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ABSTRACT 
In this paper, a theoretical analysis of the effect of surface roughness on the squeeze film 
lubrication of finite porous journal bearings with micropolar fluids is studied. A more 
generalized form of surface roughness is mathematically modeled by a stochastic random 
variable with non-zero mean, variance and skewness. The generalized average Reynolds 
type equation is derived for the squeeze film lubrication of finite rough porous journal 
bearings with micropolar fluids as lubricant. The closed form expressions are obtained 
for the fluid film pressure, load carrying capacity, journal centre velocity and locus of the 
journal centre. The cases of a constant applied load and an alternating applied load are 
analyzed under a cyclic load the micropolar fluids provide a reduction in the journal 
centre velocity. Further, it is numerical computations of the results show that the 
negatively skewed surface roughness pattern increase fluid film pressure, load carrying 
capacity and decreases the journal centre velocity. Where as adverse effects were found 
for the positively skewed surface roughness pattern. The effect of porous parameter 
causes reduction in fliud film pressure, load carrying capacity and enhances the journal 
centre velocity. 
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c radial clearance 

c^* maximum deviation from the mean film thickness  

e eccentricity 

E expectancy operator 

h(θ) mean film thickness (h=c+e cos⁡θ ) 

h_s random variable 

h ̄ non-dimensional film thickness (= h/c) 

h ̄_0 minimum film height 

H film thickness (=h(θ)+h_s ) 

H_0 porous layer thickness 

k permeability of the porous matrix  

l characteristic length of the polar suspension (=(γ/4μ)^(1/2) ) 

l ̄ non-dimensional form of  l (= l/c) 
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L bearing length 

N coupling number (=(χ/(χ+2μ))^(1/2) ) 

p lubricant pressure  

p  ̄ non-dimensional pressure (=(E(p) c^2)/(μR^2 (∂ε/∂t) )) 

R radius of the journal 

t time 

u,v,w components of fluid velocity in x, y and z directions, respectively 

v_1,v_2,v_3 microrotational velocity components in the x , y and z directions 

r,θ,z cylindrical co-ordinates 

V squeeze velocity, ∂H/∂t (=c ∂ε/∂t  cos⁡θ ) 

W(s) steady load 

W(t) applied load 

W  ̄ non-dimensional load carrying capacity (=(E(W_s ) c^2)/(μLR^3 (∂ε/∂t) )) 

W_0 amplitude of the applied cyclic load 

W ̄(s) mean steady load 

S sommerfeld number (=((μN))/((E(W_0 )/2LR) )×(R/c)^2 ) 

x,y,z Cartesian co-ordinates 

α non-dimensional form of α (=α^*/c) 

α^* mean stochastic film thickness 

σ^2 non-dimensional form of  (=σ^(*^2 )/c^2 ) 

〖σ^*〗^2 variance 

ε eccentricity ratio (= e/c) 

ε_1 non-dimensional form of ε_1 (=ε^*/c^3 ) 

ε^* measure of symmetry of the stochastic random variable. 

χ spin viscosity 

γ viscosity co-efficient for micropolar fluids 

μ viscosity co-efficient 

τ dimensionless response time (=(2πN/60 t)) 
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ψ permeability parameter (= kH0/c3) 

θ circumferential co-ordinate (= x/R) 

λ length to diameter ratio (=L/2R) 

ω frequency of applied cyclic load 

Δ gradient operator 
 
  
 

