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 A B S T R A C T 

This study investigates the effects of rectangular grooves on water-
lubricated journal bearing (WLJB) using computational fluid dynamics 
(CFD) simulations. Optimization of groove parameters was performed 
using the Taguchi grey relational analysis (GRA) method. Key surface 
texture parameters considered were groove width, number of grooves, 
and groove locations, examined under two lubricants: pure and 
contaminated water. Optimized configurations were further evaluated 
at various rotational speeds and eccentricity ratios. Results reveal that 
surface texture configurations can both positively and negatively affect 
the load-carrying capacity (LCC) and frictional force of journal 
bearings. The optimal configuration was identified as a groove width 
of 80 µm, four grooves and placement at diverging region, 𝜃𝐶 . In 
contrast, the worst configuration involved a groove width of 40 µm, six 
grooves and placement at minimum film thickness region, 𝜃𝐵. The best 
texture configuration improved LCC by 33.62% and 43.33% while 
reducing friction force by 1.36% and 2.60% under pure and 
contaminated water lubrication, respectively. These findings 
demonstrate the effectiveness of CFD-guided GRA in optimizing surface 
textures for enhanced WLJB operation under environmentally 
sustainable lubrication. 
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1. INTRODUCTION  
 
Journal bearings are fundamental components 
in various rotating machinery, providing 
support and stability to shafts in applications 

such as turbines, compressors, and propellers. 
These bearings operate under the principle of 
hydrodynamic lubrication, where a thin film of 
lubricant separates the journal and bearing 
surfaces to minimize friction and wear. 
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Traditionally, oil-based lubricants have been 
widely used due to their superior viscosity and 
load-carrying properties [1-2]. However, the 
use of oil in marine and industrial applications 
raises environmental and sustainability 
concerns, thereby encouraging the adoption of 
water-lubricated journal bearings (WLJB) as 
alternatives to conventional oil-lubricated 
systems. Water offers advantages such as 
biodegradability, cost-effectiveness, and a 
lower friction coefficient owing to its 
abundance and lower viscosity. Despite these 
benefits, its low viscosity and weaker film-
forming ability present challenges in 
maintaining adequate load support [3], making 
WLJB more susceptible to wear under 
demanding operating conditions [4]. 
 
In marine and industrial environments, solid 
debris such as sand, rust, and metal particles 
can enter the lubrication system through 
clearances or external exposure [5]. 
Contaminants alter the lubricant’s properties 
and increase surface interactions between the 
journal and bearing, leading to elevated wear 
rates and reduced service life [5-6]. Studies 
have shown that contamination causes surface 
indentation, abrasion, and frictional heating 
[7]. The severity of these effects depends on 
particle size, shape, and concentration, with 
larger and harder particles producing more 
significant surface degradation [7]. Boucherit 
et al. [8] reported that peak pressure, friction 
force, and surface deformation increase 
significantly, while rotor–bearing system 
stability decreases, in the presence of solid 
particles. Similarly, Sateesh Kumar et al. [9] 
observed that softer journal bearing materials 
generate more wear particles under 
contaminated hydrodynamic conditions, which 
further increases friction and wear. Beyond 
material properties, bearing geometry also 
influences wear rates under contamination. For 
example, [10] investigated contaminated water 
in marine strut propeller shaft bearings and 
highlighted geometry-dependent degradation.  
 
To mitigate the adverse effects of 
contamination, researchers have explored 
various design modifications, particularly 
surface texturing. Surface texturing 
deliberately modifies bearing surfaces by 
introducing macro- or micro-features such as 
dimples or grooves [11], which enhance 

lubricant film formation and improve 
tribological performance. Dimples are localized 
cavities, while grooves are continuous channels 
cut along the bearing surface in axial, radial, or 
circumferential directions. Common dimple 
patterns include rectangular [12], triangular 
[13], circular [14] and elliptical [15], whereas 
common groove shapes include triangular [16], 
semi-circular [17] and rectangular [18]. 
Compared to dimples, groove textures in 
journal bearings have been less extensively 
studied [11]. 
 
Existing literature suggests that grooves can 
significantly influence journal bearing 
performance, but their effects depend on size, 
depth, distribution, and operating conditions. 
For example, Jin et al. [19] numerically 
simulated the effect of microgrooves on wear 
behaviour in WLJBs and found that grooves 
with a left-triangle bottom shape provided 
optimal wear and lubrication performance 
compared with semi-elliptical, rectangular, 
isosceles triangular, and right-triangular 
grooves. Marian et al. [20] reported that fully 
textured surfaces negatively affected LCC 
compared to smooth bearings. Conversely, Li et 
al. [12] reviewed that partial surface texturing 
enhances performance more effectively than 
full coverage.  
 
In the context of surface-textured bearings with 
contaminated fluids, studies remain 
inconsistent. Dadouche and Conlon [21] found 
that lightly textured journal bearings 
performed better under contaminated 
lubrication. Litwin et al. [22] analysed the 
effects of polymer materials and groove 
textures on WLJB wear, while Litwin and Kropp 
[23] studied grooved bronze bushes with 
graphite under contaminated water 
lubrication, concluding that bush geometry had 
no significant impact on wear resistance.  
 
