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SYMBOLS

S

A bearing length (m)

B bearing breadth (m)

f coefficient of friction

f dimensionless coefficient of friction defined in equation (3.29)
F frictional force on the slider (N )

F dimensionless frictional force defined in equation (3.28)

h film thickness (m)

h dimensionless quantity defined in equation (3.21)

h,,h, minimum and maximum values of h (m)

h, squeeze velocity, % (ms™)

H magnetic field strength (A m1)

H magnetic field vector

I sum of moments of inertia of the particles per unit volume (Ns> m~2)
(o integrals defined in equations (3.31), (3.32)

K quantity defined in equation (3.12) (A m~)

Keg Boltzmann constant (J(°K)™)

m magnetic moment of a particle (Am?)

M magnetization vector
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p

saturation magnetization (A m1)

number of particles per unit volume (m™)
film pressure (N m—)

dimensionless film pressure defined in equation (3.21)

g = (u, 0, w)fluid velocity vector

|

X,\¥,Z

I

bl

time (s)

temperature (°K)

slider velocity (ms™)

load-carrying capacity (N)

dimensionless load-carrying capacity defined equation (3.27)
coordinates

x-coordinates of the center of pressure (m)

dimensionless center of pressure defined in equation (3.30)

X

Greek symbols

&

inclination of the magnetic field with the x-axis

squeeze velocity parameter defined in equation (3.21)

central thickness of the convex pad (m)
9
hy
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T

viscosity of the suspension (N s m2)
viscosity of the liquid carrier (N s m~2)

magnetic field strength parameter defined in equation (3.23)
permeability of free space
dimensionless field strength (Langevin’s parameter)

rotational viscosity parameter
defined in equation (3.10) (s)

Brownian relaxation time (s)
magnetic moment relaxation time (s)
ivxq

volume concentration of the particles
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3.1 INTRODUCTION

Slider bearings, in general, are the oldest and simplest bearing technology with wide
range of applications. It is generally used as a part in the composite system of machine used
in many applications, for example — construction machinery, machines with atomic
resolution, propeller, pumps, engines and automobile industries, etc. It has good resistance to
wear, fatigue and corrosion with sufficient strength to support the load. The simplest
hydrodynamic system is the plane slider used in the thrust bearings, journal bearing, etc.
However, slider bearings have disadvantage of higher lubricant requirement due to large
contact area. But with the use of ferrofluid (FF) lubricant this disadvantage can be discarded
because of tendency of FF to retain at the required active contact zone under the influence of
magnetic field effect. A FF or magnetic fluid (MF) is a colloidal dispersion of nano magnetic
particles in a non-conducting carrier liquid. The important property of FF is that, under the
influence of applied magnetic field, it can be made to adhere to any desired location on the
surface, and due to this reason FF gained widespread popularity among the researchers
working on lubrication theory of bearings. Thus, the use of FF lubrication also adds an
additional importance from nano science point of view. Moreover, when the angular
velocities of rotations of the carrier liquid as well as magnetic particles are different,
frictional forces arise. These forces cause an increase in the effective viscosity of the FF, and
it has major impact on the increase of pressure when FF is used as lubricant. Shliomis [1]
studied the above effects of rotations of the carrier liquid as well as magnetic particles in the
FF flow description in addition to magnetic body force. Jenkins [2-4] presented isothermal
static equilibrium theory for FFs. Here, the spin component, which is parallel to the
magnetization, is ignored. In comparison with Neuringer-Rosensweig (NR) FF flow model
[5], Jenkins model distinguishes the volume force density (due to the self-field) from the
external body force. NR model considers only magnetic body force and did not consider any
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rotation effect. Huge amount of work on NR as well as Jenkins models have been carried out
on lubrication theory as compared to Shliomis model. For recent updates on FF lubrication,

the following are some references related to above three models.

