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Abstract 

This research aims to examine the compound impact of adding rectangular textures to various zones on the 

surface of the bearing and nanoparticles in the lubricant on the properties of journal bearing. A lubrication 

models with various texture depths and eccentricity ratios of journal bearing are created and simulated using 

CFD-FSI method to get static properties like load capacity and frictional force. Aluminum oxide nanoparticles 

were added in weight ratios ranging from 0.1 to 0.5 %, and the change in viscosity due to these additives in the 

lubricant was considered. Cavitation and the dependence of viscosity on temperature effects are also 

considered. The validation results show that the acquired results from the current simulation method agree well 

with the experimental results in the reference. The outcomes indicated that the highest load capacity and the 

lowest frictional force are found in the high-pressure region. It was noted that the maximum rise in load capacity 

was 16.51% without nanoparticles at a texture depth of 0.5 mm and eccentricity ratio of 0.1, and with the adding 

of 0.5 wt. % of nanoparticles to the lubricant in the same region, the load carrying capacity increased to 40.87 

% compared to a bearing without textures. 
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1. INTRODUCTION 

 

Journal bearings (JB) are regularly utilised in 

turning machines such as manufacturing, 

automobiles, and other types of machinery. 

However, high temperatures can negatively affect  

bearing performance due to the extreme shear rate 

resulting from high rotation and loads. Texturing the 

surface of the bearing and additives of nanoparticles 

to lubricant are methods utilised to improve the 

performance of JB under severe conditions. 

Recently, JB performance have been explored under 

the impact of texture form, height, and position on 

the bearing surface. Nanoparticle additives to 

lubricants has emerged interest, as it has shown 

positive results in increasing pressure spreading, 

improving load carrying capacity (LCC), and 

reducing frictional force (FF). Considerable 

examinations have been conducted to analyse the 

influence of surface texture parameters and 

nanoparticle addition in lubricants on the 

characteristics of JB: 

Rao et al. [1] analysed the influence of a partially 

texturing the surface of the bearing, discovered 

promising results in LCC, and FF. Ganji et al. [2] 

experimentally examined the static properties of 

textured JB with elliptical textures, found the LCC 

increases as the number of textures increases, 
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compared with the untextured bearing. Shinde et al. 

[3] examined the static properties of textured JB with 

cone shaped textures, found an increase in LCC. 

Many investigators later, Sharma et al. [4], Tala et 

al. [5], and Buscaglia et al. [6], conducted studies on 

the influence of using different models of texture on 

the static properties of JB and noted an improvement 

in the JB properties. Zhang et al. [7] examined the 

impact of considering the deformation of textured 

bearing on its characteristics using a fluid-structural 

interaction as a tool. Their result shows an 

improvement in the LCC with the consideration of 

the bearing deformation. Niu et al. [8] examined the 

static properties of complete and partial texturing of 

the surface of the bearings and got better results with 

partially textured bearings. In addition, Yu et al. [9] 

examined the impacts of texture and lubricant 

rheological parameters on the LCC and FF of JB and 

observed an increase in LCC with appropriate use 

and placement of the texture. Manser et al. [10] 

explored the impact of texture parameters on the 

characteristics of JB and noted that texture 

parameters have a major impact on the properties of 

unaligned journals at higher eccentricity ratios (ε). 

Kango et al. [11] explored the impact of texture 

parameters on the surface of bearings and noted that 

textures in the divergence region only of the bearing 

(second half region) enhanced bearing properties 
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more than the texturing of the complete bearing 

surface.  

Babu et al. [12] analysed the impact of adding 

nanoparticles in lubricants by developing a 

mathematical model to solve the Reynolds equation 

(RE) by finite element method (FEM) and noted that 

adding aluminium oxide nanoparticles (AL2O3) 

improved the static properties of JB. Binu et al. [13] 

employed the Krieger-Dougherty viscosity method 

to investigate the effect of Titanium oxide 

nanoparticles (TiO2) addition and observed an 

enhancement in LCC in comparison to lubricants 

without TiO2. Dang et al. [14] explored the static and 

thermal characteristics of elliptical bearings by 

adding Copper oxide nanoparticles (CuO) and TiO2 

nanoparticles to lubricants with weight fractions Wt. 

