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ABSTRACT 

The operating and geometric parameters of textures affect the static, dynamic, and 

stability performance characteristics of a hydrodynamic journal-bearing system. The 

present work investigates the influence of spherical textures on the performance 

parameters of a hydrodynamic journal bearing system. The flow of a lubricant is 

assumed to be Non-Newtonian and Reynolds’s equation governing the flow of a 

lubricant between the space in the bearing and the journal is solved by a finite-element 

method (FEM). The computed results indicate that the spherically textured two lobe 

hydrodynamic journal bearing provides better improvement in the performance 

parameters than two lobe hydrodynamic journal bearing with plain surface. 

Keywords: Textured geometry, Lobe bearing, Non-Newtonian lubricants, 

hydrodynamic lubrication, and load carrying capacity. 
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1. INTRODUCTION 

Over the past decade lot of research have been done in the field of textured hydrodynamic 

journal bearing. In textured bearing micro textures are created on the inner surface of bearing 

which enhance the performance characteristics of the hydrodynamic journal bearing. Non 

circular bearing are known to have better performance characteristics as compared circular 

hydrodynamic journal bearing. The different configuration in non-circular bearing are offset 

halve bearing, two lobe bearing, three lobe bearing and four lobe bearing. This research paper 

presents comprehensive static and dynamic performance data for spherical textured two lobe 

hydrodynamic journal bearing. Micro texturing the inner surface of a hydrodynamic journal 

bearing provides an additional clearance between the journal and bearing surface. The textured 

area acts as a lubricant reservoir and increases the lubricant film thickness. 

   

 

(a) 
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(b) 

Figure 1: (a) Textured circular bearing configuration (b) Plain and textured circular / 

Two lobe hydrodynamic journal bearing configuration 

 

N Tala-Ighil et.al. [1] Studied the effect of surface textures on the lubrication of a 

hydrodynamic journal-bearing under steady-state conditions by finite-difference numerical 

method. The bearing surface is numerically textured with spherical dimples. The numerical 

results indicate that textures affect the most important bearing characteristics: film thickness, 

pressure distributions, axial film flow, and frictional torque. In this research work author 

concluded that spherically textured surfaces with appropriate geometrical parameter such as 

size, depth, and number of dimples may affect bearing characteristics. N Tala-Ighil et.al. [2] 

The textures distribution influence on the bearing surface of a hydrodynamic journal bearing 

subjected to a stationary load studied by finite element numerical model. The bearing surface 

is partially or totally textured with cylindrical dimples. Different arrangements of the textured 

area have been considered. The presence of a texture increases locally the lubricant film 

thickness and decreases the friction force. The author concluded that full texturing appears 

ineffective to generate hydrodynamic load capacity in the contact by the cavitation effects. 

Partial texturing can generate hydrodynamic lift in bearing, when the texture is located in the 
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declining part of the contact pressure field. F.M. Meng et.al. [3] In the present study fluid 

structure interaction (FSI) method is used for the numerical analysis of compound textured 

hydrodynamic journal bearing. The rectangular–spherical dimple is used for compound texture. 

The compound texture’s effect on the tribological performances for the hydrodynamic journal 

bearing is investigated. The major conclusion is that the compound textures  shows a better 

behavior in increasing the load carrying capacity and lowering the friction coefficient of the 

journal bearing, as compared with the simple texture. Chandra B. Khatri et.al. [4] In the present 

work, the combined influence of micro-dimple textured surface and behavior of non-Newtonian 

lubricant on the performance of non-recessed hybrid journal bearing have been studied. On the 

basis of numerically simulated results computed in the present study, the major conclusions is 

that the value of minimum fluid film thickness is reduced by surface texturing of hole-entry 

hybrid journal bearing lubricated by lubricants such as pseudoplastic, Newtonian lubricant and 

dilatant. Chandra B. Khatri et.al. [5] in this research paper, a theoretical investigation dealing 

with the combined influence of textured surface and behavior of couple stress lubricant on the 

performance of slot-entry circular and two-lobe hybrid journal bearing have been investigated. 

