoparticles i.e copper-
oxide (CuO) and cerium oxide (CeO2) with 
percentage weight fraction, ϕ = 0.1 to 0.5% at 
different temperatures 30℃, 60℃, and 90℃ is 
considered. The calculated outcomes are 
depicted in Figure 13-14 that represents the 
value of LCC and FC of plain circular bearing and 
macro-grooved hydrodynamic journal bearing 
(MGHJB) with lubricant additives (CuO and 
CeO2). The computed findings for plain circular 
bearing with nanoparticles with 0.5% weight 
fraction agree with published results [43]. 
 

Fig. 13 (a) shows the variation of LCC of plain 
bearing and macro-grooved hydrodynamic 
journal bearing (MGHJB) operating with 
lubricant additives with weight percentage as 
0.1% at eccentricity ratio 0.4. It is found that for 
plain circular bearing there is an increase of LCC 
at an eccentricity ratio of 0.4 with 0.1% weight 
fraction of nanoparticles (ϕ = 0.1%) at a 
temperature of 90℃ with maximum 
enhancement of LCC is 13.05% for CuO and 
8.02% for CeO2 for plain bearing with lubricant 
additives in comparison with plain bearing 
operating without lubricant additives. Further 
for MGHJB with four macro-grooves in pressure-

increasing region, 
gn = 4.0, depth, gd = 0.9 and 

ε=0.4, with ϕ = 0.1% lubricant additives at high 
temperature of 90℃, LCC increases by 44.16% 
for CuO and 37.78% for CeO2 in comparison with 
plain bearing. 
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(a) 

 
(b) 

 
(c) 

Fig. 13. (a), (b), and (c) LCC of plain and four macro-

grooved bearing 
gn = 4.0, gd = 0.9 with lubricant 

additives ϕ = 0.1-0.5 % and eccentricity ratio 0.4. 

 
Fig. 13 (b) shows the variation of LCC of plain 
bearing and MGHJB operating with lubricant 
additives with weight percentage as 0.25% at 
eccentricity ratio 0.4. It is found that plain 
bearing operating with ϕ=0.25% lubricant 
additives at the temperature of 90℃, LCC 
increases by 17.04% for CuO and 11.03% for 

CeO2. For MGHJB with four macro-grooves, 
gn = 

4.0, depth, gd = 0.9 and ε=0.4, and ϕ = 0.25% 

lubricant additives at 90℃, LCC increases by 
49.26% for CuO and 41.61% for CeO2. Fig. 13 (c) 
shows that for plain bearing operating with ϕ = 

0.5% lubricant additives at the temperature of 
90℃, LCC increases by 23.08% for CuO and 
21.07% for CeO2. For MGHJB with four macro-

grooves, 
gn = 4.0, depth, gd = 0.9 and ε=0.4, and 

ϕ = 0.5% lubricant additives at 90℃, the 
maximum enhancement of LCC is 56.95% for CuO 
and 54.40% for CeO2 in comparison with plain 
bearing operating without lubricant additives.  
 

 
(a) 

 
(b) 

 
(c) 

Fig. 14. (a), (b), and (c) FC of plain and four macro-

grooved bearing 
gn = 4.0, gd = 0.9 with lubricant 

additives ϕ = 0.1-0.5 % and eccentricity ratio 0.4. 

 
Fig. 14 (a) shows the variation of FC of plain 
bearing and MGHJB operating with lubricant 
additives with weight percentage as 0.1% at 
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eccentricity ratio 0.4. It is shown that FC reduces 
at ε=0.4, with ϕ = 0.1% lubricant additives at 
90℃, with reduction of11.31% for CuO and 
7.35% for CeO2 for plain bearing and for MGHJB 

with four macro-grooves, 
gn = 4.0, depth, gd = 

0.9 and ε=0.4 and ϕ = 0.1% lubricant additives at 
90℃, FC reduces by 31.09% for CuO and 26.98% 
for CeO2 in comparison with plain bearing. 
 