Optimization techniques have been 
increasingly applied to surface texture design 
in hydrodynamic journal bearings (HJB). 
Shinde and Pawar [24] optimized groove 
textures using Taguchi Grey Relational Analysis 
(GRA) and reported improvements in LCC of 
51.01% and a 9.84% reduction in frictional 
torque. Similarly, Liu et al. [25] applied Taguchi 
GRA to groove textures and achieved a 4.69% 
increase in maximum film pressure and a 
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0.42% reduction in friction loss. Ganesha et al. 
[26] optimized axial-grooved WLJBs through 
numerical analysis and found groove count to 
be the most influential parameter, followed by 
groove angle, attitude angle, and groove depth. 
Despite such progress, most prior studies 
considering contamination either optimized 
grooves with limited parameters [21] or 
examined only wear effects [22]. To the best of 
our knowledge, no prior work has 
simultaneously investigated rectangular 
grooves in WLJBs under contaminated 
conditions while applying a systematic 
optimization method (Taguchi GRA). This 
unique integration represents the novelty of 
the present study. Among groove 
modifications, transverse groove textures have 
shown promising results in improving 
hydrodynamic performance [27,28], which 
forms the focus of this study. 
 
 
2. METHODOLOGY  
 
2.1 Computational domain 
 
Computational domain for the textured journal 
bearing (TB) was modelled as shown in Fig. 1. 
The dimensions were based on those reported 
by Gao et al. [29], with the attitude angle 
assumed to be positioned at the bottom. A 
summary of the journal bearing dimensions is 
presented in Table 1. Groove texture 
characteristics such as groove width, location, 
and number were selected based on 
dimensionless parameters using radial 
clearance as the reference size to assess 
hydrodynamic performance. Following [2], 
shallow textures were preferred over deep 
textures to achieve desirable performance. 
Accordingly, the groove depth was set to 20 µm 
for a radial clearance of 40 µm. 
 
The separation distance between grooves was 
determined from groove width variations, 
following [30] and [31]. Distances were 3.47 
mm, 3.45 mm, and 3.41 mm for groove widths of 
20 µm, 40 µm, and 80 µm, respectively. Groove 
location selection was adapted from [32], while 
groove number variations were referred from 
[33]. Fig. 2 illustrates groove placements at the 
converging region (𝜃𝐴), minimum film thickness, 
hmin ( 𝜃𝐵 ), and diverging region ( 𝜃𝐶 ). Table 2 
summarizes groove texture dimensions. 

 

Fig. 1. Geometry definition of textured hydrodynamic 
journal bearing model. 

 

 

Fig. 2. Groove locations: converging, 𝜽𝑨 (85 ⁰ to 110⁰), 
minimum film thickness, hmin, 𝜽𝑩 (167.5⁰ to 192.5⁰) 
and diverging, 𝜽𝑪 (245⁰ to 270⁰) regions. 

 
Table 1. Summary of journal bearing CAD model. 

Parameter Value Unit 

Bearing inner radius, 𝑟𝑏 40.041 mm 

Shaft radius, 𝑟𝑠 40.001 mm 

Bearing length, 𝑙𝑏 80.21 mm 

Radial clearance, 𝑐 0.04 mm 

Length-diameter ratio, 
𝐿 2𝑟𝑠⁄  

1.0 - 

Eccentricity ratio, ε 0.3, 0.5, 0.7 - 

Rotational speed, N 200, 600, 1000 rpm 

Bearing length, 𝑙𝑏 80.21 mm 

 
Table 2. Rectangular groove texture parameters. 

Parameter Value Unit 

Groove depth, ℎ𝑔 20 µm 

Groove width, 𝑤𝑔 20, 40, 80 µm 

Groove Locations 𝜃𝐴, 𝜃𝐵 , 𝜃𝐶   - 

Number of grooves, 𝑁𝑔 2, 4, 6 - 
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2.2 Meshing and boundary condition 
 
Structured hexahedral meshes were generated 
for higher accuracy in smooth-flow regions and 
to better capture the flow field. Refined meshes 
were applied around texture cavities to 
improve precision in textured areas. The 
multizone method in ANSYS was used to create 
uniform hexahedral meshes across the fluid 
domain. Figs. 3(a) and 3(b) show refined 
meshes of the TB fluid domain.  
 
Boundary conditions were set as follows: the 
inlet as a “pressure inlet,” the outlet as a 
“pressure outlet” with gauge pressure of 0 Pa, 
the bearing wall as stationary with a no-slip 
condition, and the shaft wall as a moving wall 
with rotational motion. Fig. 3(c) illustrates the 
applied conditions. 
 

 
 

 

 

Fig. 3. (a) Refined meshes near texture region, (b) 
Detailed cavity mesh, (c) Boundary conditions. 
 
2.3 Numerical Setup 
 
ANSYS Fluent was used to perform CFD 
simulations with a multiphase cavitation model 
to capture interactions between water and vapor 
within the journal bearing [34]. The Zwart–
Gerber–Belamri model was applied for cavitation 
prediction and convergence stability [35]. 
Particle concentration effects on cavitation 
threshold were assumed negligible, consistent 
with prior particle-laden flow studies [36-38]. 
Thus, saturation vapor pressure of water was set 
at a constant 2340 Pa for both pure and 
contaminated water lubricants. 
 
The Reynolds number, based on bearing 
clearance, was sufficiently low even at 1000 rpm, 
justifying a laminar flow assumption. For 
contaminated water (CW), fluid–particle 
interactions are commonly modelled using the 
Discrete Phase Model (DPM) or Dense DPM 
(DDPM). For example, Zhou et al. [39] used DPM 
to simulate particle phases in hydrodynamic 
bearings, while [40] applied DDPM for WLJBs 
with dynamic particle effects.  
 