1. INTRODUCTION 

 
The journal bearings have been extensively studied for a long time. In most of the studies the common assumptions 

made where, the lubricants are Newtonian and the bearing surfaces are perfectly smooth. However, these assumptions 
are unrealistic as most of the modern lubricants are non-Newtonian in their  character and all bearing surfaces are rough 
on mircoscale. Even early attempts to develop a theory of friction recongnized the fact that all practically prepared 
surfaces are rough on the microscopic scale. The aspect ratio and the absolute height of the asperities and vallys observed 
under the microscope very greatly, depending on material properties and on the method of surface preparation surface 
roughness height may range from 0.05µ m or less on polished surface to 10µ m on medium machined surfaces. For the 
past few decades the trend has been towards the increasing of viscosity index to manifolds. This is due to the fact that, 
base oils with high viscosity index exhibit improved response to additives of various chemical compositions which 
upgrades their quality and makes for reduced additives consumption in the production of additives blended oils. Thus, 
the current paper presents theoretical study of non-Newtonian behaviour of the lubricants by considering Eringen [1] 
constitive equations for the micropolar fluids. Micropolar fluids contain a suspension of particles with individual motion. 
These particles support stress and body moments [1-2] and are subject to spin inertia and hence microscopic effects 
generated by the local structure and micro motion of fluid elements are exhibited. This fliud model is applicable for the 
study of flow properties of non-Newtonian fluids such as polymers, paints, lubricants, suspended fluids, blood etc. The 
micropolar fluids theory has been used by several investigators for the study of different bearing systems such as journal 
bearings [3-5], Slider bearings [6-7], Squeeze film bearings [8-12] and porus bearings [13-15]. These studies revealed 
some of the advantages of micropolar fluids over the Newtonian lubricants, such as increased load carrying capacity and 
delayed time of approach for squeeze film bearings. The effect of surface roughness on the hydrodynamic lubrication of 
bearings has been studied by several investigators. The random character of the surface roughness prompted several 
researchers to adopt a stochastic approach to model a surface roughness [16-17]. The stochastic model developed by a 
christensen [15] for the study of hydrodynamic lubrication of rough surfaces formed the basis for several studies [18-
21]. In recently Naduvinamani et.al [22-23] studied the hydrodynamic lubrication of journal bearings by including the 
micropolar lubricants. Hence in the present paper, the surface roughness on the bearing surface is modeled by a 
stochastic random variable with non-zero mean, variance and skewness. 

 
2. MATHEMATICAL FORMULATION OF THE PROBLEM  

The physical configuration of the problem under consideration is shown in the figure 1. The journal of radius R 

approaches the porous bearing surface at a circumferential section, θ with a given velocity, V 
H
t

 ∂
= ∂ 

. The lubricant in 

the film region is assumed to be micropolar fluid [1]. For the mathematical representation of the surface roughness, the 
fluid film thickness H is considered to be consisting of two parts and is given by  

   ( ) sH h hθ= +                                                                                 (1) 
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where ( ) ( )1 cosh cθ ε θ= + is the mean film thickness. ‘c’ is radial clearance and ‘ε ’ is the eccentricity ratio 

parameter, and sh  is a randomly varying quantity measured from the 

mean level and this characterizes the surface roughness of the bearing. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1. Physical configuration of a finite  porous journal bearing. 

Let ( )sf h  be the probability density function defined over the domain * *
sc h c− ≤ ≤  where *c  being maximum 

deviation from the mean film thickness. The mean *α , standard deviation *σ  and the parameter *ε , which is measure 
of the symmetry of random variable sh  are defined as [24]. 

  ( )*
sE hα =          (2) 

( )2 2* *
sE hσ α = −  

        (3) 

( )3* *
sE hε α = −  

        (4) 

Where E is an expectancy operator defined by  

( ) ( ) ( )s sE f h dh∫

∞
−∞

• = •       (5) 

It is to be noted that, the parameters *α , *σ  and *ε  are independent of x. The  mean *α  and parameter  *ε  can 
assume both positive and Negative values, however, *σ  can always assume positive values. The particular case of  * 0ε =  
refers to the symmetrical distribution, negatively values of *ε  refers to negatively skewed surface roughness and 
positive values of *ε refers to positively skewed surface roughness pattern on the bearing surface. 