% of 0.5, 1.0, and 2.0 at different ε and speeds, and 

noted that the LCC improved with the increase in 

Wt. % of nanoparticles, and there was no significant 

increase in oil temperature. Sia et al. [15] explored 

the properties of Silicon dioxide nanoparticles 

(SiO2) in lubricants in plain bearings with different 

weight ratios using a surface roughness examiner 

and observed that the roughness of the surface 

improved by adding SiO2 with 0.5 wt. % to the 

lubricant. Gundarneeya et al. [16] explored the 

impact of adding nanoparticles in Avalon viscosity 

lubricant at different speeds to enhance the 

properties of JB and noted significant improvements 

in maximum pressure and LCC compared to using 

lubricant without adding nanoparticles. Nair et al. 

[17] calculated the characteristics of bearings 

working with nanoparticles by utilising FEM to 

solve the RE and noted improvement in LCC. 

Yathish et al. [18] analysed the characteristics of a 

biaxial groove journal with nanoparticle-filled 

lubricants, observing an increase in LCC compared 

to lubricants without additives. Suryawanshi et al. 

[19] compared the properties of plain and elliptical 

bearings, where the shear viscosity measurements 

introduced nanoparticles into the lubricant at 

different Wt. % of nanoparticles using a Tribo tester 

indicated improved performance in elliptical 

bearings compared to the plain bearings. 

Bhattacharjee et al. [20] explored the impact of 

lubricant and nanoparticle mixtures on hydrostatic 

bearings using a modified Darcy flow model and 

observed an improvement in performance by adding 

nanoparticles to the lubricant. Sadabadi et al. [21] 

used a computational approach with discrete 

modelling to investigate the performance of 

Nanofluid lubricant IF-WS2 in bearings, and the 

results showed an increase in LCC.  

In view of previous research, researchers 

extensively used textures with different shapes, 

sizes, and locations to improve the performance of 

the JB. Furthermore, nanoparticles were also used as 

an additive to improve the lubricant's performance. 

The effect of texture and nanoparticles together on 

JB properties has not been used in previous research. 

In the present study, the impact of adding AL2O3 

nanoparticles to the base lubricant, combined with a 

rectangular-shaped texture, on the static properties 

of JB is investigated utilizing the fluid-structure 

interaction (FSI) approach. The conservation 

equations and the elasticity equation are solved 

numerically using ANSYS fluent and mechanical 

structure software, respectively. In the analysis, the 

rectangular texture shape was used on the surface of 

the bearing, and the influence of the texture depth on 

the convergence region, high-pressure region, and 

divergence region was taken into account as a 

geometric parameter. The viscosity variation due to 

adding AL2O3 nanoparticles in the lubricant has 

been calculated at a weight fraction of 0.1-0.5% by 

employing an experimentally verified regression 

method. Cavitation and the dependence of viscosity 

on temperature effects are also considered. The 

combined investigation covers ε from 0.1 to 0.9. 

   

2. METHODOLOGY 

 

2.1. Model geometry 

The computational model comprises two 

domains: solid (the journal and bearing) and fluid 

(lubricant). These domains are illustrated in Figure 

1. The geometric dimensions and operating 

conditions were chosen to be as close as possible to 

those of the JB for the experiment [22].  

 

Fig. 1. Geometrical view of hydrodynamic JB 

 

Table 1 depicts the dimensions of the textured 

JB. The textured region consists of 48 rectangular 

textures, 8 in tangential and 6 in axial directions. 

Figure 2 displays a graphical schema of the textures 

configuration on the bearing wall. The ratio of depth 

(Dt) to width (Wt) of the textures is 0.5 and fixed for 

all textures. In this study, the Dt varies between 0.5, 

1, and 1.5 mm, and each geometry is simulated under 

different regions on bearing surface, which are 

determined by the starting angle (α). 

