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ANALYSIS OF VISCOSITY VARIATION EFFECT IN A WIDE SLIDER
BEARING HAVING AN EXPONENTIAL FILM PROFILE IN THE PRESENCE

OF MHD

E. Sujatha1, G. Lavanya, and E.P. Siva

ABSTRACT. This paper analyses the effect of viscosity variation on a porous
slider bearing with an exponential film profile under the influence of a mag-
netic field. The modified Reynolds equation is derived based on MHD thin film
lubrication theory. Expressions for pressure and load carrying capacity is de-
rived and the same is analyzed for the effect of viscosity variation.

1. INTRODUCTION

Application of lubrication has deep roots in fields of Engineering and Medical
sciences. Characteristics of slider bearings of various shapes have been anal-
ysed by Cameron [1], Pinkus and Strenclicht [2], Hamrock [3]. Various factors
like roughness effect [4], thermal effects [5], inertial forces [6], turbulent flows
[7] influence the nature of slider bearings and have been studied by many au-
thors. Also various fluids like couple stress fluid [8], Ferro fluid [9], micro polar
fluid [10] have been applied as lubricants for analyzing their effects. Lin et al.
[11,12] studied about the stiffness and dynamics effects compared to the static
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effects of a porous slider bearing considering the magnetodynamic effects with
an exponential film.

In this paper the effect of viscosity variation is analysed on a wide and porous
bearing which can slide with a given velocity creating an exponential film pro-
file, when acted upon by magnetic field. Electrical conductivity and thermal
conductivity are very high in electrically conducting liquid metal fluid. This also
helps in immediate conductivity of the heat generated in the bearing. A current
density is developed when an external magnetic field is applied to a lubricant
which can conduct electricity. This results in a production of Lorentz force upon
the fluid film. These effects enhance the characteristics of the slider bearing.

2. MATHEMATICAL FORMULATION

Figure shows the configuration of the MHD wide porous slider bearing. Con-
sider L to be the length of the bearing. The bearing slides in the direction of x
with a velocity U . Let B0 be the traverse magnetic field which is applied uni-
formly in the direction of z. For an exponential slider bearing, the film thickness
h(x, t) is given by the following format:

(2.1) h(x, t) = hm(t). exp
(
−x
L
ln(r)

)
,

(2.2) ln(r) = ln

(
h1(t)

hm(t)

)
,

and

(2.3) .h1(t) = d+ hm(t)

In the above relationship, hm(t), h1(t) and d represents the outlet thickness when
the flow is steady, the inlet thickness when the flow is steady and the shoulder
height respectively. Shoulder height can be defined as the difference between
inlet height and outlet height.

The concept of varying viscosity gains importance from the fact that the ma-
chineries are expected to operate over a wide range of temperature. So the
lubricant taken for operation must be suitable for all such situations. The fact
that the viscosity of the lubricant decreases with increase in temperature can be
coupled with that of variation in viscosity over a given interval of temperature.
As an accurate mathematical relation to predict the variation in viscosity with
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respect to temperature is not known, an empirical relation is developed for the
same.

This relation is given by

(2.4) µ = µ
′
(
h

h0

)γ
.

In the above expression µ
′ represents the known viscosity when the film thick-

ness is h0. The parameter γ represents the viscosity variation parameter which
ranges from 0 to 1. For a perfect gas, γ takes the value 1 and for perfect New-
tonian fluid it takes the value 0. When applying a variation in viscosity, the
assumption that, the change caused by viscosity with temperature can be in-
terchanged with a relationship which the viscosity holds with film thickness is
made. Further, the existence of a thermal equilibrium in such a situation is
assumed to hold true.