The constitutive equations for micropolar fluids proposed by Eringen [2] simplify considerably under the usual 
assumptions of hydrodynamic lubrication. The resulting equations under steady–state conditions are  

Conservation of linear momentum: 

 
2

3
2 0

2
vu p
y xy

χµ χ
∂∂ ∂ + + − =  ∂ ∂∂ 

 ,                                                                             (6) 

 
2

1
2 0

2
vw p
y yy

χµ χ
∂∂ ∂ + − − =  ∂ ∂∂ 

.                                                                              (7) 

Conservation of angular momentum: 

e 

W(t) 

x 

H 
y 

R 

Line of Centers 

Film Region 

Porous Region 

Solid Housing 

 

  

Z 
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2

1
12 2 0

v wv
yy

γ χ χ
∂ ∂

− + =
∂∂

 ,                                                                                   (8) 

 
2

3
32 2 0

v uv
yy

γ χ χ
∂ ∂

− − =
∂∂

 .                                                                                    (9) 

Conservation of mass: 

 0u v w
x y z
∂ ∂ ∂

+ + =
∂ ∂ ∂

                                                                                                  (10) 

Where ( ), ,u v w  are the velocity components of the lubricant in the x, y and z directions, respectively, and ( )1 2 3, ,v v v  
are micro rotational velocity components, χ  is the spin viscosity and γ  is the viscosity coefficient for micropolar fluids 
and µ  is the Newtonian viscosity coefficient. 

The flow of micropolar lubricants in a porous matrix governed by the modified Darcy law, which account for the 
polar effects is given by [25]  

 
( )

* *kq p
µ χ
−

= ∇
+

                                                                                                 (11) 

Where ( )* * * *, ,q u v w=


 is the modified Darcy velocity vector, with 

 
( )

*
* k pu

xµ χ
− ∂

=
+ ∂

   ,      
( )

*
* k pv

yµ χ
− ∂

=
+ ∂

   ,      
( )

*
* k pw

zµ χ
− ∂

=
+ ∂

                    (12) 

k  is the permeability of the porous matrix  and *p  is the pressure in the porous region.  

Due to continuity of fluid in the porous matrix, *p  satisfies the Laplace Equation. 

  
2 * 2 * 2 *

2 2 2 0p p p
x y z

∂ ∂ ∂
+ + =

∂ ∂ ∂
                                                                         (13) 

The relevant boundary conditions are 
at the bearing surface ( )0y =  

          0u = , *v v=  , 0w=                                                                                (14a) 

          1 0v =   , 3 0v =                                                                                       (14b) 

at the journal surface ( )y H=   

         0u = , 
Hv
t

∂
=
∂

 , 0w=                                                                             (15a) 

         1 0v =  ,  3 0v =                                                                                       (15b) 

 
3.   SOLUTION OF THE PROBLEM 

The generalized Reynolds equation is given by [23] 

( ) ( ) ( ) ( )
0 012 12, , , , 12k H k Hp p Hf N l H f N l H

x x z z t
µ µ

µ
µ χ µ χ

      ∂ ∂ ∂ ∂ ∂
+ + + =         ∂ + ∂ ∂ + ∂ ∂         

       (16) 
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Where   ( ) 3 2 2, , 12 6 coth
2

NHf N l H H l H N l H
l

 
= + −  

 
 ,  cosH c

t t
ε θ∂ ∂

=
∂ ∂

 . 

Multiplying both sides of equation (16) by ( )sf h  and integrating with respect to sh  from *c−  to *c  and also using 
equations (2) to (4), the averaged modified Reynolds equation is obtained in the form  

( ) ( )
( ) ( ) ( )

( ) ( )0 012 12, , , , 12
E p E p E Hk H k HE f N l H E f N l H

x x z z t
µ µ

µ
µ χ µ χ

      ∂ ∂ ∂∂ ∂
+ + + =         ∂ + ∂ ∂ + ∂ ∂         

     

