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Abstract: An effort has been made to study and analyze the performance of a finite hydrodynamic slider bearing
lubricated by Ferro fluid. The modified Reynolds’ equation, pressure differential equation, that contains the magnetic
effect of the ferro-lubricant is derived and solved numerically and the results of the overall static characteristics namely;
pressures, load-carrying capacity, pressure center, friction force and friction coefficient are determined and presented in
this study. Also, the flow rates in the bearing are evaluated. The study indicates that the wedge parameter has an
optimum value (about 1.25) which gives higher load capacity, lower friction force and lower friction coefficient. Also,
the width to length ratio has an important role in the performance of finite bearings until value equal 4, while the wider
bearing has non-significant effect on the performance. It is also shown that the magnetic effect of the ferro-lubricant has
significant improving effect on the overall static characteristics of the slider bearing.
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LIST OF SYMBOLS 2 magnetic field intensity, A/m
a difference between the inlet and outlet film 2 characteristic value of the magnetic field intensity
thickness, m
B bearing width, m = 1/2nL, Alm
B, magnetic field density vector, T=Wb/m? h, non-dimensional magnetic field intensity ~ h;, =
E, relative difference required for stopping the hm _ _hm
] ] 1 Bme  1/27L
iteration process = 10~ . . .
P k normal distance from the wire to the bearing
E, magnetic force vector per unit volume, N/m3 surface, m
Fox magnetic force component in x direction, N/m® k* non-dimensional distance from the wire to the
E,., magnetic force component in z direction, N/m® bearing surface k* = k/L
F friction force at the slider surface, N L bearing length, m
F* non-dimensional friction force F* = FUhLOB I current intensity passing through the wire, A
u
A film thickness, m M magnetization of the ferrofluid, A/m
h; film thickness at the bearing inlet, m p lubricant pressure, pa
h, film thickness at the bearing outlet, m Pi inlet pressure to the bearing, pa
B non-dimensional film thickness B = B/B, Po outlet pressure from the bearing, pa
. ; ; « _ Phd

p non-dimensional pressure p* = UL

H,,  magnetic field vector, A/m Q. flow rate in x direction, m3/s
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Qx non-dimensional flow rate in x direction Qy =
20Qx
BUh,
Qxo non-dimensional flow rate in x direction at the
bearing outlet (at x*=1), m%/s
Q, flow rate in z direction, m*/s
o non-dimensional flow rate in z direction Q, =
2Q;
BUh,
o non-dimensional flow rate in z direction at one end
of the bearing (atz* =0 or z* = 1)
r distance from the wire to any point on the bearing,
m
U sliding velocity, m/s
%4 velocity vector, m/s
u, v, wvelocity component in X, y, and z directions, m/s

w load carrying capacity, N

w* non-dimensional load carrying capacity

Xm susceptibility of the ferro-fluid, dimensionless
x,y,z Cartesian coordinates

x* non-dimensional coordinate in x direction x* =
x/L

Ax* non-dimensional increment in X" direction

X non-dimensional pressure center coordinate in x
direction

z* non-dimensional coordinate in z direction z* =
z/B

Az* non-dimensional increment in z* direction

z, non-dimensional pressure center coordinate in z
direction

« wedge parameter a = hi dimensionless

B width to length ratio ’ B = B/L, dimensionless
y magnetic force coefficient y = M’Z—Zi"ch‘%

dimensionless

p fluid density, kg/m3

u fluid viscosity coefficient pa. s

o permeability of free space = 4 x 1077 N /A?
T sheer stress, pa

1. INTRODUCTION

The most important property of magnetic fluids is
that they can be made to adhere to any desired surface with
the aid of magnets. When a magnetic field is applied, each
particle experiences magnetic body force which causes it to
move. When all the particles start moving, they cause the
colloidal homogeneous suspension to move en masse, one
of the novel ferrofluid lubricant is superparamagnetic nano-
lubricants [1]. Owing to these features, ferro-fluids are
useful in many applications [2-3]. In the field of
lubrication, Chang et al [4], Zhang [5] and Urreta et al [6]
made studies of the characteristics of magnetized journal
bearing lubricated with ferrofluid. Their results indicated
that high bearing performance was obtained compared with
the ordinary fluid lubrication. A novel ferrofluid bearing
with controllable damping effect is designed by Liu et al
[7]. Their results show that this type of bearing with
variable damping is useful in a wide range of control
systems.