The bearing surface is divided into three primary 

regions. As the lubricant arrives at the converging 

area (80-160), the generated pressure begins to rise 

and reaches its peak value in the high-pressure area 

(160-240), where the pressure generated in this area 

isolates the bearing from the journal and counteracts 

the applied loads exerted on the journal. However, as 
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the lubricant arrives in the divergent area (240-320), 

the lubricant pressure decreases and falls below 

saturation pressure, and cavitation occurs. 

 
Fig. 2. Geometry of textured bearing surface 

 

Table 1. Dimensions of the JB model 

Symbol Parameters Values 

Rbi Bearing inside radius 15 mm 

Rbo Bearing Outside radius 17 mm 

L Bearing Length 20 mm 

RS Radius of shaft 14.97 mm 

e Eccentricity 0.018 mm 

ε Eccentricity ratios 0.1-0.9 

𝜃 Attitude angle 45 o 

𝜃c
 Circumference spacing 

of texture 
10 o 

Sa 
Axial spacing of 

texture 
2.8 mm 

N Rotating speed 600 rpm 

α Starting angle 80 o, 160 o, 240 o 

 

2.2. Boundary conditions 

The analysis is accomplished assuming steady-

state conditions, operating pressure 101325 Pa, zero 

gravity and external force. The two surfaces of the 

lubricant domain are modelled as static and moving 

walls with no slipping velocity, respectively, while 

the two sides are modelled as inlet and outlet, as 

presented in Figure 3.  

The inlet and outlet are simulated as inlet and 

outlet pressure with gauge pressures of 150 kPa and 

100 kPa, respectively. The bearing domain was 

considered deformable (made from copper) and 

fixed from the outer surface. In the Fluent system, 

the smoothing mesh technique was used to create a 

coupling system for the surfaces of the lubricant 

domain, while in the Static Structural system; a 

fluid-solid interface was created for the surface of 

the solid domain. Therefore, the fluid-solid interface 

connects the surfaces of the lubricant and solid 

domains. The pressure-based solution is employed 

for the numerical examination. The SIMPLEC 

process is employed for the velocity and pressure 

equation coupling, whereas the others remain 

default. Convergence standards of 10-6 are assumed 

for the residual terms. The physical characteristics of 

the lubricant and solid domain are listed in Table 2 

 
Fig. 3. Journal bearing model: description of 

domain surfaces 

 

. 

 
Table 2. Physical properties of the lubricant and bearing 

material 

Symbol Parameters Values 

𝜌l Density of lubricant 822 kg.m-3 

𝜌v Density of vapour 1.29 kg.m-3 

µl Viscosity of lubricant 0.037 Pa.s 

µv Viscosity of vapour 5.953× 10−6 Pa.s 

𝜌b Density of bearing 8.935 g.cm-3 

E Modulus of elasticity 128 GPa 

υ Poisson ratio 0.34 

 

2.3. Meshing procedure 

A mesh analysis was conducted to determine the 

final mesh parameters. Each of the two domains was 

assigned a structured mesh with 140 elements in the 

tangential and 100 in the axial directions. 

Additionally, 10 layers of elements were assigned in 

lubrication thickness and Dt and 20 layers of 

elements in bearing thickness. The Solid226 element 

was utilized in all two domains. Figure 4 illustrates 

the mesh used. The mesh independence outcomes 

are reported in Table 3. It was observed that the 

differences in LCC were minimal when the mesh 

numbers for lubricant and solid were 279087 and 

270891, respectively. Therefore, a mesh number of 

549,978 was selected for this analysis. 