                                  (17) 
Where  

)(),,([),,( 4321 FFFFHlNfEhlNF ++≈=  

)(123)(33 *23*2**2*2**2*3
1 αασασααε ++++++++= hlhhhF , 

)2(6 *2*2*2
2 ασα hhlNF +++−= , 

{ } 







++













−−=
2**3**

3

3
2

3 3
242

)2(cot1 σααεα
l

N
l

NlhNhF  and 













+−= )(
4

1)2(cot
2*2*

2

2
4 σα

l
NlhNhF .           cosH dc

t dt
ε θ∂

=
∂

 

 
Introducing the non-dimensional scheme into equation (19) 

x
R

θ =  , 
zz
L

=  , 
ll
c

=  , s
HH h h
c

= = + , 1 coshh
c

ε θ= = + , s
s

hh
c

=  2
kk
c

=  , 0
0

H
H

c
= ,  

xx
R

= ,
*

,
c
αα =  

2*
2

2 ,
c
σσ =

*

1 3c
εε = , 

2
L
R

λ = , 0
3

kH
c

ψ =  

 
( ) 2

3

E p c
p

dR
dt
εµ

=
 
 
 

 ,  

1
2

2
N χ

χ µ
 

= + 
 . 

 The modified Reynolds equation (17) can be written in a non- dimensional form as

( ) ( ) ( ) ( )2 2

2 2 2
1 1 1, , 12 , , 12 12cos
1 4 1

E p E pN NE f N l H E f N l H
z zN N

ψ ψ θ
θ θ λ

         ∂ ∂∂ − ∂ −    + + + =             ∂ ∂ ∂ ∂+ +                
                                                                                                                                         

(18) 

      where    ( ) 3 2 2, , 12 6 coth
2
NHf N l H H l H N l H

l
 

= + −  
 

 . 

 As the permeability parameter   0ψ → , equation (18) reduces to the corresponding solid case. For the 1800 partial 
porous journal bearing, the boundary conditions for the fluid film pressure are  

 0p =  at  
3,

2 2
π πθ =      and   0p =   at  

1
2

z =±                            (19) 
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The modified Reynolds equation will be solved numerically by using a finite difference scheme. The film domain 
under consideration is divided by grid spacing shown in figure2. In finite increment format, the terms of equation (18) 
can be expressed as 

 
 
                  Fig. 2. Grid point notation for film domain 

2

2

2 2
1, , , 1,

1 12 2, ,2 2

112
1

1 1 112 12
1 1

i j i j i j i j
i j i j

N Pf
N

P P P PN Nf f
N N

ψ
θ θ

ψ ψ
θ θ θ

+ −

+ −

   ∂ − ∂ + =   ∂ + ∂     
       − −   − −

+ − +          ∆ + ∆ + ∆           

 

           (20) 
2

2 2

2 2
, 1 , , , 1

1 12 2 2, ,2 2

1 112
4 1

1 1 1 112 12
4 1 1

i j i j i j i j
i j i j

N Pf
z N z

P P P PN Nf f
z N z N z

ψ
λ

ψ ψ
λ

+ −

+ −

   ∂ − ∂ × + =   ∂ + ∂     
       − −   − −

× + − +          ∆ + ∆ + ∆           

 

           (21) 
 
Substituting these expressions (20) and (21) into the Reynolds equation (20) we get 
 

, 1 1, 2 1, 3 , 1 4 , 1 5i j i j i j i j i jP C P C P C P C P C+ − + −= + + + +                     (22) 

 
 
 
 
 

 

o o 

o 

o 

x 

x 

x 

x  
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where 
2 2

2 2
0 1 12 2, ,2 2

2 2

1 12 2, ,2 2

1 14 12 12
1 1

1 112 12
1 1

λ ψ ψ

ψ ψ

+ −

+ −

       − − = + + +             + +        
      − −

+ + + +            + +      

i j i j

i j i j

N NC r f f
N N

N Nf f
N N

                  

2
2 2

1 1 02,2

14 12
1

λ ψ
+

  −
= +   +  

i j
NC r f C
N

,  

2
2 2

2 1 02,2

14 12
1

λ ψ
−

  −
= +   +  

i j
NC r f C
N

, 

2

3 1 02, 2

112
1

ψ
+

  −
= +   +  

i j
NC f C
N

,                    

2

4 1 02, 2

112
1

ψ
−

  −
= +   +  

i j
NC f C
N

,                     

2 2
5

0

48 s iC co z
C

λ θ= − ∆ , zr
θ
∆

=
∆

.                     

