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Journal bearings are widely utilized in industries, such as 
automotive, power generation, and marine applications. 
This study examines the performance of the lubrication 
system in both plain and multistep journal bearings for 
tribological properties, including hydrodynamic pressure, 
load-carrying capacity, and friction force. The bearings are 
subjected to various surface roughness conditions, 
together with slip-wall formations. Computational fluid 
dynamics is employed to simulate this analysis under 
cavitation conditions. This study applied fluid-structure 
interaction to investigate the deformation in the bearings. 
The modeling results demonstrate that surface roughness 
substantially affects the maximum hydrodynamic 
pressure in the convergent region. The slip-wall surface 
increases hydrodynamic pressure on the journal bearing. 
A greater reduction in maximum hydrodynamic pressure 
was noted on Ra 6.3 m compared to Ra 0.2 m and Ra 0.8 
m, indicating a decline in lubricating efficacy relative to 
surface roughness. The tribological parameters generally 
show that the multistep journal bearing is superior to the 
plain journal bearing. The study did not consider thermal 
or transient effects. Experimental research is the next step 
in confirming the simulation results. 
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1.0 INTRODUCTION 
A bearing is a component commonly utilized in machining systems. Journal bearings, a subtype 

of hydrodynamic bearings, are frequently used in rotors subjected to heavy loads (Zapomel & 
Ferfecki, 2022; Sayed & El-Sayed, 2022). Hydrodynamic bearings utilize a fluid to create 
hydrodynamic pressure, thereby separate the rotating shaft from the bearing housing and 
supporting the shaft's load (Oliveira et al., 2022). Journal bearings operate on the theory of 
utilizing a lubricating fluid as a separator to prevent contact between the rotating shaft and the 
inner surface of the bearing. Numerous methods exist to enhance the performance of the 
lubricating system in journal bearings, including surface texturing. This texture is considered a 
fluid reservoir in lack of lubricating fluid (Lu & Khonsari, 2007). 

Bompos et al. (2016) simplified complex geometric structures into a multistep journal bearing. 
This type is more straightforward due to its reduced number of existing indentations, although it 
possesses a greater surface area, hence enhancing the storage capacity of the lubricating fluid. The 
lubricating fluid used in the lubrication of journal bearings will experience cavitation when 
situated in the diverging zone (Tauviqirrahman et al. 2016). The cavitation phenomena can result 
from variations in pressure values in the convergent and divergent regions of journal bearings. 
This process leads the lubricant to transition into steam (Dhande and Pande, 2016). Cavitation in 
textured bearings must be prevented, as it can diminish load-carrying ability, as indicated in 
several studies (Gropper et al. (2016); Muchammad et al. (2020); Syafaat et al. (2024)). A 
significant finding from cavitation investigations indicates that modeling must account for 
cavitation conditions. 

Analysis of journal bearings working under high circumstances, it is essential to determine the 
elastohydrodynamic lubrication conditions (Chen et al., 2019). Benasciutti et al. (2012) 
performed a static analysis of elastohydrodynamic journal bearings. The elastic deformation of 
the journal bearing part resulted in a more uniform pressure distribution. The deformation will 
affect the boundary condition of the lubrication part of the fluid domain (Shenoy, 2010). This 
makes analytical modeling is essential to account for the interaction between the fluid domain 
and the solid domain. Previous research concentrated on hydrodynamic lubrication analysis 
(Dhande & Pande, 2017); however, under conditions of elevated pressure and temperature, 
journal bearings undergo elastic deformation (Kumar et al., 2020), which impacts the clearance 
distance of the bearing. To achieve consistent bearing performance, it is essential to conduct an 
elastohydrodynamic (EHD) lubrication analysis of the journal bearing (Chen et al., 2019; Hili et 
al., 2010; Prabhakaran et al., 2007). 