In slider bearings: Das [8] presented a theoretical
study of slider bearings in the presence of a uniform
magnetic field. Ochon’ski [9] presented some new designs
of sliding bearings lubricated with ferrofluids. These
designs gave advantages over conventional ball bearings.
Patel et al [10] made study and analysis about the
performance of a magnetic fluid based infinitely short slider
bearing. Expression of the load-carrying capacity for
infinitely wide bearing was introduced under thermal effects
by Singh et al [11]. Shah and Patel [12] performed a study
of magnetic fluid lubrication of porous pivoted slider
bearing with slip and squeeze velocity. Patel et al made
studies on the performance of a ferrofluid lubrication of
rough porous slider bearings with different configurations
[13-16]. They found that the magnetization decreases the
negative effects caused by the roughness or slip velocity.
The same results were obtained by Shukla and Deheri [17].
Patel and Dehere [18] made an investigation of thin film
lubrication at nanoscale for a ferrofluid infinitely long slider

bearing.
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These researches used assumption of infinitely

short or infinitely long bearing (one-dimensional bearing).
Also, they applied theoretical magnetic field models in
dealing with the ferrofluid lubrication. In this work, more
realistic magnetic field model was applied on finite slider
bearing (two-dimensional) with wide range of width to
length ratios. In this model, the magnetic field is produced
by carrying-current infinitely long wire. The magnetic field
strength and then the obtained magnetic force can be easily
controlled by changing the position of the wire with respect
to the bearing and also by changing the intensity of the
electric current passing through it. This model was used
previously in the study of the hydrodynamic journal
bearings [19]. This work studies its effect on the slider

bearings.

2.ANALYSIS

The configuration of the slider bearing is displayed in
Fig. 1. The expression for the film thickness h between the
slider and the bearing is given by:

P=0

1% }a] P Po=0 Fo.
t - - - —
- > .. .;“ *
A £ J
Fig 1. Geometry of a slider
h=h,+a(l-x/L) (@)
In dimensionless form:
h* =1+ « (1- x*) 2

Where: «= a/h, (wedge parameter of the bearing)
The equations of motion and continuity of the fluid
lubricant will be:

pz—: —Vp+uV3V +E, (3)
V.V =0 4
By neglecting the inertia force term pi—‘:and using the usual

assumptions of hydrodynamic lubrication applicable to thin
films [20], the equations in Cartesian coordinates are
reduced to:

dp

%u
®_ 2% F
x :uayz + mx

©)

a 92

£=#$+sz (6)
0

5 = )
ou . ov ow

54—54—5—0 8)

The boundary conditions are: u = U, w = 0 (at y = 0) and
u =0, w=0 (at y = h). Integrations of Equation (5) then
Equation (6) using the above boundary conditions, the

velocities in x and z directions are obtained.
1

u=A-y/WU+5C-Fu). 02 =yh) ()
= - G2 = Fn)- (7 = Y1) (10)

Substituting about these velocities in Equation (8) and
integration across the film thickness, the modified
Reynolds’ equation is obtained.

T3+ 2 (B D) = 60U D) + 3= (BPFn) + 5 (hFny) (11)
The magnetic force is calculated by [21]:
E, =curl Hy, X By, + u,M - grad H,, (12)

For non-conductive fluid, the induced free current
(curl H,;,) equals zero and the magnetic force F,, and its
components in x and z direction become:
E, = u,M VH,, = u,X,,h,, VH,,, and
Fnx = poXmhim (Ohy, /0x) (13)
Finz = thoXmhm (0hp, /02) (14)
Substituting about these magnetic force components into
Equation (11), the modified Reynolds’ becomes:

52 (n52) + 5 (1252) = 6uv (37) +
Ho X e (W3 222 4 1y X = (B2 By 22
in dimensionless form:

%%(h az*) =6
*3 ], * %

a *36_17*)_'_
Vae( o (hoh 52

(15)

oh*

+3 00" on*
ax*

_(h ax* +
B2 az*

ax*
ho3hy, ) + (16)

The used magnetic field model, Fig. 2., is
produced by infinitely long carrying-current wire. The wire
is placed at the middle (at x = L/2) parallel to the bearing
width and at a distance k from the bearing surface. The
magnetic field distribution around the wire are concentric
circles of radius r with center lies on the wire. The magnetic
field intensity is then given by:
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FIG 2. The magnetic field model, concentric infinitely long
carrying-current wire displaced distance k from the bearing surface

