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ABSTRACT 

The surface textures can improve the performance characteristics of journal bearing and   thus a budding attention is 

given to the study of textured hydrodynamic journal bearings. The use of different texture shapes and at different 

locations is an effective approach to improve the performance characteristics of journal bearings. The present study 

investigates the influence of texture location on the static performance characteristics of hydrodynamic journal 

bearing. A numerical modelling is used to analyze the effect of spherical texture location on the static performance 

characteristics of a hydrodynamic journal bearing. The theoretical results show that the most important characteristics 

can be improved through an appropriate arrangement of the texture location on the bearing surface. The most optimum 

results are obtained when the textures are created in the pressure build-up zone of 125° to 285 °on the bearing surface. 

1. INTRODUCTION  

Tribology is a study of friction, wear, lubrication, and contact mechanics. It helps in understanding the surface 

interactions and to propose solutions for essential problems. The tribological applications range from industrial 

machinery to microscopic applications. The hydrodynamic bearings are frequently used in wide range of applications 

and mechanisms since long. The random roughness in hydrodynamic bearings may be introduced due to the presence 

of dust, additives in the lubricant and wear. The roughness may be random or deterministic in nature. The 

deterministic roughness is known as surface texture can be introduced deliberately on the bearings with the help of 

micro fabrication techniques. Surface texturing is claiming progressively more attention and is expected to be an 

important component in future bearing structure design as demonstrated by the authors [1]. Tonder [2] pointed out that 

the introduction of a series of dimples at inlet of a sliding surface can generate extra pressure and thus support higher 

load. Kovalchenko et al. [3] claimed that laser texturing expanded the contact parameters in terms of load and speed 

for hydrodynamic lubrication. Siripuram and Stephens [4] numerically studied the microasperities effects with 

different shapes in sliding surface lubrication. They concluded that the minimum coefficient of friction for all shapes 

is found to occur at an asperity area fraction of 0.2 for positive asperities and 0.7 for negative asperities. Some other 

studies [5-11] established that the surface texture geometry such as texture depth, width, number of textures, and 

location of textures influence the bearing performance. Arghir et al. [12] shown that Navier–Stokes equations are 

inadequate to predict pressure build-up with the presence of macro-roughness as inertia effects can be more important. 

This finding was confirmed later by Sahlin et al. [13]. De Kraker et al. [14], used the Reynolds equation to study the 

effects of texture and is valid if dimple depth is greater than minimum film thickness of the lubricant in the fluid film 

lubrication. Cupillard et al. [15] found that the mechanism of pressure build-up in a convergent gap between two 

sliding surfaces due to texture is similar to that obtained with convergence ratio variation for smooth surfaces. The 

same author [16] found that there is an optimal texture depth, greater than the critical depth, which gives the maximum 

load carrying capacity. Buscaglia et al. [17, 18] shown that full texturing has a negative impact on both hydrodynamic 

lift and viscous friction. Dobrica et al. [19] conclude that:  Full texturing is unable to generate hydrodynamic lift in 

parallel sliders, except when the dimples are placed at the slider inlet. Attempts were made in several studies to 

determine the optimal texturing parameters that would minimize friction or maximize the load carrying capacity. 

Singh and Awasthi [20] concluded that the location of textures on the bearing surface plays an important role in 

improving the performance characteristics of journal bearing. Also, they concluded that the partial texturing can 

improve the overall performance of the journal bearing if the textures are placed in the pressure build-up region of 

126°-286° in circumferential direction and over the entire axial direction [21]. Singh & Awasthi studied the influence 

of texture shapes on the performance parameters of textured journal bearings. Recently, Singh & Awasthi studied 

dynamic stability of textured journal bearing [22]. 

In the present work, deterministic spherical texture is used to study the influence of textures location on the 

bearing surface. To study the texture location effect on the static performance characteristics of journal bearing, 4 
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spherical textures are created in the axial direction and 7 spherical textures are created in the circumferential direction. 

Then optimum texture distribution location is calculated using a numerical FEM technique. The simulated results of 

partially textured bearing are then compared with smooth bearing to have the better insight of texture distribution on 

the bearing surface. Figure 1 shows the distribution of spherical textures over the entire bearing (fully textured 

bearing) 

 

                                                               Fig.1 Full-textured journal bearing geometry 

2. METHODOLOGY 

2.1 Governing Equation 

The governing Reynold's equation in dimensionless form of a journal bearing when the flow of lubricant is laminar, 

isoviscous and Newtonian in the convergent area of a journal and bearing can be written as [20] 
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Where 𝐹̅0,  𝐹̅1   and 𝐹̅2 are cross apparent viscosity integrals and calculated as  
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The Reynolds equation (1) is solved using FEM to study the influence of texture location on the bearing surface. 