 
Table 3. Mesh independence of the simulation model 

Fluid domain 

elements 

Solid domain 

elements 

LCC 

(N) 

Deviation 

(%) 

178335 165785 307.14 1.12 

198053 186246 307.98 0.95 

223146 213421 308.78 0.69 

256831 245974 309.25 0.54 

279087 270,891 310.91 0 

https://en.wikipedia.org/wiki/Poisson%27s_ratio
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2.4. Elastic hydrodynamic modelling procedure 

The textured JB models were simulated using 

Ansys Fluent and Mechanical Structure systems. A 

two-way coupling system was employed to link the 

fluid and solid domains, where the Fluent and 

Mechanical Structure systems exchanged data in 

both domains for pressure continuity and mesh 

displacement. Specifically, the pressure field data 

from Fluent to the Mechanical Structure system and 

the mesh displacement of the interface were 

transferred from the FE to the fluent system. The 

algorithm used to calculate the bearing properties is 

shown in Figure 5. 

 

 
Fig. 4. Mesh details of the two domain: (a) 

Detail of the lubricant and texture mesh, (b) 

Lubricant mesh, (c) Bearing mesh 

 

The elastic hydrodynamic model is solved 

through several steps, which are presented below: 

1. In the first stage, the lubricant flow 

characteristics are estimated using a fluent 

system. 

2. The calculated pressure profile of the lubricant is 

moved to the FE solver through the fluid/solid 

interface to calculate the mesh displacement 

caused by mechanical deformation on the solid 

domain. 

3. The mesh displacement is then transferred to a 

fluent solver to update the geometry of the 

bearing surface. 

4. This procedure is repeated until convergence is 

achieved. 

5. Finally, all the static properties of the bearing are 

calculated. 

 
Fig. 5. Elastic hydrodynamic analysis of JB: 

Calculation algorithm 

 

2.5. Governing equation 

In Fluent, the performance of the fluid domain is 

predicted using conservation equations for mass and 

momentum. The conservation equations are written 

assuming the flow is incompressible, laminar, has 

zero gravity and external force, and operates under 

steady-state conditions [23].  

 𝛻 ∙ 𝑣 = 0 (1) 

 𝜌𝑓𝛻(𝑣 ∙ 𝑣)  −  𝛻𝜏̅ = −𝛻𝑃 (2) 

 𝜏̅ = 𝜇𝑓 [(𝛻𝑣 + 𝛻𝑣𝑇) −
2

3
𝛻𝑣𝐼] (3) 

Variables 𝜇𝑓, 𝜌𝑓, 𝐼, 𝑃, and 𝜏̅ represent the fluid 

viscosity, fluid density, unit tensor, static pressure, 

and stress tensor, respectively. 

In the cavitation zone, the transfer of mass can be 

computed by utilizing the vapour transport equation 

presented below [24]: 

 𝑅𝑏
𝑑2𝑅𝑏

𝑑𝑡2 +
3

2
(

𝑑𝑅𝑏

𝑑𝑡
)

2

+
2𝜎

𝜌𝑓𝑅𝑏
=

𝑃𝑔−𝑃

𝜌𝑓
 (4) 

Variables 𝑅𝑏, 𝑃𝑔, and 𝜎 represent the bubble 

radius, bubble pressure, and surface tension 

coefficient, respectively. Ignoring the second-order 

terms and surface tension, equation (4) reduces to the 

following expression:  

 
𝑑𝑅𝑏

𝑑𝑡
= √

3

2

𝑃𝑣−𝑃

𝜌𝑓
 (5) 

Then the total interphase mass transfer rate per 

unit volume is: 

 𝑚̇𝑓𝑔 = 𝐹
3𝑟𝑛𝑢𝑐(1−𝑟𝑔)𝜌𝑔

𝑅𝑛𝑢𝑐
√

3

2

|𝑃𝑣−𝑃|

𝜌𝑓
𝑠𝑔𝑛(𝑃𝑣 − 𝑃) (6) 

Variables 𝑅𝑛𝑢𝑐, 𝑟𝑔, 𝜌𝑔, and 𝑟𝑛𝑢𝑐 represent the 

nucleation site radius, bubble volume fraction, vapor 

density, and nucleation sites volume fraction, 

respectively. The default model parameters for the 

Rayleigh-Plesset cavitation method in Fluent are 

𝑅𝑛𝑢𝑐 = 10-6, 𝑟𝑛𝑢𝑐 = 5×10-4, 𝐹𝑣𝑎𝑝 = 50, 𝐹𝑐𝑜𝑛𝑑 = 0.01. 