Due to high computational cost and extended 
runtimes, neither DPM nor DDPM was 
employed. Instead, contamination effects were 
indirectly accounted for by modifying 
thermophysical properties of the water, 
specifically, density and viscosity, to reflect the 
presence of suspended particles. The effective 
density, 𝜌𝑒𝑓𝑓  and effective viscosity, 𝜇𝑒𝑓𝑓  of the 

contaminated fluid were calculated using 
equation (1) and (2), respectively, as functions 
of volume fraction, 𝜑 , fluid density, 𝜌𝑓 , particle 

density, 𝜌𝑝, and fluid viscosity, 𝜇𝑓  following the 

approach by [41]. In this study, two cases were 
considered: pure water (PW) with 0 vol.%, and 
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highly contaminated water (CW) with 24.8 
vol.%, which is within the concentrations used 
in previous studies [8,23].The calculated 𝜌𝑒𝑓𝑓  

and 𝜇𝑒𝑓𝑓  for 24.8 vol.% CW were 1407.8 kg∙m−3 

and 0.015 kg∙m−1s−1, respectively. 

 𝜌𝑒𝑓𝑓 = ( 1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑝 (1) 

 
𝜇𝑒𝑓𝑓

𝜇𝑓
= 1 + 56.5𝜑 (2) 

In another note, SIMPLEC scheme was used for 
pressure–velocity coupling, and second-order 
upwind discretization was applied for spatial 
discretization. The residual of the z-momentum 
equation is stabilized below 1 × 10−5, but the 
continuity and other momentum components 
stabilized at 1 × 10−3 after 1000 iterations. 
Table 3 summarises thermophysical properties 
and cavitation parameters used in the CFD 
simulation. 
 
Table 3. CFD simulation parameters and properties. 

Parameter Value Unit 

Temperature of water 20 ºC 

Saturation water vapour 
pressure 

2340 Pa  

Saturation density of 
water 

998.2 kg/m3 

Saturation density of 
water vapor 

0.5542 kg/m3 

Dynamic viscosity of 
water 

 1 × 10−3 Pa s 

Dynamic viscosity of 
water vapor 

1.34 × 10−5 Pa. s 

Bubble radius, 𝑅𝑏 10−6 m 

Evaporation coefficient, 
𝐶𝑒𝑣𝑎𝑝 

50 - 

Condensation 
coefficient, 𝐶𝑐𝑜𝑛𝑑 

0.01 - 

Nucleation site volume 
fraction 

5 × 10−4 - 

Particle concentration of 
PW 

0 vol% 

Particle concentration of 
CW 

24.8 vol% 

Effective density of CW, 
𝜌𝑒𝑓𝑓 

1407.68 kg/m3 

Effective viscosity of 
CW, 𝜇𝑒𝑓𝑓 

0.0150 Pa s 

 
2.4 Load-carrying capacity and frictional force 
 
The load-carrying capacity (LCC) of a journal 
bearing indicates the maximum load that the 

bearing can support. The equation to calculate 
LCC [42-43] is defined as: 

 LCC = √𝐹𝑥
2 + 𝐹𝑦

2 (3) 

where, 

 𝐹𝑥 =  ∫ ∫ 𝑝𝑟𝑐𝑜𝑠𝜃 𝑑𝜃𝑑𝑧
2𝜋

0

1

0
 (4) 

 𝐹𝑦  =  ∫ ∫ 𝑝𝑟𝑠𝑖𝑛𝜃 𝑑𝜃𝑑𝑧
2𝜋

0

1

0
 (5) 

where 𝑝 is oil film pressure, r is the radius of the 
shaft and 𝜃 is circumferential angle of the shaft. 
Meanwhile, the frictional force, 𝐹𝑓 [44] acting on 

the shaft is defined as: 

 𝐹𝑓 = − ∬ 𝜏𝑟𝑑𝜃𝑑𝑧
𝐴

 (6) 

where 𝜏 is wall shear stress. 
 
2.5 Surface texture optimization 
 
Taguchi Grey Relational Analysis (GRA) was 
employed to determine optimal and worst-
performing texture parameters under PW and 
CW lubrication. The dependent variables 
considered in the GRA were LCC and Ff. 
Normalized values for LCC (larger is better), is 
given in equation (7), while the normalized 
values for Ff (smaller is the better), is provided 
in equation (8) [45-46]:  

 𝑋𝑖(𝑘) =  (
𝑥𝑖−𝑥𝑚𝑖𝑛

𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
) (7) 

 𝑋𝑖(𝑘) =  (
𝑥𝑚𝑎𝑥−𝑥𝑖

𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
) (8) 

where 𝑥𝑚𝑖𝑛  is minimum value and 𝑥𝑚𝑎𝑥  is 
maximum value for sequence. 
 
Grey relational coefficients are then computed 
using equation (9). 

 𝛾𝑖(𝑘) =  (
∆𝑚𝑖𝑛 + 𝜉𝛥𝑚𝑎𝑥

∆𝑖 + 𝜉𝛥𝑚𝑎𝑥
) (9) 

where ∆𝑖  = (𝑋𝑖)𝑚𝑎𝑥 − 𝑋𝑖 , 0 < 𝜉 ≤ 1 
 
After calculating the grey relational 
coefficients, grey relational grade (GRG) was 
then computed to identify the best 
configuration using equation (10). 

