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Abstract The article aims to study the performance of a couplestress fluid based porous
inclined plane slider bearing with slip velocity. The expression for pressure, centre of pressure,
load carrying capacity, Force of friction, coefficient of friction and rise in temperature is derived.
The dependence of pressure, load carrying capacity, Force of friction and coefficient of friction
on slip parameter, couplestress parameter, permeability parameter have been derived and studied
graphically.

1 Introduction

No slip boundary condition was accepted as the exact boundary condition from nineteenth cen-
tury. This condition means that the fluid near to the surface has zero velocity when the surface is
at rest and when the surface is moving the fluid velocity equals to the surface velocity. Reynolds
equation is based on one of this basic principle While deriving the Reynolds equation it was
assumed that there is no boundary slip at liquid and solid interface. But it is possible to observe
the slip of the fluid over a solid surface on micro scale. Hence the classical Reynolds equation
became irrelevant. In reducing fluid friction, proper lubrication is essential and hence the lit-
erature of Henck [1], Spikes [2] has achieved great attention. But classical Reynolds equation
is a powerful tool in designing and analysing bearing performance. Hence researchers have ex-
tended Reynolds equation by considering boundary slip. Many researches related to slip velocity
has been carried out viz., the slider bearing by Wu et al.,[3], Salant and Fortier [4], Ahmad and
Singh[5]. Patel and Gupta [6] have investigated the problem on an inclined slider bearing with
slip condition at porous boundary and found that load capacity can be increased by minimizing
slip condition. The effect of velocity slip with porous inclined slider bearing lubricated with
a ferrofluid was studied theoretically by Shah and Bhat [7]. Many investigators has used cou-
ple stress fluid theory to analyse the performance characteristics of various bearings like., slider
bearing by Bujurke et. al.,[8], Naduvinamani et al., [9], long partial journal bearing by Lin[10],
Squeeze films by Bujurke and Jayaraman [11]. In all these studies use of couple stress fluid
increases load, force of friction, decreases coefficient of friction and delays time of approach.
Porous bearings do not need an external supply of lubricant during their operation; therefore,
their structures are simple and cost is reduced. Morgan and Cameron [12] was the first to give
an analytical survey about the study of porous bearings with the support of hydrodynamic condi-
tions. Since then many investigations has happened to examine the performance of couplestress
fluid on porous bearings by Bujurke. et.al.,[13, 14, 15]. Many authors namely Beavers and
Joseph [16], Kalavathi. et.al., [16], Patel and Dehri[18] has studied the effect of slip velocity
on a porous/fluid interface. Oladeinde and Akpobi [19] has studied the effect of slip velocity on
slider bearing lubricated with couple stress fluid.

To the best of authorâĂŹs knowledge so far no research has been made to study effect of
slip velocity on porous plane slider bearing lubricated with couple stress fluid. So in the present
paper an attempt is made to study the same.
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2 Mathematical formulation

The slider bearing represented in figure 1 has film thickness h and inclined part length L. The
equations governing the flow with basic assumptions are

∂u

∂x
+
∂w

∂z
= 0 (2.1)

µ
∂2u

∂z2 − η
∂4u

∂z4 =
∂p

∂x
(2.2)

∂p

∂z
= 0 (2.3)

By Darcy’s law the flow through porous matrix is

q∗ = − k

µ(1− β)
∇p∗ (2.4)

As β+ → 0 ; equation (2.5) reduces to the usual Darcy law and the pressure, in the porous region,
due to continuity, satisfies the Laplace equation:

∂2p∗

∂x2 +
∂2p∗

∂z2 = 0 (2.5)

At the upper surfacey = h

u = U (2.6a)

∂2u

∂z2 = 0 (2.6b)

v = 0 (2.6c)

At the lower surface y = 0

u =

(
1
s

∂u

∂z

)
z=0

(2.7a)

∂2u

∂z2 = 0 (2.7b)

w = w∗ (2.7c)

Based on the boundary conditions (2.6a,2.6b) and (2.7a,2.7b) we get from equation (2.2) ′u′ as

u =
1

2µ

(
∂p

∂x

)[
(z − h)

{
z +

h

3
ξ1 − 2lξ0 tanh

h

2l
+ 2l2

(
1−

cosh( 2z−h
2l )

cosh h
2l

)}]

+

(
1

1 + sh
+

zs

1 + sh

)
U (2.8)
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where

ξ0 =
1

1 + sh
, ξ1 =

3
1 + sh

, l = (η/µ)1/2

Integrating Equation (5) w.r.to z and applying the boundary conditions∂p
∗

∂z∗ = 0 at z = −Hwe
obtain

∂p∗

∂z

∣∣∣∣
z=0

= −
−H∫
z=0

∂2p∗

∂x2 dz (2.9)

The porous layer thickness H is assumed to be very small and applying the pressurep = p∗

continuity condition at the interface y = 0 of porous matrix and fluid film, equation (2.9) reduces
to:

∂p∗

∂z

∣∣∣∣
z=0

= −H ∂2p

∂x2 (2.10)

Integrating equation (2.1) and applying conditions (2.6c), (2.7c), (2.8), (2.9) we get modified
Reynolds equation

∂

∂x

[{
f1(h, s, l) +

12kH
(1− β)

}
∂p

∂x

]
= 6µU

d

dx

(
2h+ h2s

(1 + sh)

)
(2.11)

where

f1(h, s, l) = h3 (1 + ξ1)− 6lh2ξ0 tanh
h

2l
− 12l2

(
h− 2l tanh

h

2l

)
Non-dimensionalizing, we get

x∗ =
x

L
, ψ =

kH

h3
0
, h∗ =

h

h0
, s∗ = sh0, P =

h0
2p

µUL
, l∗ =

2l
h0

Hence equation (2.11) becomes

∂

∂x∗

[{
f1(h

∗, s∗, l∗)− 12ψ
(1− β)

}
∂P

∂x∗

]
=

d

dx∗
G(h,∗s∗) (2.12)

where

ξ0
∗ =

1
1 + s∗h∗

; ξ1
∗ =

3
1 + s∗h∗

, G(h,∗s∗) = 6
(

2h∗ + h∗2s∗

(1 + s∗h∗)

)
f1(h

∗, s∗, l∗) = h∗3 (1 + ξ1
∗)− 3l∗h∗2ξ∗0 tanh

h∗

l∗
− 3l∗2

(
h∗ − l∗ tanh

h∗

l∗

)
The non-dimensional film thickness is given by
h∗ = α+ (1− α)x∗ where α = h1

h0
is taper ratio. The pressure field boundary conditions are

p∗ = 0 at x∗ = 0, 1(Ambient Pressure) (2.13)

Solving equation (2.12) subject to conditions of (2.13) pressure becomes

p∗ =

x∗∫
x∗=0

G(h∗, s∗)−Q
f1(h∗, s∗, l∗)− 12ψ

(1−β)
dx∗ (2.14)
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where

Q =

1∫
x∗=0

G(h,∗s∗)

f1(h∗,s∗,l∗)− 12ψ
(1−β)

dx∗

1∫
x∗=0

1
f1(h∗,s∗,l∗)− 12ψ

(1−β)
dx∗

By letting the minimum film height be constant and letting squeezing velocity be zero, the di-
mensionless load carrying capacityw∗is

W ∗ =

1∫
x∗=0

p∗dx∗ =

1∫
0

x∗∫
x∗=0

G(h∗, s∗)−Q
f1(h∗, s∗, l∗)− 12ψ

(1−β)
dx∗dx∗ (2.15)

The non dimensional frictional force is

F ∗ =

1∫
0

 s∗

(1 + s∗h∗)
−


(
h∗(1 + s∗h∗)− l∗ tanh h∗

l∗

)
{G(h∗, s∗)−Q}

2(1 + s∗h∗)
{
f1(h∗, s∗, l∗) +

12ψ
(1−β)

}
 dx∗ (2.16)

The coefficient of friction is

C =
F ∗

W ∗
(2.17)

The location of the centre of pressure where the resultant force acts is

X =
1
W ∗

1∫
0

p∗x∗dx∗ (2.18)

The temperature rise in non-dimensional form is

∆T =
gJρch2

0
2µUL

∆t =
F ∗

C1
(2.19)

3 Results and discussion

The performance of the porous plane slider bearing is analyzed with the aid of various non-
dimensional parameters viz; slip parameter s∗, permeability parameter ψ and the couplestress
parameter l∗.

Non-dimensional Pressure(p∗)

The graphs illustrated in Fig:2 and Fig :3 represents variation in Non-dimensional pressure p∗
against x∗and the comparison is shown between slips∗ = 0.5 and non slip s∗ = ∞ cases and
is viewed that more pressure generated in non-slip case. In Fig: 2, by fixing ψ = 0.01, β =
0.3, a∗ = 1.2and by varying l∗ the pressure p∗is found to be increasing. In Fig:3 by fixing
l∗ = 0.3, β = 0.2, a∗ = 1.2and increasing ψ values through (0, 0.01, 0.1),p∗ is found to be
decreasing.

Non -dimensional load (W ∗)

Fig. 4 and Fig. 5 illustrates the variation of W ∗against a∗by considering slip and non-slip
conditions. In Fig :4 it is observed that as l∗ increases through the values (0,0.3,0.6)W ∗increases
and in Fig.5 ,W ∗decreases with increasing ψ from (0.0 to 0.1). It is also visible that non-slip
condition is having better load carrying capacity.
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Non-dimensional friction (F ∗)

Fig 6 and Fig:7 illustrates the variation of F ∗against a∗. It is seen F ∗ increases with increasing
values of l∗ and decreases with increasing values of ψ. It is also clearly visible that F ∗ is more
for non-slip conditions.

