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Abstract

A theoretical investigation is carried out to study the steady and dynamic performance of a porous land tapered slider
bearing lubricated with an electrically conducting couple-stress fluid under the influence of an external magnetic field. The
governing modified Reynolds equation is formulated by incorporating the effects of porosity, couple-stress fluid behavior,
and magnetohydrodynamics. Variations of steady-state pressure distribution, load carrying capacity, dynamic stiffness, and
damping coefficient are illustrated graphically. The results indicate that an increase in the permeability parameter leads to a
reduction in steady pressure, load capacity, stiffness, and damping characteristics, whereas these performance parameters
are significantly enhanced with increasing magnetic field strength and couple-stress fluid parameter.

Keywords: MHD, Couplestress fluid, Land Tapered Slider, Porous, Dynamic stiffness, and Damping Coefficient.

Introduction

The main advantage of porous bearings is that they do not
require an external oil supply once the bearing material is
impregnated with lubricant during manufacture. In modern
machinery and mechanisms, increasing rotational speeds, higher
impact loads, and the use of advanced structural materials
demand efficient and reliable bearing systems. Porous bearings
have proven to be highly effective due to their self-lubricating
characteristics, low initial cost, design simplicity, and the ability
of the lubricant to penetrate and remain within the pores
throughout the bearing’s operational life.

The fundamental aspects of hydrodynamic lubrication in porous
metal bearings were first studied by Morgan et al." who
identified the critical conditions necessary for -effective
lubrication. Later, Sanni and Ayomidele? investigated
hydrodynamic lubrication in porous slider bearings without
assuming a small porous facing thickness, providing a more
realistic analysis. Prakash and Vij*> demonstrated that porosity
reduces the load-carrying capacity of inclined slider bearings.
Since then, numerous studies have explored different
configurations and characteristics of porous bearings.

The application of magnetic fields introduces an additional
mechanism to control and enhance tribological performance.
Since liquid metals are good electrical conductors, the
application of electromagnetic forces can significantly improve
bearing characteristics. Shukla* analyzed magnetohydrodynamic
(MHD) effects in composite slider bearings and showed that
load-carrying capacity increases with magnetic field strength.
Agrawal and Bhatt’ studied MHD effects in porous inclined
slider bearings and found that magnetization of lubricant
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particles enhance load capacity without increasing friction.
Hughes® investigated MHD step slider bearings using
electrically conducting lubricants and reported substantial
improvements in load capacity under both transverse and
tangential magnetic fields. Ramanaiah’ determined the optimal
load capacity of parallel plate slider bearings under non-uniform
magnetic fields using variational methods. Rodkiewicz and
Anwar® examined MHD characteristics under arbitrary magnetic
field conditions. Lin et al.® studied dynamic stiffness and
damping, concluding that magnetic fields enhance both
properties. Naduvinamani et al.!° further analyzed static and
dynamic characteristics of slider bearings lubricated with couple
stress fluids under magnetic field influence.

The theory of couple stress fluids, introduced by Stokes'!,
accounts for microstructural effects such as body couples and
asymmetric stress tensors, making it suitable for analyzing non-
Newtonian lubricants. Several researchers'>' have applied this
theory to lubrication problems and demonstrated improved
bearing performance. Naduvinamani et al.'® studied MHD
effects on circular stepped bearings with couple stress lubricants
and observed increased load capacity and prolonged squeeze
film time. Hanumagowda'® analyzed the combined effects of
MHD and couple stress on plane slider bearings and reported
improvements in both steady-state and dynamic characteristics.
Further studies by Hanumagowda and co-authors'723 extended
this work to land-tapered and porous exponential slider
bearings.

However, a detailed study on the steady and dynamic
characteristics of MHD porous land-tapered slider bearings
lubricated with couple stress fluids has not been sufficiently
addressed in the existing tribological literature. Therefore, the
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present work aims to investigate these characteristics, providing
a comprehensive analysis of the combined effects of porosity,
magnetohydrodynamics, and couple stress fluid behavior on
bearing performance.

