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Abstract - Journal bearings are one of the machine 

elements that function to reduce friction that occurs in 

machine components. Journal bearings are commonly 

used in industry and power plants because they are 

capable of working at high shaft rotation and large loads. 

This research focuses on the effect of providing a surface 

texture with rectangular geometry on the performance 

produced using water lubricants. The flow of lubricant in 

the journal bearing is greatly influenced by the condition 

of the surface texture provided. These conditions will give 

different results to the journal bearing performance 

parameters. Several parameters are analyzed as 

performance comparisons, namely the value of load 

carrying capacity (load capacity), friction force (friction 

force), and acoustic power level (noise). These parameters 

were generated using the Ansys Fluent 3D simulation 

model. This research shows the differences in the values of 

the resulting performance parameters. Providing a 

rectangular texture has the same effect on lubrication as 

water fluid. The presence of a rectangular texture has been 

able to increase the load carrying capacity value but also 

increases noise emissions and friction force values. This 

research shows the conclusion that not all parameters of 

journal performance can be improved as a whole and 

produce the opposite consequences. 

Keywords: Rectangular texture, load carrying capacity, 

friction force, acoustic power level. 

I. INTODUCTION 

Journal bearings are a type of bearing that is widely used 

in industry and power plants. This type of bearing has a simple 

construction in the form of a cylindrical sleeve with a hole to 

enter the lubricant used. Journal bearings work by placing a 

rotating shaft in the cylindrical shell and then inserting 

lubricating fluid to form a boundary layer between the inner 

surface of the bearing and the shaft surface (Satish, 2023). 

This type of bearing has the advantage of being able to work 

with large loads at high shaft rotation (Lucassen, 2023). 

 

Figure 1: Journal bearing schematic 

Figure 1 shows the basic working scheme of a journal 

bearing where the shaft will rotate in a cylindrical shell which 

is separated by a lubricant boundary layer. The inclined shaft 

shifts to the right due to hydrodynamic lubrication. 

In journal bearings there is a hydrodynamic lubrication 

system where there are several stages in journal bearing 

lubrication. Hydrodynamic lubrication begins when the shaft 

has not yet rotated, where the shaft does not exert force on the 

lubricant and is in a position touching the bearing. The next 

phase is when the new shaft starts to rotate and causes the 

lubricant layer to move to cover and create a boundary layer 

between the outer surface of the shaft and the inner surface of 

the journal bearing. The next phase is that the lubrication has 

become stable and the shaft tends to shift to the right when the 

shaft rotates counterclockwise (Ebiefung, 2019). The 

following is an illustration of the working of hydrodynamic 

lubrication which can be seen in Figure 2 below: 

 

Figure 2: Hydrodynamic lubrication 
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In journal bearings, cavitation can occur due to a decrease 

in the static pressure of the lubricant to below its saturated 

vapor pressure (Lie, 2017). Cavitation appears right when the 

lubricant comes out of the convergent gap and spreads into the 

divergent gap of the journal bearing (Sun, 2018). In the 

cavitation area there are many small bubbles due to the change 

in the lubricant phase from initially liquid to vapor phase. The 

size of the cavitation distribution area can affect the pressure 

and sound acoustics that occur in the bearing (Rasep, 2021). 

The distribution of cavitation areas can be seen in Figure 3 

below: 

 

Figure 3: Cavitation region 

One of the parameters of journal bearing performance is 

the load carrying capacity value. Load carrying capacity is the 

bearing's ability to support a given workload. Various studies 

have been widely used to increase the value of load carrying 

capacity, one of which is providing surface texture. Surface 

texture can increase the load carrying capacity value due to the 

thickening of the lubricant layer in areas that have the highest 

fluid pressure (Chen, 2022). The following is the basic load 

carrying capacity equation used in the Ansys Fluent algorithm: 