Based on the simulated results covered in preceding sections, the following salient observations 

have been reported: The general interpretation of the numerically simulated results indicate that 

the presence of couple stress additives in base oil lubricant and surface texturing on the bearing 

surface predicts improved performance characteristics than the non-textured bearing lubricated 

with Newtonian lubricant for both circular and two-lobe slot entry hybrid journal bearing. Satish 

C. Sharma et.al. [6] The influence of Electro rheological fluid effects, caused by the applied 

electric field, on the three-lobe textured hole- entry journal bearings is quite significant. On the 

basis of the result discussed, the major conclusions drawn are. The textured hole-entry journal 

bearing reduces the value of minimum fluid film thickness relative to non-textured journal 

bearing. However, the use of ER fluid lubrication and three-lobe profile in textured hole-entry 

hybrid journal bearing gives higher values of minimum fluid film thickness over the Newtonian 

fluid lubricated circular non-textured journal bearing. It means the Electro rheological fluid 

lubricated smart three-lobe textured journal bearing can sustain higher value of external load 

than that of non-textured circular journal bearing lubricated with Newtonian fluid. Sanjay 

Sharma et.al. [7] Based upon the obtained numerical results, it has been observed that. Partial 

texturing can enhance the bearing performance, provided the texture zone is located in the 

increasing pressure region. Also, surface texturing has a pronounced effect on the bearing 

performance enhancement, when the bearing operates at lower eccentricities and the positive 



Kushare Dnyaneshwar V and Soni Sandeep 

https://iaeme.com/Home/journal/IJMET 71 editor@iaeme.com 

effects obtained from surface texturing diminish as the operating eccentricity ratio is increased. 

So, the partially textured bearing is efficient only for low or average journal eccentricity ratio, 

the best performance enhancement being obtained at the lowest eccentricity ratio it is also 

concluded that, for the triangular shaped texture, considered in the present study, the optimum 

values of texture depth and texture distribution region have also been determined. While 

designing, designers should focus on those values of texture depth, texture region and number 

of textures, which give the maximum value of performance enhancement ratio. Sanjay Sharma 

et.al. [8] In the present numerical-based study, the effect of triangular- shaped textures, with 

different texture depths and texture locations on the dynamic performance characteristics of 

hydrodynamic journal bearing has been investigated. The study has been done considering the 

hydrodynamic bearing operation under a moderate eccentricity ratio of 0.6. Moreover, for the 

triangular shaped texture considered in the present study, the optimum values of texture depth 

and number of textures have also been determined for maximum bearing dynamic performance.  

 

2. Analysis  

The governing non-dimensional Reynolds equation for a hydrodynamic journal bearing 

system for a laminar flow of isoviscous Non- Newtonian Lubricant in the convergent area of a 

journal and bearing system is expressed as [4,10]. 
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The Reynolds equation (1) is solved using FEM, which is described below. 

 

2.1 Fluid film thickness  

The fluid film thickness for spherical textured journal bearing is expressed in non- 

dimensional form as [4] 
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Where     
( )2 2

2, , ,
p

ll

r p p

r x z
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 = = = = +

 

 

The nominal fluid film thickness for a two lobe hydrodynamic journal bearing is given 

by following equation in the non-dimensional form [5, 13] 

 

1
( )cos ( )sin

i i

J L J Lh X X Z Z 


= − − − −
      (Plain two lobe hydrodynamic Journal bearing) (3)                                                                           

1
( )cos ( )sin

i i

J L J L dh X X Z Z h 


= − − − − +
 (Textured two lobe hydrodynamic Journal bearing) (4)  

Where sinJX  =   and cosJZ  = −  

 

2.2 Finite element formulation  

The flow field has been discretized using four nodded quadrilateral elements. The 

equation for liner pressure over an element and is written as [5, 7]   

 

      1

e

i

j j

j

n
P P N

=

=
                                                                                               (5) 

 

Where Nj is the shape function and 
e

in  is the number of nodes per element. Using 

Galerkin's and FEM method, the global system of equations can be written as follows [4, 10]  

 

                     
         

e e e e ee

H Xj ZjJ JF P Q R X R Z R= + + +
                                           (6) 

 

2.3. Performance characteristics  

The static performance characteristics are lubricant flow, load carrying capacity, 

frictional torque, minimum fluid-film thickness and dynamic performance characteristics fluid 

film dynamic coefficients and stability threshold speed. 