Mathematical formulation

Figure-1 shows the geometry of porous land tapered slider
bearing of length L lubricated with electrically conducting
couple stress fluid. The bearing configuration consists of two
surfaces separated by a lubricant film. The x-axis is taken along
the lower plane across its length, while the y-axis is taken across
the lubricant film. The lower surface is moving with a velocity
U in its own plane and has a porous matrix of uniform thickness

0 and a squeezing velocity dh/dt, where t is the time in the y-
direction.
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The film thickness for the inclined plane slider beating can be
written as

h(x,t)=h, () +h (x) (5a)
d[l—ij, 0<x<I,
h(x) = L, (5b)

0, L <x<L

where /,(?) is the minimum film thickness, d is the difference of

steady inlet-outlet thickness.

The relevant boundary conditions are
At the upper surface y=h

o’u oh
u=07—==0y=2"

6
oy ot ©

At the lower surface y=0
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In the porous matrix, the components of velocityu” and v°
follows Darcy’s law are given as:

u =— k P +0E,B, |, (8)
kdB? \\ Ox
pl1=p+—"
um
. k op
Vo= )
u(1-p) oy

In the above, the symbols p* and k represent the pressure
distribution and the permeability parameter in the porous region
respectively, O is the porous layer thickness and /3 is the ratio

of microstructure size to pore size (= (77/ 1)/ k)

The boundary conditions for the pressure p* in the porous

matrix one can consider as

op
oy

=0, (Solid blocking) (10)

y=0

P (x,0)=p(x,0).
(Continuity of pressure at the interface)

(11)

The continuity equation in the porous region is given by
ou"  ov’
S,
ox 0Oy
Using the velocity components %" and V" in Equation (12) and

integrating once with respect to y over the porous layer
thickness with conditions (10) and (11), gives

_ M E(‘3L&<+<7EBJ
z0

(12)

*

= 13
=0 pc® ox\ ox (1
ron? )"
Wherec=[1—ﬂ+ 0]
Lm

Solving equation (1) using the boundary conditions (6), (7) and

the condition (4), the velocity component is expressed as
U n.hog

U=——r 'm0 p

om0 2, 14
2" 20uM;? ox (9
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=1 =Ty, 1 =y —h fordMOE [, <1 (150)
I =ty Ty, 1y =Ty — Ty for MG [, =1 (15b)
K=y Ty, 1y =y — 1y, for &M [R2, >1  (150)

2
M, = B,h,, (O‘/,u) and 17/ p =1

The MHD Reynold’s equation for land tapered porous slider
bearing profile lubricated with non-Newtonian fluid one can
obtained as

0 0 Oh oh
—{f(h,l,Mo) p} 6U L 4122 (16)
X ox ox ot
where
6h2, A -B kam’ ) 21 22 /2
”IM {A Bl 7 Ah{l hczhwj—h} for aml 2, <1 (17)
B 21
62 Cosh h/J—l +1 kM 20| 222
[, M) = b2 {&/’mh (/3 h//L e hm“]ff} for 4MZ21* /12, =1
6, h* [ M

(CosB,h+ CoshAh
a o oshah) ( KM ) 20 o angze 12, 51
M | b, ASmBthBSmhAh)L hh, ) h

4, =(B, - 4,Cot6), B, = (4, + B,Cot0)

Using the following non-dimensional quantities

. . x . pr
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in equation (16), the non-dimensional MHD and couplestress
Reynolds equation is expressed as

d - op|  dd (1-x on’
*{f(h ,l,w,Mo)—*}=6{(—*)}+12 )
X ox dx ot
Where
B =R )+ () (192)
. *[—Xi], o=x =L (19b)
h(x )= L,
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12’“‘2{(“ =57 (1+W)f} oo <r (20)
AT
e th 1+ Cosh(\2'[I') +.,w [ P—
JLpi= {(3/\/')31;111(\/71 i)~ 11/1)[1 e ] '}f M=t
1217 {MU(CO.?B‘}: +CoshAh )[HWM ]74 S
I'M2 | A,SinB K" + B, Sinhdh’ e ) !
A P
1 |
. :{1+(1122M§)A} 5 :{1(1122M§)A}

International Science Community Association

Res. J. Recent Sci.