2.2. Fluid- film thickness (𝒉̅) 

In dimensionless form, the fluid-film thickness having spherical textures on the bearing surface can be written as 
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dh =Dimple depth, sinjX  = , cosjZ  =  

The eccentricity ratio (𝜀) is expressed as 

𝜀=√𝑋̅𝑗
2
+ 𝑍̅𝑗

2
                                                                                                                                                        (3) 

 2.3. Finite element formulation 

The fluid-flow domain is discretized using 4-noded quadrilateral iso-parametric elements. The pressure of the 

lubricant is considered to be linear over an element and can be expressed as [20] 

𝑃̅=∑ 𝑃̅𝑗 
𝑛𝑒
𝑗=1 𝑁𝑗                                                                                                                                                         (4) 

Where 𝑁𝑗 is the element shape function and 𝑛𝑒 is the number of nodes per element of two dimensional flow-field 

discretized solution domain. By applying Galarkin’s FEM approach, the global system of equation in algebric form is 

expressed as [20]: 
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Where 

 [𝐹̅]= Assembled Fluidity Matrix  

 {𝑃̅}= Nodal pressure Vector 

 {𝑄̅}= Nodal Flow Vector  

 {𝑅̅𝐻} = Column Vectors due to hydrodynamic terms 

 𝑅̅𝑍𝑗 =Global right hand side vectors due to journal center linear velocities 

 l1 & l2  are the direction cosines and i,j =1,2..........ne. 

2.4. Boundary conditions 

The following boundary conditions are applied in obtaining the solution of given problem  

1. The nodes which are lying on the external boundary having zero pressure, p=0 

2. The pressure at the trailing edge of positive region is zero, p = ∂𝑝̅/∂α=0.0 

3. The pressure at leading edge is considered to be atmospheric, therefore p=0.0 

Equation (5) can be solved to give pressure and flow simultaneously because at each node one of the two variables is 

known. 

2.5. Journal center equilibrium position 

For a given vertical external load or eccentricity ratio (𝜀) and operating and geometric parameters of the bearing, the 

journal center position (𝑋̅𝑗, 𝑍̅𝑗) is unique. This journal center equilibrium position is not known a priori and is 

obtained iteratively. Initially the tentative values of journal center coordinates (𝑋̅𝑗, 𝑍̅𝑗) are fed as input to compute the 

nominal fluid-film thickness (ℎ̅) that is required for the computation of fluid-film pressures. The fluid-film reaction 

components 𝐹𝑥 and 𝐹𝑧 are computed using Eqs. (11) and (12) respectively. 

2.6 Performance characteristics  

2.6.1. Static Performance Characteristics 

The static performance characteristics of journal are computed for the steady-state condition ( , 0x z = ). It is essential 

to establish the journal center equilibrium position for the evaluation of performance characteristics at a given 

eccentricity ratio (ε). 

Load carrying capacity ( 0F ) 

Fluid-film reaction components along X and Z directions are respectively given by [20]  

2
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The resultant load carrying capacity is expressed as                             

1

2 2 2
cc x zL F F = +

  
                                                                                                                                          (13)                                                                                                                                                                                        

 

Fluid-film frictional force (FL): The friction force in a journal bearing is computed from the following equation  
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where 

𝜏𝑐̅ is the normalized Couette shearing stress. For laminar flow, 𝜏𝑐̅ =0  

Coefficient of fluid-film friction can be calculated as 

L j

cc

RF
f f

L c

 
= =   

 

                                                                                                                                             (15) 

3. SOLUTION PROCEDURE 

The numerical technique used in the present study for computing the optimum location of surface textures and then 

performance parameters of journal bearing is shown in Fig. 3. The exactness of theoretical solution depends on the 

mesh density and the simulated results should be independent of mesh density. Hence, a convergence study has been 

performed with various mesh densities to get mesh independent results. In the beginning the number of elements in 

circumferential direction is varied and elements in axial direction are fixed as 16 at first and the results are obtained at 

fixed value of eccentricity ratio as 0.5. It has been seen from Fig. 2(a) that the load carrying capacity increases with 

the number of elements in circumferential direction upto 63 and beyond 63 the load carrying capacity nearly stays 

constant. Also, it is seen from Fig. 2(b) that by increasing the number of elements in circumferential direction, the 

processing time increases drastically without any improvement in load carrying capacity. Similar procedure is adopted 

for choosing the number of elements in axial direction and decided as 20. Therefore to get work mesh independent and 

to limit computational time, the ideal mesh size has been chosen as 63 in circumferential direction and 20 in axial 

direction. 