 𝐺𝑅𝐺𝑖 =  
1

𝑛
∑ 𝛾𝑖

𝑛
𝑘=1 (𝑘) (10) 

where n is the quantity of performance 
characteristics. 
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A response table for the mean and ANOVA were 
tabulated to compare the relationship among 
these parameters. For the location labelling, 𝜃𝐴, 
𝜃𝐵  and 𝜃𝐶  are labelled as 1, 2 and 3, 
respectively in the optimization. Table 4 
summarizes the input parameters and levels 
used for the texture parameters optimization, 
whereas Table 5 lists the experiment design for 
optimization. Optimization was performed at 
constant rotational speed of 1000 rpm and 
eccentricity of 0.7. 
 
Table 4. Input parameters for optimization. 

Level Width (µm) Location No. of Grooves 

1 20 1 2 

2 40 2  4 

3 80 3 6 

 

Table 5. Experiment design for optimization. 

Exp Width (µm) Location No. of Groove 

1 20 3 2 

2 20 2 2 

3 20 1 2 

4 40 3 2 

5 40 2 2 

6 40 1 2 

7 80 3 2 

8 80 2 2 

9 80 1 2 

10 20 3 4 

11 20 2 4 

12 20 1 4 

13 40 3 4 

14 40 2 4 

15 40 1 4 

16 80 3 4 

17 80 2 4 

18 80 1 4 

19 20 3 6 

20 20 2 6 

21 20 1 6 

22 40 3 6 

23 40 2 6 

24 40 1 6 

25 80 3 6 

26 80 2 6 

27 80 1 6 

 

2.6 Verification and validation study 
 

In this study, verification and validation studies 
were conducted to ensure the reliability and 
accuracy of the numerical settings and model 
incorporated in the simulation. The computational 
domain of TB has been discretized with a structured 
hexahedral mesh added with sizing options for 
controlling the mesh density. A grid independence 
study was conducted to determine the optimal grid 
spacing by comparing three different cell elements: 
41500 (coarse), 320000 (medium), and 2560000 
(fine) elements. Hydrodynamic moment that is 
calculated by multiplying shaft frictional force of Eq. 
(6) with shaft radius. The error between medium 
and fine grids was only 0.0001%, confirming the 
adequacy of the medium mesh. In this study, the fine 
mesh was used for the fluid domain of 
hydrodynamic journal bearing. 
 

 
Fig. 4. Comparison of pressure distribution of present 
study and published data [29] at eccentricity ratio of 
0.6 and 0.7.  
 

Published data [29], under the same parameters 
which are eccentricity ratios 0.6 and 0.7, rotational 
speed 1500 rpm with water as lubricant have been 
considered for validation. Fig. 4 shows comparison 
between pressure for plain journal bearing (PB) by 
the present study and published data at eccentricity 
ratios 0.6 and 0.7. For eccentricity 0.6, peak 
pressure of present study is 0.480 MPa at 111.6° 
whereas the peak pressure of published data is 
0.497 MPa at 128.29°. The percentage difference 
for peak pressure was determined at 3.45%. 
Meanwhile, peak pressure for eccentricity 0.7 of 
present study is 0.811 MPa at 118.8° whereas peak 
pressure of published data is 0.869 MPa at 133.37°. 
The percentage difference for peak pressure was 
determined at 6.69%. Since the differences were 
below 7% with the overall pattern and magnitude 
of pressure distribution are consistent, results were 
considered validated, and the present studies are 
reliable compared to [29]. 
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3. RESULT AND DISCUSSION 
 

3.1 Surface texture optimization 
 

Optimization of texture parameters was 
conducted using GRA to identify the best and 
worst configurations under pure water (PW) and 
contaminated water (CW) lubrication. The 
dependent variables were the load carrying 
capacity (LCC) and frictional force (Ff), evaluated 
across groove widths, locations, and count. Table 
6 presents optimization results for PW 
lubrication, while Table 7 presents result for CW 
lubrication. In both cases, green-highlighted rows 
indicate the optimal performance parameters 
(OPP), and orange-highlighted rows indicate the 
worst-performing parameters (WPP). The 
optimal configuration for the textured bearing 
(TB) involved a groove width of 80 µm, four (4) 
rectangular grooves and placement at 𝜃𝐶 . This 
configuration delivers higher LCC and lower Ff 
under both PW and CW lubrication. Conversely, 
the worst configuration featured a 40 µm groove 
width, six (6) rectangular grooves and placement 
at 𝜃𝐵, resulting in lower LCC and higher Ff. 
 

Table 6. Texture parameters optimization under PW 
lubrication. 

Exp LCC (kN) Ff (kN) Grade Rank 

1 1.5899 0.003090 0.7431 5 

2 1.3817 0.003222 0.3828 26 

3 1.4850 0.003118 0.5506 19 

4 1.5884 0.003098 0.7253 6 

5 1.4596 0.003068 0.6290 15 

6 1.5240 0.003098 0.6235 16 

7 1.6253 0.003060 0.9101 3 

8 1.3279 0.003097 0.4946 21 

9 1.5147 0.003098 0.6135 17 

10 1.6037 0.003040 0.9146 2 

11 1.5320 0.003199 0.5164 20 

12 1.5082 0.003068 0.6706 11 

13 1.5891 0.003044 0.8676 4 

14 1.4289 0.003264 0.3859 25 

15 1.5022 0.003061 0.6850 8 

16 1.5946 0.003035 0.9164 1 

17 1.4457 0.003247 0.4057 23 

18 1.4943 0.003059 0.6824 9 

19 1.5531 0.003155 0.5841 18 

20 1.4697 0.003203 0.4507 22 

21 1.5456 0.003087 0.6735 10 

22 1.4873 0.003069 0.6471 13 

23 1.3187 0.003216 0.3606 27 

24 1.5947 0.003120 0.7034 7 

25 1.5583 0.003114 0.6439 14 

26 1.4059 0.003208 0.4046 24 

27 1.5401 0.003086 0.6673 12 

Table 7. Texture parameters optimization under CW 
lubrication. 