2.3.1. Static performance characteristics  

Using the steady state condition (i.e., JX = 0JZ = ) of loading, the static performance 

characteristics are evaluated for a given vertical external load ( 0W ) 

Load carrying capacity. 
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The components of load carrying capacity are given as [29] 

2

0
cosxF p

 




−
= −  d d  

 

                              

2

0
sinzF p

 




−
= −  d d                                                                  (7) 

 

The resultant load carrying capacity is expressed as  

                                          

1
2 2 2
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2.3.2 Dynamic performance characteristics  

Fluid-film stiffness coefficients.  

 

The fluid-film stiffness coefficients are expressed as [25]  

                                      
( , )


= − =


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q                                                               (9) 

 

Fluid-film damping coefficients.  

The fluid-film damping coefficients are expressed as [25]  

                                  
( , )
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
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F
C i x z

q                                                                       (10) 

 

Stability parameters.  

The linearized motion equation for the journal is written in the non-dimensional form as 

[24]  

                    
      0j J J JM X C X S X     + + =                                                                    (11) 

 

The above motion equation may be expressed in matrix form as   [     ]  
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The non-dimensional value of critical mass ( cM ) for the journal is given by 



Performance Analysis of Surface Textured Hydrodynamic Journal Bearing under Influence of Non-Newtonian 

Lubricant 

https://iaeme.com/Home/journal/IJMET 74 editor@iaeme.com 

1

2 3

c

G
M

G G
=

−  

Where      
1 xx zz zx xzG C C C C = −

   ,

2

xx zz zx xz xx zz

xx zz zz xx xz zx zx xz

S S S S C C
G

S C S C S C S C

   − +
   

=
 + − −
  , 

3

xx xx xz xz zx zx zz zz

xx zz

S C S C S C S C
G

C C

 + + +
 

=
 +
   

The threshold speed margin is given by  

                                       

1
2

0

C
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Boundary conditions  

For two lobe hydrodynamic journal bearing the following boundary conditions are used 

[24] 

1. Nodes on the boundary of bearing have absolute zero pressure. 

2. Pressure gradient is zero. 

3. Pressure at leading edge is considered to be atmospheric   

 

2.4. Solution Procedure  

The detail procedure for numerical analysis for the computation of performance 

characteristics of two lobe textured hydrodynamic journal bearing is shown in the figure.2 The 

Reynolds equation is solved by finite element method the accuracy of FEM is depends upon 

convergence study of finite element method. To find the solution of FEM equation, mesh size 

of 49x20 quadrilateral isoperimetric element is selected. The nominal fluid film thickness is 

calculated for two lobe textured and two lobe smooth hydrodynamic journal bearing for the 

given value of eccentricity ratio, using steady state conditions. To find the performance 

parameter of textured bearing for Newtonian lubricant a MATLAB code is developed. Once 

the convergence criterion is achieved, the program is terminated and performance 

characteristics are evaluated. 
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Figure 2: Solution Scheme 

 

3. RESULTS AND DISCUSSION 

The static and dynamic performance characteristics of two lobe hydrodynamic journal 

bearings having spherical micro textures are evaluated theoretically. In this study, non-

dimensional value of texture radius ( pr
) is decided as 0.6.to evaluate the performance of 

textured journal bearing. The working and geometric parameters are as follows. To confirm the 

validity of the developed solution strategy, numerical model and MATLAB code the present 

results have been validated with the results of Khatri C.B. & S.C. Sharma [20] and Wang, X.L. 

& K.Q. Zhu [21]as shown in figure 4. 
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Table: 1. Working and geometric parameter used in this study. 