With ϕ = 0.25% lubricant additives at 90℃ as 
shown in Fig. 14 (b) FC reduces by 14.25% for 
CuO and 9.77% for CeO2 and for MGHJB with 

four macro-grooves, 
gn = 4.0, depth, gd = 0.9 

and ε=0.4 with ϕ = 0.25% lubricant additives at 
90℃, FC reduces by 32.38% for CuO and 
28.89% for CeO2. 
 
Fig. 14 (c) shows that for plain bearing operating 
with ϕ = 0.5% lubricant additives at 90℃, COF 
reduces by 18.29% for CuO and 16.98% for 

CeO2. For MGHJB with four macro-grooves, 
gn = 

4.0, depth, gd = 0.9 and ε=0.4 with ϕ = 0.5% 

lubricant additives at 90℃, the maximum 
reduction is 35.45% for CuO and 34.54% for 
CeO2 in comparison with plain bearing operating 
without lubricant additives. Hence it is 
established that presence of macro-grooves on 
the bearing inner surface and lubricant 
additives enhance the static performance in 
terms of LCC and FC of the bearing. The results 
agree with published work [30], which reported 
maximum performance of lubricant additives at 
high weight fraction and temperature.  
 
The reason for increase in the LCC with 
nanoparticles addition is due to the increase in 
the value of relative viscosity. As the viscosity 
increases, the molecules in the lubricant may 
build chain like structure causes generation of 
more pressure leads to the enhancement of LCC. 
As per the literature [45], the size of the particles 
can also affect the performance. The key benefit 
of nanoparticles is their size within the 
nanometer scale (~ 10–120 nm), which is ideally 
suited for enhancement of tribological properties 
of friction surfaces or in other words minimizing 
the wear and tear loss between moving surfaces. 
These findings align with and expand upon the 
results of earlier research, demonstrating the 
potential of nanoparticle-enhanced lubricants to 
revolutionize the design and operation of journal 
bearing with macro-groove textures.  

5. CONCLUSION 
 
The static characteristics of the journal bearing 
considering the impact of rectangular macro-
groove in the different regions and operating 
with lubricant additives CuO, and CeO2 at 
temperatures of 30°C, 60°C, and 90°C with 0.1, 
0.25 and 0.5 % concentrations is presented in 
the current research. The computed findings 
discussed in the aforementioned sections make 
the following evident conclusions: 

• The presence of rectangular macro-grooves 
in the pressure-increasing region yielded 
the maximum steady-state parameters. At 
low eccentricity ratio 0.2, with four macro-
grooves, and groove depth 0.9, with area 
density of 58.50%, the bearing's load-
carrying capacity (LCC) increased by 
95.75% and its friction coefficient (FC) 
reduced by 48.67%. When the eccentricity 
ratio is high, at 0.8, maximum performance 
was found with one macro-groove, at depth 
of 0.3, LCC enhances by 27.78% and FC 
reduces by 21.36 %.  

• Further improvement of steady-state 
performance results from inclusion of nano-
additives CuO and CeO2 in base lubricant; at 
90°C, the maximum improvement in LCC is 
56.95% (CuO) and 54.40% (CeO2), 
respectively, while the maximum reduction 
in FC is 35.45% (CuO) and 34.54% (CeO2) 
with 0.5% concentrations of nanoparticles 
in lubricant compared to plain bearing 
operating without the nanoparticle 
lubricant additives. These findings 
emphasize the critical role of macro-grooves 
and nanoparticle additives in enhancing the 
steady-state performance of journal 
bearings, particularly under demanding 
operating conditions. 

• Further investigation can be conducted by 
comparing the rectangular macro-groove 
texture presented in this study with various 
other geometries of the macro-grooves such 
as spherical, triangular, ellipsoidal, chevron 
etc. to potentially offer synergistic 
improvements in bearing performances. The 
research may be expanded further to 
evaluate the dynamic performance of 
bearings with macro-groove textures under 
transient conditions, encompassing start-
up, shut-down, and changing load scenarios. 
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