Exp LCC (kN) Ff (kN) Grade Rank 

1 18.3730 0.03618 0.6213 10 

2 15.8084 0.03647 0.4773 16 

3 15.3469 0.03653 0.4596 20 

4 18.0122 0.03560 0.6835 5 

5 15.7523 0.03687 0.4417 21 

6 15.8727 0.03659 0.4678 19 

7 20.0454 0.03685 0.7617 3 

8 15.1764 0.03634 0.4736 17 

9 16.1084 0.03662 0.4718 18 

10 18.8642 0.03528 0.8163 2 

11 18.8572 0.03836 0.5184 12 

12 16.8451 0.03773 0.4249 23 

13 18.6474 0.03551 0.7452 4 

14 16.4806 0.03809 0.3956 24 

15 16.9976 0.03693 0.4785 15 

16 18.7220 0.03521 0.8239 1 

17 17.0526 0.03783 0.4283 22 

18 16.8427 0.03678 0.4831 14 

19 19.1649 0.03680 0.6328 9 

20 16.7756 0.03864 0.3859 25 

21 17.4218 0.03677 0.5086 13 

22 19.0587 0.03689 0.6145 11 

23 15.6167 0.03823 0.3646 26 

24 19.9557 0.03847 0.6605 7 

25 19.2793 0.03643 0.6788 6 

26 15.3318 0.03883 0.3370 27 

27 18.8486 0.03640 0.6364 8 

 

To determine parameter influence, LCC and Ff 
responses were further examined. Delta is 
calculated as the subtraction of largest mean 
value and smallest mean values, while the rank is 
determined based on delta (largest = rank 1; 
smallest = rank 3). The parameter with the 
highest rank has the most significant effect on the 
response. Table 8 and 9 summarize the response 
table for LCC mean under PW and CW lubrication, 
while Table 10 and 11 presents the response 
table for Ff mean under PW and CW lubrication. 
Overall, groove location had the greatest impact 
on both LCC and Ff, while groove width had the 
least impact.  
 
Fig. 5(a) shows the maximum LCC was achieved 
at a 20 µm groove width. The maximum LCC 
occurred when grooves were placed at 𝜃𝐶 . For the 
number of grooves, the maximum LCC was 
obtained with four grooves. Fig. 5(b) shows that 
20 µm and 80 µm provided similar LCC, while 40 
µm lowered it. Besides that, the maximum LCC 
occurred when grooves were located at 𝜃𝐶 , while 
LCC increases with the number of grooves. 
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Fig. 6(a) shows that Ff decreased with groove 
width, reaching its minimum at 80 µm groove 
width. The minimum Ff was also observed at 𝜃𝐶 . 
Additionally, Ff increased with the number of 
grooves. Moreover, Fig. 6(b) shows that Ff was 
minimized with an 80 µm groove width 
(smaller is the better). The minimum Ff also 
occurred when grooves were located at 𝜃𝐶 . Like 
LCC, Ff increases when the number of grooves 
increases. In summary, both PW and CW 
exhibited similar trends; placing grooves at 𝜃𝐵 
consistently resulted in lower LCC and higher 
Ff. A medium groove width of 40 µm generally 
lowered LCC, while 6 rectangular grooves 
produced higher Ff.  
 
Table 8. Response table for LCC mean under PW. 

Level Width (µm) Location No. of Groove 

1 1.519 1.523 1.5 

2 1.499 1.419 1.522 

3 1.501 1.577 1.497 

Delta 0.02 0.158 0.025 

Rank 3 1 2 

Table 9. Response table for LCC mean under CW. 

Level 
Groove Width 

(µm) 
Groove 

Location 
No. of 

Groove 

1 17.5 17.14 16.72 

2 17.38 16.32 17.7 

3 17.49 18.91 17.94 

Delta 0.12 2.59 1.22 

Rank 3 1 2 

 
Table 10. Response table for Ff mean under PW. 

Level Width (µm) Location No. of Groove 

1 3.131 3.088 3.105 

2 3.115 3.191 3.113 

3 3.111 3.078 3.14 

Delta 0.02 0.113 0.034 

Rank 3 1 2 

 
Table 11. Response table for Ff mean under CW. 

Level 
Groove Width 

(µm) 
Groove 

Location 
No. of 

Groove 

1 36.97 36.98 36.45 

2 37.02 37.74 36.86 

3 36.81 36.08 37.5 

Delta 0.21 1.66 1.05 

Rank 3 1 2 

 
Fig. 5. Main effect plot for LCC mean under (a) PW lubrication (b) CW lubrication. 

 

 
Fig. 6. Main effect plot for Ff mean under (a) PW lubrication (b) CW lubrication.
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3.2 ANOVA for performance characteristics 
 
Analysis of variance (ANOVA) quantified the 
contribution of each parameter to variability in LCC 
and Ff. Here, all factors had 2 degrees of freedom. 
Adjusted sums of squares (Adj SS), adjusted means 
squares (Adj MS), F-value and P-value were 
computed. Statistical significance was determined 
at the 95% confidence level (P < 0.05). Besides that, 
the percentage of contribution (%) was calculated 
by using equation (11). 