The NR model is depended on the assumption that the magnetization vector is parallel
to the magnetic field vector. It is used by many authors [6-14] from different viewpoints to
study lubrication of different bearings. All have shown that the better performances of the
bearing characteristics are obtained owing to use of FF as lubricant. Tipei [6] analyzed
general momentum equations under the assumption of FFs as Newtonian fluids. The short
bearing case is studied. It is shown that the load-carrying capacity increases because of the
effect of magnetic particles. The bearing stability and stiffness are also shown to be
improved. Agrawal [7] studied the effects of MF on a porous inclined slider bearing. It is
shown that the load-carrying capacity increases without affecting the friction on the moving
slider due to the effect of magnetization of the magnetic particles in the lubricant. Chi et. al.
[8] studied new type of FF lubricated journal bearing consists of three pads (one of them is a
deformable elastic pad). The theoretical analysis and experimental investigation shows the
better performance of the bearing as compared to ordinary bearings (which uses conventional
lubricant). Moreover, the bearing is operated without leakage and any feed system. Prajapati
[9] analyzed effect of MF on different shapes of squeeze film bearing designs like circular,
annular, elliptic, conical, etc. It is shown that the load-carrying capacity increases with the
increase of magnetization parameter. It is also shown that the bearing with MF can support a
load even when there is no flow. Shah and Bhat [10] analyzed FF lubricated squeeze film in a
long journal bearing and concluded that as compared to Jenkins model, load-carrying
capacity and response time are more in NR model. Also, it is shown that when magnetic field
is uniform, the rotational viscosity parameter of Shliomis model causes increase in the load-

carrying capacity and response time. Moreover, the non-uniform case of magnetic field is
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also studied. Ahmad and Singh [11] discussed MF based porous pivoted slider bearings with
the effect of slip velocity. The bearing characteristics like load-carrying capacity and center
of pressure are studied. It is shown that load-carrying capacity increases with the increase of
magnetic parameter, whereas it decreases with the increase of slip parameter and
permeability parameter. Shah and Patel [12] discussed effects of various and arbitrary porous
structures in the study of squeeze step bearing lubricated with MF using variable magnetic
field. It is concluded that the load-carrying capacity increases with the increase of length of
the first step as well as with the increase of magnetic field strength. Recently, Shah and
Kataria [13] theoretically discussed FF based squeeze film between a sphere and a flat plate.
It is concluded that loss in the dimensionless load-carrying capacity due to the effect of
porosity is almost zero because of using FF as lubricant for smaller values of thickness
parameter of the porous layer and radial permeability parameter. Shah and Patel [14] studied
squeeze film characteristics between a rotating sphere and a radially rough plate using FF
lubricant. It is shown that better performance of the dimensionless load-carrying capacity is

obtained with respect to various parameters.

The Jenkins model is used by Ram and Verma [15] using simplification suggested by
Maugin [16] to study FF lubrication of a porous inclined slider bearing. They found that due
to the effects of FF and material parameter, the pressure and load-carrying capacity increases.
The assumption of magnetization vector parallel to the magnetic field vector was made in the
study. But studies of Shah and Bhat [17,18] shown that increase in the material parameter
caused decrease in the load-carrying capacity and increase in the frictional force as well as
the coefficient of friction. More recently, Shah and Patel [19] studied MF lubrication of a
porous pivoted slider bearing with the effects of slip and squeeze velocity. It is concluded
that load-carrying capacity can be improved substantially in the presence of squeeze velocity

for smaller values of permeability parameter and increasing values of magnetic field strength.
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Shukla and Kumar [20] used Shliomis model to study the slider and squeeze film
bearings with uniform transverse magnetic field by neglecting relaxation time of particle
rotation. They derived the pressure equation under the assumptions that the FF is saturated so
that the saturation magnetization is independent of the applied magnetic field, and the
magnetic moment relaxation time is negligible. However, Shah and Bhat [21] derived the
pressure equation without above assumptions. The case of squeeze film between curved
annular plates bearing is studied. It is concluded that the load-carrying capacity and
approaching time of squeeze film can be enhanced by increasing the volume concentration of
the solid phase in FF and the intensity of external magnetic field. Shah and Parikh [22]
discussed different shapes of slider bearings. The dimensionless load-carrying capacity with
and without using the effect of squeeze velocity are compared. It is concluded that the load
capacity of all bearings remains constant with the increase of Langevin’s parameter, whereas
it has an increasing tendency with the increase of volume concentration of the particles.
Singh and Gupta [23] studied FF based curved slider bearing with the effect of transverse
magnetic field. It is shown that the effects of rotation and volume concentration of the
magnetic particles improve the stiffness and damping capacities of the bearing. Recently, Lin
[24] derived Reynolds equation for MF lubricated slider bearings using transverse magnetic
field. It is shown that load-carrying capacity, dynamic stiffness and damping characteristics
are improved.