The pressure, p  is calculated by using the numerical method with grid spacing of 09θ∆ =  and 0.05z∆ = . 

The load carrying capacity of the bearing, ( )W t  generated by the film pressure is obtained by 

( )( )
3 1

2 2

1
22

cos .
z

z

E W t LR p d dz
πθ

πθ

θ θ
= =

=−=

= − ∫ ∫                                 (23) 

For the bearing operating under steady load, ( )W s the generated load, ( )W t due to the squeeze film equals the 

applied load, ( )W s  

   ( )( )E W t  = ( )( )E W s           (24) 

Using equations (22) and (24) in equation (23) the non-dimensional load carrying capacity, W  is obtained in the 
form  

( )( )
3 12 2 2

,
3 1

22

cos .
z

i j i
z

E W s c
W P d dz

dLR
dt

πθ

πθ

θ θ
εµ

= =

=−=

= = −
 
 
 

∫ ∫           (25) 

    
,

0 0
cos .

M N

i j i
i j

P zθ θ
= =

≈ ∆ ∆∑∑ = ( )1, , , , , ,g l Nε ψ α σ ε                                            (26) 

where M+1 and N+1 are the grid point numbers in the x  and z  directions respectively. 
 In many practical applications, the squeeze film journal bearings operate under dynamic conditions. Under such 

conditions, the path of the rotor centre fluctuates in a manner compatible to the variations in the applied load. To 
simulate this type of situation , the applied load is considered as a sinusoidal function of time.  

  ( )( ) ( )0 sinE W t W tω=           (27) 
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Where 0W  is the amplitude and ω is the frequency of the applied load oscillations. Using equations (26) and (27) in 
equation (25) the velocity of the journal centre is obtained as 

 

                         ( )1

60sin
, , , , , ,

d
d S g l N
ε τ
τ π ε ψ α σ ε
=           (28) 

 

Where  
( )

2

0 2
N RS

W LR C
µ  =  

 
 is the Sommerfeld number and  

 
2
60

Nt tπτ ω  = = 
 

is the dimensionaless response time. 

4.  RESULTS AND DISCUSSIONS 
 To solve squeeze film pressure in the equation (22) the mesh of the film domain has 20 equal intervals along the 

bearing length and circumference. The co-efficient matrix of the system of algebraic equations is of pentadiagonal form. 
These equations have been solved by using Scilab tools. 

 The effect on the static and dynamic behaviors of squeeze film in finite rough porous journal bearings has been 
studied on the basis of Eringen [ ] microcontinuum theory for micropolar fluids. 

 The squeeze film lubrication characteristic of a finite rough porous journal bearings lubricated with micropolar 

fluids are obtained on the basis of various non-dimensional parameters such as the coupling number, 
1

2

2
N χ

χ µ
 
= + 

which characterizes the coupling between the Newtonian and microrotational viscosities, the parameter, ( )ll c=  in 

which l  has the dimension of length and may be considered as chain length of microstructures additives. The parameter
l , characterizes the interaction of the bearing geometry with the lubricant properties. In the limiting case as 0l →  the 
effect of microstructures becomes negligible. The effect of permeability is observed through the non-dimensional 

permeability parameter, 0
3

kH
c

ψ  = 
 

 and it is to be noted that as 0ψ →  the problem reduces to the corresponding solid 

case and as 0,l N →  it reduces to the corresponding Newtonian case. The non-dimensional parameters 1,α ε  and σ  
characterizes the type of roughness asperities on the bearing surface. The values of these parameters are so choosen that 
the corresponding film shapes be feasible. The static and dynamic squeeze film characteristics for finite rough porous 
journal bearings with no journal rotation have been computed by using equation (22), (26) and (28) and are presented 
in figures 3 to 23. 

