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Abstract: The influence of surface roughness on journal bearings is interesting to study because 

of its influence on improving their performance. This study examines the influence of introducing 

surface roughness on the performance of bearings with the objective of improving lubrication, 

reducing cavitation, and minimizing noise. This research analyzes tribological features using a 

numerical approach in commercial CFD (computational fluid dynamics) software. Numerical 

results demonstrate that surface roughness improves bearing performance. These enhancements 

are notable in comparison to traditional journal bearings because they have a higher capacity to 

carry loads, a lower coefficient of friction, and produce less noise. On smooth journal bearings, 

the load carrying capacity, friction force, and average acoustic power level are 3171.34 N, 1123.6 

N, and 80.6 dB, respectively. The roughness variation of Ra 12.5 on journal bearings results in 

4650.5 N, 993.1 N, and 76.7 dB. Performance improved with a 46.6% increase in load capacity, 

an 11.6% reduction in friction, and a 4.8% decrease in noise, confirming the effectiveness of the 

proposed method. 
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1. Introduction  

In the long run, the operation of the mechanical system is 

a fundamental concern, and the relative motion between 

two engine components has a significant impact on how 

well the system functions. Bearing systems are employed 

to offer support for the different mobile components of 

machines because of their notable simplicity and precision. 

Journal bearings are preferred in the industrial world, one 

of the reasons why they are advantageous is due to their 

ease of installation, minimal maintenance costs, and great 

damping capacity1), low manufacturing costs, an easy 

manufacturing process, and a long service life2) can 

withstand heavy loads and high speeds in a stable and safe 

manner3,4), even when used for high loading, speed, and 

precision in combustion motors, turbines5), compressors, 

and pumps6). Therefore, a variety of industrial machines 

widely utilize sliding bearings as one of their key 

components. The shipbuilding industry, transportation 

equipment, pharmaceutical products, and food products 

are just a few examples7). Effective lubrication of journal 

bearings is essential in real-world applications. The 

lubricating system should be engineered to function with 

minimal energy consumption, optimal performance, and 

minimal noise throughout a range of loads, speeds, and 

conditions8). Typically, as temperature increases, the 

viscosity of lubricant decreases. Viscosity index enhancers, 

composed of oils containing highly polymeric molecules, 

are employed to reduce viscosity fluctuations during high-

speed and heavy-load operations, particularly when 

temperatures rise. Augmenting the viscosity of the altered 

lubricant can improve its ability to support weight, even 

though viscosity typically diminishes with higher rates of 

deformation. Pseudoplasticity is the term that is used to 
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characterize this phenomenon. Zuraidah Rasep9) 

conducted studies indicating that use RBD palm oil as a 

lubricant can enhance the performance of journal bearings. 

The effectiveness of journal bearings is contingent upon 

the presence of surface roughness, a factor that should not 

be disregarded. A number of scholars have examined the 

influence of surface roughness on bearing surfaces10,11). 

Gururajan and Prakash12,13) conducted a study to examine 

how surface roughness affects the performance of 

lubricated short and long porous journal bearings. The 

results indicated a substantial correlation between the slide 

effect and the roughness. Naduvinamani et al.14) conducted 

a study to examine the impact of surface roughness on 

porous journal bearings by employing coupled tension 

fluids. The researchers found that the bearing capabilities 

of coupled tension fluids were significantly impacted by 

surface roughness. Javorova15) proposed that the impact of 

surface roughness should be considered in elastic 

conditions, where the film thickness value increases with 

increasing waviness amplitude, which corresponds to a 

reduction in hydrodynamics. 

Subsequently, Tauviqirrahman et al.16) made the finding 

that surface roughness has the effect of decreasing both the 

hydrodynamic pressure and load-bearing capacity. It was 

assumed that the entire surface of the bushing was 

intentionally made rough in their case. The testing results 

demonstrated a significant correlation between the friction 

coefficient and the surface roughness17). Furthermore, 

integrating the longitudinal roughness surface pattern18) 

can improve the stability of the bearing. According to the 

numerical research, an elevation in surface roughness is 

linked to a decrease in pressure, load support, and 

deformation. Surface roughness can be artificially added to 

improve the performance of a journal bearing19). The 

surface roughness produced for lubrication purposes is 

between 1 and 20 µm20). 

