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Abstract. Investigating the impact of surface roughness characteristics on three-dimensional journal 

bearings while adjusting the eccentricity ratio is the primary goal of this work. Based on computational 

fluid dynamics, the rotor-bearing system with sand-grain roughness distribution surface is investigated 

(CFD). To study the tribological performance, the Reynolds-Average Navier-Stokes equations are 

combined with a multi-phase cavitation model (hydrodynamic pressure, load support and friction). The 

calculation demonstrates that the surface roughness level in relation to friction and load support is a 

determining factor for journal bearing performance 
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1 Introduction 

The examination of bearing performance in classical 

hydrodynamic lubrication theory frequently makes the 

assumption that the surface is totally smooth. This 

assumption is unfounded since all surfaces at the 

microscale are inherently rough. As a result, numerous 

research on the impact of surface roughness have been 

published. It has been established, as is common 

knowledge, that surface roughness affects how much 

lubricant forms on a given surface as well as how well 

a bearing performs under hydrodynamic pressure. 

Using Christensen's stochastic theory, Gururajan 

and Prakash [1-3]. studied the impact of surface 

roughness in a narrow porous journal bearing under 

hydrodynamic conditions. Naduvinaman and his team 

investigated the combined impact of the couple stresses 

and surface roughness of the bearing on the lubrication 

performance for the cases of journal bearings [4] and 

slider bearings [4-5] using the same rough surface 

theory in the presence of couple stress fluid. Bujurke et 

al. [6] investigated the effects of surface roughness on 

the properties of squeeze film lubrication between 

curved annular plates for pure squeeze film problems. 

The load support due to the combined impacts of 

roughness and heat is less for nonparallel slider 

bearing, according to an intriguing study by Deresse 

and Sinha [7], for both longitudinal and transverse 

roughness models. They used the stochastic Gaussian 

random distribution to model the roughness in their 

work. Regarding the temperature effect, Zhao et al. [8] 

discovered a different outcome. They got to the 

conclusion that the impact of surface roughness on 

bearing performance diminished when heat and elastic 

deformation were taken into account simultaneously. 

According to Kalavathi [9] for the bearing with 

heterogeneous slip/no-slip surface, pressure profile and 

load support rise with increasing roughness. Based on 

the mixed elasto-hydrodynamic lubrication model, 

Zhang et al. [10] investigated the impact of the rough 

surface on tribological behaviors. The authors came to 

the conclusion that increased roughness increases 

friction coefficient. By taking into account the bearing 

deformation [11], the shape of the roughness [12], and 

the thermal effect [13], Kumar and his team, evaluated 

the impact of the surface roughness. Their key 

discovery was that the temperature and roughness have 

a significant impact in pressure creation. 

Numerous studies have been conducted to portray 

the surface roughness in order to comprehend some 

journal bearing qualities. For instance, Sugimura et al. 

[14] conducted an experimental study to determine the 

impact of surface roughness pattern on the lubricated 

running-in procedure in the case of pure rolling/sliding 

contact. The authors came to the conclusion that very 

thin stable films are produced via longitudinal 

roughness. Cui et al. [15] later came to the conclusion 

that the surface roughness has a substantial impact on 

the transient characteristics of the bearing during the 

initial phase of startup using the Greenwood-

Williamson (GW) contact model. The effect of surface 

roughness on the start-stop behavior of air-lubricated 

thrust micro-bearings was examined by Zhang et al. 

[15]. Their findings demonstrated that a rise in the 

asperity height's standard deviation causes a fall in the 

air bearing force. In a recent article, Yin et al. [16] 

noted that the connection between the roughness 

distribution and surface textures was complex for the 

situation of textured bearing. They demonstrated that 

combining surface texturing with roughness (in their 

case, a modest negative skewness surface) could 

improve lubrication performance using real non-

Gaussian roughness distribution liners. 

The relationship between surface roughness and 

eccentricity ratio for the lubricated journal bearing has 

not yet been fully studied. In the current study, an 

effort has been made to investigate how surface 

roughness affects the lubrication characteristics of 

three-dimensional length journal bearings by taking 

multi-phase cavitation into account. It is also described 

how the eccentricity ratio affects the hydrodynamic 

pressure, load support, and friction aspects of 

lubrication performance. Additionally, this research 

differs from others in that the sand-grain model is 

being used to model roughness. 

2 Method 

2.1  Governing Equations  

Using the Reynolds equation and the results of the 

literature review, it was discovered that the surface 

roughness has a significant impact on lubrication . 

However, computational fluid dynamics analysis 

(CFD) is used to explore in greater depth the impact of 

surface roughness in the presence of inertia. The CFD 

software program FLUENT® is a commercial product. 