 
4.1. SQUEEZE FILM PRESSURE 

The effect of Micropolarity on the variations of non-dimensional squeeze film pressure p  with the circumferential 
co-ordinate θ  for different values of l  and N is depicted in the fig .3 and 4.  It is observed that   p  increases significantly 
for increasing values of l  and N.  The effect of roughness parameters 1,α ε  and σ  on the variation of  p  with θ  is 
depicted in the Figs 5 to 7. it is observed that p  increases for negatively increasing valuesα and 1ε , where as positively 
increasing values of α and 1ε decreases  p  ( Figs 5 and 6). The increasing values of σ  decreases p  significantly. The 
effect of permeability ψ  on the variation of p  is shown in fig.8. It is observed that the increasing values of permeability 
parameter ψ  decreases p . 
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4.2. LOAD CARRYING CAPACITY 

The variation of non-dimensional mean load carrying capacity W  with the eccentricity ratio parameter,ε  for 
different values of l  and  two values of the permeability parameter, 0 1 0 01ψ = . , .  is depicted in the figure 9. it is observed 

that the increasing values of l  increases W  as compared to corresponding Newtonian case ( )0l → . The variation of 

non-dimensional load carrying capacity W  with the eccentricity ratio parameter, ε  for different value of N  and two 
values of the permeability parameter, 0 1 0 01ψ = . , .  is depicted in the figure.10. It is observed that the increasing values 
of  N  increases W  for both the values ofψ . 

The effect of roughness parameters 1,α ε  and σ  on the variation of W  with the eccentricity ratio parameter, ε  is 

depicted in Figs 11 to 13. it is observed that the negatively skewed surface roughness increases W , where as the 
positively skewed surface roughness decreases W  (Figs 11 and 12). Further, it is observed that W decreases for 
increasing values of σ . 

 
4.3. JOURNAL CENTRE VELOCITY  

The effect of micropolar parameters l and N on the variation of the journal centre, 
d
dt
ε 

 
 

 with non-dimensional 

time parameterτ is depicted in the fig. 14 and 15 respectively and two values of permeability parameter ψ . It is observed 
that the journal bearing lubricated with micropolar fluid experiences high resistance to be motion of the journal centre 
as compared to the Newtonian case. This is an encouraging result for the lubrication engineers, because it implies that 
the journal centre will take a longer time to come in contact with the bearing surface which in term increases the bearing 

life. The effect of the roughness parameters 1,α ε  and σ  on variations of    
d
dt
ε 

 
 

 with  non-dimensional time parameter

τ is depicted in the fig. 16 and 18, respectively. It is interesting to note that negatively skewed surface roughness on the 
bearing surface experience more resistance to the motion of the journal centre, where as the positively skewed surface 
roughness causes the increases in the journal centre velocity. 

  
4.4. LOCUS OF THE JOURNAL CENTRE 

 The locus of the journal centre, ε  is obtained by solving the equation (28) with an initial condition, ( )0 0.0ε = . It 
is observed from Figs 19 and 20, that the rough journal bearing lubricated with micropolar fluids operates with lesser 
eccentricity ratio ε  than that with Newtonian lubricant. It is due to the fact that, the micropolar fluids offer greater 
resistance to the journal motion. Therefore, the same load can be applied for a longer time period for the journal bearings 
with micropolar fluids as lubricant. 

These effects are more pronounced for the journal bearing with negatively skewed surface roughness on the bearing 
surface (figs 21 and 22). Fig.23 Shows the variation of ε  with τ for different values of σ . It is observed that ε  increases 
for increasing values of σ . 