Coefficient of Friction(C)

Fig.8 and Fig.9 illustrates the variation of coefficient of friction against a∗.It is seen that C
decreases with increasing values of l∗ and increases with increasing values of ψ. It is also visible
that coefficient of friction is more in non-slip conditions.

4 Conclusion

The capacity for bearing the load (W ∗), Force of friction(F ∗), coefficient of friction(C), centre
of pressure(X)rise in temperature (∆T ), depending on various non-dimensional parameters like
permeability parameter(ψ), couplestress parameter l∗, slip parameter(s∗) is analysed . Based on
it the following conclusions are made:

• (W ∗, F ∗, C)decreases with increasing value of (s∗). Therefore the slip should be min-
imised for the overall augment performance of the bearing.

• W ∗ andF ∗ increase with increasing values of l∗, but decreases C.

• W ∗ and F ∗decreases with increasing values of ψ. Therefore the adverse effect of porosity
can be mitigated by suitably choosing additives of proper size.

5 Nomenclature

L Length ofthe inclined part of the bearing
H porous layer thickness
k permeability of the porous medium
l∗ couplestress parameter
p pressure in the porous surface
s = α/

√
k slip parameter

W ∗ Non-dimensional load
F ∗ Non-friction coefficient of friction
u, v velocity components of the lubricant
α dimensionless slip parameter
β = η/µ Ratio of microstructure to porous size
µ0 viscosity
µ Newtonian viscosity coefficient
ψ Permeability parameter
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[6] K. C. Patel, and J. L. Gupta, Hydrodynamic lubrication of a porous slider bearing with slip velocity , Vol.
85, 309-317 (1983).

[7] R. C.Shah, and M. V.Bhat, Ferrofluid lubrication in porous inclined slider bearing with velocity slip
,International Journal of Mechanical Sciences, Vol. 44(12), 2495–2502 (2002).

[8] N.M.Bujurke, N.B.Naduvinamani and G.Jayaraman, Theoretical modeling of poro-elastic slider bearings
lubricated by couple stress fluids with special reference to synovial joints , Appl. Math. Modeling, Vol.
15, 319-24 (1991).

[9] N.B.Naduvinamani, S.T. Fathima, and P.S.Hiremath, Hydrodynamic lubrication of rough slider bearing
with couple stress fluid , Tribology International, Vol.36, 949-59 (2003).



102 Santhosh, Hanumagowda, Sreekala, Padmavathi

[10] J.R. Lin, Squeeze film characteristics of long partial journal bearings lubricated with couple stress fluids
Tribology International, Vol. 30, 53-58. (1997).

[11] N.M. Bujurke and G. Jayaraman, The influence of couple stresses in squeeze films International Journal of
Mechanical Science, Vol. 24, 369-76 (1982).

[12] V.T. A.Morgan, and Cameron, Mechanism of lubrication in porous metal bearings Proc. Conf. on Lubri-
cation and Wear, London, 151-157,(1957).

[13] N.M.Bujurke, S.G. Bhavi, and N.B. Naduvinamani, The effects of couple stresses in squeeze film poro-
elastic bearings with special reference to synovial joints IMA J. Math. Appl. Medicine Biol., Vol. 7,
231-243,(1990a).

[14] N.M. Bujurke, H.P.Patil, and S.G.Bhavi, Porous slider bearing with couple stress fluid Acta Mech., Vol.
85, 99-113,(1990b).

[15] N.M Bujurke, N.B Naduvinamani, S.S. Benchahalli, Secant-shaped porous slider bearing lubricated with
couple stress fluid Industrial lubrication and Tribology, vol. 57 (4),155-160,(2005).

[16] G. Beavers, and D. Joseph , Boundary conditions at a naturally permeable wall Journal of Fluid Mechan-
ics 30, 197-207(1967).

[17] G. K. Kalavathi,P. A. Dinesh, and K.Gururajan, Influence of roughness on porous finite journal bearing
with heterogeneous slip/no-slip surface Tribology International, 102, 174– 181(2016).

[18] N. D.Patel and G. M. Dehri, Hydromagnetic Lubrication of a Rough Porous Parabolic Slider Bearing with
Slip Velocity Journal of Applied mechanical Engineering Vol 3, 1–8,(2014).

[19] M. H. Oladeinde, and J. A. Akpobi, A study of load capacity of finite slider bearings with slip surfaces
and stokesian couple stress fluids (2010).

Author information

Santhosh Kumar J1., Hanumagowda B. N1. , Sreekala C.K2., and Padmavathi R.2, 1Department of Mathemat-
ics, School of Applied Sciences, REVA University, Karnataka, India. 2Department of Mathematics, NMIT,
Bangalore, India, India.
E-mail: ratnamsantosh83@gmail.com

Received: Dec 23, 2020.
Accepted: Mar 15, 2021.


	1 Introduction
	2 Mathematical formulation
	3 Results and discussion
	4 Conclusion
	5 Nomenclature

