
International Journal For Technological Research In Engineering 

Volume 4, Issue 9, May-2017                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2017.All rights reserved.                                                                          1662 

THERMAL EFFECTS AND VISCOSITY VARIATION IN FINITE 

JOURNAL BEARING WITH TWO LAYER FLUID: REASON-

NARANG RAPID TECHNIQUE 
 

M.Ganapathi
1
, Prof.S.Vijayakumar Varma

2
, Prof.K.R.K.Prasad

3
, V.Bharath Kumar

4
 

1
Research Scholar, 

2
Professor, 

3
Emeritus Fellow,

 4
Teaching Assistant 

S.V.University, Tirupati, A.P., India. 

 
 

ABSTRACT: In this paper the generalized Reynolds 

equations are derived earlier is applied to study the squeeze 

film lubrication of Finite journal bearing considering 

thermal effect and viscosity variation, using Reason-

Narang Rapid technique. Expressions for Load capacity in 

short and long journal bearings of squeeze film lubrication 

are obtained. Reason-Narang Rapid technique is applied 

for load capacity and analyzed numerically for viscosity 

variation and thermal effects. Graphs are plotted for 

various parameters. 
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I. INTRODUCTION 

The phenomenon of two lubricated surfaces approaching 

each other with a normal velocity is known as squeeze film 

lubrication. The time required to squeeze out the lubricant 

depends upon surface configuration, fluid properties and the 

load applied. In recent years a great deal of work has been 

done by tribologists to increase the efficiency of lubricants. It 

has been observed that the addition of small amount of long- 

chain polymer solutions to Newtonian fluids gives the most 

suitable lubricants owing to stabilization of the flow 

properties of the lubricants. The use of additives minimizes 

the sensitivity of lubricants to charges the shear rate. In 

particular to improve the characteristics of the base oil the 

additives can be used as rust inhibiters (Amine Phosphates), 

corrosion inhibiters (sulphurised olefins), and fire resistant 

(Halogenated hydrocarbons). There are several experimental 

reports in which it is pointed out. The additives added to the 

base oil reduces friction, wear and supports greater load 

capacities which results in a longer bearing life. In particular 

it has been noted that in the lubrication of rollers, there has 

been considerable increase of thickness when additives are 

added to the base lubricant. The squeeze film characteristics 

of long partial journal bearing lubricated with couple stress 

fluid byLin [11], the generalized Reynolds equation for 

bearing under dynamics conditions with varying loads was 

investigated numerically by Xiao-Li Wang et al. The 

elastohydrodynamic analysis was derived for journal bearing 

in isothermal condition by Lahmar: whereas, the steady state 

and dynamic analysis were investigated for ball bearings by 

Sarangi et al. The analysis of load carrying capacity using 

Rapid Narang technique Jayachandra reddy and Eswar Reddy 

[8]. The generalized Reynolds equations are derived earlier is 

applied to study the squeeze film lubrication of Finite journal 

bearing considering thermal effect and viscosity variation,  

 

using Reason-Narang Rapid technique. Expressions for Load 

capacity in short and long journal bearings of squeeze film 

lubrication are obtained. Reason-Narang Rapid technique is 

applied for load capacity and analyzed numerically for 

viscosity variation and thermal effects. Graphs are plotted for 

various parameters eccentricity, film thickness and viscosity 

variation.  

 
R = Radius of the Shaft.                  L = Length of the 

Bearing. 

W = Load on the Shaft.                    V = Approach Velocity 

of the Shaft. 

Ob = Center of the Bearing              Oj= Center of the Shaft. 

 e   = Eccentricity.                             h = Fluid Film 

Thickness. 

Fig (1.1): Geometry of a Squeeze Film journal Bearing 

 

1.2 BASIC EQUATION 

Consider the flow of the lubricant as two layer fluid in 

journal bearing as shown in fig (1.1). The equation 

governing to the fluid flow in the bearing is given by 

equation  
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Here h is the film thickness is given by       
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Where c = r-R is the clearance width and  c

e
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  is the 

eccentricity ratio as shown fig (1.1) 

By substituting eq (3)in (4), we get the modified Reynolds 

equation is   
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Now non-dimensional parameters are 

x=Rθ, dx=Rdθ,
, ,
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The modified Reynolds equation in a non-dimensional form 

can be written as  
2
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  The non-dimensionless pressure is given by 
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By substituting (8) in (7), it becomes 
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The boundary conditions for the equation (8) are 
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Where  the circumferential angle, z is bearing axis parallel 

to the shaft axis 

 

II. SHORT BEARING ANALYSIS 

If λ≤ 0.5 it is called short bearing or narrow bearing. 