Liu et al. (2010) performed a study utilizing the Computational Fluid Dynamics - Fluid-
Structure Interaction (CFD-FSI) approach for the examination of EHD lubrication. This research 
determined that elastic deformation in EHD lubrication substantially influenced the locus 
position. Additionally, Chalkiopoulos et al. (2020) performed a thermoelastohydrodynamic 
(TEHD) lubrication investigation on journal bearings. TEHD lubrication is a journal bearing 
lubrication method that considers both mechanical and thermal loads. The analysis identified an 
increase in elastic deformation occurring in the bearing. Consequently, mechanical-thermal stress 
was incorporated in this research. In addition to surface roughness, the condition of slippery 
surfaces can also influence the lubrication performance of journal bearings. In a study by Cui et 
al. (2019), the impact of introducing slip-wall areas on plain journal bearings was examined. Their 
research found that applying a slip-wall area in the convergent region of plain journal bearings 
enhanced performance by up to 4.5%. 
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In real-world conditions, not only does deformation impact the lubrication performance of 
journal bearings, but the condition of the bearing surface also plays a significant role. Sander et al. 
(2016) identified differences between the surface of a new journal bearing and one with a rough 
surface, specifically a reduction in maximum contact pressure. A study by Tauviqirrahman et al. 
(2019), Muchammad et al. (2021), and Muchammad et al. (2024) investigated the effect of surface 
roughness on journal bearing modeling using the CFD-FSI method, taking into account the 
influence of deformation on lubrication. The findings indicated that the lubrication performance 
of journal bearings decreases when deformation is considered, and the rougher the bearing 
surface, the lower its lubrication performance.  

The examination of several literatures indicates that enhancing hydrodynamic pressure and 
load-bearing capability necessitates the development of a journal bearing with a textured surface. 
Furthermore, the implementation of a slip-wall might augment the generated pressure. 
Conversely, research regarding the impact of surface roughness combined with slip engineering 
remains notably scarce. The application of Computational Fluid Dynamics (CFD) incorporating 
the deformation of the bearing structure through Fluid-Structure Interaction (FSI) is frequently 
employed to model the lubrication system. This study intends to examine the effects of surface 
roughness using two distinct bearing designs: plain bearings and multistep bearings, utilizing 
computational fluid dynamics (CFD). This study presents a textured surface design implemented 
as a multistep journal bearing featuring several grooves on its surface. 

 
 

2.0 METHODOLOGY 

 
2.1 Governing Equations 

In fluid flow, the Navier–Stokes equation consists of a set of equations that describe the motion 
of a fluid. This equation indicates that the change in momentum of fluid particles is determined 
solely by the internal viscous forces and the external pressure forces acting upon the fluid. 
Consequently, the Navier–Stokes equation represents the force equilibrium in Newtonian fluids 
undergoing viscous flow, adhering to the principle of momentum conservation. The mass 
conservation equation is presented as follows (Chen et al., 2019). 
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Where   in equation (1) represents the vector operator, f  represents the density of the 

lubricating fluid, V  represents the velocity vector of the lubricating fluid, and trefers to the time 
utilized for the calculation of the lubricating fluid. 

The equation of conservation of momentum can be determined in equation (2) (Chen et al., 
2019): 
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Where P represents the static pressure, g and F  each is the gravitational force and the external 

force. While   in equation (3) is the tension tensor that can be defined using this following 
equation (Chen et al., 2019). 
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Where f  and I respectively are the dynamic viscosity of the fluid and the tensor unit. 
 

2.2 Slip Modelling 
The boundary condition on a surface can be transformed into a slippery surface by altering the 

property condition and the constraints of its roughness (Tauviqirrahman et al., 2021). In the slip 
surface condition, the flow velocity at the surface is unaffected by deceleration from shear stress. 
In the slip model, the limiting condition of the slip wall occurs when the fluid's shear stress 
surpasses the critical shear stress limit in equation (4). 