Meng and Zhang21) conducted a study utilizing the 

Computational Fluid Dynamics (CFD) method to 

investigate the impact of compound groove texture on 

noise in sliding bearings. The research findings indicate 

that the compound groove texture signficantly decreases 

the acoustic power level in the sliding bearing. Meng et 

al.22) conducted further research via experimental 

techniques with a tribotester and confirmed consistent 

findings, demonstrating that compound textures 

effectively reduce the average acoustic power level. 

Furthermore, the angular velocity of the shaft and the 

particular type of lubricant significantly affect the noise 

levels. Meng23) enhanced the research methods by taking 

into account the thermal impacts. The research findings 

indicate that the heat impact of the lubricant decreased the 

average acoustic level performance. 

Furthermore, the presence of roughness has an impact on 

the occurrence of cavitation in sliding bearings24). The 

degree of surface roughness can significantly affect 

cavitation, which in turn has substantial implications on 

load support and friction performance25). Cavitation 

greatly impacts the hydrodynamic performance of sliding 

bearings26). Hence, it is imperative to consider the impact 

of cavitation when assessing the effects of surface 

roughness on the bearing surface. 

After conducting an extensive examination of relevant 

literature, it has been determined that the tribological 

behavior of a bearing is greatly impacted by the 

characteristics of its surface roughness. In addition, the 

experiments did not examine the noise and acoustic 

characteristics of journal bearings that were roughened and 

greased using lubrication fluids. The question of whether 

surface roughness in a journal bearing can simultaneously 

result in favorable tribological performance and reduced 

noise is a subject of ongoing discussion. 

The primary aim of this work is to comprehensively 

analyze the lubricated bearings' tribological and acoustic 

properties, with particular focus on the influence of 

cavitation and roughness. To achieve more precise 

predictions of bearing performance, it is necessary to 

develop more complex computer models. This paper 

conducts a thorough analysis of journal bearings that have 

both smooth and rough lubricated surfaces. Additionally, 

our study includes consideration of multiphase cavitation 

and turbulence to accurately represent real-world scenarios. 

2. Methodology 

2.1. Theory 

After more than a century of development, the equations 

of fluid mechanics can only be solved correctly under a 

limited range of flow circumstances. Although the existing 

solutions are very helpful in comprehending fluid 

dynamics, they are rarely immediately useful for 

engineering analysis or design. Historically, other 

techniques have been demanded of engineers27–29). The 

utilization of equation simplifications is the most prevalent 

method. Typically, these calculations require empirical 

data and a combination of dimensional analysis and 

approximations30). Surface texture is a unique 

characteristic that is intentionally identified on a surface. 

Surface roughness, in contrast to texture, is frequently 

characterized by irregularity and can be difficult to 

identify31). 

2.1.1. Surface roughness modelling 

Figure 1 illustrates the present study's modeling of the 

influence of an actual, rough surface on the movement of 

lubricant inside the bearing, employing a model that 

includes sand particles.  

On this surface, there is a consistent layer of closely packed 

spheres, with each sphere having a specific diameter of Ks. 

The geometric surface roughness height, sometimes 

referred to as roughness height Ks, is distinct from the  
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Fig. 1: Uniform sand-grain roughness model schematic 

roughness height of sand particles that can be compared to 

it. 

In order to calculate the sand particle roughness that is 

equivalent to the geometric roughness of the surface's 

height, a conversion factor must be utilized. The 

irregularity height Ks is denoted by the parameter Ra in 

this investigation. A profilometer is the actual instrument 

used to measure Ra, or the roughness pattern's arithmetic 

mean. The irregularity of the bearing will be determined 

by utilizing the value of Ra as the input for all calculations. 

The investigation conducted by Adams et al.32) 

demonstrated a clear relationship between Ks and Ra, 

which can be interpreted in the following manner: 

𝐾𝑆 = 5.863𝑅𝑎    (1) 

2.1.2. Cavitation model 

CFD software generates the mixed model of cavitation for 

this investigation. The mixture model demonstrates the 

flow of both vapor and liquid in a two-phase system. At 

the point where the pressure of the lubricant coating drops 

below the vaporization pressure, the transition phase from 

the liquid to the vapor takes place. The Eulerian model, a 

comprehensive multiphase model, was chosen due to its 

nearly comparable performance compared to the mixture 

model. This decision was based on the reduced 

computational cost of the Eulerian model33). Furthermore, 

the bearing has shown that the mixing model is suitable for 

managing vapor-phase volume fractions of significant size. 