After being solved, the Navier-Stokes and continuity 

equations can each be stated as follows: 

 𝜌 𝐷𝑢𝑖𝐷𝑡 = − 𝜕𝑝𝜕𝑥𝑖 + 𝜌𝐺𝑖 + 𝜕𝜕𝑥𝑗 [2𝜂𝑒𝑖𝑗 − 23 𝜂(𝛻. 𝑢𝑖)𝛿𝑖𝑗] (1) 𝛻 • u = 0 (2) 

 The multi-phase cavitation model is utilized to get 

more representative results because cavitation occurs 

throughout the diverging zone of the bearing. The 

multi-phase cavitation model, in contrast to Reynolds 

cavitation model, permits lubricant phase shift. The 

Zwart-Gelber-Belamri method is used in the current 

work to model cavitation in order to produce accurate 

results quickly. The vapor transport equation governs 

the liquid-vapor mass transfer (evaporation and 

condensation) in cavitation: 𝜕𝜕𝑡 (𝛼𝑣𝜌𝜈) + 𝛻. (𝛼𝑣𝜌𝜈𝑣) = 𝑅𝑔 − 𝑅𝑐 (3) 

where αv refers to vapour volume fraction and ρv 

account for vapor density. Rg and Rc denote for the 

mass transfer between the liquid and vapour phases in 

cavitation. For Zwart-Gelber-Belamri model, the final 

form of the cavitation is as follows: 𝑝 ≤ 𝑝𝑣, 𝑅𝑔 = 𝐹𝑒𝑣𝑎𝑝 3𝛼nuc(1 − 𝛼𝜐)𝜌𝜐𝑅𝐵 √23 𝑃𝜐 − 𝑃𝜌ℓ
 (4) 
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𝑝 ≥ 𝑝𝑣, 𝑅𝑐 = 𝐹𝑐𝑜𝑛𝑑 3𝛼𝜐𝜌𝜐𝑅𝐵 √23 𝑃 − 𝑃𝜐𝜌ℓ
 (5) 

where Fevap = evaporation coefficient = 50, Fcond = 

condensation coefficient = 0.01, RB = bubble radius = 

10-6 m, αnuc= nucleation site volume fraction= 5x10
-4

,  

ρl = liquid density and Pv = vapor pressure. It is 

noteworthy that the computational results of the 

present work are limited to the hydrodynamic regime 

of lubrication. 

2.2 Roughness Modeling 

The sand-grain model is used in this study to describe 

the bearing surface's roughness distribution. The 

modified law-of-the-wall for mean velocity is utilized 

to model the roughness, according to ANSYS 

FLUENT®. It states: 𝑢𝑝𝑢∗𝜏𝑤/𝜌 = 1𝜅 𝑙𝑛 (𝐸 𝜌𝑢∗𝑦𝑝𝜂 ) − 𝛥𝐵 (6) 

where 
1 4 1 2* / /

u C 
 and 

 1/ ln rB f 
. fr refers to 

the roughness function. For sand-grain roughness, ΔB 

is affected by the physical roughness height Ks. Based 

on the work of Adams et al., the roughness height Ks 

can be correlated with the value of the average 

roughness Ra measured by profilometer as follows: 𝐾𝑠 = 0.5863𝑅𝑎 (7) 

This equation allows the effect of the geometrical 

average roughness Ra of the surface can be calculated. 

In this study, for simplicity the uniform sand-grain 

roughness is assumed. 

2.3 CFD Model  

Fig. 1. depicts a journal bearing's schematic diagram. 

While the entire bearing surface is deemed to be rough, 

the shaft surface is thought to be absolutely smooth (θ 
= 0-360°). As mentioned in the previous section, the 

roughness level is expressed with Ra (i.e. average 

roughness). There are two levels of roughness 

considered here, i.e. Ra = 0.1 µm (precise) and Ra = 

12.5 µm (rough). Additionally, in this work the 

eccentricity ratio is varied to obtain the understanding 

the effect of surface roughness in different loadings.  

 
Fig. 1. Division of the bearing geometry into three parts 

 The parameters used in the simulations is shown in 

Table 1. The continuity equation and the Navier-Stokes 

equations are solved in this study utilizing the finite 

volume approach and the second-order spatial accuracy 

of the SIMPLE algorithm. To discretize the 

computational domain, which measures 800 x 80 x 36 

along the circumferential, width, and radial directions 

of the journal bearing, the lubricant film is meshed 

using the hexahedral element produced by ANSYS's 

ICEM CFD module. 
Table 1. Model Parameters 

Parameter Symbol Value 

Housing radius R 50.145 mm 

Shaft radius r 50 mm 

Bearing length L 100 mm 

Bearing clearance c 0.145 mm 

Eccentricity ratio ԑ 0.41; 0.61; and 

0.81 

Density of lubricant vapor ρsat 2 x 10
5
 Pa-s 

Viscosity of lubricant vapor ηsat 1.2 kg/m
3
 

Saturation pressure of vapor Psat 20.000 Pa 

Lubricant density ρ 840 kg/m
3
 

Lubricant viscosity η 0.0127 Pa-s 

 