All above studies based on Shliomis FF flow model are with transverse magnetic
field. However, the study of slider bearings with oblique radially variable magnetic field with
squeeze velocity is ignored. The variable magnetic field is important because of its advantage
of generating maximum field at the required active contact zone in the bearing design system.
The squeeze effect is included because it generates an additional pressure. The Shliomis

model is considered because it behaves differently in the case of variable magnetic field.
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Hence, there is a need of the present study. Thus, the present study considers Shliomis model
with the effects of oblique radially variable magnetic field and squeeze velocity to derive
modified Reynolds equation for the study of lubrication of different slider bearings. Different
slider bearing designs are made up of various stators shapes (inclined, exponential, secant,
convex and parallel) and flat parallel sliders. While deriving Reynolds equation, continuity
equation is used for the film region. Using Reynolds equation, general form of pressure
equation is derived and expressions for dimensionless load-carrying capacity, frictional force,
coefficient of friction and center of pressure are obtained. Using these expressions, results for
different slider bearings are computed for different parameters and compared. The pressure
equation derived in the present case is of more general nature and different than all previous
studies [20-24]. The case of sample magnetic field is considered in the present analysis.

However, the study with other forms of magnetic field can be discussed similarly.
3.2 THE PROBLEM AND ITS MATHEMATICAL FORMULATION

Figures 3.1-3.5 shows physical configuration of the different slider bearing designs
under consideration, which are infinite in y-direction. The lower surface is a slider of length A
along the x-axis and moving with uniform velocity U in x-direction. The upper surface is a

stator of various shapes (inclined pad, exponential pad, secant pad, convex pad and parallel
pad) and having a normal velocity (known as squeeze velocity)h,, where h; being the

minimum value of the film thickness h. The maximum value of h is h2 and B is the bearing
breadth with A<<B. As shown in figures the gap between slider and stator is known as film

region and is filled with FF lubricant.

With usual assumptions of lubrication, steady flow, neglecting inertia terms and the

second derivative of the internal angular momentum S , the equations governing the FF flow

by Shliomis model [1,21] are as follows.
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Equation of Motion

~Vp+nVZq+u,(MeV)H +2iV><(§—IQ) =0,
T

S

Equation of Internal Angular Momentum

S = 1Q+ uyr,(Mx H),
Equation of Magnetization

M = MOE+T—B(§><M),

H |
Equation of Continuity
V [ ] q = O,

Maxwell’s equations

VxH=0,

Ve(M+H)=0,

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

where p is the pressure, # is the viscosity of the suspension, po is the permeability of free

space, H is the applied magnetic field vector, H is magnetic field strength, M is the

magnetization vector, q=(u,0,w) is the fluid velocity, | is the sum of moments of inertia of

the particles per unit volume, Q=1Vxq, 7, is the Brownian relaxation time, z, is the

magnetic moment relaxation time and Mo is the equilibrium magnetization.

Using equation (3.2), equations (3.1) and (3.3) becomes
~Vp+7V2q+ (M eV)H +%Vx(MxH) =0

and

(3.7)
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M=M E+T QxM—MMx(MxH). (3.8)
oy "B I

For a strong magnetic field z, cannot be neglected (however, Shukla and Kumar [20]

neglected z, in their analysis). Then equation (3.8) can be approximated as (refer [1,21])

M:%(H+?QXH), (3.9)
where
7= % . (3.10)
1+ (pueM Hrgr, /1)

Choose an external oblique radially variable magnetic field similar to [12]

H = H(x)(cos &, 0,sin &) (3.11)

with magnetic field strength

H(x)=K x (A=X) (3.12)

as shown in figures 3.1-3.5 for considering active contact zone in the neighbourhood of
x = A2, where K being a quantity chosen to suit the dimensions of both sides of equation
(3.12). Such a field attains maximum at x = A/2 and vanishes at x = 0 and x = A. Also, «
being inclination of the magnetic field with the x-axis. This is the case of one sample
magnetic field. For other active contact zones, suitable form of magnetic field strength can be

chosen.