 

 If τ <  τcr, us = 0 and If  τ ≥  τcr, us = (τ − τcr)
b

μ
 (4) 

 
Where 𝑢𝑠 represents slip velocity, b is the length of the slip viewing area, and 𝜇 is the viscosity of 
the lubricant. For a comprehensive understanding of slip theory and its applications, readers are 
encouraged to review the works of Muchammad et al. (2020) and Syafaat et al. (2024). 

 
2.3 Cavitation Modelling 

In the lubrication system of journal bearings, cavitation may occur due to a drop in pressure 
below atmospheric levels, reducing the fluid's capacity to dissolve air and resulting in the 
formation of air bubbles within the fluid layer. Additionally, cavitation can arise when the 
lubricant pressure falls below the saturated vapor pressure, causing the lubricant to change 
phases into vapor. Under actual conditions, cavitation significantly impacts the performance of a 
journal bearing's lubrication system. The collapse of air bubbles generates high-pressure shock 
waves, potentially damaging the performance and surface of the journal bearing.  

According to Dhande & Pande (2017), when modeling cavitation in journal bearings with an 
inlet at the top and an outlet on the side, the Zwart-Gerber-Belamri model demonstrates superior 
modeling capabilities. This model assumes that all bubbles within the system are of the same size 
and aims to calculate the total mass transfer between phases per unit based on bubble density. 

 

 If P < Pv, Re = Fevap  
3αnuc(1−αv)ρv

RB
√

2(Pv−P)

3ρl
 (5) 

 

 If P ≥ Pv, Rc = Fcond  
3αρv

RB
√

2(Pv−P)

3ρl
 (6) 

 
In the equation (5) and (6), Fevap = evaporation coefficient = 50, FCond = condensation coefficient = 
0.01, RB = bubble radius = 10-6 m, 𝛼𝑛𝑢𝑐 = nucleation site volume fraction = 5×10-4, 𝜌𝑙  = liquid 
density, 𝑃𝑣 = vapor pressure.  
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2.4 Surface Roughness 
Surface roughness refers to a common texture observed on a material's surface. It is typically 

measured by the deviation of the surface's normal vector from its ideal shape. A greater deviation 
suggests a higher surface roughness value. The surface roughness is often quantified using the 
roughness average (Ra). 

In ANSYS software, surface roughness can be modeled as a uniform roughness, represented by 
the roughness height (Ks) (ANSYS, 2016).  The conversion of this parameter to the arithmetic 
mean surface roughness (Ra) can be achieved using the algorithm provided by Czaban (2014) and 
(Adams et al., 2012) resulting in the equation (7).  

 
 Ks = 5.863 Ra (7) 

 
The surface roughness of a material is influenced by the grinding process, which reduces particle 
size from a coarse shape to smaller, finer sizes. 

 
2.5 Fluid-Structure Interaction (FSI) 

Lubrication in journal bearings involves the interplay between pressure and the deformation 
that may occur in the bearing materials. Therefore, understanding the interaction between the 
solid and fluid components is crucial. This interaction within the lubrication system of journal 
bearings presents a fluid-structure interaction (FSI) problem. Such a condition establishes a 
relationship between the forces exerted by the fluid domain and the resulting deformation in the 
solid domain, and vice versa. These interactions can lead to changes in the existing boundary 
conditions, which can be described by the equations (8-10) (Yanzhen et al., 2016).  

 
 

f sd d=  (8) 

 n ⋅ τf = n ⋅ τs (9) 
 

f sT T=  (10) 

 
where 𝑑𝑓 and 𝑑𝑠  represent as displacement in the fluid domain and solid domain. 𝜏𝑓  and  𝜏𝑠 

represent as the stress in the fluid domain and solid domain. 𝑇𝑓  and 𝑇𝑠  represent as the 

temperature in the fluid domain and the solid domain.  
The governing equations of the fluid and solid domains are integrated into a matrix system, as 

illustrated in the equation (11) (Yanzhen et al., 2016).  
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where 𝐴𝑓𝑓 , 𝐴𝑠𝑠 , 𝐴𝑓𝑠,  dan 𝐴𝑠𝑓  represent as a system matrix of fluid, solid, and coping effects, 

sequentially. ∆𝑋𝑓
𝑘 and ∆𝑋𝑠

𝑘  are a solution from Fluid and Solid Domain. 𝐹𝑓 and 𝐹𝑠 are the external 

force of the fluid and solid domain. All equations pertaining to fluid-structure interaction are 
resolved using Ansys software. This study selects the CFD-FSI method due to its capacity to 
forecast structural deformation by integrating phenomena in both fluid and solid domains. These 
advantages have been referenced in various prior publications in the Introduction section.  