In the current examination, the regression 

method presented by [25] is used to calculate the 

values of viscosity of lubricants with weight 
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concentration of AL2O3 nano additives ranging 

from 0.1% to 0.5%. The regression method is 

achieved by maintaining the viscosity and 

temperature as dependent variables, while the wt. % 

of AL2O3 nanoparticles is an independent variable. 

According to the results of scanning electron 

microscopy performed by [25], the size, shape, and 

spreading of the AL2O3 nanoparticles were 

spherical and evenly spread in the lubricant with an 

even size of 30 nm. The values of viscosity of 

lubricant with AL2O3 nano additive are computed 

by [25]: 

 𝜇 = 𝜇𝑜𝑒
(𝐾1−𝐾2

𝑇

𝑇𝑜
)
 (7) 

Where: 

𝐾1 = 1.142 − 0.804𝑤𝑡 + 3.974𝑤𝑡
2 − 5.691𝑤𝑡

3(8) 

𝐾2 = 1.163 − 1.041𝑤𝑡 + 4.218𝑤𝑡
2 − 5.08𝑤𝑡

3 (9) 

Equation (7), (8), and (9) were written in C 

language using the DEFINE PROPERTY macro and 

then, included in the analysis using a user-defined 

function (UDF).  

AL2O3 nano additive was selected in this study 

for its ability to form a protective layer that repairs 

the worn surface as it accumulates with the metal 

debris in valleys, smoothing it and decreasing the 

coefficient of friction [26]. 

The LCC and FF can be acquired by integrating 

the pressure and viscosity shear force, respectively, 

over the journal surface as follows [24]: 

 𝐿𝐶𝐶 = ∫ ∫ 𝑃𝑅𝑠 ⅆ𝜃ⅆ𝑧
2𝜋

0

𝐿

0
 (10) 

 𝐹𝐹 = ∫ ∫ 𝜏𝑅𝑠 ⅆ𝜃ⅆ𝑧
2𝜋

0

𝐿

0
 (11) 

The equilibrium of the bearing domain is 

governed by the second law of motion given below 

[27]: 

 𝜌𝑏ⅆ̈𝑠 = ∇ ∙ 𝜎𝑏 + 𝑓𝑏 (12) 

Variables 𝜌𝑏, ⅆ̈𝑏, 𝜎𝑏, and 𝑓𝑏 represent the bearing 

density, local acceleration, stress tensor, and body 

force, respectively.  

The lubricant pressure deforms the bearing 

surface, altering the boundary condition at the 

interface between lubricant and bearing. 

Deformation compatibility and traction balancing 

are represented by the nodes at the interface of the 

lubricant and bearing: 

 {
ⅆ𝑓 = ⅆ𝑏

𝑛 ∙ 𝜏𝑓 = 𝑛 ∙ 𝜏𝑏
 (13) 

Variables ⅆ𝑓 and 𝜏𝑓 represent the displacement 

and stress of lubricant domain, and ⅆ𝑏 and 𝜏𝑏 

represent the displacement and stress of bearing 

domain.  

The direct method is used to solve fluid solid 

interaction (FSI) models by combining equations of 

the lubricant and bearing domains into a matrix 

given below [27]: 

 [
𝐴𝑓𝑓 𝐴𝑓𝑏

𝐴𝑏𝑓 𝐴𝑏𝑏
] [

∆𝑋𝑓
𝑘

∆𝑋𝑏
𝑘

] = [
𝐹𝑓

𝐹𝑏
] (14) 

Variables 𝐴𝑓𝑓, 𝐴𝑏𝑏, 𝐴𝑓𝑏, and 𝐴𝑏𝑓 represent the 

fluid matrix, bearing matrix, and coupling effects 

matrix correspondingly. 𝐹𝑓 and 𝐹𝑏 represent force 

vectors in the fluid and bearing domain 

correspondingly. ∆𝑋𝑓
𝑘 and ∆𝑋𝑠

𝑘 are the solutions for 

both domains, whereas k is the iteration number. 