By assuming that the velocity gradient across the film predominate, equation (3.9) for

small zand Q =3V xq implies

11|Page



MxH =-M,H%X. (3.13)

The x-component of the equation (3.7), using equation (3.9) and (3.13), implies

op ou dH M H7 d%u
-4 p—4uM, —4+ 00—~ ~_0, 3.14
ox oz MO gy 4 o7t (3.4

which on simplification yields

o°u 1 d dH
| = _ (—p—,quo—j. (3.15)

o ( ,uOMOHrj dx dx

g1yt
4n

Defining the following quantities for a suspension of spherical particles [1,21]

M, =nm(coth —1) §=M . =377V y_? . :L T:§¢f—tanhf
0 &7 kBT 1¢B kBT ] nl s 6}’]@, 2 —é"+tanh§’
(3.16)
equation (3.15) takes the form
2 .
a—l:= L 9 nkrimsne ) (3.17)
0z n@+7)dx

where n,m, kg, T, @and z are respectively the number of particles per unit volume,

magnetic moment of a particle, Boltzmann constant, temperature, volume concentration of

the particles and the rotational viscosity parameter.

Solving equation (3.17) under the no-slip boundary conditions [25,26]

u=U when z=0, u=0when z=h, (3.18)

yields
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u=U (1—E]+Mi(p—nk8ﬂn Si”h‘f]. (3.19)
h) 2n(1l+7)dx ¢

Substituting equation (3.19) into the integral form of continuity equation (3.4) for the

film region
h
ﬁj‘u dz+w, —w, =0,
aXO

the modified Reynolds equation obtained for the present study as

d h? d sinh¢ dh .
— | o= | P—nkgT In——=||=6nU —+127,h,, 3.20
dx [(1+r)(1+g¢) dx [ Pl In— H i+ 12mh, (3.20)

where w, = h, (squeeze velocity), wo=0 (as the lower plate is impermeable) and
n=nl+39),
which is the viscosity of the suspension in which ; is the viscosity of the carrier liquid.

3.3 SOLUTION

Introducing the dimensionless quantities

X = , ﬂ=——.,,u SELLILLE (3.21)

X
A!

and using equation (3.12), equation (3.20) becomes

d d J_ . (sinhg) (. d
d—x{ed—x{p ,uln[—gg JH_GdX (h-BX), (3.22)

where
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h? 4 HoMKA®

=————— £=AX([1-X), 3.23
1L+7)1+59) g ( ) KT (3.23)
Solving equation (3.22) under the boundary conditions [25,26]
p=0 when X =0,1, (3.24)
yields
.. (sinhé) Fh-BX+Q
p=u In( j+6 dx, (3.25)
I
where
tBX-h
| o
=0 - 3.26
Q j o (3.26)
. G

The load-carrying capacity W of the bearing, frictional force F on the slider, the

coefficient of the friction f and the position X of the center of pressure are defined,

respectively as

B A
] A 0 o N R Y
W = [ [ pdxdy, F:n”a— dxdy, = X=43
00 00 921, J'J'pdxdy
00
and can be expressed in dimensionless forms as
—  hWw ee PX -
W=——1—=4l -6|—=(h-X+Q)dX, 3.27
—ORE = H !G( AX+Q) (3.27)
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£-_nF :(1+g¢jﬂ%+%(ﬁ—ﬂx +Q)}dx, (3.28)

?:A—fZE, (3.29)
h W
D S T S D S
X—K—ﬁ{pl —6OE(h—,BX+Q)dX] (3.30)
where
1
"= A[ X (1-2X) (%—coth 5] dX, (3.31)
0
1" = A[ X*(@-2X) @—cothfj dx. (3.32)
0