 

Sr. No. Parameters  Non dimensional value 

1. speed parameter (Ω) 1.0 

2. Eccentricity ratio (ε) 0.1 to 0.8 

3. Clearance ratio (Cr) 0.001 

4. Aspect ratio (L/D) 1.0 

5. Offset factor (δ) 0.8 ,1.0,1.25 

6. Shape of micro texture Spherical 

7. Fully textured-I (θ) 0˚  to 360˚ 

8. No. of textures in circumferential direction  (Ncθ) 12 

9. No. of textures in Axial direction  (Naθ) 2 

10. No. of Nodes in circumferential direction 49 

11. No. of Nodes in axial  direction 20 

12.. No. of elements 912 

13. Texture base radius ( pr ) 0.6 

14. 
Texture depth ( dh ) 

0.2 to 1.3 

 

 

 

Figure 3. Validation of load carrying capacity ( 0F ) versus eccentricity ratio (ε). 
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3.1 Load carrying capacity ( 0F ). 

The variation in non-dimensional value of load carrying capacity ( 0F
) of plain circular, 

plain two lobe and textured circular, two lobe journal bearing versus eccentricity ratio (ε) is 

shown in figure 4. The load carrying capacity ( 0F ) of textured circular and two lobe journal 

bearings is greater than plain journal bearing because of the change in fluid–film thickness of 

lubricant due to the presence of textures on the bearing surface, which in turn increases the 

hydrodynamic lift. The results indicate that the location of textures could play a significant role 

from the view point of load carrying capacity. 

 

 

Figure 4: Variation of load carrying capacity ( 0F
) versus eccentricity ratio (ε). 

 

3.2 Maximum fluid–film pressure ( maxP ).  

Figure 5. shows the variation of non-dimensional value of maximum fluid–film pressure 

( maxP ) of plain/textured circular and two lobe journal bearing against eccentricity ratio (ε). The 

value of maximum fluid-film pressure increases with the increment in the values of eccentricity 

ratio (ε) for both plain and textured journal bearings. There is a change in the thickness of fluid-

film due to the presence of textures on the bearing surface, which increases the hydrodynamic 

lift.  
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Figure 5: Variation of maximum fluid-film pressure ( maxP ) versus eccentricity ratio (ε) 

 

3.3 Lubricant flow rate ( Q ).  

Figure 6 : shows the variation of non-dimensional value of lubricant flow rate ( Q ) of 

plain/textured journal bearings versus eccentricity ratio (ε). For the chosen value of eccentricity 

ratio (ε) 0.3, the non-dimensional value of lubricant flow rate ( Q ) less than plain journal 

bearing. 

 

Figure 6: Variation of lubricant flow rate (
Q

) versus Eccentricity ratio (ε). 
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3.4 Coefficient of fluid–film friction ( f ). 

The variation in the non-dimensional value of coefficient of fluid–film friction ( f ) versus 

eccentricity ratio (ε) of plain/ textured journal bearings is shown in figure 7. It is observed that 

the coefficient of fluid-film friction of textured journal bearing is less than plain journal bearing. 

It is because of the reason that the surface textures store extra lubricant and serves as a reservoir 

during starved conditions and hence reduce the fluid-film friction.  

 

 

Figure 7: Variation of coefficient of fluid-film friction (
f

) versus Eccentricity ratio (ε) 

 

3.5 Fluid film Stiffness coefficient ( 11S , 22S ).  

The fluid–film stiffness and damping coefficients are very important bearing 

characteristics parameters for the design of dynamically loaded journal bearing. figure 8 and 

figure 9 show the variation of non-dimensional values of direct fluid film stiffness coefficients 

( 11S , 22S ) against the eccentricity ratio for a plain/textured journal bearing configurations. The 

textured journal bearing shows slight improvement in the non-dimensional value of direct 

fluid–film stiffness coefficient ( 11S ) in horizontal direction and significant improvement in the 

non-dimensional value of fluid–film stiffness coefficient ( 22S ) in vertical direction than plain 

journal bearing at relatively low value of eccentricity ratio 
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Figure 8: Variation of fluid-film stiffness coefficient fluid-film friction ( 11S ) versus 

Eccentricity ratio (ε). 

 

 

Figure 9: Variation of fluid-film stiffness coefficient fluid-film friction ( 22S ) versus 

Eccentricity ratio (ε). 
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3.6 Fluid film damping coefficient ( 11C , 22C ).  

