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Abstract: In this study, the lubrication performance and dimple effects in journal bearings were studied. Various parameters affecting 

the bearing lubrication, such as temperature, rotational speed, and eccentricity, were investigated. The obtained results indicated that 

when the eccentricity and rotational speed increased, and the lubricant temperature decreased, the pressure acting on the bearing in-

creased. It is revealed that by introducing the dimple structure on the bearing surface, the lubrication performance is significantly more 

improved than that of the plain bearing. The dimple structure reduces the contact area between the shaft and bearing while maintaining 

the resultant force constant, and the volume fraction reduction prevents cavitation erosion inside the bearing. 
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1. Introduction 
A bearing is a mechanical element that supports the rotation of 

the shaft, while supporting its load. The bearing types can be clas-

sified into rolling and sliding bearings. Rolling bearings support 

the rotation of the shaft, owing to the rolling contact, and support 

the load by introducing balls or rollers between the shafts and 

bearings. The sliding (or journal) bearings have a high-viscosity 

lubricant between the shafts and bearings. It is a mechanical ele-

ment that supports the rotation of the shaft, and supports the load 

by lubrication. The sliding bearings have less friction, because 

the friction is solely related to the viscosity of the lubricant when 

the shaft has a proper number of rotations (rotating speed). Un-

like rolling bearings with point or line contact, sliding bearings 

are adopted for high speed and loads because they have surface 

contact. However, owing to the high load and high eccentricity 

between the shaft and the center of the bearing, phenomena such 

as oil film destruction and excessive wear, as well as journal de-

struction, reduces the production efficiency because of the re-

placement of parts. 

The operating conditions limiting the prevention of journal 

bearing failure are determined by design criteria, such as mini-

mum oil film thickness for oil film formation, maximum tem-

perature of the bearing, and stability characteristics to prevent 

unstable vibration of the bearing. In journal bearings, the shaft 

has a corresponding eccentricity and attitude angle, such that 

the reaction force owing to hydraulic pressure, and the weight 

of the shaft are balanced during operation, thereby altering the 

film thickness. Therefore, predicting the temperature and pres-

sure inside the bearing by analyzing the flow field of the lubri-

cant, can help reduce bearing damage. 

Journal bearings have been continuously researched and de-

veloped since the 1930s [1]-[6]. Recently, comparative studies 

between experiments and CFD analyses have been widely car-

ried out [7]-[16]. The results indicated that the CFD analysis 

was in good agreement with the experimental data. Although 

several studies have been conducted on the effects of the hy-

drodynamic performance of oil properties; oil film thickness, 

misalignment of shafts, and fundamental studies to avoid solid 

friction are very rare. 

The purpose of this study is to analyze the lubrication perfor-

mance and dimple effects of a newly proposed journal bearing, 

by the detailed three-dimensional thermal and flow analysis. In 

this numerical study, various parameters, such as temperature, ro-

tational speed, and eccentricity affecting the hydrodynamic per-

formance of the bearing are investigated. In addition, the bearing 

with a dimple structure is analyzed parametrically, and its perfor-

mance is compared with that of a plain bearing. 
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2. Problem Definition and Numerical Model of

Journal Bearing 
2.1 Turbulence model 

In this study, the Reynolds Averaged Navier-Stokes equation 

with a k–ω turbulence model was adopted as the governing equa-

tion. Generally, low Reynolds number k–ε models typically re-

quire a near-wall resolution of y + < 0.2, whereas the k–ω model 

requires at least y + < 2. Therefore, the k–ω model is adopted. 

One advantage of the k–ω model is that it can effectively com-

pute the low Reynolds number region near the wall. This model 

has excellent accuracy and reliability, without utilizing the com-

plex nonlinear damping function adopted in the low-Reynolds-k-

ε models. 