= 1/2mr = 1/2m(k? + (x — L/2)*)'/?
17)
In dimensionless form:
h = 1/(k + (x* = 0.5)2)" (18)

Where: k* = k/L, k* was chosen to be 0.25. This magnetic
field has no gradient

in z direction, then, equation (16) is

)

(19)

reduced to:

e (

h*3 ap”

*3 1, *
py h*>h

max

)_6_+yax (

3.NUMERICAL CALCULATIONS
Equation (19) is solved numerically by finite
difference technique using boundary conditions for the film

pressure as:

p*=0at x" =0, z* = 0 (zero inlet atmospheric pressure

p)and P = 0at x* =1, z* = 1 (zero outlet atmospheric

pressure central difference

Po). By Applying the
approximation for derivatives, equation (19) can be written

as:

Aopij = Arbisyj + ApDiyaj + AsDijoq + AuDiji1 + As

(20)
Where:
.. h* hf+1,'_hf—1,' *3
A1 j) = T = 3R 4,()) =
h¥, . —hY ..
%2/ i+1,j i—1,j
3hi'j 4Ax*2

*3 —h*.
2 1]+1 i,j—1
i — h* —— =
3( ]) BZAZ*Z 4ﬁ2AZ*2 )
*3 —h*.
.. *2 1]+1 i,j—1
AGLj) = BZA '+ 3h; ASwvoyrr )
LN %3 1
Ao(l']) - Zhl] Ax*z ﬁZAz*Z)
h¥ . .—h¥ ..
.. +1,j " i-1,j
A:(1,)) = —6— -
s(0.)) 24x*
2
m1+1,j_2h:ni,j+h:ni—1,j hip1j=hi_1j
hml *2 + * +
w3 J Ax 24x
Yhi; 2
n* Ronije1~2hmi jthmj—1 n Ronije1—Mmj—1
ml] ﬁZAZ*Z ZﬁAZ*
* * * *
_3 h*z n* hiv1j=Ri—1;\ (Pmit1,j"Pmi-1j h*z n
14 mi,j 24x* 24x* mi, j

<h3j+1—h3j—1) <h:ni,j+1_h:ni,j—1>
2BAz* 2pAz*

The field of solution is divided into 51 sections in
the xx direction and 51 sections in the zx direction (4z* =
Ax* = 0.02). This is after some trials to choose the grid size
which doesn’t affect on the accuracy of results. By Guass-
Siedel iteration process:

*n—1
i+1,j

+Asp[} 1 + ATl + As)/A,

(21)
Where n is the iteration number. By assuming initial
pressure distribution and using Eqg. (21), the new pressure
distribution is yielded. The iterative procedure will continue
and the results converge until it finally stops when the
relative difference in pressure distribution between two
successive iterations falls below E, = 10712,

pi} = (Aipily j + Azp

SV e v
E,= ——Z=5mior— From the obtained pressure
yI=NI=M]m
i=1,j=1 1)

distribution, the bearing characteristics will be determined
as follow:

The load carrying capacity is given by:

x*=1

) = J‘x*=0
Yi= Z] 1 PijAx* Az

The pressure center or the point of action of W* is

h3
uULZB

W*=W( fz_lp dx*dz*

(22)

given by:
fx*lz “lptxtaxtdzt | LY EITY b jaxt ez
x*_x_p_ x*=0 Jz* Op Z _fl=14j=1 Fij
P - x*=1 N - j=M _« *
L S5y Sy prdxtdz® LIV 2T pfjaxazt

(23)
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J=M _x _x
j=1 Puzu
Z] 1 p”Ax*Az
(24)
The friction force at the slider surface is given by:
x=
o dxdz = fxzo

=[5 o

Zl**

e Opzdxdz Ax*Az”

iy
Toyi=

x*=1
Jx*=o

x*=1
i Of Opdxdz

 _

L

dxdz
=0

(25)

Using equation (9) to determine Z—; , the friction force can be

written as:
=L rz=B [ 0p
1 |G~ P = h/2) = pu/h] _ dxdz
(26)
Substituting about Frx from equation (13),
=L (z=B [0 ahm
= 1 1 (G2 o Ximhn 5 = h/2) =
uu/h|  ddz (27)
y=0