 

                                              Fig.2: A convergence study of spherical textured journal bearing. 

The numerical investigation of dimple/texture impact on the performance of journal bearing has been performed 

utilizing FEM and plan has been appeared in flow chart Fig.3. Following steps are associated with the solution 

procedure:  

1.The fluid-film domain is discritized into four noded quadrilateral isoparametric elements by assigning number of 

elements in axial direction. 

2. Fluid-film pressure field are initialised by assigning an arbitray value of journal center. 

3.Fluid-film thickness is calculated for smooth and textured journal bearings. 

4.A two point Gauss quadrature is used for the integration in elements. Thus four Gauss points are generated in an 

quadrilateral isoparametric elements. 

5.Elements equations are assembled using indexing to obtain global system of matrices and then boundary conditions 

are implemented.  

6.Newton’s iterative method is used for establishing journal center. 

7.Steps 2-6 are repeated until the equilibrium established and the pressure becomes positive and the given pressure 

convergence criteria is satisfied. 

8.Once the pressure convergence criteria is satisfied and then static and dynamic performance characteristics are 

computed using the equations described above. 
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                                                               Fig.3 Flow chart of solution procedure 

4. RESULTS AND DISCUSSION 

In the present study, the spherical texture is used to investigate the effect of texture distribution on the journal bearing 

performance characteristics. The eccentricity ratio is equal to 0.3 (minimum loaded bearing).The textures are created 

on the bearing surface ranges from  θ1 to θ2 in the circumferential direction and over the entire axial direction (Fig. 4). 

9 cases are considered according to the geometric arrangement of textures on the bearing surface. The working and 

geometric parameters considered in this study are selected from the previously published work of Singh and Awasthi 

[20], shown in the Table 1. 

Table 1: Working and geometric parameters used in the current study 

Parameters                                                                             Non-dimensional value 

Speed parameter (Ω̅)                                                                                    1.0 

Eccentricity ratio (ε)                                                                                     0.3 

Clearance ratio (Cr)                                                                                   0.001 

Aspect ratio (L/d)                                                                                         1.0 

Shape of micro-dimple                                                                             Spherical 

No. of elements                                                                                          1323 

Area density of dimple (Sp)                                                                        51% 

Dimple radius (𝑟̅𝑝)                                                                                       0.16 

Dimple depth (ℎ̅𝑑)                                                                                       0.16 

a                                                                                                                     0.2 

b                                                                                                                     0.2 

Lx                                                                                                                    2a 

Lz                                                                                                                     2b 
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4.1. Validation 

In order to validate the developed MATLAB code for the computation of nodal pressure distribution and the 

performance characteristics parameters, the computed results are compared with the published work in Tables 2, 3 and 

4. The computed value appears to be in good agreement with the published work. 

 

Table 2: Comparison of Statics Characteristics of Plain Journal Bearing. 

(Eccentricity Ratio 𝜀=0.7, L/D=1.0, Grid size= 63×20)   

Performance                             Present Work               S.C. Jain et al. Ref. [23]                  H.N. Chandrawat &    

Parameters                                                                                                                             R. Sinhasan Ref. [24] 

Minimum Fluid-film                      0.300                                   0.300                                               0.300 

Thickness (ℎ̅min) 

Maximum Pressure (𝑃̅max )           5.480                                    5.360                                               5.516 

Load Carrying Capacity              8.084                                   7.66                                                  7.98 

Attitude angle (Φ)                        44.962                                 43.66                                                44.97 

Friction coefficient (𝑓)̅                2.423                                   2.5457                                               2.4524     

Table 4: Comparison of Statics Characteristics of Partially textured-I journal bearing 

(Eccentricity Ratio 𝜀=0.6, L/D=1.0, Grid size= 63×20) 

Performance Parameters                                      Present Work                                  N. Tala-Ighil et al. Ref. [17] 

Dimple depth (ℎ̅p)                                                         0.5                                                             0.5 

Angular location (θ˚)                                                   195˚-230˚                                                  185˚-230˚ 

Attitude angle (Φ˚)                                                      50.48˚                                                         49.0˚ 