 % =  
𝐴𝑑𝑗 𝑆𝑆

𝑇𝑜𝑡𝑎𝑙 𝐴𝑑𝑗 𝑆𝑆
 × 100% (11) 

Tables 12 and 13 provide ANOVA results for LCC 
and Ff, respectively, under PW lubrication. Based 
on Table 12, the highest contribution on LCC with 
66.09% is groove location, while the lowest 
contribution on LCC with 1.21% is groove width. 
The groove location was statistically significant 
for LCC under PW lubrication with a P-value of 
1.0× 10−5. Based on Table 13, the highest 
contribution on Ff with 57.93% is groove 
location, while the lowest contribution on LCC 
with 1.66% is groove width. For Ff, the groove 
location was statistically significant under PW 
lubrication with a P-value of 6.4 × 10−5. 
 
Tables 14 and 15 provide ANOVA results for LCC 
and Ff, respectively under CW lubrication. Based 
on Table 14, the highest contribution on LCC with 
51.02% is groove location, whereas the lowest 
contribution on LCC with 0.13% is groove width. 
For LCC in CW lubrication, groove location was 
statistically significant with a P-value of 1.7 × 
10−4. Based on Table 15, the highest contribution 
on Ff with 45.75% is groove location, whereas the 
lowest contribution on LCC with 0.81% is groove 
width. The groove location and number of 
grooves were statistically significant for Ff under 
CW lubrication with a P-value of 2.3 × 10−4 and 
0.014, respectively.  
 
Table 12. ANOVA for LCC under PW lubrication. 

Source DF 
Adj 
SS 

Adj 
MS 

F-
Value 

P-
Value 

% 

Groove 
Width 
(µm) 

2 0.002 0.001 0.39 0.679 1.21 

Groove 
Location 

2 0.116 0.058 21.5 1.0e-5 66.09 

No. of 
Groove 

2 0.003 0.002 0.63 0.541 1.95 

Error 20 0.054 0.003 - - - 

Total 26 0.175 - - - - 

Table 13. ANOVA for Ff under PW lubrication. 

Source DF 
Adj 
SS 

Adj 
MS 

F-
Value 

P-
Value 

% 

Groove 
Width 
(µm) 

2 0.002 0.001 0.47 0.635 1.66 

Groove 
Location 

2 0.071 0.035 16.26 6.4e-5 57.93 

No. of 
Groove 

2 0.006 0.003 1.35 0.283 4.80 

Error 20 0.043 0.002 - - - 

Total 26 0.122 -  - - - 

 
Table 14. ANOVA for LCC under CW lubrication. 

Source DF 
Adj 
SS 

Adj 
MS 

F-
Value 

P-
Value 

% 

Groove 
Width 
(µm) 

2 0.08 0.04 0.04 0.965 0.13 

Groove 
Location 

2 31.55 15.78 13.89 1.7e-4 51.02 

No. of 
Groove 

2 7.49 3.747 3.3 0.058 12.12 

Error 20 22.72 1.135 - - - 

Total 26 61.84  - - - - 

 

Table 15. ANOVA for Ff under CW lubrication. 

Source DF 
Adj 
SS 

Adj 
MS 

F-
Value 

P-
Value 

% 

Groove 
Width 
(µm) 

2 0.218 0.109 0.23 0.796 0.81 

Groove 
Location 

2 12.36 6.178 13.12 2.3e-4 45.75 

No. of 
Groove 

2 5.015 2.508 5.33 0.014 18.57 

Error 20 9.416 0.471 - - - 

Total 26 27.00  - - - - 

 
3.3 Flow distribution inside journal bearing 
 
Table 16 shows pressure and velocity contours 
within the texture cavity under PW and CW 
lubrications. A small region containing one 
groove was selected for comparison at ε =0.7 
and N=1000 rpm. For OPP, lower pressures 
formed inside the cavity, suggesting cavitation 
is formed here. This coincided with higher 
hydrodynamic pressures opposite the cavity, 
improving LCC. Moreover, vortex structures 
were observed in both OPP and WPP; centred 
in WPP but shifted in OPP due to the wider 
cavity. Under CW lubrication, flow streamlines 
were smoother (less disturbed) due to its 
higher viscosity. 
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Table 16. Pressure and velocity contours for texture 
cavity under PW and CW. 

Case Pressure Velocity 

PW CW PW CW 

OPP 
    

WPP 
    

PB 
    

Scale  

 
 

 

 
 

 
3.4 Effect of eccentricity ratio and rotational 

speed 
 

The effect of eccentricity ratio on OPP and WPP 
was studied at N = 1000 rpm, with plain 
bearings (PB) as benchmarks. Fig. 7 shows that 
LCC increased with eccentricity ratio. LCC for 
both OPP and WPP exceeded PB values under 
PW and CW. The OPP achieved maximum LCC 
of 1.59 kN and 18.72 kN, under PW and CW 
lubrication, respectively, at eccentricity ratio of 
0.7. This is equivalent to 33.62% and 43.33% 
percentage improvement in LCC by OPP. Fig. 8 
shows that Ff also increased with eccentricity 
ratio, with WPP consistently the highest. Under 
PW and CW lubrication, the WPP of TB reached 
a maximum Ff with a value of 0.0032 kN and 
0.0382 kN, respectively, at an eccentricity ratio 
of 0.7. Besides that, Ff for OPP is increased at 0.3 
and 0.5, but it was reduced Ff when the 
eccentricity ratio is 0.7 under both PW and CW 
with the values of 0.0030 kN and 0.0352, 
respectively. This is equivalent to 1.36% and 
2.60% percentage reduction in frictional force 
by OPP under PW and CW, respectively, 
compared to PB. 