A

W pdxdy 
 

In research conducted by Tao Nie et.al (2022), partial 2D 

simulation results of surface texture variations have influenced 

the performance of a journal bearing. In this simulation, there 

are several variations in texture geometry, namely rectangular, 

triangular, trapezoid, and arc. These various variations provide 

different performance results in each simulation. The highest 

lubrication performance obtained from the simulation is 

produced by a surface texture with a rectangular shape. This 

simulation also produces results from various geometric 

values of the basic rectangular shape. The parameters used for 

the geometric values used are the comparison values for the 

length and depth of the texture. This research is the result of 

the development of a surface texture simulation in the form of 

simple roughness with the parameter value Ra (Roughness 

Average). A simple rough texture on the bearing surface will 

basically affect the lubrication performance value of the 

journal bearing (Tauviqirrahman, 2023). In the construction of 

bearing surface geometry textures, the placement and number 

of texture geometries will also change the resulting 

performance values. This is because the geometric texture in 

certain areas will have different treatment effects on lubricants 

that flow hydrodynamically. One of the effects that occur is 

the thickening of the lubricant film layer. This can increase the 

collision rate of each fluid particle and increase the resulting 

pressure value (Arif, 2021). The following are the pressure 

values resulting from various surface texture models shown in 

Figure 4 below: 

 

Figure 4: Pressure value on surface texture variations 

Figure 4 shows that the pressure value with the 

rectangular texture model has the largest value.  Research 

conducted by Tao Nie et.al (2022) used oil fluid as a journal 

bearing lubricant. This is because oil is a fluid commonly used 

in bearing lubrication systems. Referring to this, the author 

wants to know whether there are similar changes when using 

the simulation model with lubricants other than oil. One 

lubricant that is an alternative and has been widely researched 

is water fluid (Ganesha, 2023). Water is a fluid substance that 

is abundant and easy to get almost everywhere. However, 

when used as a lubricant, water has a much smaller load 

carrying capacity compared to oil. This is because the 

viscosity value of water is not as large as that of oil lubricants 

(Wu, 2023).  

With the known research data, the author tried to carry 

out research by developing the use of water lubricant on 

journal bearings that have been given a surface texture. The 

surface texture used is a rectangular geometric shape. This is 

because it refers to research conducted by Tao Nie (2022) that 

the results of the comparison of texture geometry show that 

rectangular shapes have better performance than triangle, arc, 

& trapezoid shapes. This research will compare the 

performance values of journal bearings that are given a 

rectangular texture with those that are not given a texture 

(smooth) when using water and oil lubricants as a comparison. 

Several parameters used to compare performance values are 

load carrying capacity and friction force. These parameter 

values are commonly used because they can determine the 

maximum load value that can be accepted by the journal 
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bearing and provide an overview of the friction that occurs 

due to friction between lubricant particles and the shaft and 

bearing walls.The following is the friction force equation that 

has been integrated into the ANSYS simulation: 

f

A

F dxdz 
 

In this research the author added the acoustic power level 

parameter as an additional comparison of the performance 

values produced by journal bearings. Acoustic power level is a 

parameter that describes the noise level produced by the 

journal bearing (Poddar, 2019). The sound emissions heard 

from journal bearings are sound energy produced due to 

friction between fluid particles and the walls and the bursting 

of small gas bubbles due to cavitation (Xie, 2023). The 

following is the acoustic power level equation used in the 

ANSYS fluent simulation: 

( ) 10log ( / )
ref

Lp dB W W  

5

0

2
W a

k

c


 
  
   

With the load carrying capacity, friction force, & acoustic 

power level parameters in this journal bearing research, it is 

hoped that it will be able to provide significant performance 

comparison results with the help of computational fluid 

dynamics (CFD). 

II. MATERIAL & METHOD 

This simulation uses water as a lubrication fluid. This 

aims to find out whether rectangular texture also affects water 

fluids apart from using oil in previous research. Water has the 

advantage that it is abundant on earth and does not cause 

environmental pollution (Ganesha, 2023). 