FIGURE 1. Geometry of the slider bearing with exponential film

The relevant equations that govern the MHD flow are given by:

∂u

∂x
+
∂w

∂z
= 0 (Continuity Equation)(2.5)

µ
∂2u

∂z2
− σB0u =

∂p

∂x
+ σB0Ey (Momentum equation)(2.6)

∂p

∂z
= 0(2.7)
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In the above equations σ,B0, Ey represents the electrical conductivity, applied
magnetic field and the induced electrical field respectively. The value of lubri-
cants viscosity µ can be replaced with the expression for varying viscosity given
by equation (2.4).

The velocity components of the fluid can be attained subject to the boundary
conditions given by

u = 0, w =
∂h

∂t
on the upper surface given by z = h and(2.8)

On the lower surface z = 0 they are given by u = U and w = 0(2.9)

Since the lower surface slides, the surface z = 0 experiences a velocity u = U .
The velocity component in the direction of x is obtained after substituting the

boundary conditions as

u = U

{
cosh

(
Mz

hm0

)
− coth

(
Mh

hm0

)
sinh

(
Mz

hm0

)}
− h2m0

µM2

(
−∂p
∂x

+ σB0Ey

){
cosh

(
Mz

hm0

)
−1− tanh

(
Mh

hm0

)
sinh

(
Mz

hm0

)}
,

(2.10)

where hm0 represents the minimum film thickness at steady state condition at
the outlet and M represents the Hartmann number. The expression for M is
given by

(2.11) M = B0hm0

√
σ

µ
.

The paper considered here assumes that the bearing surfaces are perfectly insu-
lated. This insulation cuts off the external circuit in the lubricant, which leads
to the approximation of the electric field to be defined by the relation

(2.12)

h∫
z=0

(Ey + uB0)dz = 0.

This relation also guarantees that there is no net current flow in the lubricant.
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The incorporation of equation (2.12) in equation (2.10) gives

u =
U

2

1−
sinh

(
Mz

hm0

)
sinh

(
Mh

hm0

) − sinh

(
M(h− z)
hm0

)
sinh

(
Mh

hm0

)


− h2m0

2Mµ

∂p

∂x

sinh

(
Mh

hm0

)
− sinh

(
Mz

hm0

)
− sinh

(
M(h− z)
hm0

)
cosh

(
Mh

hm0

)
− 1

 .

(2.13)

The continuity equation (2.5) if integrated across the fluid thickness from z = 0

to z = h gives

(2.14)

h∫
z=0

∂u

∂x
dz = −

h∫
z=0

∂w

∂z
dz.

The MHD dynamic equation is obtained by integrating the above equation (2.14)
applying the boundary conditions (2.8) and (2.9),

(2.15)
1

µ

∂

∂x
(g(h,m))

∂p

∂x
= 6U

∂h

∂x
+ 12

∂h

∂t
,

where

(2.16) g(h,m) = 6h2m0hM
−2
(
Mh

hm0

coth

(
Mh

2hm0

)
− 2

)
.

From equation (2.1), h(x, t) = hm(t). exp(−x ln(r)) where hm(t) represents steady
flow outlet thickness can be taken as 1 + ε, ε << 1.

The inlet – outlet ratio can be approximated by r = δ + 1 where δ is the
profile parameter that represents the wedge effect of an exponential shaped

slider bearing and δ =
d

hm0

.

Modified Darcy’s law governs the flow of the lubricant in the porous matrix.
The velocity component in the porous medium is given by

(2.17) u∗ = −k
µ

∂p
′

∂x

[
1 +

kM2

mh20

]−1
,

where p′ is the pressure in the porous region, k represents the permeability in
the porous medium and m, the porosity.

The conditions for the film pressure at the boundary of the bearing surface
are given by p′ = 0 at x = 0 and at x = −1.
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Integrating equation (2.15) twice with respect to x and expressing it in non-
dimensional form, the expression for pressure is obtained as

(2.18) p∗ =
1

µ1

(
h

h0

)γ [6h∗m − 12V ∗

ln(δ + 1)

]
gA(x

∗, h∗m) + c(h∗m, V
∗)gB(x

∗, h∗m),

where V ∗ =
dh∗m
dt∗

is the non-dimensional squeezing velocity.

gA(x
∗, h∗m) =

x∗∫
x∗=0

h∗e(x
∗)

g∗(h∗,M)
dx∗

gB(x
∗, h∗m) =

x∗∫
x∗=0

1

g∗(h∗,M)
dx∗.