Maximum Pressure (𝑃max)                                         3.10                                                            2.8 

Load Carrying Capacity (𝑳̅𝒄𝒄) 

Figure 4 shows the variation of load carrying capacity (𝐿̅𝑐𝑐) smooth/textured journal bearing versus texture location on 

the bearing surface in circumferential direction. It is noted that the load carrying capacity of partially textured has been 

improved maximum when the textures are created in the pressure built-up region ranging from 𝜃1=125° to 𝜃2=285° in 

the circumferential direction and over the entire axial direction vis-a-vis smooth journal bearing. Similar kinds of 

results are reported by Singh & Awasthi [20].  For a specific value of dimple depth 0.16, the percentage increase in the 

value of load carrying capacity is 8.19% as compared to smooth journal bearing. 

Maximum fluid-film pressure (𝑷̅𝒎𝒂𝒙) 

Figure 5 shows the variation of maximum fluid-film pressure (𝑃̅𝑚𝑎𝑥) of smooth/textured journal bearing versus texture 

location on the bearing surface in circumferential direction. It is noted that the maximum fluid-film pressure (𝑃̅𝑚𝑎𝑥) of 

partially textured journal bearing has been improved when the textures are created in the pressure built-up region 

ranging from 𝜃1=125° to 𝜃2=285° in the circumferential direction and over the entire axial direction vis-a-vis smooth 

journal bearing. Similar kinds of results are reported by Singh & Awasthi [20].  For a specific value of dimple depth 

0.16, the percentage increase in the value of maximum fluid-film pressure (𝑃̅𝑚𝑎𝑥)  is 18.64% as compared to smooth 

journal bearing. 

Attitude angle (𝜱) 

Figure 6 shows the variation of attitude angle (𝛷)of smooth/textured journal bearing versus texture location on the 

bearing surface in circumferential direction. It is noted that the value of attitude angle (Φ) of partially textured journal 

bearing is found minimum when the textures are created in the pressure built-up region ranging from 𝜃1=148° to 

𝜃2=308° in the circumferential direction and over the entire axial direction vis-a-vis smooth journal bearing. It shows 

that the partially textured journal bearing is more stable if the textures are created in the zone (148°-308°).   For a 

specific value of dimple depth 0.16, the percentage decrease in the value of attitude angle of textured journal bearing 

is 12.83% as compared to smooth journal bearing. 

Lubricant end flow (𝑸̅) 

Figure 7 shows the variation of lubricant end flow (𝑄̅) smooth/textured journal bearing versus texture location on the 

bearing surface in circumferential direction. It is seen that the value of lubricant end flow of partially textured is 

maximum when the textures are created in the pressure built-up region ranging from 𝜃1=125° to 𝜃2=285° in the 
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circumferential direction and over the entire axial direction vis-a-vis smooth journal bearing. Similar kinds of results 

are reported by Singh & Awasthi [20].  For a specific value of dimple depth 0.16, the percentage increase in the value 

of load carrying capacity is 9.90% as compared to smooth journal bearing. 

Fluid-film friction coefficient (𝒇̅) 

Figure 8 shows the variation of fluid-film friction coefficient (𝑓)̅ of smooth/textured journal bearing versus texture 

location on the bearing surface in circumferential direction. It is noted that the value of fluid-film friction coefficient 

(𝑓)̅ of partially textured journal bearing is found minimum when the textures are created in the pressure built-up 

region ranging from 𝜃1=125° to 𝜃2=285° in the circumferential direction and over the entire axial direction vis-a-vis 

smooth journal bearing. It shows that the flow of the lubricant is ample in case of partially textured journal bearing if 

the textures are created in the zone (125°-285°).   For a specific value of dimple depth 0.16, the percentage decrease in 

the value of fluid-film friction coefficient (𝑓)̅ of textured journal bearing is 8.74% as compared to smooth journal 

bearing. 

 

 

Figure 4: Load carrying capacity versus texture location in circumferential direction 
 

 

Figure 5: Maximum fluid-film pressure versus texture location in circumferential direction 
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Figure 6: Attitude angle versus texture location in circumferential direction 

 

 

Figure 7: Lubricant end flow versus texture location in circumferential direction 
 

 

Figure 8: Fluid-film friction coefficient versus texture location in circumferential direction 
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From the calculated results it is noted that the surface textures created on the bearing surface can improve the bearing 

performance characteristics. The most optimum results are obtained when the textures are created in the pressure 

build-up zone ranging from 125°-285° in the circumferential direction and over the entire axial direction. The most 

important static performance characteristics of journal bearing are shown in Table 5.  

