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ABSTRACT 

In this paper an attempt has been made to study the 

rheological effects of micropolar fluid lubricants on the steady 

state and dynamic behavior of porous slider bearings by con-

sidering the squeezing action. The general modified Rey-

nolds-type equation of porous sliding-squeezing surfaces with 

micropolar fluids is derived for the assessment of dynamic 

characteristics of bearings with general film thickness. The 

detailed analysis is presented for the plane inclined porous 

slider bearings by using perturbation method. Two Rey-

nolds-type equations corresponding to steady performance and 

perturbed characteristics are obtained. The closed form solution 

of these equations is obtained. The numerical computations of 

the results show that, there exists a critical value for profile 

parameter at which the steady-state load and dynamic stiffness 

coefficient attains maximum. Further the micropolar fluids 

provide improved characteristics for both steady-state and the 

dynamic stiffness and dynamic damping characteristics. It is 

found that the maximum steady load carrying capacity is func-

tion of coupling parameter and the permeability parameter and 

is achieved at smaller values of profile parameter for larger 

values of the coupling parameter. 

I. INTRODUCTION 

Porous bearings have the features of simple structure and low 

cost. Porous bearings are used where non-porous bearings are 

impracticable owing to lack of space or inaccessibility for lu-

brication. The application of porous bearings in mounting 

horsepower motors include vacuum cleaners, coffee grinders, 

hair driers, saving machines, sewing machines, water pumps, 

record players, tape recorders, generators and distributors.  

Several researchers [9, 10, 15, 16, 18] have analyzed the porous 

slider bearings by using Darcy’s equation to model the flow of 

Newtonian lubricant in the porous matrix. All these studies 
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assume the lubricant to be a Newtonian fluid. 

 Micropolar fluids contain a suspension of particles with 

individual motion. These particles support stress and body 

moments [5, 6] and are subjected to spin inertia and hence 

microscopic effects generated by the local structure and micro 

motions of fluid elements are exhibited. The theory of mi-

cropolar fluids was first presented by Eringen [5] as a particular 

case of microfluids, which includes the effects of local rotatary 

inertia, couple stresses and inertial spin. This model is appli-

cable for the study of flow properties of non-Newtonian fluids 

such as polymers, paints, lubricants, suspended fluids, blood etc. 

The study of micropolar fluids has received considerable at-

tention due to applications in a number of processes that occur 

in industries such as the extrusion of polymer fluids, solidifi-

cation of liquid crystals, cooling of metallic plate in a bath, 

exotic lubricants and colloidal and suspension solution. In the 

study of all these problems the classical Navier-Stokes theory is 

inadequate. The micropolar fluid theory is a subclass of micro-

fluid theory and is obtained by imposing the skew symmetric 

properties of the gyration tensor in addition to the condition of 

micro-isotropy. Several investigators used the micropolar fluid 

theory for the study of several bearing systems such as slider 

bearings [4, 14], journal bearings [7, 8, 20], squeeze film bear-

ings [1, 2, 3, 13] and porous bearings [19, 21, 22] and have 

found some advantages of micropolar fluids over the Newtonian 

lubricants such as increased load carrying capacity and delayed 

time of approach for squeeze film bearings. The generalized 

Reynolds equation for micropolar lubricants is derived by Sukla 

and Isa [17] for one dimensional slider bearings by neglecting 

the squeezing action of the bearing. However no attempt has 

been made to study the static and dynamic characteristics of 

porous inclined slider bearings with micropolar fluids by in-

cluding the squeezing action of the bearing surfaces. The ob-

jective of this paper is to derive the generalized dynamic Rey-

nolds-type equation of porous sliding-squeezing surfaces with 

micropolar fluids, as it is necessary for the study of dynamic 

characteristics of lubricating system. As an illustration detailed 

analysis is presented for infinitely wide porous plane inclined 

slider bearings. 

II. DERIVATION 

The following assumptions in addition to the usual        
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assumptions of lubrication theory for thin films [12] are used in 

the present analysis 

1. The micropolar fluid flow in the film region is laminar. 

2. Inertial forces are negligible compared to viscous terms. 

3. The pressure is independent of the y-coordinate and 

y-derivatives of the velocity components and micro rota-

tional velocity components dominate. 

4. The porous layer thickness H to be small. 

5. The body forces and body couples are assumed to be absent 

and the characteristic coefficients across the film of the mi-

cropolar fluid are constant. 

The basic equations governing the flow of micropolar lubricants 

[6] under the usual assumptions of lubrication theory for thin 

films are [12] 
2
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where (u, v, w) are velocity components along x, y, z-directions 

and 1 2 3( , , )v v v are micro rotational velocity components, 

   andχ γ are additional viscosity coefficients for micropolar 

fluids. 