In dimensionless form, the friction force at the slider (at
y=0) is given by:

Fhg
WUULB

_ fx*:ofz*:l h_* ap*
T Jxr=0 Jz*=0 | 2 ‘ox*
i (p;+1,j_pi*—1,j) _

1 i j=M |h
—|dx*dz* = XV Y/
h*] Zis Z121 2 24x*

* —

dhy,
h* m
™m gx*

—)+

mL+1] mL 1,j
mL}( 24x* )+

*Az* (28)

ho

L

F*
w*'’

The friction coefficient is given by % then

the modified friction coefficient is given by:

f=w=w

(29)
The flow rate in x direction is given by:
=B h
Q" = sz=0 d

, L, wdydz (30)
Using equation (9) then equation (13) and by integrating

across the film thickness:

Z=B

Uh
Qe =, [—; “2n Gx ~ HoXmhm 5 5) + 7] dz (31)
In dimensionless form:
G ==L [ G yhn G + ] dz =
ijlll/l[ lj (p1+;]Axp1 j) }/hmu( m1+1j ml 1]) + h :IAZ*
(32)
- The flow rate in z direction is given by:
x=L
Q, = 75 [y w dydx (33)

Using equation (10) then equation (14) and by integrating
across the film thickness:

x=L

_ n31 ,dp
Q,= x=0 [_?Z(Z_ othm P )]d (34)
In dimensionless form:

+ _ 20, _ (x'=1[_h"% op* s Ohiny] 4«
Q= BUh,  Jx*=0 [_ 6B2 “az* M gz )] dx (35)

ah;j‘ =0, then

l.l

682

(p11+1 pu 1
24z*

=32y |- 5

|

(36)

Q; = f;::ol [ 6p2 (Z%)]

4.RESULTS AND DISCUSSION

The accuracy of the present model is firstly

verified by comparing the obtained pressure distribution, for

=0, and also the load capacity with the results in the
literature [20]. The comparison indicates that there is
agreement between them. The modified Reynolds equation,
equation (19), indicates that the slider bearing performance
depends on geometrical parameters (wedge parameter « and
width to length ratio B) and magnetic parameter (magnetic
force coefficient y). This equation was solved numerically
using the following values:
Wedge parameter o< from 0.25 up to 3, these values
cover wide range of the wedge effect.
Width to length ratio g from 0.5 (short bearing) to 10
(very wide bearing).
Magnetic force coefficient y 0 (no magnetic
effect), 0.05 (moderate magnetic effect) and 0.1 (high
magnetic effect), [19].
Effect of the above parameters on the bearing performance
is discussed.

Figure 3 shows the pressure distribution, at the
middle section of the bearing, versus the distance x* along
the bearing length. As shown, the pressure increases with
the increase of magnetic force coefficient y. The maximum
pressure is doubled when y = 0.05 and becomes very high at
y = 0.1 with shifting its position to x™=0.5 where the
carrying-current wire is placed. The magnetic effect at this
region is very intense.

06

p
o
w

Pressure, p*

06 0.8
Distance, x*

Fig3. Variation of the pressure p” at the middle section of the

bearing, with the distance x” with respect to magnetic force

coefficienty, B =1, x=1

0.4
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The results of the pressure distributions are reflected
on the static characteristics of the bearing. The results of the
load-carrying capacity are shown in Figs. 4-5. The load
capacity increases with the increase of o [lup to nearly
1.25), Fig. 4. With further increase of «, the load capacity
becomes unchanged and some decrease occurs at the higher
values. These results are attributed to the increase of the
pressure as a result of increase of the wedge action with the
increase of o, while at high values of it there is a
corresponding increase of the film thickness which leads to
the decrease of the pressure. Figure 5 shows that the load
capacity

increases with high rates by the increase of g up to value
equals 4. For the wider bearings, there is a little or neglected
increase. The magnetic effect is obviously shown in the two
figures where there is large increase of the load capacity
with
the increase of the magnetic force coefficient y.