 



Jurnal Tribologi 46 (2025) 58-79 

 

 

 

 

 

 

63 

2.6 Model and Boundary Conditions 
This lesson uses the geometry of a plain journal bearing, with dimensions based on a simulation 
by Dhande & Pande (2017). This work included an investigation of the impact of multistep surface 
application on the performance of the journal bearing lubrication system. The multistep texture 
geometry is derived from the journal bearing geometry presented by Bompos and Nikolakopoulos 
(2016). The geometric schema is illustrated in Figures 1 and 2. The geometric parameters and 
material qualities utilized in this investigation are presented in Table 1 and Table 2. This study is 
constrained by several factors: the fluid employed is characterized as Newtonian and 
incompressible, the simulation is conducted under steady-state and isothermal conditions, and 
the flow modeling is based on k-ε turbulent flow dynamics. 

  

Figure 1: Geometry and coordinate system (a) plain bearing; (b) multistep journal bearing. 

 
(a) 

 
(b) 
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(a) 
 

(b) 
Figure 2: Physical model (a) plain bearing; (b) multistep journal bearing. 

 
Table 1: Parameters used in numerical analysis. 

Parameters Parameters 

Plain Journal Bearing Groove Length 25 mm 

Clearance, c  0.05 mm Groove height 0,3 mm 

Diameter, d  50 mm Lubricant parameters 

Length, L  25 mm Oil density, 
f  850 kg/m3 

Eccentricity ratio,   0.8 Oil liquid viscosity, μo 0,0125 Pa.s 

Attitude angle,   55° Oil vapour density, ρV 10,95 kg/m3 

Multistep Journal Bearing Oil vapour viscosity, μV 2×10-5 Pa.s 

Step arc angle 30° Vaporization pressure, vP  29,185 Pa 

Angle between steps 90°    

 
 
 

 

(a) 
 

(b) 
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Table 2: Structure parameters used in numerical analysis. 

Structure parameters  Structure parameters   

Journal: Steel  Housing: Aluminium  

Elastic modulus, SE  210 GPa Elastic modulus, AE  68.3 GPa 

Density, S  7,850 kg/m3 Density, A  2,700 kg/m3 

Poison ratio, S  0.3 Poison ratio, A  0.33 

Yield Strength 2,5x108 Pa  Yield Strength 2,8x108 Pa 

 
2.7 Solution Method 

In this simulation, before configuring the boundary condition values (see Table 3), the meshing 
stage is performed. The purpose of meshing is to achieve simulation results that closely 
approximate accuracy. In fluid-structure interaction simulations, meshing is applied to both the 
fluid and solid domains. 

In this study, meshing is conducted for each journal bearing geometry. The total number of 
elements used in the plain journal bearing simulation is 153,302 for the fluid domain and 187,030 
for the solid domain. For the multistep journal bearing, the solid domain consists of 186,030 
elements, while the fluid domain contains 156,302 elements. 

 
Table 3: Boundary conditions. 

Boundary Condition  

Inlet Pressure inlet (0 Pa) 

Outlet Pressure outlet (1 atm) 

 Stationary wall 

The journal interface Moving wall (3,000 rpm) 

The outside of the housing Cylindrical support 

The wall of the housing Displacement 

 
In the surface roughness simulation, the roughness values applied are categorized as Fine, 

Medium, and Rough. Within the ANSYS simulation, the roughness level (Ra) is converted to the 
roughness height (Ks) value. The specific roughness values are presented in Table 4. The selection 
of various roughness numbers in this study is based on the machining process previously 
examined in the paper by Muchammad et al. (2024). 