 
5. CONCLUSIONS 

On the basis of Eringen [1] micropolar fluid theory and general stochastic method for the study of surface roughness, 
this paper predicts the effect of surface roughness on the  static and dynamic characteristics of pure squeeze film 
lubrication of finite porous journal bearing with no journal rotations lubricated with micropolar fluids. The film pressure 
distribution is solved numerically by using finite difference technique with a grid spacing of 09θ∆ =  and 0 05.z∆ = . On 
the basis of the results computed the  following conclusions are drawn below. 
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1) The presence of microstructure additives in the lubricant provides an enhancement in the fluid film pressure 
and the load carrying capacity whereas the journal center velocity reduces. 

2) The micropolar fluids offer the more resistance to the journal motion and hence the same load can be applied 
for longer period of time for the journal bearings with micropolar fluids as compared to the corresponding 
Newtonian lubricant. 

3) The positively skewed surface roughness on the bearing surface increases the fluid film pressure, load carrying 
capacity and decreases the journal center velocity hence the life of the journal bearing can be improved due to 
the presence of negatively skewed surface roughness on the bearing surfaces. 

4) The presence of positively skewed surface roughness on the bearing surface adversely affects the performance 
of the journal bearing. 
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Fig    1:    Physical configuration of a finite rough  porous journal bearing. 

Fig    2:    Grid point notation for film domain.  

Fig    3:    The variation of Non-dimensional film pressure p  with circumferential  

                  co-ordinate θ  for different values of  l  with 0 6 0 1 0 1N ψ α= = =. , . , . , 

                 10 15 0 1 0 75 0 2andσ ε λ ε= = = =. , . , . .   

Fig    4:     The variation of Non-dimensional film pressure p  with circumferential  

                  co-ordinate θ  for different values of  N  with 0 2 0 1 0 1l ψ α= = =. , . , . , 

                 10 15 0 1 0 75 0 2andσ ε λ ε= = = =. , . , . .   

Fig    5:    The variation of Non-dimensional film pressure p  with circumferential  

                 co-ordinate θ  for different values of  α  with 0 2 0 1 0 6l Nψ= = =. , . , . , 

                10 15 0 1 0 75 0 2andσ ε λ ε= = = =. , . , . .   

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488
https://dx.doi.org/10.29121/shodhkosh.v5.i1.2024.3488


Santosh Huggi 
 

ShodhKosh: Journal of Visual and Performing Arts 1499 
 

Fig 6:       The variation of Non-dimensional film pressure p  with circumferential  

                  co-ordinate θ  for different values of  1ε  with 0 2 0 1 0 6l Nψ= = =. , . , . , 

                 0 1 0 15 0 75 0 2andα σ λ ε= = = =. , . , . .   

Fig 7:        The variation of Non-dimensional film pressure p  with circumferential  

                   co-ordinate θ  for different values of  σ  with 0 2 0 1 0 6l Nψ= = =. , . , . , 

                  10 1 0 1 0 75 0 2andα ε λ ε= = = =. , . , . .   

Fig 8:         The variation of Non-dimensional film pressure p  with circumferential  

                    co-ordinate θ  for different values of  ψ  with 0 2 0 6 0 1l N α= = =. , . , . , 

                    10 15 0 1 0 75 0 2andσ ε λ ε= = = =. , . , . .   

Fig 9:      Variation of Non-dimensional load W  with ε  for different values of l with     

                   10 6 0 1 0 1 0 15 0 1 0 75N andψ α σ ε λ= = = = = =. , . , . , . , . . . 

Fig 10:      Variation of Non-dimensional load W  with ε  for different values of N with    

                    10 2 0 1 0 1 0 15 0 1 0 75l andψ α σ ε λ= = = = = =. , . , . , . , . . . 

  

 

Fig 11:       Variation of Non-dimensional load W  with ε  for different values of α  with  

                   10 6 0 2 0 1 0 15 0 1 0 75N l andψ σ ε λ= = = = = =. , . , . , . , . . . 

Fig 12:     Variation of Non-dimensional load W  with ε  for different values of 1ε  with   

                   0 6 0 2 0 1 0 1 0 15 0 75N l andψ α σ λ= = = = = =. , . , . , . , . . . 