The governing equations are given below: 

Continuity equation  
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Reynolds Averaged Navier Stokes equation 
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where 𝜏𝜏𝑖𝑖𝑗𝑗  is the Reynolds stress, 𝑢𝑢𝑖𝑖 is the velocity tensor, p is 

the pressure, 𝜌𝜌 is the density, and 𝜇𝜇 is the viscosity. The k–ω tur-

bulence model applies the turbulent kinetic energy k, and turbu-

lent frequency ω in the equations [17]. 
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In this model, the constants adopted in the calculation are as 

follows: 𝛽𝛽′ = 0.09 , α = 5/9 , 𝛽𝛽 = 0.075 , 𝜎𝜎𝜕𝜕 = 2.0 , 𝜎𝜎𝜕𝜕 = 2.0 . 

The unknown Reynolds stress tensor 𝜏𝜏𝑖𝑖𝑗𝑗is calculated using the 

following equation:  

𝜏𝜏𝑖𝑖𝑗𝑗 = 2𝜇𝜇𝜕𝜕S𝑖𝑖𝑗𝑗 −
2
3
𝜌𝜌𝜌𝜌𝛿𝛿𝑖𝑖𝑗𝑗     (5) 

The turbulent viscosity 𝜇𝜇𝜕𝜕 is defined as 

𝜇𝜇𝜕𝜕 = 𝜌𝜌 𝜕𝜕
𝜕𝜕

    (6) 

2.2 Numerical modeling and validation 
Figure 1 illustrates the bearing nomenclature. In the figure, O 

is the center of the shaft, O' is the center of the bearing, OO' is 

the line segment, e is the eccentricity, r is the radius of the shaft, 

R is the radius of the bearing, h is the thickness of the oil film 

filled with oil between the journal and shaft, and θ is the angle at 

an arbitrary position. The friction state of a sliding bearing can 

be roughly divided into three types, according to the operating 

conditions. In the initial condition, owing to its load, the bearing 

is stationary and in contact with the shaft. 

Figure 1: Bearing nomenclature 

Therefore, it is in a solid or dry friction state, without any lub-

ricant between the contact surfaces. Because the friction coeffi-

cient has a value of 0.1 or higher, the frictional resistance is high, 

and the heat and wear are severe. As the shaft rotates, the lubri-

cant moves between the bearing and shaft, and the pressure in the 

lubricant increases, owing to the squeezing effect. Hence, the 

shaft load is supported by the high-pressure oil region, as illus-

trated in Figure 10, and a thin oil film is formed. During this 

stage, it is said to be in a relatively frequent friction state because 

boundary lubrication occurs, and it is difficult to maintain com-

plete fluid lubrication in the actual bearing. Finally, when the 

bearing attains a proper rotational speed, eccentricity occurs in 

the opposite direction of rotation, because of the wedge action of 

the shaft; hence, the contact surfaces of the two objects are com-

pletely separated. Because this friction is only related to the 
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viscosity of the lubricant regardless of the material or condition 

of the contact surface, the friction coefficient has a value of 0.01 

or less, it is the most ideal friction state. 

In this study, the steady-state characteristics are analyzed by 

assuming that the bearing reached an appropriate rotational 

speed, the lubricant is properly supplied between the shaft and 

the bearing, and there are no changes in the properties of the lub-

ricant. 

Figure 2: Modeling process of journal bearing flow field. (a) 

journal bearing, (b) flow field of journal bearing; (c) flow field 

model adopted for analysis 

Figure 2 illustrates the modeling process of the fluid flow field 

of the journal bearing. The bearing consists of an oil inlet, hous-

ing, bearing liner, and a journal or shaft, as illustrated in Figure 

2(a). Figure 2(b) illustrates the fluid flow field of the journal 

bearing, and Figure 2(c) illustrates the computational domain 

adopted for the numerical analysis in this study, that is, the clear-

ance between the bearing and the shaft filled with lubricants. 

Table 1 lists the bearing dimensions and operating parameters. 

In this study, the analysis was performed according to the rotation 

speed, lubrication temperature, and eccentricity. 