 
Table 4: Roughness value parameters. 

𝐑𝐚 (μm) Ks (m) Level 
0,2 1,173 x 10-6 Fine 
0,8 4,69 x 10-6 Medium 
6,3 3,694 x 10-5 Rough 
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3.0 RESULTS AND DISCUSSION 

 
3.1 Validation Study 

The validation case is based on a simulation by Dhande and Pande (2017). The validation was 
performed by comparing the results of the current simulation with those obtained by Dhande and 
Pande. The comparison focuses on the maximum hydrodynamic pressure value and the 
deformation value of the bearing. 

A sensitivity assessment of the mesh was conducted before data collection. The results for 
mesh independence are illustrated in Figure 3. The meshing of about 153,000 elements 
demonstrates an insignificant variation (0.284%) in the resultant pressure of 5.63 MPa, despite 
the increase in the number of elements. 

In the simulation conducted by Dhande and Pande (2017) (see Figure 4 and 5), the maximum 
pressure contour obtained was 5.528 MPa, whereas the current simulation yielded a maximum 
pressure of 5.625 MPa. This results in a 1.72% difference in the Pmax value between the two 
simulations. Additionally, there is a variation in the deformation of the journal bearing bushing. 
In the simulation by Dhande and Pande, the deformation was 0.4831 μm, while the current 
simulation shows a deformation of 0.4957 μm. This corresponds to a deviation of 2.39% in the 
bushing deformation. 

 

 
Figure 3: Mesh independence study in journal bearing modeling. The quantity of elements, 
153,000, was chosen for further analysis due to the absence of a significant rise in the generated 
pressure despite a substantial increase in the number of elements.  
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(a) (b) 
Figure 4: Comparison of Pressure Distribution Contours of Journal Bearing (a) Dhande and Pande 
Simulation (2017) with FSI and (b) Present Study with FSI. 

 

 

 

(a) (b) 
Figure 5: Comparison of Journal Bearing Deformation Contours (a) Dhande and Pande Simulation 
(2017) with FSI and (b) Present Study with FSI. 
 
3.2 Effect of Slip Surface on Journal Bearing 

In this simulation, a performance analysis of the journal bearing is conducted on the slip 
surface. Under slip surface conditions, the flow velocity in contact with the journal bearing surface 
does not decrease due to shear stress. The surface tension in the slip-wall area is set to zero. 
Introducing slip surface conditions alters the lubrication performance of the journal bearing, with 
one of the affected parameters being the generated hydrodynamic pressure. The distribution 
contours of hydrodynamic pressure are shown in Figure 6(a). In plain journal bearings, the 
hydrodynamic pressure increases from 5.625 MPa to 7.128 MPa. In contrast, for multistep 
bearings, the pressure rises from 6.090 MPa to 7.544 MPa.  

The effect of the change in hydrodynamic pressure can be observed in Figure 8(a). For the 
plain journal bearing, the Load-Carrying Capacity (LCC) on the slip-wall surface increased from 
1909 N to 2095 N. This rise is attributed to the increase in hydrodynamic pressure during bearing 
operation, as shown in the graph in Figure 6. However, for the multistep journal bearing, the LCC 
on the slip-wall surface decreased from 2050 N to 1818 N. This reduction in LCC may be due to a 
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narrowing of the area under the pressure curve. Although the hydrodynamic pressure increases, 
the overall pressure area is reduced, as depicted in the graph in Figure 7. 

Figure 6 illustrates that the peak pressure is observed at an angle of 180 in the model devoid 
of slip treatment. The maximum pressure in the wall-slip simulation occurs several degrees later 
and generates larger hydrodynamic pressure than the model without slip. This demonstrates that 
slip engineering can augment pressure and alter the peak pressure position. In contrast to 
Tønder's (2001) research, which shown that positioning the inlet near the leading edge can 
enhance hydrodynamic pressure; the findings of this study are inconsistent with his conclusions. 
This results from the impact of the eccentricity ratio in this study, which leads to a constriction of 
the lubrication zone, thereby generating hydrodynamic pressure at a position of about 180. 