This method is also employed to measure the expansion of 

gas bubbles that commonly occur during the cavitation 

phenomenon. The Zwart-Gelber-Belamri34) multiphase 

cavitation model is specifically employed in this study. 

The vapor transfer equation is a mathematical expression 

that represents the transmission of mass between the phase 

of liquid and vapor during the evaporation, and 

condensation process that takes place within cavitation. 

𝜕

𝜕𝑡
(𝛼𝜐𝜌𝜈) +  𝛻. (𝛼𝜐𝜌𝜈𝑉) = 𝑅𝑔−𝑅𝑐   (2) 

The symbol 𝛼𝜐 represents the fraction of volume occupied 

by vapor, whereas 𝜌𝜈 represents the density of the vapor. 

The process of exchanging mass between the liquid and 

vapor phases during cavitation is facilitated by Rg and Rc. 

The ultimate expression of cavitation in the34,35) model is 

depicted as follows, assuming that each bubble in a system 

has the same size: 

𝑝 ≤ 𝑝𝑣, 𝑅𝑔 = 𝐹𝑒𝑣𝑎𝑝
3𝛼𝑛𝑢𝑐(1−𝛼𝑣)𝜌𝑣

𝑅𝑏𝑙
√

2

3

𝑝𝑣−𝑝

𝜌
  (3) 

𝑝 ≤ 𝑝𝑣, 𝑅𝑐 = 𝐹𝑐𝑜𝑛𝑑
3𝛼𝑣𝜌𝑣

𝑅𝑏𝑙
√

2

3

𝑝−𝑝𝑣

𝜌
   (4) 

The variables in the equation are as follows: pv represents 

the vapor pressure, ρ represents the liquid density, αnuc 

represents the nucleation site volume percentage which is 

equal to 5x10-4, and Rbl represents the bubble radius which 

is 10-6m. The evaporation coefficient, Fevap, has a value of 

50, whereas the condensation coefficient, Fcond, has a value 

of 0.01. All values given here are obtained from published 

sources34,35).  

The Zwart-Gelber-Belamri multiphase cavitation model 

has been used for journal speeds ranging from 1000 to 

4000 rpm and eccentricity ratios from 0.1 to 0.936–38). It is 

effective in simulating cavitation under high rotational 

speeds and varying eccentricity ratios, which are common 

in industrial applications36,39). The model has been applied 

to bearings lubricated with different types of oils, 

including nano-lubricants with various nanoparticle 

volume fractions, demonstrating its versatility in different 

lubrication scenarios37,38). The model has been validated 

under different load conditions, showing significant 

impacts on pressure distribution, cavity volume, and load-

bearing capacity38,39). It is particularly useful in predicting 

the performance of bearings under high load and high-

speed conditions, where cavitation is more likely to 

occur36,39). The Zwart-Gerber-Belamri model has been 

validated against experimental and numerical data, with 

deviations not exceeding 3%, indicating high accuracy and 

reliability in predicting cavitation phenomena36,37,39). 

2.2. Geometry 

The journal bearing, which has a rotating shaft in relation 

to the housing, is shown in Figure 2. The gap that exists 

between the two sides of the journal bearing is filled with 

lubricant in order to prevent any deficiencies in lubrication 

from transpiring.  

The lubricating fluid layer thickness between the two 

surfaces can be calculated using Equation 5. 

ℎ(𝜃) = 𝑐(1 + 𝜀 𝑐𝑜𝑠 𝜃)    (5) 

 

Fig. 2: Journal bearing schema 
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Table 1: Journal Bearing Parameter 

Journal bearing parameter Symbol Value Unit 

Bearing    

Journal diameter Dj 50 mm 

Bushing diameter Db 50.1 mm 

Bushing length Lb 25 mm 

Radial clearance c 0.05 mm 

Eksentrisitas ratio ε 0.8 - 

Attitude Angle φ 30° - 

Shaft rotational speed ω 4000 rpm 

Oil    

Oil liquid density ρ
f
 850 kg/m3 

Oil liquid viscosity μ
o
 0.0125 Pa.s 

Oil vapour density ρ
V

 10.95 kg/m3 

Oil vapour viscosity μ
V

 2×10-5 Pa.s 

Saturated pressure vapour Psat 29,185 Pa 

Define ℎ(𝜃) as the fluid's vertical distance at an angle θ. 