The integration function

c(h∗m, V
∗) = − 1

µ1

(
h

h0

)γ [6h∗m − 12V ∗

ln(δ + 1)

]
gAM1(h

∗
m)

gBM1(h
∗
m)

gAM1(h
∗
m) = gA(x

∗ = −1, h∗m) =
−1∫

x∗=0

h∗e(x
∗)

g∗(h∗,M)
dx∗

gBM1(h
∗
m) = gB(x

∗ = −1, h∗m) =
−1∫

x∗=0

1

g∗(h∗,M)
dx∗.

Integration of the film pressure leads to the estimation of non- dimensional MHD
film force given by

F ∗ =
Fh2m0

UL2B
= −

−1∫
x∗=0

p∗dx∗

=− 1

µ1

(
h

h0

)γ {[6h∗m − 12V ∗

ln(δ + 1)

]
GA(h

∗
m) + c(h∗m, V

∗)GB(h
∗
m)

}
,
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where GA(h
∗
m) =

−1∫
x∗=0

gA(x
∗, h∗m) =

−1∫
x∗=0

x∗∫
x∗=0

h∗e(x
∗)

g∗(h∗,M)
dx∗dx∗ and GB(h

∗
m) =

−1∫
x∗=0

gB(x
∗, h∗m) =

−1∫
x∗=0

x∗∫
x∗=0

1

g∗(h∗,M)
dx∗dx∗.

The film pressure at steady state and the work done at the steady state can be
obtained by allowing the minimum film height to be constant and the squeeze
velocity to be zero.

p∗0 =
1

µ1

(
h

h0

)γ [6h∗m]0[gA(x∗, h∗m)]0 + c[h∗m]0[gB(x
∗, h∗m)]0

W ∗
0 = − 1

µ1

(
h

h0

)γ {[6h∗m]0[GA(h
∗
m)]0 + c[h∗m]0[GB(h

∗
m)]0}.

The subscript zero (0) represents the steady state.

3. RESULTS AND DISCUSSION

FIGURE 2. Change in pressure with respect to distance for various
values of viscosity variation parameter.

Form the graph it is observed that as the values of the viscosity variation
parameter increases, the pressure decreases.
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FIGURE 3. Change in pressure with respect to distance for various
values of Hartmann constant (M)

As the values of the Hartmann constant which is involved with the magnetic
field strength increases, the pressure developed also increases.

FIGURE 4. Surface plot of work done when viscosity variation pa-
rameter is 0.01.
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FIGURE 5. Surface plot of work done when viscosity variation pa-
rameter is 0.02.

FIGURE 6. Surface plot of work done when viscosity variation pa-
rameter is 0.03.

Comparing figures 4, 5 and 6 we observe that for a fixed Hartmann constant
M=5, the work done at steady state varies with viscosity variation parameter.
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With an increase in the value of the viscosity variation parameter, the work done
also increases, showing a direct relationship between these two parameters.

FIGURE 7. Surface plot of work done with Hartmann constant
M=3 and viscosity variation parameter µ = 0.04.

Figure 7 and 8 displays the surface plot when the viscosity variation parameter
µ is kept fixed at 0.04 and the Hartmann constant representing the magnetic
field varies from 3 to 5. With an increase in the Hartmann constant, the work
done by the system also increases.

4. CONCLUSION

This paper analyses the effect of viscosity variation parameter on the expo-
nential film bearing coupled with the effect of MHD. The results show that the
pressure decreases with increase in the viscosity variation parameter and the
work done increase with increase in viscosity variation parameter.
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