 

 
Figure 6: Comparison of no slip plain bearing [NS-PB] (1), plain bearing with slip condition [S-PB] 
(2), no slip multistep bearing [NS-MB] (3), multistep bearing with slip condition [S-MB] (4). (a) 
Hydrodynamic pressure - HP; (b) Wall Shear - WS; (c) Velocity - V. 
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Figure 7: Hydrodynamic pressure distribution graph on a journal bearing. 

 
The effect of the change in hydrodynamic pressure can be observed in Figure 8(a). For the 

plain journal bearing, the Load Carrying Capacity (LCC) on the slip-wall surface increased from 
1909 N to 2095 N. This rise is attributed to the increase in hydrodynamic pressure during bearing 
operation, as shown in the graph in Figure 6. However, for the multistep journal bearing, the LCC 
on the slip-wall surface decreased from 2050 N to 1818 N. This reduction in LCC may be due to a 
narrowing of the area under the pressure curve. Although the hydrodynamic pressure increases, 
the overall pressure area is reduced, as depicted in the graph in Figure 7. 

According to Figure 6(b), applying slip conditions reduces the area where shear stress occurs. 
By eliminating shear stress, the velocity of the fluid flow in contact with the surface is not slowed 
down by the wall's shear pressure, as shown in Figure 6(c). Consequently, the reduction in the 
shear stress area leads to a decrease in the friction force within the bearing, which is illustrated 
in Figure 8(b). The present study observed the inclusion of slip can enhance LCC in the context of 
plain bearings, as illustrated in Figure 8(a). In the model devoid of slip (smooth model), the 
multistep bearing configuration results in significant LCC. The grooves on the multistep bearing's 
surface facilitate ample lubricant supply, resulting in increased pressure and subsequently 
elevated LCC. The application of additional lubricant reduces the frictional force (Figure 8(b)). In 
industrial applications, hydrophobic properties, particularly the capacity to generate a slip effect, 
can be attained using chemical or physical methods. This can be accomplished by creating surface 
roughness akin to that of a lotus leaf (Ivanović, et al., 2018). A chemical procedure is utilized using 
coating technology. It is essential to consider the production challenges to comprehend this slip 
state (Syafaat et al., 2024). 
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(a) (b) 

Figure 8: Effect of providing slip surfaces on plain and multistep journal bearings. (a) Load 
carrying capacity; (b) Friction Force. 
 

Figure 9(a) illustrates the effect of deformation in plain journal bearings, showing that 
applying a slip surface increases the hydrodynamic pressure, which in turn results in greater 
deformation on the bushing surface. The deformation in plain bearings rises from 0.495 μm to 
0.508 μm. A similar phenomenon is observed in multistep journal bearings, as shown in Figure 
9(b), where the deformation increases to 0.558 μm due to the application of the slip surface. 
 
3.3 Effect of Surface Roughness on Plain and Multistep Journal Bearings 

One of the key processes in manufacturing bearings is grinding, which influences the surface 
roughness quality. This roughness is characterized by the roughness height (Ks). This 
simulation compares the lubrication performance in plain journal bearings and multistep 
journal bearings with varying roughness, Ra: 0.2, 0.8, and 6.3 m.  

As shown in Figure 10(a), in plain journal bearings, there is a decline in hydrodynamic 
pressure as surface roughness increases. The maximum hydrodynamic pressure on a plain 
bearing with Ra 0.2 is 5.263 MPa, which decreases to 3.20 MPa at Ra 6.3. Figure 10(b) indicates 
that multistep journal bearings exhibit a similar trend; however, at the rough level, there is an 
increase in pressure, but the area of maximum pressure is reduced. The pressure distribution 
of hydrodynamic pressure is depicted in Figure 11. Figures 10(c) and 10(d) display the 
distribution of wall shear stress along the lubricating surface of the journal bearing. This shear 
stress influences the frictional force experienced by the bearing during operation. 