The radial clearance, or the numerical difference between 

the radius of the shaft and the radius of the housing, is 

represented by the variable c. The relationship between 

eccentricity and radial clearance is represented by the 

symbol ε. A journal bearing is a specialized form of 

bearing that provides support to a spinning shaft by 

utilizing a thin layer of lubrication between the shaft and 

the bearing surface. The research employs Dhande's 

unique journal-bearing geometry33) to simulate various 

fluid flow situations. According to the information 

provided in Table 1, this shape utilizes the unique 

properties of the journal bearing and the lubricating fluid.  

2.3. Meshing 

This simulation only requires meshing for fluid geometry 

in Fluent, ignoring structural geometries. Table 2 contains 

both meshing data and meshing output. In the axial, 

circumferential, and radial orientations, the mesh output is 

50 x 356 x 6. 

2.4. Material Definition and Boundary 

Conditions 

The configuration employs the Zwart-Gerber-Belamri 

cavitation model, laminar flow, mixture mode, and liquid 

Table 2: Meshing Fluid Domain Newtonian Criteria 

Mesh criteria Number 

Face sizing 6-layers of division 

Method Multizone 

Element number 149688 

Node number 177408 

Maximum skewness 0.99997 

Minimum skewness 2.3367 x 10-2 

Average skewness 0.8018 

 

Fig. 3: Definition of lubricating fluids  

and vapor phases in two-phase modeling. Figure 3 

illustrates the material definition for lubricating fluids. 

Figure 4 depicts the pressure inlet and exhaust as the 

boundary conditions in this simulation. The moving wall's 

speed is 4000 rpm, and the pressure value on the entrance 

and exit sides is 0. 

This work employs fluid flow modeling to analyze 

incompressible fluid flows occurring at low fluid rates. We 

utilize a pressure-based solver including the SIMPLE 

method to conduct all of the case simulations. 

The configuration of the spatial discretization for gradients, 

pressure, momentum, volume fraction, turbulent kinetic 

energy, turbulent dissipation rate, and transient 

formulation in this final task should be done in accordance 

with the parameters that are mentioned in Table 3. In 

comparison to alternative discretization approaches, this 

specific configuration produces simulation outcomes that 

are both rapid and precise. 

In order to enhance the precision of fluid flow simulation 

outcomes, it is essential to determine the convergence 

 

Fig. 4: Fluid domain boundary conditions 

Table 3: Simulation Method 

Simulation Method Simulation Method Type 

Scheme SIMPLE 

Gradient Least Squares Cell Based 

Pressure PRESTO! 

Momentum Second Order Upwind 

Volume Fraction QUICK 

Turbulent Kinetic Energy Second Order Upwind 

Turbulent Dissipation Rate Second Order Upwind 
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threshold for the iteration process. The convergence 

threshold is set to 10-4. 

3. Result 

An application of the Computational Fluid Dynamics 

(CFD) methodology was applied in order to carry out a 

simulation in this particular situation. The objective of this 

study is to analyze the effects on the performance of 

journal bearings, including factors such as load-carrying 

capacity, acoustic power level, and friction force. A 

simulation was performed to evaluate the performance of 

journal bearings with both smooth and rough surfaces for 

the purpose of comparison. The angular speed used was 

4000 rpm with an eccentricity ratio of ε = 0.8.  