The variation in the non-dimensional values of direct fluid–film damping coefficients (

11C , 22C ) in horizontal and vertical directions of plain/textured journal bearings with the 

eccentricity ratio has been depicted in figure 10 and figure 11, respectively. The non-

dimensional value of direct fluid–film damping coefficient ( 11C , 22C ) in vertical and horizontal 

direction increases with eccentricity ratio.  

 

Figure 10: Variation of fluid-film damping coefficient fluid-film friction ( 11C ) versus 

Eccentricity ratio (ε). 

 

Figure11: Variation of fluid-film damping coefficient fluid-film friction ( 22C ) versus 

Eccentricity ratio (ε) 
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4. CONCLUSIONS 

The major conclusions on static and dynamic performance characteristics of textured two 

lobe journal bearing are as follows: 

 

(1) The load carrying capacity (
0F ) of textured journal bearings is greater than plain journal 

circular and plain two lobe bearing because of the change in fluid-film thickness of 

lubricant due to the presence of textures on the bearing surface, which in turn increases the 

hydrodynamic lift. 

(2) The presence of textures on the bearing surface reduces the value of coefficient of fluid 

film friction of journal bearing for both circular and two lobe configuration. 

(3) Significant improvements in the dynamic characteristics of hydrodynamic journal bearings 

can be obtained by providing a texture on the bearing surface. 
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NOMENCLATURE 

 

ba  bearing land width (mm) 

c  radial clearance (mm) 

ijC  damping coefficients ( ,i j = x, z OR 1, 2) (N-s-mm2) 

D  journal diameter (mm) 

e  journal eccentricity (mm) 

E  modulus of elasticity (MPa) 

F  fluid film reaction  

,x zF F  X and Z components of fluid film reactions 0h
t

 
 (N) 

0F  fluid film reaction 0h
t

 =
  (N) 

g  gravitational acceleration (m-s2) 
h  local fluid-film thickness (mm)  

rh  reference fluid film thickness (mm)  

ph  dimple depth (mm)  

minh  minimum fluid film thickness (mm) 

L  bearing length (mm) 
p  pressure (MPa)  

sp  supply pressure (MPa)  

cp  pressure at holes (MPa) 
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Q  bearing volume flow rate (mm2 -s-1) 

jR  radius of journal, mm  

bR  radius of bearing (mm)  

pr  base radius of dimple (mm) 

ijS  stiffness coefficients ( ,i j = x, z OR 1, 2), N-s-mm2 

t  time (s)  

0W  external load (N) 

,l lx z  local Cartesian coordinates of dimple  

, ,X Y Z  Cartesian coordinates  

, ,J JX Z  journal center coordinates (mm) 

cM  critical mass of journal (kg) 

JM  journal mass (kg) 

J  journal rotational speed (rad/s) 

th  threshold speed (rad/s) 

 

Non-dimensional parameters 

b
a  

,ba

L
land width ratio 

ij
C  ( )3 4/

ij JC c R  

0( , )F F  2

0( , ) / s JF F p R  

h  ( ) /h c  

ph  ( ) /ph c  

,J cM M  
( )

2

2
, s

c J

J J

c p
M M

R 

 
 
 

 

max, ,cp p p  ( )max, , /c sp p p p  

Q  
3( / )sQ c p  

pr  /pr c  

ij
S  ( )2/

ij s JS c p R  

0W  
2

0 / s JW p R  

( ),J JX Z  ( ), /J JX Z c  

,   ( ), / JX Y R  circumferential and axial coordinates 

  ( )/r J sR cp   

  
1 2/ ,c c  offset factor 

  dimensionless dimple radius  

  / ,e c  eccentricity ratio 

th  /th I   

  ( / )J sR cp  

  2 2( / ),J J sR c p   speed parameter 
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Matrices and vectors  

F 
 

 = Fluidity matrix;  

 N  = Shape function matrix; 

{ }p  = Nodal pressure vector; 

{ }Q  = Nodal flow vector 

{ , }x zR R  = Nodal RHS vectors due to journal center velocity; and  

{ }HR  Colum vector due to hydrodynamic terms. 

 

Subscripts and superscripts  

 = Non-dimensional parameters; 

b  = Bearing; 

J  = Journal; 

r  = Reference value; 
, ,x y z  = Components in X,Y and Z directions; and 

 = First derivative w.r.t. time. 
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