According to Figure 11, the LCC, which represents the integral calculation of pressure across 
the fluid layer’s surface, decreases as the roughness increases. In plain journal bearings, as 
shown in Figures 10(a), 11(a), and 12(a), the LCC at different roughness levels are: 1,747 N for 
Ra 0.2, 1,381 N for Ra 0.8, and 1,138 N for Ra 6.3 m. 
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(a) 

(b) 
Figure 9: Bushing deformation on; (a) Plain bearing; (b) Multistep bearing. 

 
Although Figure 10(b) indicates an increase in hydrodynamic pressure at rough roughness 

levels, the graph in Figure 11(b) reveals a narrowing of the area under the rough roughness 
pressure curve. This leads to a reduction in LCC, as seen in Figure 12(a), with LCC values for 
multistep journal bearings at 1,945 N for Ra 0.2, 1,815 N for Ra 0.8, and 1,749 N for Ra 6.3 m. 
This indicates that the LCC diminishes with increasing roughness. High roughness levels can 
disrupt the flow of the lubricant, leading to an uneven lubricating film. Additionally, increased 
roughness may result in the uneven distribution of lubricants, creating zones of low pressure and 
consequently reducing the maximum hydrodynamic pressure. 

Figures 10(c) and 10(d) show that the distribution contours of wall shear stress are spread 
along the surface. In multistep journal bearings, the distribution of wall shear is different from 
that in plain journal bearings, where it is more evenly distributed. The highest wall shear occurs 
in the convergence area, specifically the step area following the attitude angle or pressure 
formation zone. The contours reveal that, in areas with rough surfaces, the wall shear is 
concentrated in a narrow region between the rough surface and the adjacent smooth surface.  
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Figure 10: Comparison of Ra 0.2 m, Ra 0.8 m, Ra 6.3 m. (a) HP-PB: Hydrodynamic pressure of 
plain bearing; (b) HP-MB: Multistep journal bearing hydrodynamic pressure; (c) SS-PB: Shear 
stress on plain bearings; and (d) SS-MB: Shear stress on Multistep journal bearings.  
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Figure 11: Hydrodynamic pressure distribution graph, (a) Plain bearing; (b) Multistep journal 
bearing of the varied surface roughness. 

 

Figure 12: Effect of providing slip surfaces on plain and multistep journal bearings. (a) Load 
carrying capacity; (b) Friction Force. 
 

As shown in Figure 12(b), the friction force values at different levels of surface roughness for 
plain journal bearings are 12.1 N for Ra 0.2, 11.55 N for Ra 0.8, and 9.4 N for Ra 6.3 m. In contrast, 
for multistep journal bearings, the friction force values are 9.02 N for Ra 0.2, 9.33 N for Ra 0.8, and 
7.98 N for Ra 6.3 m. 

This study demonstrated that in both bearing types, a rougher surface correlates with a 
reduced LCC. Since LCC depends on the amount of pressure and surface area, rough surfaces 
(asperities) diminish the area that requires lubrication. The reduction in this region results in a 
corresponding drop in the LCC. The research indicated the multistep textured bearing design 
exhibits a greater LCC than the plain untextured type, as illustrated in Figure 12 (a). The rationale 
for this is that the multistep design offers a greater microreservoir of lubrication within the 
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groove compared to the plain bearing type. This is the reason the LCC exceeds that of the plain 
bearing. As the lubricant supply increases, the frictional force diminishes (Figure 12 (b)). The 
findings of the current study align with the research conducted by Muchammad et al. (2024). 

 

   
(a) 

   
(b) 

 
(c) 

Figure 13: Comparison of varied of surface roughness in two types of journal bearings, (a) 
deformation in plain bearings; (b) deformation in multistep journal bearing; (c) deformation 
graph. 
 