3.4 NUMERICAL RESULTS AND DISCUSSION

The values of the bearing characteristics W, F, f and X given by equations (3.27)-
(3.30), respectively are computed using Simpson’s one-third rule with step size 0.1 for
different values of the magnetic field strength parameter A and squeeze velocity parameter S

for various stators shapes (inclined pad, exponential pad, secant pad, convex pad and parallel

pad).
The representative values of the parameters taken in computation are [21,25]

a=2, A=002m, h; =0.000025m, k,=1.38x 102 JCK)™,

T=297°K, uom=175x10%JAm, U=6.28ms?,
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@ =0.0075, V=102x10%5m3 5, =12x102Nsm?, §5=0.06

h, = —0.02 (ms™) (whenever fixed) H ~ O (10°) (whenever fixed)

with the relations

A=4max &, K=2.3429 x 108 max ¢ (A m™).
Also, for smaller values of &,

&—tanh¢ 0

cothé—1—>0,
& E+tanh ¢

The calculation of magnetic field strength is shown below:
From equation (3.12),
H=KXx(A-Xx)
Max H =10*K
For H =0(10*), K =0(10°)
With reference to the various stators shapes (inclined pad, exponential pad, secant
pad, convex pad and parallel pad), the slider bearing designs referred here as inclined slider

bearing, exponential slider bearing, secant slider bearing, convex slider bearing and parallel

slider bearing, respectively. Accordingly using subscriptsi, e, s, c, p, the following shapes

are taken in computation.
h=h=a-(a-1)X; 0<X<1
h=h, =aexp(-XIna); 0<X <1

h=h =secft(1-X)}; 0<X<1
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h=h =40X*—(a—1+40)X +a; 0<X<1

where

h,
h,

a=-2 0=

k2
h
and ¢ is the central thickness of the convex pad.

The computed results for different bearing characteristics are displayed graphically in

figures 3.6-3.13.

Figures 3.6 and 3.7 show the variations in dimensionless center of pressure X as a
function of magnetic field strength parameter A and squeeze velocity parameter pg,
respectively for different slider bearing designs. The position of X shift towards the outlet for
all bearing designs except parallel. The shifting is maximum in the case of secant slider
bearing. For parallel slider bearing, X is in the middle of the bearing. It should be noted here
that for inclined, exponential and convex slider bearings, the position of X remains almost
same, and it is inbetween secant and parallel slider bearings. It is also observed from the
figures that the behaviour of X remains constant with the increasing values of 1 as well as S

for all bearing designs. The overall behaviour of X is obtained with respect to the
corresponding behaviour of dimensionless load-carrying capacity W as shown in figures 3.8
and 3.9 under similar conditions. Table 3.1 shows the exact shifting of X for different
bearing designs with the corresponding values of W . The position of X has significant
impact on dimensionless load-carrying capacity W, and hence on the dimensionless

coefficient of friction f .
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Figures 3.8 and 3.9 show the variations in dimensionless load-carrying capacity W as
a function of A and p, respectively for different slider bearing designs. It is observed that W
is maximun for parallel slider bearing, whereas it is least for secant slider bearing (refer Table

3.1 also). For all other bearings, W almost remains the same. This behaviour of W agrees
with the results of [22] when uniform transverse magnetic field is used, but the present
analysis is having advantage of possibility of generating maximum magnetic field at the

required active contact zone of the bearing design system. It can be seen from Table 3.2 that

the percentage increase in W for parallel slider bearing as compared to secant slider bearing
is 363.93%, which is maximum among all the considered slider bearings. For all other

bearings the percentage increase rate varies from 76.43-88.93%. Moreover, it is further
observed that the behaviour of W remains constant with the increasing values of A, whereas

it is increasing with the increasing values of fg; that is, W increases with the increase of
squeeze velocity.

Referring to [22], parallel slider bearing cannot support a load when FF is used as
lubricant using uniform transverse magnetic field and no squeeze velocity. But with the effect
of squeeze velocity it supports a load. In the present analysis parallel slider bearing supports a
load even if there is no squeeze velocity (refer Table 3.3). Moreover, it increases with the
increase of A ; that is, with the increase of magnetic field strength. Thus, additional advantage
is obtained in the present study.

It should be noted from figures 3.6 - 3.9 that only for parallel slider bearing the center
of pressure is at the middle; that is, at x = A /2. Also, the magnetic field considered in our
study attains maximum at x = A /2. Thus, center of pressure and maximum magnetic field
coincide at x = A /2, which results into the maximum load-carrying capacity of parallel slider
bearing. For all other bearings the center of pressure shifts towards the outlet and so load-

carrying capacity is reduced as compared to parallel slider bearing. The load-carrying
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capacity is least in the case of secant slider bearing because the shifting of center of pressure

IS maximum towards the outlet as compared to other bearing designs.