A =\2M, [T Cos(6)2), B = Jaua, /7 sin(6)2),
0 - ta (W)A = (B - 4;Cotd"),
B, =(4 + B Cotd")

Reynolds equation in Region I

alz}=6* ST} (21)
X

X

0
ox

* {f(h*!l*ﬁl//!M

Reynolds equation in Region II

—f(h I M, —i} =12V

(22)

Integrating equation (21) and (22) w. r. t. x"twice, and using the
pressure boundary conditions F, = 0 at x =0, B =Patx’

=L,"and P, =0at x" =1gives the MHD and couple stress

film pressure

Region |
P =6S,(0,x)+12V"5,(0,x") + C,S,(0,x")S

where
. d'[l—z—:] . .
X
S(Ox)ﬂjoﬂhl gy &S0 = }Iouhl,wM)

1
5,0,x)= [ ——————dx
I,ﬂf(h oy M)

(23)

Region 11
P, =12V"S,(1,x" )+ C,S;(1,x") (24)
where

de(x)j~ !

RS AW '//Mo)

Sy = j,,f(h Iy M,)

where V' = dh:; /dt'is the

velocity, and

non-dimensional  squeezing

The load per unit width is given by
L
w= bI pdx
By letting the minimum film height be constant and letting

squeezing velocity be zero, the dimensionless load carrying
capacity is

[de + j Pdx’

x'=0 X=I
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W' =68,(0,L,")+12V"{S,,(0,L,) + Sy (L, D} + C, {su (0,L,")+ 8, (L,‘,l)}

Where
o] o
8,,(0,L") = Unmm dx', 8, (0,L) = HW ¥ dy 25)
1 .
Sp(L D) = ”7,« i WM)dxdx ,S,,(0,L) = [O Ioif TR, i’ dx
Sy (L) = ”7/( RN, dx'dx”

By letting the minimum film height be constant and letting
squeezing velocity be zero in equations (21) and (22), the

*
dimensionless steady film pressure p. and the dimensionless

load carrying capacity WS* is given by

Region I
P, =68,(0,x)+C,S(0,x) (26)
Region II
P, =C, Si(Lx) @n
W =68, (0L +C{S0y(0.L)+ 8,51 g

6S,(0,1,")
{8,0,,7)-8,(1,L")}

Ls

where
e {l_fj q 1
S0, = | ———=——ax’,S,(0,1,) = jidx
oS WLy M) oS Ly M)
L 1
S, (laLy): — e dx
e If (I v, M)

Differentiating MHD film force partially with respect to

dimensionless minimum film thickness and thereafter taking the

value under steady state gives the dimensionless linear dynamic

stiffness coefficient is given by

o ]--[6&6 o0L) {(s.(o,zq‘ W(LL)(S,0,L) - (8,0,L)(S, (0.1~ 5,,(L,L)
(S;(o, L)-S0.L0)

5i=-

(

oh’

m

(8, (0.1 )+ S,(L )46, (S,0.1)+8,(L,D)]
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i e L
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Differentiating MHD film force partially with respect to
dimensionless squeezing velocity and thereafter taking the
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value under steady state gives the dimensionless linear dynamic
stiffness coefficient is given by
(30)

D, =- (;LV):—IZ{S (0,L)+S, (L} + {

where

12(8,(0.L)-5,(0.L")) . .
0L 50l ORI+ )

L N
85,010 = [ ———

L .
———dx, 0,L, 2
) Ty S0 If(

X’
K.y M,)

Results and Discussions

The effect of permeability on MHD bearing lubricated with
couple stress fluid is analysed under the steady state condition.
The permeability parameter  signifies the effect of
permeability resulting from the fluid which flows into the
porous matrix, signifies the effect of couple stresses resulting
from additives added to Newtonian fluid, the Hartmann number
H signifies the effect of magnetic field resulting from an
externally applied magnetic field. The results of Naduvinamani
et al.'’ can be recovered as a limiting case with y—0 for solid
case and also Siddaram Patil'® studied the static and dynamic
characteristics of porous MHD plane inclined slider bearing
lubricated with couple stress fluid

Steady film pressure: Figure-2 shows the variation of non-
dimensional steady film pressure Ps* with non dimensional
coordinate x* for different values of Hartmann number M) It is
observed that, the pressure increases for the increasing values of
the Hartmann number M) and as x* value increases the pressure
Py* increases and reaches its maximum then starts decreasing.

