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A Theoretical study of combined effect of thermal variation   and couple 

stresses on journal bearing considering cavitations condition is analyzed. The 

modified Reynolds equations accounting for the couple stresses and thermal 

variation is considered. It is to study the effect of couple stresses and thermal 

variation in journal bearing. Expressions for pressure, Load capacity are 

studied by evaluating them numerically for various parameters. From the 

numerical computations of the results it is found that the effect of couple 

stresses is to decreases the cavitations point increases the load capacity. The 

effect of thermal factor is to decrease load capacity and increases cavitation 

point. 
                   Copy Right, IJAR, 2013,. All rights reserved.

 

Introduction  
 

In general additives are added to the base lubricants 

to improve the bearing characteristics. Various 

theories have been proposed for this these additives 

are generally long chain organic compounds and lot 

of theoretical working done in shown [1-11]. Most of 

the theoretical  investigation of hydro dynamic 

lubrication it has been assumed that the bearing 

surface is smooth .Some experimental studies show 

that the properties of the lubricants of bearings can be 

improved when some high-polymer additives are 

added to mineral oils. A Journal bearing is the 

hydrodynamic bearing most in use it is a circular 

shaft or journal rotating inside a circular bush. The 

inner constituent so  at is solid right circular cylinder 

called „journal ‟and the outer body is in the form of a 

hollow right circular cylinder  called bearing. The 

inner diameter of the bush is   between one and two 

parts per thousand bigger than the shaft the gap 

between the cylinders is taken to be very small as 

compare to the radii of both the cylinders and so that 

it an thin fluid layer between these two cylinders 

which may be considering as a lubricants mush work  

 

 

 

 

has been done in journal bearing with various 

lubricants. Cavitations is the formation and then 

immediate implosion of cavities in a liquid –i,e small 

liquid free zones (“bubbles”) that are the 

consequence of force acting up on the liquid .it 

usually occurs when a liquid is subjected to rapid 

changes of pressure that cause the formation of 

cavities where the pressure is relatively low. 

Cavitations is a significant cause of wear in some 

engineering contexts.(sinha et al.1981) studied the 

couple stress in journal bearing lubricants.(Articles et 

al.1985) improved the analysis of starved journal 

bearing including temperature and 

cavitations.(Mokhiammer et al.1999)studied the 

journal bearing lubricated by fluids with couple stress 

considering the elasticity of the linear.(Jaw-Ren Lin 

2002)obtained the effects of couple stresses the 

lubrication of finite journal bearings.  

In this paper the couple stress fluid model is used to 

investigate the effects of couple stress in lubricants. 

Mean while the effects of thermal variation and 

cavitations on the performance of a journal bearing 

are included. 

 

 
Corresponding author: vedagiri.1986@gmail.com 

 

http://www.journalijar.com/


ISSN NO 2320-5407                            International Journal of Advanced Research (2013), Volume 1, Issue 2, 59-66 
 

60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                       Fig 1.1      journal Bearing Configuration 

     (using Reynolds Boundary conditions) 

 

 

Method of solution 

The problem is considered is that of study laminar flow of an incompressible fluid between two eccentric cylinder in 

uniform motion. The clearances c between two cylindrical surfaces is small compared with the radios of the inner 

cylinder (journal). Below one shows journal bearing operating with a constant external load W , and speed U, and 

the Physical condition imposed the journal operates at an  eccentricity e by imposing the  Reynolds boundary 

conditions at the end of the pressure curve. the cavitations  occurs the lubrication of partial journal bearings. i,e  

pressure is always positive tends to zero with a pressure gradient zero. Thus it is assumed that the film is continuous  

only in the region of positive pressure and that is cavitations at some position θ=  θ* >π, where  p=
d

dp
=0 forming a 

discontinues mixture of air vapor lubricant the  cavitated  region (θ* <θ<2 π) these conditions have been applied 

externally in journal bearing analysis[6].  
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Where q is the thermal factor , 0<q<1 
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and when these are substitute in equation( 1) the Reynolds equation becomes 

The Reynolds boundary conditions for P are 

 
0,0  atp
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d

dp
,   at        ** ,        (4)  

0p
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* is the cavitation point
 

Integrating equation (3) using (4) 
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The non dimensional parameters are 

where
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The value of H* can be found by using   0* p  
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The load components per unit with normal to the line of center is 
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The load components per unit with along the line of center is cos0 ww   
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The corresponding non-dimensional form is 
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The non dimensional result load is given by 
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The graphs for load capacity have been plotted with corresponding to thermal effects and couple stress parameter. 

From Fig.1 

 

 

 

 

 

 

 

 

 

 

 

 
 

          Fig (1)   W vs q for different epc                                                 Fig (2) W vs q for different L1 

Result and Discussion: 

Equation(9) is solved for  θ* numerically using bi-section method from the values obtained for θ*. Substituting 

eq(12),(14) in (15) , we get w* and plotted in fig(1) to (4).  In fig (1) the load capacity   w is plotted against thermal 

effect for different values of ε, eccentricity ratio the load capacity decreases as the thermal effect q increases and 

also it increases as   ε increases.  In fig (2) the load capacity w is plotted against thermal effect for different values of 

l1, couple stress parameter. Load capacity decreases as the thermal effect q increases and also it increases as   l1 

increases.  In fig (3) the load capacity w is plotted against couple stress parameter l1 for different values of 

eccentricity, the load capacity increases as the couple stress parameter l1 increases and also it increases as ε   
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increases.  In fig (4) the load capacity w is plotted against couple stress parameter l1 for different values of q, the  

load capacity w increases as the couple stress parameter l1 increases and also it decreases as  q increases. 

 

Hence the load capacity increases due the couple stress parameter, decreases due the thermal factor. 

Whereas the cavitations point decreases due to the couple stress parameter, increases due to the thermal factor. 

From Tab(1) cavitation point for different couplestress parameter have been found, It is seen that cavitation 

decreases as couplestress parameter increases. From tab(2) cavitation point for different parameter have been 

obtained,it is seen that cavitation point increase due to the thermal parameter. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

             Fig (3) W vs  l1  for  different  epc                                       Fig(4)   W vs l1 for different q 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

   Cavitation point C for various values of l1                      Cavitation point C for various values of q 

 

Summary:  
In this chapter the generalized Reynolds equation for couplestress  parameter have been derived .The effects of 

couple stress and thermal effect in journal bearing considering cavitation. Expression of pressure, load capacity, and 

point of cavitation have been obtained and were numerically analyzed. The effects of couple stress with eccentricity 

ratio, cavitation  is analyzed. 
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It is found that the effect of couplestress  increases the point of cavitaion and it is decreases and with the increase of 

thermal factor . The effect of couple stress parameter and thermal factor is investigated on load capacity.  

 

NOMENCLATURE 

 
C Radial clearance   

e  Eccentricity 

ε Eccentricity ratio 

h   film thickness 

h* film  thickness at the cavitation point 

H Dimensionless oil film thickness 

R Radius of  journal bearing 

U rotational velocity of journal bearing  

l  couple stress parameter 

*  cavitation point 

x,y,z  Cartesian coordinates 

p Hydrodynamic pressure 

W Resultant load carrying capacity 

W0 Load component along the line of center 

2

W         Load component   normal to the line of center 

W
*       

Resultant dimensionless load 

θ        Angular Coordinate 
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