3.1. Validation 

 

Fig. 5: Validation result of hydrodinamic pressure 

distribution33) 

 

Fig. 6: Grid independence of journal bearing with ε = 0.8 

and ω = 4000 rpm 

Table 4: Comparison of Maximum Pressure Value of Journal 

Bearing at ɛ = 0.8, ω=4000 rpm Between Dhande and Pande's 

Simulation33) and Present Study Simulation 

Objectives Unit Dhande 

and 

Pande 

Present 

Study 

Error 

(%) 

Maximum 

Hydrodynamic 

Pressure, Pmax 

Mpa 7.764 7.26 6.49 

Maximum Bearing 

Deformation, Smax 

µm 0.647 0.644 0.46 

To ensure acceptance, the numerical methodology and its 

solution configuration in commercial CFD must yield 

accurate results that meet the specified accuracy. This can 

be achieved by validating the results against those of 

previous published studies. This study validated the 

hydrodynamic pressure distribution of Dhande and 

pande33) using numerical data and experimental results. 

Calculations were carried out using identical input 

conditions and operational parameters as references. 

Figure 5 displays the results of this study validation. 

Validation on the current numerical method was selected 

at a rotation speed of 4000 rpm, producing a maximum 

hydrodynamic value 6 percent lower than the value in the 

Dhande and Pande33) study, which was 7.26 Mpa, as shown 

in Table 4. It can be concluded that the results of the 

current study are in accordance with the results of the 

Dhande and Pande33) study used as a reference. This shows 

that the established numerical solution code has been 

validated. Furthermore, all simulations are based on the 

existing code. 

Figure 6 displays the outcomes of the grid independence 

test performed for the simulation at an eccentricity of 0.8 

and a rotational speed of 4000 RPM. The test entailed 

enhancing the mesh by augmenting the quantity of facial 

layers. The results demonstrated reliable outcomes, and in 

light of the necessity for decreased processing time, six 

face layers were identified as the ideal arrangement. This 

mesh arrangement was thereafter established as the 

standard for all subsequent simulations.  

3.2. Smooth journal bearing 

A journal bearing with a smooth surface roughness level is 

depicted in Figures 7, 8, and 9.  

3.3. Rough journal bearing 

Figure depicts the schematic representation of a partially 

roughened journal bearing with a geometric shape. Figure 

10 and 11 displays the profile of the surface roughness area. 

Figures 12, 13, and 14 depict the variations in static 

pressure, volume fraction, and acoustic power level for a 

journal bearing with an eccentricity ratio (ε) of 0.8, 

operating under conditions of rough surface roughness 

with a Ra value of 12.5. 
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Fig. 7: Pressure distribution contours in smooth journal 

bearings 

 

Fig. 8: Acoustic Power Level Contour in smooth journal 

bearings 

 

Fig. 9: Volume fraction contour in smooth journal 

bearings 

 

Fig. 10: Geometri partial rough journal bearing scheme 

 

Fig. 11: Surface roughness area profile 

 

Fig. 12: Pressure distribution contours in rough journal 

bearings (Ra=12.5) 

 

Fig. 13: Acoustic power level contours in rough journal 

bearings (Ra=12.5) 

 

Fig. 14: Volume fraction contours in rough journal 

bearings (Ra=12.5) 

3.4. Effect of surface roughness 

Figure 15 displays the outcomes of simulations conducted 

in lubricated journal bearing, indicating that the highest 

pressure occurs within the angular range of 160°–270° for 

smooth surfaces and 25°–200° for rough surfaces. The 
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maximum pressures occur at a hardness level of Ra = 12.5. 

Figure 16 illustrates a comparison of the volume fractions 

of the two specimens. The graph demonstrates that 

cavitation processes initiate on smooth surfaces 

throughout the angle range of 0°–165° and 260°–360°. 

Cavitation occurs on rough surfaces within a specific range 

of angles 0°–25° and 200°–360°. The findings indicate that 

cavitation is accelerated on rough surfaces as a result of the 

heightened turbulence they generate in comparison to 

smooth surfaces. This phenomenon arises due to the fact 

that rough surfaces generate more pronounced and quick 

alterations in pressure on the surface, hence impacting the 

creation of steam bubbles. 

Figure 17 displays the acoustic power level of the four 

specimens. Based on the graph shown, it is evident that 

rough surfaces produce higher peak noise levels in 

comparison to smooth surfaces. Upon closer examination, 

it becomes evident that surface roughness has the ability to 

reduce the average noise level in comparison to the smooth 

surface of the journal bearing. The decrease in acoustic 

power level can be attributed to the hindered creation of 

 

Fig. 15: Pressure distribution of journal bearing with ε = 

0.8 

 

Fig. 16: Volume fraction distribution of journal bearing 

with ε = 0.8 

 

Fig. 17: Acoustic power level distribution of journal 

bearing with ε = 0.8 

turbulent lubricant flow caused by a significant roughness 

on the surface, which can be explained by the lubrication 

speed. 