 

 

Fig. 7. LCC against eccentricity ratio under PW and CW 
lubrication. 

 

Fig. 8. Ff against eccentricity ratio under PW and CW 
lubrication. 

 
Next, the effect of rotational speed on OPP and WPP 
were investigated for a fixed eccentricity ratio of 0.7 
under PW and CW lubrication. PB under both PW 
and CW lubrication served as benchmarks. 
Referring to Fig. 9, there is an increasing trend for 
LCC when the rotational speed increases, while LCC 
for OPP and WPP is higher than the LCC of PB at all 
rotational speeds under both of lubrication. OPP of 
TB reached a maximum LCC of 1.59 kN and 18.72 
kN under PW and CW lubrication, respectively, at 
rotational speed of 1000 rpm. The LCC of TB under 
CW lubrication is enhanced significantly because of 
its higher viscosity. Based on Fig. 10, Ff increases 
when the rotational speed increases for all the cases 
and WPP is the highest Ff for all the eccentricity 
ratios compared to the other cases. WPP of TB 
reached maximum Ff with the value of 0.0032 kN 
and 0.0382 kN, under PW and CW lubrication, 
respectively, at a speed of 1000 rpm. Besides that, 
Ff for OPP was increased at 200 rpm, but reduced 
when the speed is at 600 and 1000 rpm.  
 
To better understand the underlying 
mechanisms driving the observed differences in 
performance between the optimal (OPP) and 
worst (WPP) configurations under varying 
eccentricity ratios and rotational speeds, 
distributions of pressure, wall shear stress (WS), 
and vapour volume fraction (VVF) were plotted 
along the circumference length of the bearing. 
 

 
Fig. 9. LCC against rotational speed under PW and CW 
lubrication. 
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Fig. 10. Ff against rotational speed under PW and CW 
lubrication. 

 
These visualizations offer critical insight into 
how texture geometry influences 
hydrodynamic film formation, shear 
behaviour, and cavitation characteristics. 
Based on Fig. 11(a), 11(d), 12(a), 12(d), 13(a) 
and 13(d), OPP had the highest peak pressure 
near converging region across eccentricity 
ratios and rotational speeds. The elevated 
pressure in the converging region causes the 
pressure in the diverging region to reduce in 
return, increasing the likelihood of cavitation. 
The generated peak pressure affects the LCC on 
the WLJB and this indicates an improved LCC 
by the increase in hydrodynamic pressure. 
Besides that, the increasing of peak pressure 
for OPP under PW were the most significant at 
ε = 0.7 and 1000 rpm (see Fig. 11(a)). This can 
be seen that full vapour inside texture cavity of 
OPP lower the wall shear stress in this region. 
This effect amplified a higher hydrodynamic 
pressure with larger region, although the 
grooves located at downstream. Therefore, the 
reduction of wall shear stress enhanced the 
maximum hydrodynamic pressure in OPP. 
 
Referring to Fig. 11(b), 11(e), 12(b), 12(e), 
13(b) and 13(e), the wall shear stress for WPP 
was fluctuating and reaching its peak value 
near texture. The fluctuating wall shear stress 
near the texture is possibly caused by reduced 
fluid velocity inside the cavity, resulting in low 
local friction. Conversely, the wall shear stress 
near texture of OPP showed less fluctuating 
(more stable). Although the OPP generates the 
largest wall shear stress in regions after the 
minimum fluid film thickness, the wall shear 
stress for OPP was found to be lower in regions 
outside of the texture. As a matter of fact, the 
OPP generates lower wall shear stress 
compared to PB. The smoother shear profile 

observed in OPP contributes to its lower 
friction force. Similar effects were observed in 
both PW and CW lubrication, but the shear 
stress from CW lubrication is higher than PW 
lubrication due to its higher viscosity.  
 
Variations in peak pressure directly affects 
cavitation behaviour. At high load condition (ε 
= 0.7, N = 1000 rpm), OPP cavities were filled 
with vapor, while WPP cavities contained a 
water–vapor mix (see Fig. 11(c) and 11(f)). 
The presence of vapor in OPP cavities at high 
eccentricity and rotational speed reduced fluid 
resistance, further decreasing friction due to 
its lower viscosity than the water. 
 
At lower eccentricity (ε = 0.3), PW lubrication 
led to fully liquid cavities for both OPP and 
WPP due to its lower pressure peak generated. 
But under CW lubrication, the OPP cavities 
became vapor-filled while WPP cavities 
remained liquid (See Fig. 12(c) and 12(f)). 
Similarly, at low speed (N = 200 rpm), the 
texture cavities of both OPP and WPP were 
occupied by water under PW lubrication, but 
the texture cavities of OPP were occupied by 
vapour under CW lubrication (see Fig. 13(c) 
and 13(f)). This phenomenon can be explained 
by the fact that a lower eccentricity ratio 
generates a thicker film thickness whereas a 
lower speed generates a smaller pressure 
peak, leading to a smaller fluid film pressure 
peak that may prevent vaporization. 
 