Neglecting pressure variation in x  

Direction, the modified Reynolds equation reduces to  

(3 ) 248 cos
q p

h F
z z

 
  

       

     

(11) 

Integrating the above equation (11) twice, the equation 

becomes 
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 Where c1 and c2 are constants of integration and evaluated 

using boundary conditions given in equation(10), we get  
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    Substituting equation(13) in (12), the pressure for a short 

bearing becomes
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    Pressure at the centre line of the bearing is, i.e., z =0 then 
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The load carrying capacity is
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 And the dimensionless load carrying capacity is given by 
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III. LONG BEARING ANALYSIS 

If λ > 2, it is called long bearing. That is the bearing is 

infinitely long in axial direction and the pressure is constant 

in that direction. Thus neglecting the  
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 Where B is the integral constant 
 

Applying the boundary condition in (21) 
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 Again integrating (21) and applying the boundary conditions 
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Then we get dimensionless pressure as  
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 Load capacity Wl for the long bearing is
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 And the dimensionless load capacity is 

2 2

0
(3 )

3
0

0

sin
24l

l q

h W c
W d

d h FUR L
dt










  

  

    

(25) 

Where 

3(1 ) ( 1) 1
a

k
hF

k

  


 

 

IV. FINITE BEARING ANALYSIS 

For finite bearings, the two dimensional Reynolds equation 

is solved using Rapid-Narang technique. If p, psand pl are the 

pressure in finite, narrow and long bearings respectively, 

then the relationship between them is 
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The finite bearing pressure is  
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LOAD CARRYING CAPACITY 

 As the load is proportional to the pressure, the load carrying 

capacity for the finite bearing is   
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By substituting the short and long bearing load equations(19) 

and (25) in the above equation(28) the finite bearing load 

carrying capacity in non-dimensional form is  
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Equation(29) is solved numerically and graphs have been 

plotted for different values of various parameters. 
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V. RESULTS AND DISCUSSION 

In fig (1.2) the load carrying capacity is plotted with ′𝑎′, for 

different values of „k‟. As the parameter ′𝑎′ increases the load 

capacity decreases with the decrease values of k<1 and the 

load capacity increases with increase values of k>1. 

In fig (1.3) the load carrying capacity is plotted with „a‟, for 

different values of eccentricity ratio „epc‟. As the parameter 

„a‟increases the load capacity increases with the increase 

values of eccentricity „epc‟. 

In fig (1.4) the load carrying capacity is plotted with „q‟ for 

different values of „a‟. As the parameter „q‟increases the load 

capacity decreases with the increase of„a‟. 

In fig (1.5) the load carrying capacity is plotted with „q‟ for 

different values of„k‟. As the parameter „q‟increases the load 

capacity decreases with increase values of k‟. 

In fig (1.6) the load carrying capacity is plotted with „q‟ for 

different values of eccentricity „ε‟. As the parameter 

„q‟increases the load capacity decreases with the increase of 

eccentricity „ε‟. 

 

1.4 GRAPHS 

 

Fig (1.2): Dimensionless load Vsperipheral thicknessa for 

various k at q=0.1,epc=0.4,λ=0.2

 

 

Fig (1.3): Dimensionless load Vsperipheral thickness a for 

various „epc‟at k=2,q=0.1,λ=0.2 

 

Fig (1.4): Dimensionless load Vsthermal effect for various a 

at k=2,epc=0.4,λ=0.2 

 
Fig (1.5): Dimensionless load Vsthermal effect for various k 

at a=0.5,epc=0.4,λ=0.2 

 
Fig (1.6): Dimensionless load Vsthermal effect for various 

„epc‟ at k=2,a=0.1,λ=0.2 

 

SUMMARY 

The cases of short and long journal bearing are analyzed and 

are applied to study the load capacity with various 

parameters numerically and graphs are plotted.  It is shown 

that the load capacity increases due to high viscous layer 

near periphery and decreases due to low viscous layer.  
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VI. NOMEMCLATURE 

a The mean height of surface asperities in the symmetric 

roughness case 

h Film thickness 

c Radial clearance 

e Eccentricity 

ε Eccentricity ratio 

μ Viscosity of the base lubricant 

p Hydrodynamic pressure 

W Load carrying capacity 

R Radius of the shaft 

R Radius of the bearing 

k Ratio of the viscosities near the surface to the purely 

hydrodynamic zone 

 

U Velocity of the surfaces in the case of one-dimensional 

form 

x,y,z Cartesian coordinates 

 Viscosity of the base lubricant 

q   Thermal factor 

 

REFERENCES 

[1] Burgdorfer, A., “The influence of molecular mean 

free path on the performance of hydrodynamic gas 

lubricated bearing”, J. Bas. Eng. Vol.81 D (1959), 

P.94. 