 

2.6. Validation 

The FSI model is validated at elastic bearing 

conditions in this study, specifically for a plain JB. 

The validation process involves analysing the 

simulation results for rigid and elastic bearing 

conditions, depicted in Figure 6(a).  

The results show that the development of fluid 

pressure on the rigid bearing is greater in comparison 

with that of the elastic bearing. The pressure profile 

is compared with experimental data from the 

reference [22] under the same input parameters and 

boundary conditions to validate the simulation 

results, as depicted in Figure 6(b). The maximum 

pressure difference between the simulation and 

experimental results is only 2.81%, indicating a good 

agreement between the two data sets. 

 

Fig. 6. Validation of present work with the 

data from reference [22] 

 

3. RESULTS AND DISCUSSION 

 

The properties of the JB like LCC and FF are 

determined by considering the texture of the 

rectangular shape in convergence region, high-

pressure region, and divergence region using the FSI 

method. The JB characteristics are calculated with ε 

of 0.1 to 0.9, and the Dt ranges from 0.5 mm to 1.5 

mm for different regions to obtain the optimum 

values in a particular region by comparing its 

characteristics. AL2O3 nanoparticles were added 

into the lubricant in the highest performance region 

to find its effect on JB performance. It should be 

noted that all the LCC and FF values that will be 
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analysed in the results are the total values of the 

bearing. Below are the main results of this study: 

 

3.1. Influence of Dt and ε Convergence region 

 

In this region, both textured and untextured 

bearings show an increase in LCC with an increase 

in ε from 0.1 to 0.9. The maximum LCC is observed 

in the case of untextured bearings. However, in the 

case of textured bearings, the LCC decreases as the 

Dt increases from 0.5 to 1.5 mm. Figure 7(a) 

illustrates that the percentage reduction in LCC is 

35.08 % at a lower ε of 0.1 and 19.62 % at a higher 

ε of 0.9 with a Dt of 1.5 mm, compared to the 

untextured bearings.  

The FF decrease with increasing ε from 0.1 to 0.9 

for textured and untextured bearings. The FF is 

minimal in the case of untextured bearings. 

However, in the case of texture bearings, the FF 

increases as the Dt increases for a certain ε, as 

depicted in Figure 7(b). The FF is increased by 10.84 

% at a lower ε of 0.1 and by 25.17 % at a higher ε of 

0.9 compared to the untextured bearings with a Dt of 

1.5 mm. Figure 8 shows the lubricant field contours 

at ε of 0.6 for the textured bearings. The intensity of 

streamlines of the lubricant flow field becomes 

stronger as Dt increases. In addition, the vortex 

radius in the lubricant flow field is the smallest at Dt 

= 1.5 mm, indicating that the laminar flow condition 

of the lubricant is predominant. The vortex is 

generated primarily by the inertial influence of the 

lubricant flow within the texture area. Consequently, 

more lubricant flows into the texture area, causing 

the pressure to decrease, as shown in Figures 9(a) 

and 9(b), resulting in a reduction in the LCC and a 

rise in the FF. 

 
Fig. 7. Variation of JB characteristics in the 

convergence region (a) LCC and (b) FF 

 

Fig. 8. Lubricant field contour of textured 

area in the convergence region at ε of 0.6 and 

Dt of (a) 0.5, (b) 1, and (c) 1.5 mm. 