Figures 3.10 and 3.11 show the variations in dimensionless frictional force F as a
function of A and g, respectively for different slider bearing designs. It is observed that F is
least for parallel slider bearing, whereas it is maximum for inclined, exponential and convex
slider bearings when S >2.55. Moreover, F almost remains the same in all these three cases.
The behaviour of F remains constant with the increasing values of A for all bearing designs,
whereas it is increasing with the increasing values of £ except for parallel slider bearing. For
parallel slider bearing the behaviour of F remains constant. Table 3.4 shows that the

percentage increase rate in F varies from 8.50-11.66% for inclined, convex and exponential

slider bearings as compared to secant slider bearing. Moreover, it is maximum 11.66% for

exponential slider bearing. For parallel slider bearing reverse trend is obtained and F

decreased by 7.87% as compared to secant slider bearing.

Figures 3.12 and 3.13 show the variations in dimensionless coefficient of friction f as
a function of 1 and p, respectively for different slider bearing designs. It is observed that

is least in the case of parallel slider bearing, whereas it is maximum for secant slider bearing.

For all other bearings, f is almost remains the same. Moreover, for all bearing designs the
behaviour of f remains constant with the increasing values of A, whereas it is decreasing
with the increasing values of 4. This behaviour of f is obtained with respect to the

corresponding behaviour of F in figures 3.10 and 3.11, and W in figures 3.8 and 3.9 under

similar conditions. Table 3.5 shows that as compared to secant slider bearing, for all other

bearings f decreases from 38.47-80.13%. For parallel slider bearing, the percentage

decrease rate of f is maximum of 80.13%.
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It can also be observed from the above discussion that parallel and secant slider
bearings have opposite behaviour for all bearing characteristics except frictional force.
Inclined, exponential and convex slider bearings have almost same behaviour for all bearing
characteristics.

3.5 CONCLUSIONS

Based on the Shliomis model for FF flow and continuity equation, modified Reynolds
equation for the study of lubrication of different slider bearings, is derived for the general
shape h = h(x, t) by considering the effects of oblique radially variable magnetic field and
squeeze velocity. Different slider bearing designs are made up of various stators shapes
(inclined, exponential, secant, convex and parallel) and flat parallel sliders. The Shliomis
model is important because it includes the effects of rotations of the carrier liquid as well as
magnetic particles. Moreover, Shliomis model behaves differently in the case of variable
magnetic field in the sense that the pressure equation derived in the present study is of more
general nature and different than all previous studies. The variable magnetic field is
important because of its advantage of generating maximum field at the required active
contact zone. The squeeze effect is included because it generates an additional pressure.

Using Reynolds equation, general form of pressure equation is derived and expressions for
dimensionless load-carrying capacity (W), frictional force (F ), coefficient of friction ( f)

and center of pressure (X ) are obtained. Using these expressions, results for different slider
bearings are computed for different parameters and compared. In the present analysis, the
case of sample magnetic field is considered in such a way that it is maximum at the middle of
the bearing. However, the study with other forms of magnetic field because of different
requirements can be discussed similarly. From the results and discussion, following

conclusions can be made.
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(1) W is maximum for parallel slider bearing, whereas it is least for secant slider bearing.

For all other bearings, W almost remains the same. Thus,

W, >W, xW, xW_ >W, .

e

The behaviour of W increases with the increasing values of squeeze velocity parameter S for

all bearing designs.

(2) F is maximum for inclined, exponential and convex slider bearings, whereas it is least

for parallel slider bearing. Thus,

'r|
A
-n
A
m
Q
T
Q
-n

h=}
n
@
o

The behaviour of F remains constant for parallel slider bearing, whereas it increases for all

other bearings with the increasing values of g.

(3) f is maximum for secant slider bearing, whereas it is least for parallel slider bearing. For

all other bearings, f almost remains the same. Thus,

—
A
—
1
—
Q
—
A
—

The behaviour of f decreases with the increasing values of S for all bearing designs.