Table 1: Bearing dimensions and operating parameters 

Parameter Value 

Shaft diameter, D 50 [mm] 
Clearance, C 50 [μm] 

Bearing Length, L 25 [mm] 
RPM, N 1000, 2000, 3000, 4000, 5000 

Temperature 50, 100, 150, 180, 200 [℃] 
Eccentricity 0.6, 0.8, 0.9 
Lubricant Turbine oil – 30 

Figure 3 illustrates the boundary conditions adopted in the nu-

merical analysis. The computational domain consists of a bearing 

wall, an inlet, a shaft (rotating cylindrical wall), and an opening 

outlet at atmospheric pressure. When the lubricant enters the inlet 

at a pressure of 1 bar, it rotates between the shaft and bearing, 

while the shaft rotates counterclockwise. The bearings to be ana-

lyzed in this study are generally oil-lubricated plain bearings that 

operate when completely separated from the shaft, and bearing 

surfaces by the lubricant film. 

Figure 3: Boundary conditions used in numerical analysis 

For validation, the experimental data obtained by Dhande and 

Pande [15] are adopted. From the grid independence test, a total 

of 3.2 M number of nodes is adopted. Hexagonal meshes are gen-

erated, and ANSYS 18.2 [18] is adopted for the simulation. 

Figure 4: Effects of rotational speed of the shaft 

Figure 4 illustrates a comparison of the experimental and nu-

merical results according to the rotational speed of the shaft. 

Through this comparison, the numerical results are in good 

agreement with the experimental data. 
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2.3 Parametric study on lubrication performance 

When the bearing is lubricated, its efficiency is strongly re-

lated to the viscosity of the lubricant. Because the viscosity of the 

fluid is dominant in temperature, it is necessary to maintain the 

temperature by providing a suitable lubricant during the opera-

tion. The viscosity can be expressed as:  

μ = 𝑎𝑎𝑎𝑎𝑘𝑘/𝑇𝑇   (7) 

where T is the absolute temperature, and a and b are constants 

[3].  

The turbine oil 30 (TP-30) utilized in this analysis changed 

from 50 ℃to 200 ℃. The eccentricity varies with the degree of 

the shaft load. Hence, three different eccentricities of 0.6, 0.8, 

and 0.9 are adopted at a fixed RPM of 3000. The properties of 

turbine oil 30 are listed in Table 2 [19]. 

Table 2: Properties of Turbine oil 30 

Turbine Oil 30(TP-30) 
Density (15℃) 880 [𝜌𝜌𝑘𝑘/𝑚𝑚3 ] 

Flow temperature, max -15 [℃] 
Flash Point 235 ℃ 

Kinematic viscosity 
(40℃) 47-55 [ 𝑚𝑚𝑚𝑚2/𝑠𝑠] 

Viscosity Index, min 97 

2.3.1 Effect of temperature 

Figure 6 illustrates the pressure field with respect to the tem-

perature change at 3000 RPM, for an eccentricity of 0.6. This in-

dicates that as the temperature increases from 50 ℃to 200 ℃, the 

pressure decreases. This is because of the decrease in viscosity 

as the temperature increases. 

Similarly, Figures 7 and 8 illustrate the pressure field with re-

spect to the temperature change at 3000 RPM, for eccentricities 

of 0.8 and 0.9, respectively. From these figures, it is evident that 

as the temperature increases from 50 ℃ to 200 ℃, the viscosity 

and pressure decrease, as illustrated in Figure 6. By analyzing the 

fluid flow with eccentricities of 0.6, 0.8, and 0.9, it is confirmed 

that the pressure decreases owing to the decrease in viscosity as 

the temperature increases. As the temperature decreases, the vis-

cosity increases in the form of a log function. From the figures, 

it is confirmed that the pressure also changes in response to the 

rate of viscosity change. 