Figure-3 shows the variation of non-dimensional steady film
pressure Ps* with on dimensional coordinate x*, for different
values of couple stress parameter /*. It is observed that, the
presence of couple stresses increases Ps* in the film as
compared to the corresponding Newtonian case and as x* value
increases the pressure P* increases and reaches its maximum
then starts decreasing.

Figure-4 depicts the variation of non-dimensional steady film
pressure Ps* with on dimensional coordinate x*, for different
values of A, *. It is observed that, the pressure increases for the
increasing values of the non-dimensional minimum film height
hx" and as x* value increases the pressure Py* increases and
reaches its maximum then starts decreasing.

Figure-5 shows the variation of non-dimensional steady film
pressure Ps* with permeability parameter y, for different values
of couple stress parameter /* It is observed that, as the
permeability parameter takes higher values, the pressure starts
decreasing. Whereas the effect of permeability is marginal in
the presence of magnetic field.

Steady load carrying capacity: Figure-6 shows the variation
of non-dimensional steady load carrying capacity Ws* with the
profile parameter d* different values of the Hartmann number
M,. It is observed that the non dimensional load carrying
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capacity increases with increasing values of d* until maximum
is obtained, there after decreases with increasing values of d* at
which W, attains maximum value.

Figure-7 shows the variation of non-dimensional steady load
carrying capacity Ws" with the profile parameter d* for different
values of couple stress parameter /*. It is observed that the non
dimensional load carrying capacity increases with increasing
values of d* until maximum is obtained, there after decreases
with increasing values of d* at which W," attains maximum
value.

Figure-8 shows the variation of non-dimensional steady load
carrying capacity Ws" with the profile parameter o, for different
values of %,*. It is observed that the non dimensional load
carrying capacity increases with increasing values of d* until
maximum is obtained, there after decreases with increasing
values of d* at which " attains maximum value.

Figure-9 shows the variation of non-dimensional steady load
carrying capacity Ws with permeability parameter v, for
different values of couple stress parameter /*. It is observed
that, as the permeability parameter takes higher values, the
pressure starts decreasing. Whereas the effect of permeability is
marginal in the presence of magnetic field.

Dynamic stiffness: Figure-10 depicts the variation of dynamic
stiffness S;" with the profile parameter d* different values of the
Hartmann number M, ". It is observed that the dynamic stiffness
increases with increasing values of ¢ until maximum is
obtained, there after decreases with increasing values of d*.

Figure-11 depicts the variation of dynamic stiffness S;° with
the profile parameter d* different values of the couple stress
parameter /", It is observed that the dynamic stiffness increases
with increasing values of until maximum is obtained, there
after decreases with increasing values of d*.

Figure-12 depicts the variation of dynamic stiffness S,* with the
profile parameter d* different values of the /,". It is observed
that the dynamic stiffness increases with increasing values of d*
until maximum is obtained, there after decreases with
increasing values of d*.

Figure-13 shows the variation of non-dimensional steady load
carrying capacity Sq with permeability parameter w, for
different values of couple stress parameter /*. It is observed
that, as the permeability parameter takes higher values, the
pressure starts decreasing. Whereas the effect of permeability is
marginal in the presence of magnetic field.

Damping coefficient: Figure-14 depicts the variation of
damping coefficient D," with the profile parameter & different
values of the Hartmann number M,. It is observed that the
damping coefficient decreases with increasing values of 6,
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Figure-15 depicts the variation of damping coefficient D, with
the profile parameter d* different values of the couple stress
parameter [*. It is observed that the damping coefficient
decreases with increasing values of d*.

Figure-16 depicts the variation of damping coefficient D, 'with
the profile parameter d* different values of 4,,". It is observed

that the damping coefficient decreases with increasing values of
d*.