(4) The position of X shift towards the outlet for all bearing designs except parallel. The
shifting is maximum in the case of secant slider bearing. For parallel slider bearing, X is in
the middle of the bearing. For inclined, exponential and convex slider bearings, the position

of X remains the same, and it is inbetween secant and parallel slider bearings. The behaviour

of X remains constant with the increasing values of £ for all bearing designs.
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(5) The behaviour of W ,F, f and X remains constant with the increasing values of A for

all bearing designs.

(6) Maximum load-carrying capacity can be obtained when maximum magnetic field and

center of pressure coincide.

(7) The present model with oblique radially variable magnetic field supports load for parallel
slider bearing even if there is no squeeze velocity, whereas in the case of uniform transverse

magnetic field it does not support a load [22].

(8) Present analysis is having advantage of possibility of generating maximum magnetic field

at the required active contact zone of the bearing design system.

The FF based bearings are important mainly because of their high speed, less noise
and auto sealing properties. In particular, the study of FF lubricated slider bearings are
important because they are multipurpose bearings used as a part of many composite system.
This study is necessary because under the influence of variable magnetic field, FFs can be
forced to retain at the desired location. This location may be of different nature depends on
application and in that case variable magnetic field is necessary for strengthening the FF
spikes in particular direction. Thus, the present chapter serves direction for more general
study and adds an important concept to lubrication theory from nano science point of view as
it introduces Shliomis based FF flow model controlled by variable magnetic field. The results
obtained indicates that while designing slider bearing system, the choice of stator shape
depends on the need of which of its bearing characteristics are to be optimized. Moreover, the
study suggests that it is advantageous to use parallel slider bearing owing to its maximum

load-carrying capacity and least frictional force on its slider.
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Bearing Inclined Exponential Secant Convex Parallel
Designs slider slider slider slider slider
bearing bearing bearing bearing bearing
X 0.569 0.568 0.664 0.569 0.500
m 0.988 1.058 0.560 1.036 2.599

Table 3.1 Effect on X with corresponding values of W for different bearing designs for
p=5.10and 1=0.171

Bearing Inclined Exponential Secant Convex Parallel
Designs slider slider bearing slider slider slider
bearing bearing bearing bearing

m 0.988 1.058 0.560 1.036 2.598

% variation | 76.43(T) 88.93(M) 0 85.00(T) 363.93(T)

inW as
compared to
100% of h,

Table 3.2 Effect on W for different bearing designs for #=5.10 and A =0.171
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h=0

Shliomis Model For uniform For the present For the present
transverse magnetic case when case when
field [22] A=171.0 A =1710.0
0.0 0.0027 0.028

Table 3.3 Comparison of dimensionless load-carrying capacity W for parallel
slider bearing.

Bearing Inclined Exponential Secant Convex Parallel
Designs slider slider bearing slider slider slider
bearing bearing bearing bearing
= 1.200 1.235 1.106 1.227 1.019
% variation | 8.50(T) 11.66(1) 0 10.94(1) 7.87(4)

in F as

compared to

100% of h,

Table 3.4 Effect on F for different bearing designs for #=5.10 and 2 =0.171
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Bearing Inclined Exponential Secant Convex Parallel
Designs slider slider bearing slider slider slider
bearing bearing bearing bearing
f 1.214 1.168 1.973 1.185 0.392
% variation | 38.47(1) 40.80(Y) 0 39.94() 80.13({)

in f as
compared to

100% of h,

Table 3.5 Effect on f for different bearing designs for #=5.10 and A =0.171
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Figure 3.6 Dimensionless x — coordinate of the center of pressure (X ) for #=5.10
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Figure 3.7 Dimensionless x — coordinate of the center of pressure (X ) for 1=0.171
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Figure 3.8 Dimensionless load-carrying capacity (W ) for #=5.10
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Figure 3.9 Dimensionless load-carrying capacity (W ) for 1 =0.171
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Figure 3.10 Dimensionless frictional force (F ) for = 5.10.
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Figure 3.11 Dimensionless frictional force (F ) for A =0.171.
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Figure 3.12 Dimensionless coefficient of friction ( f ) for 4= 5.10.
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Figure 3.13 Dimensionless coefficient of friction ( f ) for A =0.171.
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