The results of a comparative investigation of the 

distribution of turbulent kinetic energy among the four 

specimens are presented in Figure 18. The preceding graph 

demonstrates the correlation between kinetic energy and 

eddy dissipation rate, illustrating that a decrease in the 

eddy dissipation rate results in a reduction in turbulent 

kinetic energy. This behavior is ascribed to a shared 

component, which can either diminish the turbulent 

movement of lubricant or impede turbulence from 

occurring on rough surfaces. 

Figure 19 illustrates the dispersion of turbulent eddy 

dissipation over the four specimens. The graph 

demonstrates that the turbulent dissipation rate is lower on 

the rough surface as opposed to the smooth surface. This 

is attributed to the surface roughness value, which results 

in a reduced turbulent flow of lubricant or makes it more 

challenging to induce turbulence. 

 

Fig. 18: Turbulent kinetic energy distribution of journal 

bearing with ε = 0.8 
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Fig. 19: Turbulent eddy dissipation distribution of journal 

bearing with ε = 0.8 

 

Fig. 20: Effect of surface roughness on load-carrying 

capacity of journal bearing with ε = 0.8 

 

Fig. 21: Effect of surface roughness on friction force of 

journal bearing with ε = 0.8 

 

Fig. 22: Effect of surface roughness on average acoustic 

power level of journal bearing with ε = 0.8 

Figure 20 exhibits a direct association between the 

roughness parameter's magnitude and the load-carrying 

capacity value in convergent regions. The presence of 

surface irregularities in the convergent region leads to the 

elevation of pressure levels. This phenomenon is also 

known as the fluid hydrodynamic effect. Furthermore, the 

enhanced ability of the load-carrying capacity can be 

attributed to the capability of bearings that can withstand 

surface roughness in the area of convergence to more 

effectively absorb external loads and reduce shear stress in 

the lubricant caused by sudden changes in film thickness. 

Figure 21 shows the presence of surface roughness can 

lead to varying degrees of friction, which in turn impacts 

the performance of bearings. Decreasing the roughness is 

advantageous as it minimizes the amount of wear on the 

bearings. This phenomenon occurs due to the distortion of 

the asperity section, resulting in an augmentation of the 

fluid film's thickness and a reduction in the contact area 

with the shaft. 

The average acoustic power output decreases as surface 

roughness rises as shown in Figure 22. The reduction in 

acoustic power level is attributed to the presence of 

roughness, as it affects the speed of lubricant distribution. 

A surface with high roughness value makes it more 

challenging for turbulent lubricant flow to experience 

turbulence, thereby impacting the acoustic value. 

4. Conclusion 

The findings of the research give rise to multiple 

inferences, which include the following: 

The simulation findings produced using the surface 

roughness ratio have a considerable impact on the 

tribological and acoustic power level performance of 

journal bearings. Surface roughness enhances the 

distribution of pressure and the ability to bear loads, while 

simultaneously reducing friction force. When surface 

roughness is present, the average acoustic power level 

decreases, leading to a reduction in noise relative to when 

there is no surface roughness. 

The analytical findings demonstrated an augmentation in 

the load-carrying capability, accompanied by a reduction 

in both the frictional force and the average acoustic power 

level within the journal bearing. This was observed for 

lubricated journal bearing, with a roughness variation of 

Ra = 12.5 and an eccentricity ratio of 0.8. The lubricated 

journal bearing produced load carrying capacity values of 

4650.5 N, friction force of 993.1 N, and an average 

acoustic power level of 76.7 dB. 

The results can guide the design of journal bearings in gas 

turbines, compressors, and hydraulic pumps, where 

cavitation and surface wear significantly impact efficiency 

and lifespan. The study’s cavitation model can improve 

bearing durability in internal combustion engines and ship 

propulsion systems, where oil-film breakdown leads to 
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pitting and erosion. Wind turbine gearboxes and 

hydroelectric generators often suffer from bearing failures 

due to mixed lubrication regimes. 
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