Figure 6: Pressure field with temperature change at 3000 RPM 

and eccentricity of 0.6 

Figure 7: Pressure field with temperature change at 3000 RPM 

and eccentricity of 0.8 
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Figure 8: Pressure field with temperature change at 3000 RPM 

and eccentricity of 0.9 

Figure 9 illustrates the plane view projection in the circumfer-

ential direction of the pressure. The figure illustrates the center 

line of the shaft, which is set to rotate in the counter-clockwise 

direction, and the corresponding circumferential pressure data 

applied to the bearing part is plotted for temperatures varying 

from 50 ℃ to 200 ℃, as illustrated in Figure 10.  

Figure 9: Plane view projection in the circumferential direction 

of the bearing 

Figure 10 illustrates that as the temperature increases, the 

magnitude of the circumferential pressure distribution decreases 

for eccentricities of 0.6, 0.8, and 0.9. In addition, it is evident 

from the analysis of the Reynolds equation for lubrication that 

the pressure distribution matches the theoretical pressure distri-

bution. 

Figure 10: Circumferential pressure distribution applied to the 

bearing part 

Figure 11 illustrates the plane view projection along the width 

direction of the bearing. The shaft is rotated in the counter-clock-

wise direction. 

Figure 11: Plane view projection in the width direction of the 

bearing 

Figure 12: Volume fraction of the gaseous lubricant with temper-

ature change at 3000 RPM and eccentricity of 0.6 

Figure 13: Volume fraction of the gaseous lubricant with temper-

ature change at 3000 RPM and eccentricity of 0.8 
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Figure 14: Volume fraction of the gaseous lubricant with temper-

ature change at 3000 RPM and eccentricity of 0.9 

Figures 12-14 illustrate the volume fraction of lubricants in 

the gaseous phase on the plane, projected in the width direction 

of the bearing for temperature changes from 50 ℃ to 200 ℃, at 

a revolution of 3000 RPM, and eccentricities of 0.6, 0.8, and 0.9, 

respectively. When the pressure drops sharply below the vapor 

pressure after the minimum oil film thickness, cavitation occurs, 

in which the liquid lubricant changes to a gaseous state. This af-

fects not only the lubrication performance of the bearing, but also 

the permissible load. After cavitation occurs, the bubbles spread 

along the circumferential direction, and in severe cases, impact 

the bearing surface, causing noise, vibration, and wear. As the 

bearing temperature increases, the bubbles spread less widely be-

cause of the small shear force caused by the decrease in viscosity. 

However, in the case of 0.6 eccentricity, the volume fraction does 

not change with rise in temperature, as illustrated in Figure 15. 

Figure 15: Volume fraction on the bearing surface with temper-

ature change 

The volume fraction increases as shown in Figure 15. 

Figure 16 illustrates that the total force and attitude angle 

change with respect to the temperature. From the figure, it is ev-

ident that as the temperature of the lubricant increases, the pres-

sure applied to the bearing surface decreases; thus, the reaction 

force applied to the shaft decreases. As the magnitude of 

eccentricity and combined force change, the part where the actual 

force acts changes, and is called the attitude angle. As the tem-

perature increases, the force applied to the shaft decreases, and 

the attitude angle appears further than the minimum lubrication 

thickness. 

Figure 16: Pressure force and attitude angle according to tem-

perature 

2.3.2 Effects of rotating speed 

Figure 17 illustrates the pressure field with rotating speed 

changes from RPMs 1000 to 5000, at 50 ℃ and eccentricity of 

0.6. From the figure, it is evident that as the rotating speed in-

creases from 1000 to 5000 RPM, the pressure increases. 

Figure 17: Pressure field with rotating speed variation at 

50℃and eccentricity of 0.6 

Similarly, Figures 18 and 19 illustrate the pressure field with 

rotating speed changes from RPMs 1000 to 5000 at 50 ℃, and 

eccentricities of 0.8 and 0.9, respectively. From the figures, it is 
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evident that as the rotating speed increases from 1000 to 5000 

RPM, the pressure increases similarly, as illustrated in Figure 16. 