 
Fig. 9. Pressure contour of (a) untextured 

bearing and (b) convergence region of the 

bearing at ε 0.6 and Dt of 0.5 
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Divergence region 

In this region, both textured and untextured 

bearings show an increase in LCC with an increase 

in ε from 0.1 to 0.9. The maximum LCC is observed 

in the case of untextured bearings. However, in the 

case of textured bearings, the LCC decreases as the 

Dt increases from 0.5 to 1.5. Figure 10 (a) shows that 

the LCC is reduced by 35.98 % at a lower ε of 0.1 

and 24.56 % at a higher ε of 0.9, compared to the 

untextured bearings with a Dt of 1.5 mm. However, 

the reduction in LCC is 0.9 % higher compared to 

the convergence region for the same ε and Dt. FF 

decrease with increasing ε from 0.1 to 0.9 for 

textured and untextured bearings. The FF is minimal 

in the case of untextured bearings. However, in the 

case of texture bearings, the FF increases as the Dt 

increase for a certain ε, as depicted in Figure 10 (b). 

The FF is increased by 23.07 % at a lower ε of 0.1 

and 47.33 % at a higher ε of 0.9 compared to the 

untextured bearings with a Dt of 1.5 mm. In addition, 

at the same ε and Dt, the increase in FF within this 

region is 12.23 % higher than the increase observed 

when texturing in the convergence region. Figure 11 

show the pressure contour at ε 0.6 for the textured 

bearing.  

 
Fig. 10. Variation of JB characteristics in the 

divergence region (a) LCC and (b) FF 

 
Fig. 11. Pressure contour of divergence region of the 

bearing at ε 0.6 and Dt of 0.5 mm 

 

High pressure region 

The LCC significantly increases in this region 

compared to the converging and diverging regions. 

As the ε increases from 0.1 to 0.9, the LCC increases. 

For a Dt of 0.5 mm, the LCC is increased by 16.51 

% at a ε ratio of 0.1. However, at a higher ε of 0.9, 

there is a 15.87% reduction in LCC compared to the 

nontextured bearings, as displayed in Figure 12(a). 

Nonetheless, for ε from 0.1 to 0.7, the LCC value 

increases with a Dt of 0.5 mm but then decreases as 

the Dt and ε increase.  

 
Fig. 12. Variation of JB characteristics in the 

high-pressure region (a) LCC and (b) FF 

 

The value of FF decreases when the ε increases 

from 0.1 to 0.9 for textured and untextured bearings. 
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At a ε ratio of 0.1, the FF is decreased by 12.96 %, 

while at a higher ε of 0.9; there is a 55.4% increase 

in the FF corresponding to a Dt of 0.5 mm, as 

depicted in Figure 12(b). This is because when 

texture is applied to high-pressure region, the journal 

acquires additional area to move toward the bearing 

area. This results in a decrease in the thickness of the 

lubricant layer, which can cause a rise in the pressure 

value and LCC and a reduction in FF. Figure 13 

displays the pressure contours at ε 0.6 and a Dt of 0.5 

mm. 

 
Fig. 13. Pressure contour of high-pressure 

region of the bearing at ε 0.6 and Dt of 0.5 

mm 

 

3.2. Influence of AL2O3 nanoparticles 

According to Kalakada et al. [25], adding AL2O3 

nanoparticles to lubricants has improved the 

performance of JB. AL2O3 nanoparticles are 

incorporated into the high-pressure region of the 

bearing to enhance its performance further, as this 

region provides the highest LCC and minimal FF of 

bearings with textures. The viscosity of AL2O3 

nanoparticles is calculated for a weight fraction of 

0.1–0.5%. The analyses is conducted at ε of 0.1 and 

Dt of 0.5 mm, as the highest LCC and minimal FF 

have been achieved at these values without adding 

AL2O3 nanoparticles to the lubricant. 

Figure 14 illustrates the significant improvement 

in LCC at higher weight fractions of AL2O3 

nanoparticles. FF decreases with an increase in 

lubricant additive weight fraction. The addition of 

AL2O3 nanoparticles at a weight fraction of 0.5% 

results in a 40.87 % improvement in LCC and 29.5 

% reduction in FF compared to the plain bearing. 