8| ¥=0.0
A ¥ =0.05
. 020 o y=01
= G/Q/_W
015 |
=
2010
8
€ oos | B/E/—E——E—H
<
-]
0.00 e
0.0 0. 1.0 15 20 25 30

Wedge parameter, o

Fig 4. Variation of W* with respect to < and y, =1

o 0.0
A —0.05
. 05 o 0.1
= 04
=
So3 |
(=
=B 02 F
-]
o1 |
p— |
0.0 : : : : :
0.0 2.0 4.0 G.0 8.0 10.0

wWidth to length ratio, p
Fig 5. Variation of W™ with respect to § and y, «=1

The bearing and the magnetic field are symmetric
about middle of the bearing width. The results of the
pressure center confirm this symmetry where z; = 0.5. As
shown, for non-magnetic fluid, Table 1, the position of the
pressure center is shifted towards the bearing outlet
(increase of x"p) with the increase of o, where the film
thickness is small and the hydrodynamic effect is high. For
magnetic lubricant, Table 2, the pressure center become
nearer to the middle of the bearing (x, = 0.5) where the
carrying-current wire is positioned and the magnetic effect
is very high. Effect of width to length ratio 8 on the
pressure center is also shown.

TABLE 1. The pressure center, X"y z", for different values of the wedge parameter o« and width to length ratio 8 for non-

magnetic bearing, y = 0.0

=1 x=1
< Xp zy B Xy Zy
0.25 0.53 0.5 0.5 0.6 0.5
0.5 0.54 0.5 1 0.57 0.5
1 0.57 0.5 1.5 0.56 0.5
1.5 0.59 0.5 2 0.56 0.5
2 0.6 0.5 4 0.56 0.5
y=0 2.5 0.62 05 8 0.55 05
3 0.63 0.5 10 0.55 0.5
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TABLE 2. The pressure center, X"y ", for different values of the wedge parameter o« and width to length ratio g for

magnetic bearing with y = 0.1

=1 x=1

x Xp Zp B Xp Zy

0.25 0.5 05 05 0.5 05

0.5 0.5 05 I 0.51 05

I 0.51 05 15 0.52 05

15 0.52 05 2 0.52 05

r=01 2 0.53 05 4 0.52 05
25 0.53 05 8 0.52 05

3 0.53 05 10 0.52 05

Figure 6 shows inverse effect of the wedge
parameter o< on the friction force. Also, there is a
pronounced reduction of the friction force with the increase
of the magnetic force coefficient y. Equation (28) shows
how the magnetic effect causes decrease of the shear stress
and then the friction force at the slider surface. Figure 7
certifies the decreasing effect of the magnetic force
coefficient on the friction force. It also shows how the
increase of the width to length ratio causes increase of the
friction force until B reaches nearly 4. Then, the wider
bearings have not significant effect on the friction force.

1.0

i
N O D

Friction force, F°

|:||:| 1 1 1 1 1 1 1
00 05 10 15 20 25 30

Wedge parameter, o

Fig 6. Variation of F* with respectto < and y, =1

L

v=0.1

20 40 60 80 100

Width to length ratio, p
Fig 7. Variation of F* with respectto g andy, «x=1

The results of the friction coefficient are shown in Figs.
8-9. There is large decrease of the friction coefficient with
the increase of o for its low and moderate values, and
some little decrease for the higher values. Increase of S
causes decrease of the friction coefficient until it nearly
equals 4. For the wider bearings, the friction coefficient is
nearly unchanged. The two figures show the decrease of
the friction coefficient with the increase of the magnetic
effect.
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—~ 250
S 200 |
15.0 |
10.0 }
5.0

0.0 Co e T T
00 05 10 15 20 25 30

Wedge parameter, a

Friction coefficien

Fig 8. Variation of f with respect to « andy, =1

= 250 r 0 v=0.0

s 200 | A ; 5

E - i"'= D_D:‘

% 150 1=0.1

8

= 10,0 |

=

o 50 B—a—f 0

L'L‘ D_D 1 1 1 h 1
0.0 2.0 4.0 6.0 8.0 1040

Width to length ratio, p
Fig 9. Variation of f with respectto § andy, «=1

Figures 10-11 show the effect of wedge parameter and
width to length ratio on the flow rate in x direction at the
bearing outlet. There is some increase of the flow rate with
the increase of o or 8. The increase becomes insignificant
for the wide bearing. The two figures show that the
magnetic field has some sealing effect where the flow rate
decreases with the increase of the magnetic force
coefficient y. Equation (32) indicates how the sealing
effect is obtained by the magnetic field that has a gradient
in x direction

[ =
;:f 16 v = 0.05
~ 14| = =
S
E 12
S 10}
T 08}
= 06 |
S
'I-J._ 0_4 1 1 1 1 1 1
00 05 10 15 20 25 30