In addition, as the rotating speed increases, the pressure increases 

in the form of a linear function, as illustrated in Figure 25.  

Figure 18: Pressure field with rotating speed variation at 50℃ 

and eccentricity of 0.8 

Figure 19: Pressure field with rotating speed variation at 

50℃and eccentricity of 0.9 

Figure 20 illustrates the corresponding circumferential pres-

sure distribution applied to the bearing part, for rotating speeds 

varying from 1000 to 5000 RPMs. From the figure, it is evident 

that as the rotating speed increases, the magnitude of the circum-

ferential pressure distribution increases for eccentricities of 0.6, 

0.8, and 0.9.  

Figure 20: Circumferential pressure distribution applied to the 

bearing 

Figure 21: Volume fraction of the gaseous lubricant for rotating 

speed variation at 50℃ and eccentricity of 0.6 

Figure 22: Volume fraction of the gaseous lubricant for rotating 

speed variation at 50℃ and eccentricity of 0.8 

Figure 23: Volume fraction of the gaseous lubricant for rotating 

speed variation at 50℃ and eccentricity of 0.9 
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Figures 21-23 illustrate the volume fraction of the lubricant in 

the gaseous phase on the plane, projected in the width direction 

of the bearing for a revolution of 1000 to 5000 RPMs at 50 ℃, 

and eccentricities of 0.6, 0.8, and 0.9, respectively. When the 

pressure drops sharply below the vapor pressure after the mini-

mum lubricating thickness, cavitation occurs, in which the liquid 

lubricant changes to a gaseous state, as illustrated in Figures 12 

to 13. As the bearing rotating speed and eccentricity increase, the 

volume fraction increases in the form of a linear function, as il-

lustrated in Figure 24. It also reveals that gaseous lubricant 

spreads more widely along the circumferential direction, because 

of the higher shear force caused by the increase in rotational 

speed. 

Figure 24: Volume fraction on the bearing surface with rotating 

speed and eccentricity variation 

Figure 25: Force and attitude angle with rotational speed varia-

tion 

Figure 25 illustrates that the force and attitude angle change 

with respect to the rotation speed. It is evident that as the rotating 

speed of the shaft increases, the pressure acted on the bearing 

surface increases; thus, the reaction force exerted on the shaft 

increases. As the magnitude of eccentricity and rotational speed 

change, the position where the resultant force acts changes. As 

the rotating speed increases, the attitude angle between the verti-

cal axis in the load direction and the line of centers, appears 

closer to the minimum oil film thickness. 

3. Assessment of Newly Proposed Dimple Struc-

ture 
When the bearing is in operation, it is difficult to maintain 

complete fluid film lubrication, and boundary lubrication occurs 

frequently. If the boundary lubrication condition is maintained, 

the lubrication performance decreases, owing to the higher heat 

generation caused by the increase in surface friction. The amount 

of wear and tear increases, thus resulting in a decrease in the bear-

ing life. To address this limitation, a lubricating structure with 

dimples is proposed to reduce the surface friction during bound-

ary lubrication. 

Figure 26: Schematic of the bearing with simple dimple structure 

Table 3: Dimple parameters 

Case Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ 
Dimple diameter [mm] 2 1 2 2 2 1 

Numbers 
in width direction 7 7 5 7 7 7 

Circumferential angle [∘] 10 10 10 20 10 10 
Numbers in circumferen-

tial direction 18 18 18 9 4 4 

Figure 26 illustrates a schematic of the bearing with a simple 

dimple structure. In this study, dimple structures with various di-

ameters are adopted in the circumferential direction, as well as in 
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the width direction. The performance of the bearing, with and 

without a dimple structure, was evaluated numerically. Table 3 

lists the dimple parameters adopted in this study. Six cases were 

presented to evaluate the performance of the bearing with a dim-

ple structure. 