Overall, the pressure distribution is higher 
under CW lubrication due to higher viscosity 
across eccentricity ratios and rotational 
speeds. Besides that, OPP produced a higher 
peak pressure near the convergent region of 
HJB compared to the two other cases under 
both PW and CW lubrication (see Table 17 to 
22). On the other hand, the pressure 
distribution for PB under PW and CW was 
discontinuous, and a complete high-pressure 
region was not formed at ε = 0.7 (see Table 17, 
18, 21 and 22). This is because the increment 
of wall shear stress increased the frictional 
force between the bearing surface and the 
lubricant, which affected the lubricant flow 
and caused lower hydrodynamic pressure and 
weaker fluid film stability compared to 
textured HJB.  



Kai Feng Chua et al., Tribology in Industry Vol. 48, No. 1 (2026) 21-38 

 32 

At ε = 0.3, there was no vapour formation under 
PW lubrication. However, wall shear stress 
fluctuation was observed in PB, caused by the 
hydrodynamic pressure gradient in the 
converging-diverging film region, which 
destabilized the local film thickness and 
induced shear variations along the 
circumferential direction. In contrast, the 

addition of grooves moderated these gradients, 
resulting in a smoother wall shear stress 
distribution. This is demonstrated in the added 
contours plots (see Table 17 to 22), comparing 
pressure, vapour volume fraction and wall 
shear stress distribution among OPP, WPP and 
PB across eccentricity ratios and speeds under 
PW and CW lubrication. 

 

 
 

Fig. 11. Distribution plots at 0.7 eccentricity ratio and 1000 rpm for: (a) pressure, (b) wall shear stress, (c) 
vapour volume fraction for PW; and (d) pressure, (e) wall shear stress and (f) vapour volume fraction for CW. 
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Fig. 12. Distribution plots at 0.3 eccentricity ratio and 1000 rpm for: (a) pressure, (b) wall shear stress, (c) vapour 
volume fraction for PW; and (d) pressure, (e) wall shear stress and (f) vapour volume fraction for CW. 

 
Fig. 13. Distribution plots at 0.7 eccentricity ratio and 200 rpm for: (a) pressure, (b) wall shear stress, (c) vapour 
volume fraction for PW; and (d) pressure, (e) wall shear stress and (f) vapour volume fraction for CW. 
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Table 17. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.7, N = 1000 rpm under PW. 

Case Pressure VVF WS 

OPP_
PW 

 
    

WPP
_PW 

 
    

PB_ 
PW 

 
    

Scale  

 

 

 

 

 

 
Table 18. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.7, N = 1000 rpm under CW. 

Case Pressure VVF WS 
OPP_
CW 

 
    

WPP
_CW 

 
    

PB_ 
CW 

 
    

Scale  

 

 

 
 

 

 
Table 19. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.3, N = 1000 rpm under PW. 

Case Pressure VVF WS 
OPP_
PW 

 
    

WPP
_PW 

 
    

PB_ 
PW 

 
    

Scale 

 

 

 

 
 

 

 

Table 20. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.3, N = 1000 rpm under CW. 

Case Pressure VVF WS 
OPP_
CW 

 
    

WPP
_CW 

 
    

PB_ 
CW 

 
    

Scale  

 

 

  

 
Table 21. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.7, N = 200 rpm under PW. 

Case Pressure VVF WS 
OPP_
PW 

 
    

WPP
_PW 

 
    

PB_ 
PW 

 
    

Scale  

 

 

  

 

Table 22. Pressure, vapour volume fraction and wall 
shear contours at ε = 0.7, N = 200 rpm under CW. 

Case Pressure VVF WS 
OPP_
CW 

 
    

WPP
_CW 

 
    

PB_ 
CW 

 
    

Scale  
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4. CONCLUSION 
 

The performance of WLJB with rectangular 
grooves surface texture was analysed under pure 
and contaminated water lubrications across 
various operating conditions. The key findings of 
this study are summarized as follows:  

1. The presence of groove textures improved 
WLJB performance compared to PB. Using 
Taguchi-based GRA, the optimal groove 
configuration was identified as an 80 µm 
groove width, four grooves and placement at 
𝜃𝐶 .  Conversely, the worst-performing 
configuration involved a groove width of 40 
µm, six grooves and placement at 𝜃𝐵. 

2. Contamination provided an advantage that 
enhanced the performance of the optimal 
parameter for WLJB, where the OPP of TB 
under PW and CW improved LCC by 33.62% 
and 43.33%, respectively, while reducing 
friction force by 1.36% and 2.60% at ε = 0.3 
and N = 1000 rpm compared to PB. 

3. Groove location had the most significant 
effect on LCC and Ff, while groove width had 
the least significant effect under both of PW 
and CW lubrication. In ANOVA, groove 
location was statistically significant at the 
95% of confidence level for LCC and Ff under 
PW and CW lubrication. Additionally, the 
number of grooves was statistically 
significant at the 95% of confidence level for 
Ff under CW. 

4. The results also demonstrated that pressure 
distribution is a critical factor in improving 
LCC, while wall shear stress and vapour 
volume fraction are key indicators for 
reducing Ff

.. 
 
This study used fixed HJB dimensions from a 
published paper and did not consider the actual 
presence of solid particles within the lubricant or 
the effects of temperature, which can influence 
lubrication mechanisms. Therefore, future work 
should incorporate particle and heat transfer 
modelling. Besides that, variations in HJB design 
parameters may be considered, and surface 
texture optimization can include groove depth 
and shapes, which were fixed in this study. 
Although no experimental validation was 
performed for textured bearings under CW, 
future work will incorporate experimental rigs to 
confirm CFD predictions. 
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