3 Results and Discussion 

3.1. Surface Roughness and Eccentricity 

Due to varying levels of surface roughness, the surface 

finishing process used in the production of bearings 

may produce surprising surface patterns. In this 

section, the impact of surface roughness on lubrication 

performance will be assessed. Fig. 2. displays the 

hydrodynamic pressure profile along the 

circumferential direction for two different roughness 

levels at various eccentricity ratios. Three specific 

features can be made based on Fig. 2. First, in the case 

of “precise” journal bearing (Ra = 0.1 µm in this case), 

the increase in the eccentricity ratio generates the 

increase in the hydrodynamic pressure profile as well 

as the pressure peak. This is to be expected because a 

lower eccentricity ratio results in less bearing loading. 

 
Fig. 2. Hydrodynamic pressure distribution varying 

eccentricity ratios ԑ and roughness levels Ra.  All results are 
evaluated at z / L = 0.5. 

As a result, the wedge effect will be less and 

lubrication pressure will be reduced. Second, in the 

case of “rough” journal bearing (Ra = 12.5 µm in this 

case), the effect of surface roughness has a same trend 

with the case of “precise” journal bearing, i.e. higher-

pressure profile for larger eccentricity ratio. Third, it 

can be seen that, for a certain eccentricity ratio (i.e., 
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bearing loading), the peak pressure drops when the 

level of surface roughness is raised. It means that the 

bearing's surface roughness causes a decrease in 

pressure, which results in a reduced load support. The 

bearing surface should be properly constructed from a 

manufacturing standpoint to attain the desired surface 

roughness. Because an improper finishing technique 

for the bearing surface causes the lubrication 

performance to decline, the bearing's lifespan 

eventually gets shorter. 

 Fig. 3. detailed representation of the hydrodynamic 

pressure on the bearing's inner surface at various 

eccentricity ratios and roughness levels. The pressure 

peak appears in several places, as shown in Fig. 3., 

depending on the eccentricity ratio's magnitude. For 

example, for case of “ԑ = 0.81”, the pressure peak is 

located at θ of 150°, while for low eccentricity ratio, 

say ԑ = 0.41, the pressure peak occurs at θ of 130°. 

Additionally, it can be seen that for any eccentricity 

ratio, the position of the peak pressure is constant 

regardless of the roughness level. On the basis of  Fig. 

3., it is also discovered that the zone of high pressure 

increases with decreasing eccentricity ratio. This 

pattern is consistent for the two roughness levels 

examined here. For example, in the case of “rough” 

surface, for low eccentricity ratio (ԑ = 0.41 in this 

case), the high-pressure zone exists at the position θ of 

90°-160°, while for case of high eccentricity ratio (i.e. 

ԑ = 0.81), the high-pressure zone reduces by up to 60% 

(i.e. position of 120°-170°). However, the bearing with 

the high eccentricity ratio is able to provide the highest 

value in terms of the expected highest pressure (200% 

and 50% greater in comparison to the cases of low and 

medium eccentricity ratio, respectively). 

 The hydrodynamic pressure is shown to be 

affected by surface roughness in terms of its value but 

not its position in Fig. 3 to 8. For the case of medium 

low eccentricity ratio studied here (ԑ = 0.61 in this 

case), the high-pressure zone is found in the same 

position (i.e. 100°-160°) both for smooth surface (Ra = 

0.1 µm) and rough surface (Ra = 12.5 µm). The 

maximum hydrodynamic pressure appears to be 22% 

higher for "precise" surfaces compared to "rough" 

surfaces, nevertheless. The most likely explanation is 

that the hydrodynamic pressure falls because the flow 

gap causes a sequence of constrictions in the film as 

the roughness increases and the fluid moves in a 

circular direction.  

3.2.  On the Cavitation Phenomena 

Fig. 9 to 14 depicts the volume fraction of lubricant 

vapor at various roughness values while adjusting the 

eccentricity ratios in order to explain the impact of 

surface roughness on the cavitation processes. The 

rationale for this is because the presence of vapor in a 

specific location indicates the cavitation process is real. 

It is obvious that the volume proportion of vapor is 

produced much more when the eccentricity ratio is 

high. From a physical standpoint and in an equilibrium 

condition, the so-called "cavitation" phenomena causes 

a rise in the value of the pressure at the other place to 

make up for the decrease in pressure caused by the 

cavitation's existence. Because of this, a bearing with a 

high eccentricity ratio generates more pressure, which 

improves load support. Figures 9 to 14 show that the 

surface roughness effect causes smoother surfaces to 

produce more vapor than rough surfaces do. On the 

other hand, as the level of roughness increases, less 

cavitation occurs, resulting in less load support. 