Wedge parameter, o

Fig 10. variation of Qj, with respect to «c andy, B=1

O T=0.0
& 2.00 A w=0.03
= 1.75 | [ v=0.1
=
g‘ 1.50
£ 125 —W}
E 1.00
= 075 |
=
E 0_50 1 1 1 1 1
0.0 2.0 4.0 G0 80 10.0

Width to length ratio, 3
Fig 11. Variation of Qy, with respect to § and y, =1

Figure 12 shows the effect of o on the side flow
at one end of the bearing (at z* = 0 or z* = 1). The flow
rate in z direction increases with the increase of wedge
parameter oc. Increase of oc causes increase of the film
thickness for the same value of h,. These result in increase
of the area the lubricant flow through it. The used magnetic
field model has no field gradient in z direction. So, the
magnetic effect has no sealing effect on the side flow.
Effect of width to length ratio g on the side flow is shown
in Fig. 13. Increasing of S causes decrease of the side flow.
Increasing of the bearing width, results in decrease of the
pressure gradient along the bearing width. Infinitely wide
bearing means dp*/dz* = 0 and nearly zero leakage was
obtained, equation (36).

The used magnetic field model is the field produced by
a carrying-current wire displaced distance k from the
bearing surface, Fig. 2. Effect of the non-dimensional
distance k* on the bearing performance is given in Fig. 14.
Increasing the distance of the wire from the bearing surface
causes decrease of the magnetic field intensity that reaches
the bearing. The decrease of the magnetic effect results in
decrease of the load-carrying capacity, increasing of the
friction force and friction coefficient. At high values of k*
(more than 1), the magnetic effect becomes insignificant
and the change in the bearing performance is neglected.
The presented results were obtained with k* = 0.25

& 30 O +=0.0

E‘ 25 | F.

B 20 o

8 .

= 16

~

= 1.0

= 06 |

2

L 00 : : : : : -
o0 05 10 1.5 20 25 30

Wedge parametfer, o
Fig 12. Variation of Q, with respect toccandy, f=1
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& _
& 1.0
i~ L
S 0.8
¢ 06
=
s
~ 0.4
=
= 02 ¢}
]
LL_ D_[} 1 1 h
00 20 40 60 80 100
Width to length ratio, B
Fig 13. Variation of Q;, with respect to § andy, «=1
w
8 o w+
S0, 4 F* 1150
5 o f
g 087 & & " & 2 120
L o6 {190
204t {16.0
)
g o02r {130
%0.0 - E e Too
T 00 02 04 06 08 1.0 1.2 14 16 1.8 20
§ Distance, k*

Fig 14. Effect of the distance of the wire from the bearing
surface k™ on the load capacity W™, friction force F* and friction
coefficient f, «=1, f=1 and y=0.1

5 CONCLUSION

The Slider bearing characteristics; namely, the
load-carrying capacity, the friction force, the friction
coefficient and the flow rates depend on the wedge
parameter for both magnetic and non-magnetic lubricant.
The optimum value of the wedge parameter that gives
maximum load capacity is about 1.25.

The width to length ratio plays an important role
on the slider bearing performance even there are magnetic
effects or not. Increasing the width to length ratio gives
high load capacity, it increases 3 times for wide bearing
compared with short bearing for non-magnetic bearing and
increases 5 times for magnetic bearing. Also, it causes high
frictional force but with low friction coefficient. The flow
rate Q, is increased while the side flow Q, is highly
decreased (It becomes ¥4 for wide bearing compared to its
value for short bearing). These effects are for aspect ratio
up to 4. The wider bearing has non-significant effect.

The magnetic force coefficient has improving
significant effect on the performance of the slider bearing
for all values of its geometrical parameters. Increasing the
magnetic force coefficient leads to increase of the load-
carrying capacity (It increases nearly 3 times compared
with non-magnetic bearing) with pressure center becomes
nearer to the middle of the bearing, decrease of the friction

Friction coefficient

force and decrease of the friction coefficient (it becomes
nearly ¥ of its value for non-magnetic bearing). The used
magnetic field model has some sealing effect for the flow
Hothanchzz)
uUL
changes inversely with the velocity U and directly with the
square film thickness ho, the ferrofluid lubricant is more
suitable for low and moderate velocities and also at large
film thickness.

in x direction. As the magnetic coefficient, y =

l
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