Additionally, there is a 20.6 % increase in LCC and 

21 % decrease in FF compared with without adding 

AL2O3 nanoparticles to lubricants in the high-

pressure region with texturing.  

Figure 15 displays the variation of lubricant flow 

rate with wt. % of AL2O3 nanoparticles. The results 

show that as the wt. % of AL2O3 nanoparticles 

increases, the lubricant flow rate decreases. This is 

because the addition of AL2O3 nanoparticles leads 

to an increase in the lubricant viscosity, which rises 

the resistance existing by the viscous force, thereby 

reducing the flow ability. Consequently, increasing 

the wt. % of AL2O3 nanoparticles in the lubricant 

increases the LCC and reduces the FF. 

 
Fig. 14. Variations of LCC and FF with wt. % 

of AL2O3 nanoparticles at ε of 0.1 and Dt of 

0.5 mm in the high-pressure region 

 

 
Fig. 15. Variations of lubricant flow rate with 

wt. % of AL2O3 nanoparticles at ε of 0.1 and 

Dt of 0.5 mm in the high-pressure region 

 

3.3. Influence of bearing deformation 

The pressure of the lubricant film in a JB causes 

elastic deformation of the bearing. The bearing's 

characteristics was examined while considering the 

elastic deformation to understand the impact of 

elastic deformation. 

When comparing the pressure profiles of 

textured bearings in Figure 16, it was observed that 

elastic deformation causes a reduction in lubricant 

pressure, which is particularly noticeable in the high-

pressure region. Table 4 displays the LCC of the 

bearing in two cases. Compared to the case without 

considering elastic deformation, the LCC values 

decrease when elastic deformation is considered. 

Figure 17 displays the deformation contour at ε 0.6 

and a Dt of 1.5 mm. The generated deformation of 

the bearing causes a rise in lubricant thickness 

compared to the original convergence effect of JB, 

which interrupts pressure accumulation and reduces 

the maximum pressure; the lower maximum pressure 

leads to a reduced whole pressure integral and, 

consequently, a lower value of LCC. 
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Fig. 16. Pressure profiles of textured 

bearings 

 
Fig. 17. Deformation contour of JB at ε of 0.6 

and Dt of 1.5 mm in the high-pressure region. 

 
Table 4. Bearing performance of two cases 

 LCC (N) 

Eccentricity ratio With FSI Without FSI 

0.1 54.3 57.5 

0.2 75.7 80.7 

0.3 123.8 132.1 

0.4 145.3 153.9 

0.5 233.1 248.2 

0.6 422.3 439.3 

0.7 676.8 698.7 

0.8 1066.8 1113.6 

0.9 2139.3 2209.4 

 

4. CONCLUSION 

 

In this research, the influence of rectangular form 

textures in convergence, divergence, and high-

pressure regions of the bearing surface was analysed 

to investigate the static properties of a JB using the 

FSI method. After achieving the highest 

improvement of characteristics parameters in terms 

of LCC and FF in a specific region, AL2O3 

nanoparticles are added at a weight fraction of 0.1-

0.5% in the base lubricant to enhance the bearing's 

properties further. Based on the outcomes of the 

entire investigation, the following conclusions are 

drawn: 

1. The highest rise of LCC of 16.51 % and a 

reduction of 12.96 % of the FF is noted in the 

high-pressure region, corresponding to ε of 0.1 

and Dt of 0.5 mm without adding AL2O3 

nanoparticles in the lubricants. 

2. After adding AL2O3 nanoparticles in the 

lubricant, an additional increase of LCC is noted 

to be highest at a wt. % of 0.5 by 40.87 % 

compared with the untextured bearing and 20.6 

% compared with the highest value acquired 

without adding AL2O3 nanoparticles in the high-

pressure region with textures.  

3. The results of the FSI analysis indicate that 

bearing deformation has a considerable impact 

on the characteristics of JB. It causes a reduction 

in both the lubricant pressure and the LCC. 
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