 

 
Fig. 3. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.41 and Ra = 0.1 µm 

 

 
Fig. 4. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.41 and Ra = 12.5 µm 

 

 
Fig. 5. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.61 and Ra = 0.1 µm 
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Fig. 6. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.61 and Ra = 12.5 µm 

 

 

 
 

Fig.7. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.81 and Ra = 0.1 µm 

 

 
Fig. 8. Contour of hydrodynamic pressure for several cases:  

ԑ = 0.81 and Ra = 12.5 µm 

 

 

 

 

 

 

 

 
Fig. 9. Contour of volume fraction of vapor for several 

cases: ԑ = 0.41 and Ra = 0.1 µm 

 

 
Fig. 10. Contour of volume fraction of vapor for several 

cases: ԑ = 0.41 and Ra = 12.5 µm 

 

 
Fig. 11. Contour of volume fraction of vapor for several 

cases: ԑ = 0.61 and Ra = 0.1 µm 
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Fig. 12. Contour of volume fraction of vapor for several 

cases: ԑ = 0.61 and Ra = 12.5 µm 

 

 
Fig. 13. Contour of volume fraction of vapor for several 

cases: ԑ = 0.81 and Ra = 0.1 µm 

 

 
Fig. 14. Contour of volume fraction of vapor for several 

cases: ԑ = 0.81 and Ra = 12.5 µm 

 

3.3. On the Load Support and Friction Force  

Calculating the friction and load support will reveal the 

three- dimensional journal bearing's lubrication 

performance. While the friction force is derived by 

integrating the shear stress along the surface area, the 

load support is defined as an integration of 

hydrodynamic pressure along the surface area. Fig. 15 

depicts the effect of eccentricity ratio on the load 

support for two different roughness levels (Ra = 0.1 µm 

and 12.5 µm). In terms of the load support, it can be 

shown that for small eccentricity ratio (ԑ = 0.41 in this 
case), the roughness level effect is not significant so 

much. On the other words, the “smooth” surface (i.e. 

Ra = 0.1 µm) and the “rough” surface (Ra = 12.5 µm) 

generates the same value of the predicted load support 

of the bearing. From the physical point of view, this is 

because the volume fraction of vapor generated for 

both cases (i.e. Ra = 0.1 and 12.5 µm for ԑ = 0.41) is 

relatively very small as depicted in Fig. 9 to Fig 10. 

With respect to the effect of eccentricity ratio, from 

Fig. 15 it can be also found that increasing the 

eccentricity ratio increases the load support. 

 

Fig. 15. Effect of eccentricity ratio on the load support for 

two different roughness levels. 

For example, for the case of Ra = 0.1 µm, the load 

support predicted by “ԑ = 0.41” case differs by 22 % 

(lower) compared to prediction of ԑ = 0.81 case. Fig. 
15 also reflects that in the case of high eccentricity 

ratio, i.e. ԑ = 0.61 and 0.81, the roughness level effect 
on the load support is highlighted. Based on Fig. 15, it 

is observed that when the surface roughness falls into 

the “rough” level (i.e. Ra = 12.5 µm), the load support 

decreases by 7% both for the case of eccentricity ratio 

of 0.61 and 0.81. In general, it is advised to carefully 

produce the bearing surface roughness level for 

bearings designed to function under high loads (i.e., 

high eccentricity ratio) in order to ensure the best 

lubrication performance. 

 

Fig. 16. Effect of eccentricity ratio on the friction for two 

different roughness levels  
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Fig. 16 illustrates how surface roughness affects 

eccentricity ratio values in response to friction force. 

According to Fig. 16, the performance of friction varies 

significantly for the same eccentricity ratio. Depending 

on the value of the eccentricity ratio, it ranges from 21 

to 32%. It is obvious that if the greased surface of the 

bearing is configured to be rougher, the friction force is 

lowered. These findings are intriguing because in 

practical applications, a bearing's ability to 

simultaneously generate strong load support and 

minimal friction force must be good. In order to 

achieve high load support but low friction force, future 

work should take into account the optimization of the 

roughness level as an interesting challenge. 

4 Conclusion 

In this study, the impact of bearing surface roughness 

on tribological performance was examined utilizing the 

CFD approach and industry-standard software ANSYS 

FLUENT®. The multi-phase cavitation model was 

coupled with research on lubricant phase change. The 

simulation findings demonstrate that raising the 

eccentricity ratio increases load support when the 

bearing is rough. Another intriguing discovery is that 

roughness has two opposing impacts, lowering load 

support (i.e., a negative effect) and increasing friction 

force (i.e., a positive effect), simultaneously. In order 

to achieve the best roughness and eccentricity ratio, 

which results in good load support yet minimal 

friction, optimization research should be done. 
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