The meshing used is a method of dividing several layers 

to produce an accurate lubricant layer. The following meshing 

is produced in Figure 5 below: 

 

Figure 5: Meshing on rextangular texture 

The following is a list of detailed geometric sizes created 

for this simulation which can be seen in table 1 below: 

Table 1: Bearing geometry details 

Parameter Value 

Shaft diameter (Dj) 127.716 mm 

Inner bearing diameter (Db) 128 mm 

Bearing length (Lb) 42.5 mm 

Radial clearance (c) 0.142 mm 

Eccentricity ratio (ε) 0.97 mm 

Attitude angle (φ) 45° 

Shaft speed (ω) 746 rpm 

 
Water fluid has parameters contained according to its 

type. The following are the water parameters used: 

Table 2: Water parameters 

Parameter Value 

Density (ρf) 998.2 kg/m3 

Viscosity (μo) 0.001003 Pa.s 

Density of water vapor (ρv) 0.5542 kg/m 

Viscosity of water vapor (μV) 1.34x10⁻⁵ Pa.s 

Vapor saturation pressure (Pv) 4247 Pa 

 
What needs to be attention to in this simulation is the 

detailed size of the rectangular texture model used. The 

following is the size of the rectangular texture model as well 

as the area where it is placed in Figure 6 below: 

 
 

Figure 6. Details of the rectangular texture used 
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This simulation uses the multiphase method with the 

Schnerr-Sauer model with the K-Epsilon turbulence model 

applied to steady conditions. Using the SIMPLE method as an 

ANSYS calculation method with no-slip boundary conditions 

and having an inlet and outlet pressure of 0 Pa. 

III. RESULT AND DISCUSSION 

In this research, validation was carried out first using the 

research case of Nie (2022). The following are the validation 

results in Table 3 below: 

Table 3: Validation case 

Bearing 

condition 
Parameter 

P Max 

reference 

article 

(Nie, 2022) 

P Max 

Study 

Present 

Error 

(%) 

ε = 0.97  

with 

rectangular 

texture 

P Max 150MPa 153.7 MPa 2.4 

Table 3 shows that the results of the validation cases 

produced an error of only 2.4%. In this research, an 

independent grid test was also carried out on the meshing 

used. The following are the results of the independent grid test 

in Figure 7 below: 

 

Figure 7: Independent grid test 

This simulation compares several parameters that can be 

used as a basic reference that influence journal bearing 

performance. The following is a comparison of several 

resulting parameters. The first parameter to be compared is the 

resulting pressure distribution contour. The grid test was 

carried out using variations in the number of elements, around 

a difference of 150000 elements. The grid test carried out 

produced the largest error of only 0.008% and the smallest 

error difference produced was 0.0065%.The number of 

elements used in this simulation is 1100000 elements and grid 

test comparisons were carried out using the number of 

elements ranging from 600000 to 1400000 with a division of 4 

layers in the cross section of the simulated lubricant thickness. 

The first parameter to be analyzed is the resulting pressure 

value because it is related to increasing load carrying capacity 

performance. The greater the pressure generated, the potential 

load carrying capacity will also be maximized. The following 

are the results of the comparison of pressure values in Figure 8 

below: 

 

Figure 8: Comparison of pressure values 

Figure 8 shows that the pressure generated in the 

rectangular texture has a greater value compared to the smooth 

texture. Rectangular textures have narrower and more 

centralized pressure areas, while smooth pressure areas are 

wider and more spread out. Rectangular textute has a greater 

pressure value due to the thickening of the lubricant layer that 

occurs. The thickening of the lubricant layer can be increased 

due to the flow of turbulent kinetic energy in the right areas 

(Harishkumar, 2022). The next parameter that needs to be 

analyzed is the value of the volume fraction of water vapor. 

The following is a comparison of the value of the volume 

fraction of water vapor in Figure 9: 

 

Figure 9: The volume fraction of water vapor 

Figure 9 shows that the fraction of water vapor value in 

the rectangular texture is higher than the smooth texture. This 

can be caused by an increase in pressure in the convergent 

area so that when the divergent gap exits there is a sudden 

increase in speed. 
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The next parameter analyzed is the turbulent kinetic 

energy value. According to Harishkumar (2022), increasing 

turbulent energy in the right areas will be able to increase the 

resulting pressure value. However, turbulent kinetic energy 

has consequences in the form of increased noise in the form of 

an increase in the acoustic power level value which is also 

proportional to the turbulent eddy dissipation parameter. The 

following is a comparison of the values of turbulent kinetic 

energy and turbulent eddy dissipation in Figures 10 and 11 

below: 

 