Fig 13:      Variation of Non-dimensional load W  with ε  for different values of σ  with  

                   10 6 0 2 0 1 0 1 0 1 0 75N l andψ α ε λ= = = = = =. , . , . , . , . . . 
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Fig 14:     Velocity of the journal centre, 
d
dt
ε 

 
 

verses τ for different values of l with 

                   10 6 0 1 0 15 0 1 0 75 0 2 0 9N andsα σ ε λ ε= = = = = = =. , . , . , . , . , . . . 

Fig 15:     Velocity of the journal centre, 
d
dt
ε 

 
 

verses τ for different values of N with  

                   10 2 0 1 0 15 0 1 0 75 0 2 0 9l andsα σ ε λ ε= = = = = = =. , . , . , . , . , . . . 

Fig 16:      Velocity of the journal centre, 
d
dt
ε 

 
 

verses τ for different values of α with 

                   10 6 0 2 0 1 0 15 0 1 0 75 0 2 0 9N l and sψ σ ε λ ε= = = = = = = =. , . , . , . , . , . , . . . 

Fig 17:      Velocity of the journal centre, 
d
dt
ε 

 
 

verses τ for different values of 1ε with  

                   0 6 0 2 0 1 0 15 0 1 0 75 0 2 0 9N l and sψ σ α λ ε= = = = = = = =. , . , . , . , . , . , . . . 

Fig 18:      Velocity of the journal centre, 
d
dt
ε 

 
 

verses τ for different values of σ with   

                  10 6 0 2 0 1 0 1 0 1 0 75 0 2 0 9N l and sψ α ε λ ε= = = = = = = =. , . , . , . , . , . , . . . 

Fig 19:      Variation of locus of the journal centre ε  verses τ  for different values of  

                  l with 10 6 0 1 0 15 0 1 0 75 0 2 0 9N and sα σ ε λ ε= = = = = = =. , . , . , . , . , . .   

Fig 20:      Variation of locus of the journal centre ε  verses τ  for different values of  

                 N with 10 2 0 1 0 15 0 1 0 75 0 2 0 9l and sα σ ε λ ε= = = = = = =. , . , . , . , . , . .  

Fig 21:      Variation of locus of the journal centre ε  verses τ  for different values of  

                 α with 10 6 0 2 0 1 0 15 0 1 0 75 0 2 0 9N l and sψ σ ε λ ε= = = = = = = =. , . , . , . , . , . , . .  

Fig 22:      Variation of locus of the journal centre ε  verses τ  for different values of  

                 1ε with 0 6 0 2 0 1 0 15 0 1 0 75 0 2 0 9N l and sψ σ α λ ε= = = = = = = =. , . , . , . , . , . , . .  

Fig 23:      Variation of locus of the journal centre ε  verses τ  for different values of  

 σ with 10 6 0 2 0 1 0 1 0 1 0 75 0 2 0 9N l and sψ α ε λ ε= = = = = = = =. , . , . , . , . , . , . .  
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Figure 3. The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of  with  
and   
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Figure 4. The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of  with  
and  𝜀𝜀 = 0.2 
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Figure 5. The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of αwith 
N=0.6,l ̄=0.2,ψ=0.1,σ ̄=0.15,ε ̄_1=0.1,λ=0.75and ε=0.2 
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Figure 6 The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of ε ̄_1with 
N=0.6,l ̄=0.2,ψ=0.1,α ̄=0.1,σ ̄=0.15,λ=0.75and ε=0.2 
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Figure 7. The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of σ ̄with 
N=0.6,l ̄=0.2,ψ=0.1,α ̄=0.1,ε ̄_1=0.1,λ=0.75and ε=0.2 

 

 

Fig.8. The Variation of non-dimensional film pressure with circumferential co-ordinate for different values of ψwith 
N=0.6,l ̄=0.2,α ̄=0.1,σ ̄=0.15,ε ̄_1=0.1,λ=0.75and ε=0.2 
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