[2] Christensen, H., Stochastic models of hydrodynamic 

lubrication of rough surfaces”, Proc. Instn. Mech. 

Engrs., Vol. 181, part 1, 1969-70, p. 1013. 

[3] Christensen, H., Shukla, J.B. and Kumar, S., 

“Generalized Reynolds equation for stochastic 

lubrication and its application”, J. Mech. Eng. Sci., 

Mech. E., U.K., Vol. 15, No. 5, 1975, P.262. 

[4] Davenport, T.C., The Rheology of lubricants, 

Willey N.y., Vol.19 (1973), P.100. Eringen, A.C., “ 

simple micro-fluids‟, Int.j.Eng.sci., Vol.2(1964), 

p.205.Eringen.A.C, “Theory of micro polar fluids”, 

Mathematics and Mechanics, Vol.16 (1), (1966), 

P.1. 

[5] Gross, W.A., “Gas film lubrication”, Wiley, 

N.Y.(1962). 

[6] Jaya Chandra Reddy .G, Eswara Reddy.Cand Rama 

Krishna Prasad,k., Analysis of load carrying 

capacity in porous squeeze film bearings using 

Rapid technique, CMTI, j. manufacturing 

Technology Today, Vol.6,No.10,pp 3-9.0ct.2007. 

[7] J.R., Squeeze Film Characteristics of long partial 

journal bearings lubricated with couple stress fluid, 

Tribol.Int., Vol.30,pp.53-58,1997. 

[8] Lamb,H.,”Hydrodynamic”,Dover,N.Y.(1945),P.576. 

[9] Lin.J.R.,” Squeeze film charecteristics of long 

partial journal bearings lubricated with couple stress 

fluids“, Tribol.Int., Vol.30,PP, 53-58, 1997. 

[10] Naduvinamani, N. B., 

Haremath,p.S.andGarubasavaraj, G.,Squeeze Film 

lubrication of a short porous journal bearing with 

couple stress fluids,Tribology International, 

vol.34,pp.739-      747,2001. 

[11] Naduvinaani N.B, Siddangonda .A,obined   effects     

of  surface  roughness and Couple stress on 

squeezing film lubrication between porous  circular 

stepped plates Journal  of    Engineering  Tribology    

Vol.221,Issue 4 P 525-534 , 2007. 

[12] Prakash.J and Sinha.P., “ Lubrication theory for 

micropolar fluid and its application to journal 

bearing”, Int.J.Eng.Sci., Vol.13(1975). P. 217. 

[13] RaghavendraRao.R and Rajaseskar.K., “ Effects of 

couplestresses and surface roughness on roller 

bearings under lightly loaded conditions ”, Indian 

journal of Tribology, Vol, No.1,PP.11-25, 2007. 

[14] Shukla.J.B and Isa.M., “ Generalized Reynolds 

equation for micropolar lubricants and its 

application to one dimensional slider bearing: 

Effects of solid partial additives in solution”, 

J.Mech.Eng.Sci., Vol.5(17),1975. P.280. 

[15] Tanner.R.I., “ Non-Newtonian lubrication theory 

and its application to the short journal bearing”, 

Australian journal of applied sciences, Vol.14, 

1963, P.129 

[16] Tanner.R.I, ” Analytic solution of a finite width 

rough surface hydrodynamic bearing”, 

Jol.App.Mech., Trans ASME, Vol.53, June 1986 

[17] White, J.W., “Analytic solution of a finite width 

rough surface hydrodynamic bearing”,   

Jol.Appl.Mech., Trans ASME, Vol.53, June 1986 

[18] Ye.A.Kuznetsov and G.A. Gorokhovsky, “Effect of  

roughness and poisson‟s ratio on deformation 

conditions in the surface layers of contacting 

bodies”, Wear, Vol.53, 1979,  P.43 