Figure 10: Turbulent kinetic energy value 

Figure 10 shows that the turbulent kinetic energy value in 

the rectangular texture is higher than the smooth texture. This 

is one of the parameters that influences the increase in the 

resulting pressure value. The following are the comparison 

results of turbulent eddy dissipation which are comparable to 

the turbulent kinetic energy values shown in Figure 11 below: 

 

Figure 11: Turbulent eddy dissipation 

The parameters above are several parameters that 

influence the main parameters used to analyze journal bearing 

performance. In this research, performance parameters include 

load carrying capacity, friction force, and acoustic power 

level. The following is a comparison of the total performance 

parameters of journal bearings starting with the load carrying 

capacity value shown in Figure 12 below: 

 

Figure 12: Load carrying capacity value 

Figure 12 shows that the load carrying capacity value for 

rectangular texture is greater than smooth. Rectangular texture 

has a load carrying capacity value of 2950 N while smooth is 

2396 N. This proves that the rectangular texture can thicken 

the lubricant layer on the journal bearing. The greater the load 

carrying capacity value, the greater the shaft load that the 

bearing can support. The next parameter that needs to be 

analyzed is the friction force value. Friction force can occur 

due to friction between fluid particles and the bearing walls. 

The smaller the friction force value, the smaller the resistance 

acting on the shaft and this will make the bearing performance 

more optimal. The following is the resulting friction force 

seen in Figure 13 below: 

 

Figure 13: Friction Force 

Figure 13 shows an increase in the friction force value 

resulting from the rectangular texture. This shows that 

although rectangular texture is able to increase the value of 

load carrying capacity, the presence of rectangular texture also 

causes the consequence of increasing the friction force 

produced. The final parameter that influences journal bearing 

performance is the noise level produced by the journal 
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bearing. The noise level is represented by the acoustic power 

level value resulting from the simulation. The following are 

the results of the comparison of acoustic power levels in 

Figure 14 below: 

 

Figure 14: Friction Force 

Figure 14 shows that rectangular texture can increase 

noise in the form of acoustic power level values. In the 

rectangular texture the average acoustic power level produced 

is 47.23 dB, while the average acoustic power level in the 

smooth is 29.94 dB. In accordance with the acoustic power 

equation applied in the ANYS fluent simulation, the noise 

level is directly proportional to the turbulent kinetic energy 

produced. This is because the turbulent kinetic energy value in 

the rectangular texture is also greater than the smooth one. 

All these parameters are analyzed in total in order to find 

out the overall performance comparison. The following are the 

results of a comparison of total journal performance due to the 

influence of rectangular texture which is shown in table4 

below: 

Table 4: Total performance comparison 

Performance 
Parameters 

Smooth 
Rectangular 

Texture 

Load Carrying 
Capacity 

2396 N 2950 N 

Friction Force 8.18 N 12.68 N 

Acoustic Power 
Level 

29.94 dB 47.23 dB 

% Change in Load 
Carrying Capacity 

+23.1 % 

% Change 
Friction Force 

+55.1 % 

% Change in 
Average Acoustic 

Power Level 
+57.7 % 

Table 3 shows the comparison results of the overall 

journal bearing performance where rectangular texture has had 

a significant influence. Rectangular texture is able to increase 

the load carrying capacity value by 23.3% but has 

consequences in the form of an increase in friction force by 

55.1% and an increase in noise value by 57.7%. This shows 

that rectangular apart from oil lubricants (previous research) 

can also have an influence on lubrication with water fluids. 

IV. CONCLUSION 

With the overall simulation results, this research can 

draw the following conclusions: 

1) The influence of rectangular texture, apart from having 

an influence on oil lubricants, also has an influence on 

lubricants with water fluids. 

2) The influence of rectangular texture can improve one of 

the journal bearing performances but has the 

consequence of reducing other performance parameters. 

3) The 3D simulation in this research shows that there is an 

increase in the load carrying capacity value of 23.1%, 

namely from a smooth texture of 2396 N to 2950 N in a 

rectangular texture. There is an increase in friction force 

of 55.1% from smooth which is 8.18 N to 12.68 N in 

rectangular texture. And the noise level increased by 

57.7% from smooth 29.94 dB to 47.23 dB. 
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