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Abstract- In this study an attempt has been made to replace 
the existing white material with the surface textured brass 
material in hydrodynamic journal bearing. Surface texturing 
in terms of topographical modification and design have been 
discussed to eliminate friction and improving hydrodynamic 
performance at the oil lubricated interface. The texture will 
act as the reservoir for oil trap and also generate 
hydrodynamic pressure. Numerical solution of hydrodynamic 
lubrication is obtained by finite volume approach followed by 
numerical investigation of static characteristics of textured 
journal bearing under the hydrodynamic lubrication regime. 
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I. INTRODUCTION 
 
 Hydrodynamic journal bearing is used in many rotary 
machines like pump, compressors, internal combustion 
engines etc. as it is suitable for moderate load carrying 
capacity, possessed better hydrodynamic performance and 
vibration damping. The oil film between the journal and the 
bearing sustain the given load eliminating the metal to metal 
contact. The oil film is generated in bearing surface when the 
shaft rotates. If the shaft is rotating in low speed during start 
and finish then adequate oil film cannot be formed. The 
contact between the journal and bearing surface is covered by 
thin layer of soft material called white metal along the axis.  
 
 Surface texturing is the phenomenon which enhance 
the hydrodynamic performance of lubrication, so that 
researchers have done both analytical and experimental studies 
for last decades many  researchers used different models of 
surface texturing (dimple model, groove model, sinusoidal 
model, etc.) to improve the load carrying capacity as well as 
pressure distribution and reduces hydrodynamic friction 
coefficient  from a the designer’s perspective, a journal 
bearing must support the required load by occupying 
minimum space with minimum energy loss and slow wear out. 
 

 
 
 

II. REYNOLDS EQUATION 
 
The Reynolds equation is solved for a given bearing 

configuration to obtain bearing performance including 
pressure and film thickness distribution, film stiffness, fluid 
flow rate and viscous shear forces, viscous loss, and 
temperature rise. Numerical methods are used for the solution 
of real bearing configurations. Analytical solutions can only 
be obtained for very simple cases. For an infinitely wide 
bearing, side flow can be neglected. In addition to this 
simplification, it is assumed that the pressure and temperature 
effects on viscosity and density can be neglected. Liquids are 
essentially incompressible and their density can be assumed to 
be independent of pressure. For these simplifications, closed-
form analytical solutions can be obtained. Analytical solutions 
for various thrust bearing configurations and a journal bearing 
are presented first, followed by limited details on numerical 
solutions of finite-width bearings and gas (compressible fluid) 
bearings. 
 

 
 

III. NUMERICAL PROCEDURE 
 
The approach will be described for the one-

dimensional version of the Reynolds equation. Given a 
discretization of a 1D domain, xi−1; xi; xi+1, the starting point 
for obtaining the finite volume discretized form of the second-
order partial differential equation is the conservation of the 
flux q at each discretization cell boundary. For a continuous 
film thickness this results in  

 
qi+1/2-qi+1/2=0 

qi+1/2 =  

qi-1/2 =  
 
This consistency rule then leads to the following discretized 
equation, 
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where 

 

 

 

 
 

The coefficients of the discretized equation are 
always positive, ti ; ti±1 >0 and (with the exception of the 
domain boundaries) the main diagonal coefficient is always 
the sum of neighboring coeffcients, ti = ti+1 + ti−1. One of the 
concerns when introducing the film thickness discontinuity is 
that the resulting system of discretized equations obeys the 
same rules. 

 

 
Figure 1 

 
Figure 1 presents a one-dimensional film with 

thickness discontinuities and its finite volume disretization. As 
a basic rule it is considered that the discontinuity should 
always coincide with a discretization cell boundary. It is also a 
necessary condition that, in a finite volume approach, the 
discretization pattern is given by the cell boundaries, which 
must cover all the domain without super-posing, and not by 
the nodes, which can be located (at least theoretically) 
anywhere inside the cell. In a classic approach, pressures are 
defined at nodes. In order to take into account discontinuities, 
the present approach also introduces supplementary pressures 
defined on the cell boundaries, on each side of the step. Film 
thickness is also defined at the cell center and on its 
boundaries. Discontinuities are thus included in the 

discretization. The approach can be rendered very natural by 
replacing the arrays of node-related values by arrays of 
derived type (sometimes called structures). Each term of 
derived type array will have one component related to the 
node value and many components related to each boundary. 
For the one-dimensional example, pressure and film thickness 
in cell i are characterized by (P, Pw; Pe)i and by (h; hw; he)i, 
respectively. 

 
IV. JOURNAL BEARING SPECIFICATION 

 
The numerical procedure for the below mentioned 

bearing is obtained by finite volume approach using 
MATLAB 
 

Table 1 Specification of journal bearing 

 
 
MODEL OF THE JOURNAL BEARING 
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Fig.1 Journal bearing 

 
V. NUMERICAL RESULTS 

 
The above mentioned finite volume method is used to 

solve the two dimensional Reynolds equation governing the 
hydrodynamic lubrication in bearing. The pressure at the each 
control volume is determined. The center of the circular 
dimple coincide with the center of the control volume. The 
solution for the three different cases of bearing plain, surface 
textured-1 and surface textured-2. The solution with negative 
pressure is equated to zero, which is equivalent to Reynolds 
boundary conditions. Converged solution is obtained for the 
pressure distribution which is usually parabolic in nature  
Using the pressure distribution the horizontal and the vertical 
load is calculated at the oil-film. The results obtained in figure 
1 shows that cente of loci of journal bearing for three cases of 
bearing. The figure 2 illustrates the variation of eccentricity 
ratio with respect to the sommerfeld number. The figure 3 
illustrates the variation of the attitude angle with respect to the 
sommerfeld number. 

 
Fig.2 eccentricity ratio vs attitude angle 

 
 

 
Fig.3 Attitude angle vs sommerfeld number 

 

 
Fig.4 eccentricity ratio and sommerfeld number 

 
The two surface textured bearing are found to have 

higher eccentricity ratio compared to the plain bearing 
.considering the results of surface textured bearing-1 which 
has higher eccentricity ratio and lower attitude angle 
compared to the surface textured-2 

 
VI. CONCLUSION 

 
The static characteristics of journal bearing with 

circular dimples were numerically investigated. The 
characteristics includes ecccentricity ratio , attitude angle and 
sommerfeld number. The analysis shows that the surface 
textured bearing-1 has higher eccentricity ratio and lower 
attitude angle for the same range of sommerfeld number. The 
centre loci of the journal bearing starts to move towards the 
loadline. The effect of surface texturing is more in bearing 
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with large number of dimples. The numerical model of 
Reynolds equation was solved using finite volume method and 
static characteristics of bearing were found in this study 
further the shape of the surface texture can be varied. 
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