Table 5: Comparison of Statics Characteristics of Partially textured-I journal bearing 

(𝜀=0.3, L/D=1.0, Grid size= 63×20, ℎ̅𝑝 = 0.16) 

Case                   𝜃1                 𝜃2                     𝐿𝑐𝑐                𝑃𝑚𝑎𝑥               Φ                     𝑄̅                     𝑓 ̅

Smooth                -                    -                   1.636             0.810            71.667             0.545              8.192 

1                        11°                171°              1.636             0.811            71.67°              0.545              8.193 

2                       34°                 194°              1.636             0.811            71.67°              0.545              8.193 

3                       57°                 217°              1.636            0.811             71.67°              0.545              8.193 

4                       79°                 239°              1.687            0.828             72.15°              0.575              7.95 

5                     102°                 262°              1.746            0.869             70.97°              0.595             7.688 

6                     125°                 285°              1.782            0.961             67.88°              0.599             7.533 

7                     148°                 308°             1.749             0.888             62.47°              0.564             7.663 

8                     171°                 331°             1.63               0.773             64.09°              0.542             8.219 

9                     194°                 354°             1.594             0.786             70.06°              0.541             8.407 

5. CONCLUSIONS 

The current study presented the determination of optimum location of surface textures on the journal bearing surface. 

Also, the current shows the effect of textures on the bearing performance parameters. Following most important 

conclusions are drawn from the present work 

1. The partial textures on the bearing surface can enhance the bearing performance parameters vis-a-vis smooth 

journal bearing. 

2. The most optimum results are obtained when the textures are created in the pressure build-up region of 125°-285° 

on the bearing surface. 

3. The optimum results are obtained when dimple aspect ratio is nearly unity. 

 

NOMENCLATURE 

Dimensional Parameters 

C : Radial clearance, mm 

D : Diameter of journal, mm 

e : eccentricity of journal, mm 

F : Fluid-film reaction(
𝜕ℎ

𝜕𝑡
≠ 0), N 

𝐹𝑥, 𝐹𝑧      : Fluid-film reaction components in X and Y direction(
𝜕ℎ

𝜕𝑡
≠ 0), N 

h          : Nominal fluid-film thickness, mm  

hd          : Dimple depth, mm 

L        : Bearing length, mm  

L/D    : Aspect ratio 

N       : Rotational speed, rpm 

𝑂𝐵      : Bearing center 

𝑂𝐽         : Journal center 

p          : Pressure, N/mm2 

𝑝𝑠      : Reference pressure, N/mm2

2

2

r j jR

c

  
  
 

 

𝑅𝑗, 
𝑅𝑏    : Radius of journal and bearing, mm  

S            : Sommerfeld Number 
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t             : Time, sec  

W          : Load Capacity, N  

𝑊0        : External load, N   

x            : Circumferential coordinate 

y            :Axial coordinate  

,j jX Z
 
: Coordinates of journal center 

X, Y, Z: Cartesian coordinate system  

z           : Coordinate along film thickness  

Non-Dimensional Parameters 

2 2
, ,x z

x z

s j s j

F F
F F

p R p R

 
 =
 
 

 

min
min, , , , d

d
h hh

h h h
c c c

 
=  
 

 

s

p
p

p
=

 

max

s

p
p

p
=  

𝑄̅ = 𝑄 (
𝜇

𝐶3𝑝𝑠
) 

p
p

r
r

c
= , dimple radius 

2

2

s
c

r j

c p
t

R




 
 =
 
 

 

0
2

s j

W
W

p R

 
 =
 
 

 

, ,
j j

j j

X Z
X Z

c c

 
=   
 

 

, ,
X Z

X Z
c c

 
=  
 

 

, ,
j j

x y

R R
 

 
=  
 
 

 

e

c
 = , eccentricity ratio 

2

2

r j

j

s

R

c p




 
  =
 
 

 

 

Greek Letters 

μ           : Lubricant viscosity, Pa. sec                                   

𝛼           : Angular coordinate, radian   

𝜔𝑟𝑎𝑑      : Angular speed, radian/sec                                                  

𝛷          : Attitude angle, radian    
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Subscripts and Superscript                                                                                                 

b  : Bearing  

j        : Journal                                                                                                        

r             : Reference value  

min        : Minimum value  

Max :Maximum value     : First derivative  w.r.t. time 
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