The physical configuration of the problem under considera-

tion is shown in the Fig. 1. It consists of porous slider bearing 

with sliding velocity U including the effect of squeezing ac-

tion
h

t

∂

∂
, h1 (t) is the inlet film thickness and outlet film thick-

ness is h0 (t). 

The relevant boundary conditions for the velocity and micro 

rotational velocity components are  

(i) at the upper surface (y = h) 

u = w = 0, v = 
h

t

∂

∂
                                   

1 3  v   v = = 0            (7) 

(ii) at the lower surface (y = 0) 

u = U, v = 
*

v                                          
   w = 0                                               

          v v 3 ==1 0                                   (8) 

The solution of the Eqs. (1), (3), (4) and (5) subject to the 

corresponding boundary conditions given in Eq. (7) and Eq. (8) 

are obtained in the form: 
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Fig. 1. Physical geometry of porous inclined slider bearing. 
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in which ,
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where N is a non-dimensional parameter called coupling 

number for it characterizes the coupling of linear and angular 

momentum equations, when N is identically zero, the equations 

of linear and angular momentum decoupled and the equation of 

linear momentum reduces to classical Navier-Stokes equation. 

The parameter l  is called the characteristic length for it char-

acterizes the interaction between the micropolar fluid and the 

film gap. The parameter l  is of dimension length and can be 

identified as a size of the lubricant molecule. In the limiting case 

of 0l → , the microstructure becomes negligible.  

Integrating the equation of continuity (6) with respect to y 

over the film thickness, gives 

0 0
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dy dy
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= =
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∂ ∂ ∂                   (13) 

By replacing the velocity components u and w with their ex-

pressions given in Eq. (9) and Eq. (10) and also using the cor-

responding boundary conditions given in Eq. (7) and Eq. (8), Eq. 

(13) gives the dynamic Reynolds type equation for micropolar 

fluid in the form 
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The flow of micropolar lubricants in the porous matrix is 

governed by modified Darcy’s law 

*q p
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+
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where * * *( , , )q u v w= is the modified Darcy’s velocity vector, 

φ  is the permeability of the porous matrix and *p is the pres-

sure in the porous matrix. Due to continuity of the fluid in the 

porous matrix, the pressure *p  satisfies the Laplace equation. 
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Integrating with respect to y over the porous layer thickness 

H and using the boundary condition of the solid backing 
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Assuming that the porous layer thickness H to be small and 

using the continuity condition of pressure ( )*
p p=  at the 

porous interface (y = 0). Equation (18) reduces to  
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then the velocity component *
v  at the interface (y = 0) is given 

by  
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Substituting this in Eq.  (14), the dynamic Reynolds equation 

is obtained in the form 
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In the particular case of U=0 and 0φ = , the Eq.  (21) reduces 

to pure squeeze film lubrication of bearings with micropolar 

fluids [2]. The case of plane inclined slider bearings studied by 

Ramanaiah and Dubey [14] can be recovered when      h =h(x, y).

In the limiting case of 0l →  the Eq.  (14) reduces to the cor-

responding Newtonian case [12]. 

III. POROUS PLANE INCLINED SLIDER BEARING 

A schematic diagram of the porous plane inclined slider 

bearing with squeezing action is shown in the Fig. 1. To study 

the static and dynamic characteristics of the porous plane in-

clined slider bearing, the film thickness is separated into two 

parts: the minimum film thickness ( )mh t  and the slider profile 

function ( )sh x

m m( , ) ( ) ( ) ( ) 1s

x
h x t h t h x h t a

L

 
= + = + − 

 

where 1 0  ( ) ( )a h t h t= − . 

Introducing thé non-dimensional quantities: 

, ,

,

2
m0

m0 m0

3
m0

phh l Ut
h    ,  l   ,  p    t   

h h UL L

x z  H
x    z    ,  

L B h

µ

φ
ψ

= = = =

= = =

  (22) 



N. B. Naduvinamani and G. B. Marali: Dynamic Reynolds Equation for Micropolar Fluid Lubrication of Porous Slider Bearings 185

into the dynamic Reynolds-type equation (21) gives 
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For infinitely wide porous plane inclined slider bearing Eq. 

(23) reduces to  
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The steady and dynamic characteristics of the porous slider 

bearings are obtained by using the perturbations in 0mh . The 

minimum film thickness and the local film pressure are assumed 

to be of the form 

        

titi
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where ε  is the perturbation amplitude and is assumed to be 

small and 1i = − . 