Figure-17 shows the variation of non-dimensional steady load
carrying capacity Dy;* with permeability parameter w, for
different values of couple stress parameter /. It is observed that,
as the permeability parameter takes higher values, the pressure
starts decreasing. Whereas the effect of permeability is marginal
in the presence of magnetic field.
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Figure-1: Schematic diagrams of porous land tapered slider
bearing.
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Figure-2: Variation of steady film pressure P¢ with x* for

different values of Mywithh;,= 0.8, [*=10.3, y =0.001, oo = 0.6,
8=10.6,p=0.1,m=0.06.
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Figure-3: Variation of steady film pressure P; with x* for
different values of /* with h,,= 0.8, My =2, = 0.001, a = 0.6,
&= 0.6, p=0.1, m = 0.06.
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Figure-4: Variation of steady film pressure P¢ with x* for
different values of hy, with [* = 0.3, My =2,=0.001, o= 0.6, &=
0.6, p= 0.1, m = 0.06.
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Figure-5: Variation of steady film pressure P; with iy for
different values of /* with h;,, = 0.8, My=1, a= 0.6, 5= 0.6, f =
0.1, m =0.06, x*= 0.5.
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Figure-6: Variation of steady load carrying capacity Wg with
d* for different values of Mywith hy, = 0.8, [*=0.3, =0.001, a
=0.6,4 =0.1, m =0.06.
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Figure-7: Variation of steady load carrying capacity Wg with
d*for different values of /* with h;,, = 0.8, My =2, = 0.001, a=
0.6, p=0.1, m = 0.06.
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Figure-8: Variation of steady load carrying capacity W with
d* for different values of hj, with /* = 0.3, My=2, #=0.001, a
=0.6,5=0.1,m=0.06.
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Figure-9: Variation of steady load carrying capacity Wy with
Yior different values of [* with h;,, = 0.8, My =1, a= 0.6, &~
0.6, p=10.1, m = 0.06.
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Figure-10: Variation of dynamic stiftness coefficient S; with d*
for different values of Mywith hy, = 0.8, [*=0.3, »=0.001, a =
0.6,4=0.1, m=0.06.
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Figure-11: Variation of dynamic stiffness coefficient S; with
d* for different values /* with hy, = 0.8, My=2, =0.001,a =
0.6, =0.1, m=0.06.
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Figure-12: Variation of dynamic stiffness coefficient S; with

d* for different values of hy,with /* = 0.3, My=2, =0.001, a
=0.6, =0.1, m=0.06.
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Figure-13: Variation of dynamic stiftness coefficient S; with ¥
for different values /* with h;, = 0.8, My=1,a =0.6, 5 = 0.6,
£ =0.1, m=0.06.
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Figure-14: Variation of dynamic damping coefficient D; with
d* for different values of M, with h;,, = 0.8, [* = 0.3, =0.001,
a =0.6, =0.1, m=0.06.
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Figure 15: Variation of dynamic damping coefficient D; with
d* for different values of /* with h;,, = 0.8, My=2, =0.001, a
=0.6, =0.1, m=0.06.
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Figure-16: Variation of dynamic damping coefficient D; with
d* for different values of hy,with /* = 0.3, My=2, =0.001, a0 =
0.6, =0.1, m=0.06.
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Figure-17: Variation of dynamic damping coefficient D; with
Y for different values of /* with h;,, = 0.8, M= 1,0 =0.6, 6=
0.6, =0.1, m=0.06.
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Conclusion

The effect of MHD on couple stress fluid lubricated inclined
land tapered slider bearing with porous is analyzed by deriving
the modified Reynolds equation using Stokes micro-continuum
theory and magneto-hydrodynamic thin film lubrication theory.
The results show that for the porous land tapered slider bearing,
the non-dimensional steady film pressure, non-dimensional
steady load carrying capacity, dynamic stiffness, and damping
coefficient increase with increasing values of the Hartmann
number My and the couple stress parameter [*compared to the
nonmagnetic case (My =0) and Newtonian case (I"=0). These
parameters, except the damping coefficient which decreases,
increase with increasing values of d* until a maximum is
reached, after which they decrease with further increases in d*.
Additionally, the non-dimensional steady film pressure, load
carrying capacity, dynamic stiffness, and damping coefficient
decrease with increasing values of the non-dimensional
minimum film height A, " Similarly, the non-dimensional
steady film pressure, load carrying capacity, and dynamic
stiffness decrease with increasing values of the porous
parameter I/ .
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