Figure 13 illustrates the impact of these roughness variations on the deformation of journal 
bearing bushings. The deformation is a result of the mechanical load applied by the lubrication 
system as the bearing rotates. As shown in Figure 11(a), the decrease in hydrodynamic pressure 
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for plain bearings leads to a reduction in deformation, which is evident in Figures 13(a) and 13(c), 
where the deformation values are provided. In contrast, for multistep journal bearings, changes 
in the deformation contour are observed in Figure 13(b). The increase in hydrodynamic pressure 
on rough surfaces, as seen in Figure 11(b), results in higher deformation for multistep journal 
bearings. The application of a slip surface to the journal bearing influences its lubrication 
performance, particularly the resulting hydrodynamic pressure. When considering surface 
roughness, an increase in roughness leads to a decrease in hydrodynamic pressure on the journal 
bearing. 

 
3.4 Cavitation On Plain and Multistep Journal Bearings 
This article does not explicitly address cavitation; rather, this section will provide a quick 
explanation of the topic. Besides being influenced by pressure, the cavitation phenomenon must 
also be examined, as numerical simulation modeling includes cavitation in both plain and 
multistep journal bearings. This seeks to ascertain the cavitation region resulting from 
hydrodynamic lubrication. Figure 14 presents a contour image alongside a graph depicting 
cavitation distribution. 

The highest vapour volume percentage for the simple journal bearing is 0.97, whereas for the 
multistep journal bearing it is 0.62. The contour indicates that the plain journal bearing possesses 
a broader cavitation area in comparison to the multistep journal bearing. Figure 15 elucidates the 
aforementioned statement. 

 

  
Figure 14: The contour of volume fraction (a) plain journal bearing (b) multistep journal bearing. 
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Figure 15: Comparison of the contour volume fraction between both multistep and plain journal 
bearing. 

 
The contour and cavitation distribution images indicate that the multistep journal bearing 

exhibits a reduced vapor volume percentage and a constricted cavitation area in comparison to 
the plain journal bearing. This results from the implementation of a multistep texture, which 
eliminates cavitation phenomena in each multistep texture. The findings of this study contrast 
with those of Syafaat et al. (2024), who observed that the implementation of a closed pocket 
surface texture induced cavitation, but the untextured bearing type did not exhibit cavitation. This 
discrepancy arises from the distinct construction of the bearings, despite the fact that their 
performance is fundamentally equivalent. The eccentricity component was absent in Syafaat's 
analysis due to the parallel bearing configuration between the rotor and stator, which lacks a 
tilting pad. The inclusion of texture in their research primarily seeks to generate high pressure 
akin to the eccentricity method utilized in the journal bearing of this study. The eccentricity is the 
primary determining factor. 

It is interesting to note that all the main findings have the potential application to the power-
plant and internal combustion engine. We know that in such systems, the lubrication often fails 
faster than the expected design corresponding to higher load-carrying capacity, and lower friction. 
 

 
CONCLUSIONS 

A study utilizing CFD-FSI has been undertaken on slip and surface roughness in plain and 
multistep journal bearings. Three surface roughness values were altered in the simulation, and 
the outcomes were depicted in terms of hydrodynamic pressure, load-carrying capacity, friction 
force, and structural deformation. The multistep bearing type is often preferable to the plain 
bearing type. The presence of textured grooves on the surface of multistep bearings enhances oil 
delivery, hence reducing friction force and increasing load-carrying capacity (LCC) in comparison 
to plain bearings. Slip engineering influences the LCC and the reduction of frictional force. At 
minimal surface roughness, the resulting LCC is elevated, whereas an increase in surface 
roughness leads to a reduction in LCC. High roughness levels might interrupt the flow of the 
lubricant, resulting in an uneven lubricating film. Furthermore, increased roughness can cause 
uneven lubricant distribution, resulting in low-pressure zones and lowering the maximum 
hydrodynamic pressure. Experimental research is the next step in confirming the simulation 
results. 
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