Substituting into the dynamic Reynolds-type equation (25) 

and neglecting the higher order terms of ε , the two Rey-

nolds-type equations corresponding to both steady-state pres-

sure and the perturbed film pressure are obtained in the form 
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The boundary conditions for the steady and perturbed film 

pressure are 

0 0   at 0,   1p x x= = =                  (31) 

1 0   at 0,   1p x x= = =                  (32) 

Integrating Eq. (27) with respect to x  we obtain 
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 The solution of Eq. (28) subject to the boundary conditions 

(32) gives the perturbed film pressure in terms of the real and 

imaginary parts as   
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 The steady-state load capacity sW  and perturbed film force 

dW  are evaluated by integrating the steady-state film pressure 
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and perturbed film pressure respectively over the film region. In 

terms of non-dimensional quantities these are obtained in the 

form   
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From the linear theory, the resulting dynamic film force can 

be expressed in terms of linearized spring and damping coeffi-

cients. 
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which in  non-dimensional form  
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The non-dimensional dynamic stiffness coefficient dS  and the 

dynamic damping coefficient dC  are obtained by equating the 

real and imaginary parts of dW  respectively as 
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IV. RESULTS AND DISCUSSION 

      To study the lubricating effectiveness of the micropolar 

fluids, the two non-dimensional parameters are of interest. The 

coupling number

1
2

2
N

χ

χ µ

 
=  

+ 
characterizes the coupling of 

linear and rotational motion arising from the micromotion of the 

fluid molecules or the lubricant additives. Thus N  signifies the 

coupling between the Newtonian and rotational viscosities. As 

χ  tend to zero, N also tends to zero, and the expressions for 

the bearing characteristics obtained in this paper reduce to their 

counter parts in classical Newtonian theory. The second 

non-dimensional parameter 
0m

l
l

h

 
=  
 

 with 

1
2

4
l

γ

µ

 
=  
 

, 

characterizes an interaction between the bearing geometry and 

the fluid. In this paper, with the aid of these two 

non-dimensional parameters, the steady-state performance and 

dynamic characteristics of one dimensional porous inclined 

slider bearing is studied. The effect of permeability on the static 

and dynamic characteristics of the bearings is analyzed through 

the permeability parameter 
3

0m

H

h

φ
ψ
 
 =  
 

. In the limiting case 

0ψ = , the modified Reynolds Eq. (23) reduces to the solid case  

[11].  

Figure 2 presents the variation of non-dimensional 

steady-load carrying capacity sW with profile parameter α  for 

different values of characteristic length l with coupling number 

N =0.5 and permeability parameter 0.1ψ =
.
 It is observed that 

the effect of l is to increase sW as compared to the Newtonian 

case ( l = 0). Further it is also observed the existence of the 

critical value cα  for the profile parameter α  at which the 

steady-load carrying capacity attains maximum. (For N = 0.5 

and l = 0.3, cα = 1.4). Figure 3 depicts the variation of 

non-dimensional dynamic stiffness coefficient dS  with profile 

parameter α  for different values of l with N = 0.5 and 

0.1ψ = . It is observed that the effect of characteristic length of 

the lubricant is to increase dS  as compared to the Newtonian 

case ( l = 0). Further it is observed that the existence of critical 
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Fig. 2. Variation of nondimensional steady load-carrying capacity 
s

W

with profile parameter α  for 0.1ψ =  and 0.5N = . 
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with profile parameter α  for 0.1ψ =  and 0.5N = . 
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value cα  at which dS  attains the maximum and is found to be 

independent of l . 

 The variation of non-dimensional dynamic damping coeffi-

cient dC  with the profile parameter α  for different values of 

l with N = 0.5 and 0.1ψ =  is shown in Fig. 4. It is observed 

that the effect of l is to increase dC   for the higher values of α . 

But there is moderate increase in the value of dC  for the in-

clined slider bearing with the higher profile parameter. Further it 

is observed that dC  decreases for increasing values of α .  

Figure 5 depicts the non-dimensional steady-load carrying 

capacity varies as a function of profile parameterα , for dif-

ferent values of N , keeping the non-dimensional characteristic 

length constant, l = 0.3 and 0.1ψ = . The enhancement of sW

for higher values the coupling parameter N  is pronounced. 

Because of increase in the viscosity due to the additives, char-

acterized by micropolar fluids, the critical value of the profile 

parameter α , cα  is such value of α  at which the steady load 

carrying capacity sW  and the non-dimensional dynamic stiff-

ness coefficient dS  attains their maximum. It is interesting to 

note that the critical value α , cα  is a function of coupling 

parameter N , cα  decreases for the higher values of N . 