Figure.27: Comparison of pressure field and volume fraction 

with and without dimple structure 

Figure 27 illustrates a comparison of the pressure field and 

volume fraction, with and without the dimple structure. This in-

dicates that the pressure acting on the bearing surface is reduced 

by 45% in the case of a dimple structure than in a plain bearing. 

Moreover, the volume fraction of the gaseous lubricant de-

creased, owing to the reduction in the pressure drop, which could 

prevent the erosion caused by cavitation in advance. With the in-

troduction of the dimple structure, the direct surface contact be-

tween the shaft and bearing is reduced. Therefore, the negative 

effect of the reduction in the resultant force needs to be improved. 

The goal is to determine a reasonable size that reduces the surface 

contact relatively, without sacrificing the resultant pressure force. 

To compare the effect of the dimple structure in the bearing, 

the bearing shape, lubricant temperature of 50℃, rotational 

speed of 3000 RPM, and eccentricity of 0.8 are fixed, and the 

diameter and spatial arrangement of the dimples are altered and 

analyzed. 

Figure 28 illustrates the pressure field according to dimple 

size changes at 50 ℃, with a rotational speed of 3000 RPM for 

an eccentricity of 0.8. From the figure, it is evident that the peak 

pressure of Case 2 is higher than that of the other cases. Case 1 

registered the lowest peak pressure among the remaining cases. 

Figure 28: Pressure field with dimple size change at 3000 RPM 

and 0.8 eccentricity 

Figure 29: Volume fraction of the gaseous lubricant with dimple 

size change at 50℃, 3000 RPM and 0.8 eccentricity 

Figure 29 illustrates the volume fraction of the gaseous lubri-

cant in the bearing with a dimple, at a temperature of 50 ℃, 
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rotational speed of 3000 RPM, and eccentricity of 0.8. From the 

figure, it is evident that Cases 2 and 6 have higher volume frac-

tions, whereas Cases 3 and 5 have lower volume fractions. 

Figure 30: Force, attitude angle and average load area according 

to the dimple structure pattern 

Figure 30 illustrates that Cases 2 and 6 with a 1 mm dimple 

diameter have relatively high total forces, compared to other 

cases with a dimple diameter of 2 mm. Assuming line contact 

between the shaft and the bearing, a dimple with a diameter of 1 

mm reduces the contact area by approximately 30%. Through a 

comparison between Cases 2 and 6 in Figure 29, it is determined 

that small dimple numbers in the circumferential direction of 

Case 2 exert a practical total force. When compared to the normal 

case, Case 6 also exerts a similar total force, even though small 

dimples are utilized. As a result of this analysis, it is evident that 

changes in the shape and arrangement of the dimple have a sig-

nificant influence on the performance of the bearing, and more 

reasonable shapes can be discovered through further parametric 

studies. 

4. Conclusion
The lubrication of the bearing is a complex mechanism in 

which the changes in temperature, eccentricity, and the force act-

ing on the shaft are mutually dependent. In this study, the dimple 

effect in a journal bearing was investigated. The dimple structure 

reduces the contact area between the shaft and bearing, and the 

volume fraction causes cavitation erosion inside the bearing. This 

indicates that by introducing the dimple structure on the bearing 

surface, the lubrication performance improved, when compared 

to that of the plain bearing. Various parameters such as tempera-

ture, rotational speed, and eccentricity affecting lubrication have 

also been investigated.  

The results indicated that when the eccentricity and rotational 

speed increased, and the lubricant temperature decreased, the 

pressure on the bearing increased. When the temperature in-

creased, the viscosity of the lubricant decreased in the form of a 

log function. Hence, it is important to manage the temperature of 

the lubricant.  

As the pressure increased with changes in temperature, eccen-

tricity, and rotational speed, the attitude angle of the resultant 

force moved close to the minimum oil film thickness. 

By introducing the dimple structure, the direct contact between 

the shaft and bearing can be reduced by approximately 30%, 

while maintaining the resultant force constant. In addition, the 

volume fraction reduction prevents erosion caused by cavitation 

inside the bearing. 
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