Figure 6 shows the variation of non-dimensional dynamic 

stiffness coefficient dS  with profile parameter α  for different 

values of N with l = 0.3 and 0.1ψ = .  It is observed that, the 

effect of coupling parameter is to increase the value of dS . The 

variation of non-dimensional dynamic damping coefficient dC

with the profile parameter α  with l = 0.3 and 0.1ψ =  for 

different values of the coupling number N  is shown in Fig. 7. It 

is observed that the increase in profile parameterα  decreases 

the value of dC . Further, the dC  increases for increasing val-

ues of N . Fig. 8. displays the variation of non-dimensional 

steady-load carrying capacity sW with profile parameter α  for 

different values of permeability parameter ψ  with coupling 
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Fig. 4. Variation of nondimensional dynamic damping coefficient 
d
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with profile parameter α  for 0.1ψ =  and 0.5N = . 
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number N = 0.5 and characteristic length l = 0.3.  It is ob-

served that the effect of ψ  is to decrease the value of sW . 

When the permeability is very high (larger values of ψ ) the 

porous material becomes the main path of flow and hence de-

creases the value of sW . Further it is also observed that the 

critical value α cα is a function of the permeability parameter, 

ψ . The value of cα  increases for increasing values of ψ .  

Figure 9 depicts the variation of non-dimensional dynamic 

stiffness coefficient dS  with profile parameter α  for different 

values of permeability parameter ψ  with  N = 0.5 and l = 0.3. 

It is observed that as permeability parameterψ  increases, the 

value of dS  decreases. The variation of non-dimensional dy-

namic damping coefficient dC  with the profile parameter α

for different values of permeability parameter ψ  for N = 0.5 

and l = 0.3 is shown in Fig. 10. It is observed that the increase 

of the profile parameter α  decreases the value of dC . The 

marginal effect of ψ   on the variation of  dC   is observed.

V. CONCLUSIONS 

The dynamic Reynolds-type equation for the porous slider 

bearings with squeezing effect is derived on the basis of   Er-

ingen [6] theory for micropolar fluids. The numerical results are 

obtained for wide inclined porous slider bearings.  On the basis 

of the results presented; the following conclusions can be 

drawn.  

1. The critical value of the profile parameterα , cα exists 

such that the steady-state load carrying capacity sW

and the dynamic stiffness coefficient dS  attains the 

maximum value. 

2. The critical value of the profile parameter cα is a 

function of N  and ψ . 

3. The presence of the porous facing on the slider, de-

creases the sW , dS  , dC . 

4. The micropolar fluid lubricants provide an increased 

steady-load carrying capacity and dynamic stiffness 

coefficient whereas decreases the dynamic damping 

coefficient. 

5. The adverse effects due to the presence of porous 

facing on the slider can be compensated by the proper 

choice of lubricants with appropriate additives.  
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NOMENCLATURE 

a    difference between the inlet and outlet film thickness

B    width of the bearing  

Cd    dynamic damping coefficient  
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Fig. 8. Variation of nondimensional steady load-carrying capacity 
s

W

with profile parameter α  for 0.5N =  and 0.3l = . 
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dC     non-dimensional dynamic damping coeffcient  

    
2

0
2

d mC h

ULµ

 
 =
 
 

h    film thickness function 

mh    minimum film thickness at the outlet 

sh    slider profile function 

0mh    steady-state minimum film thickness at the outlet 

H    porous layer thickness 

i     1−

l     characteristic material length

1
2

4

γ

µ

 
= 
 

l     non-dimensional characteristic material length  

0m

l

h

 
=  
 

N    coupling number 

1
2

2

χ

χ µ

 
= 

+ 
L    length of the bearing 

p   dynamic film pressure 

p    non-dimensional dynamic film pressure
2

0

µ

 
=  
 

mph

UL

*p    pressure in the porous region 

 p0   steady film pressure 

0p    non-dimensional steady film pressure
2

0 0

µ

 
=  
 

mp h

UL

1p   perturbed film pressure 

1p    non-dimensional perturbed film pressure
2

1 0

µ

 
=  
 

mp h

UL

dS    dynamic stiffness coefficient,  

dS     non-dimensional dynamic stiffness coefficient  

2
0
2µ

 
=  
 

d mS h

UL

t    time 

u, v, w  velocity components 

U    sliding velocity of the lower part 

sW   steady load carrying capacity,  

sW    non-dimensional steady load carrying                           

                capacity 0
2µ

 
=  
 

s mW h

UL

dW    perturbed film force,  

dW    non-dimensional perturbed film force 0
2µ

 
=  
 

d mW h

UL

321 ,, vvv  microrotational velocities 

x, y, z  Cartesian rectangular coordinates 

α    profile parameter of the bearing 
0

 
=  
 m

a

h

δ    aspect ratio of the bearing 
 

= 
 

B

L

ε     small amplitude of oscillation  

,γ χ   viscosity coefficients for micropolar fluids 

µ    classical viscosity coefficient 

φ     permeability of the porous material 

ψ    permeability parameter
3

0

φ 
=  
 m

H

h
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