CHAPTER 1
GENERATL INTRODUCTION
BEARINGS

When two dry metallic surfaces which  are
parts of a machine move relatively in contact with each
other, friction and wear are camsed. ﬁhile frietion
congumes and wastes energy, wear causes loss of material,
Thus the life of the machine is congiderably reduced. To
minimize this we insert substances such as viscous fluid,
liquid metal ete., called lubricants, to keep the moving
surfaces apart so as to allow them to slide on each other

with the least effort.

The lubricents are selected according to the
types of the bearing used. Bmlgiens of oil and water
ére used as lubricants for cutting tools while water
itself is used in some marine bearings. Milk and air are
ugsed as lubricants in the bearings of cream separators and
in some high speed spindles respectively, In addition to
. their function of reducing friction, the lubricants
usually perform the additional function of carrying away

the major portioh of the heat generated by friction. Thus,
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the fheory of lubrication deals not only with the ways and
megns of minimiging friction and wear but with the viscous

digsipation of heat also.

Owing %o rapid industrialization there has been
a spurt in machipes and bearings are the most prominent
congtituents of todays' machines. Bearing preblems arise
whenever the mechanical engineer has to transmit mechanical
power frem one point to another, These are siﬁilar to theose
faced by the electrical engineer in the transmigsion of
electric power. The electrical engineer has to choosge the
ingulators with the same care as the mechanical engineer
chooges the bearings. Cameron El:[ says that the functiong
of the insulaters and the bearings are similar and the

outcome of their failure- in service is no less serious,

The lubrication of two surfaces moving
relative to each other depends upon a mumber of factors
like load, relative velocity of the surfaces, geometry of
the surfaces, physical and chemical properties of lubricants

and the metals out of which the surfaces are made.

The efforts of the lubrication engineers are

all centered around improving upon bearing performance by
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making use of recent technological advancements. The
development of powder metallurgy gave rige to congiderable
use of porous bearings., Owing to their low cost, ready
availability, design simplicity and self-lubricating
properties, the perous bearings have become increagingly
popular and practically indispenseble for many applicationsg

in automotive machines, domestic appliances and industry.

1.1 Degeription of porous bearings

. 4 porous bearing congists of a bearing bush of
porous sintered metal, Porogity is defined as the ratio
of pore volume to the total volume of a given ssmple of
material and permeability as a measure of the ease with
which fluids pass through a porous material [ 2 _]. While
the former is dimensionless, the latter has the dimension
of the square of length and is independent of density amd
the viscosity of the fluid. Porous bearings were suggested
in 1920's, perhaps to improve upon the heat conductivity

limitdtions of oil-soaked wooden bearings.

The commonly used porous ’bearing material ES]
contains 90 °4 copper and 10 % tin. After blending

: kY
powdered copper and tin inte g mixture, the mixture is

¥



U
presged under high pressure to half its origiﬁal volune.
Then it is sintered into a coherent solid. The bore and
faces are then sized in a burnishing operation. The
porosity arises out\of the incomplete solidification of
compressed particles of mixture so that the pores are
intercommunicating. After their fabrication the poresg of
the porous bearings are filled with lubricant by vacuum
impregnation., If any ,lubricant‘is lost from the film
during operation, it is replaced by the lubricant, stored
in the peres, which serves as an additional supply and

which remains effective throughput the bearing 1life.

l.1.1 Advantages and-disadvantages

As the continuity of 1ubiicant supply is
maintained, porous bearings can run hydrodynamically
longer without maintensnce and are more stable than the
equivelent conventional bearings. The self-lubricating
natures of the porous bearings overcomes the need for
pipes, pumps, ebc. and simplifieé the problems of.
machine design. Moreover, the possibility of seiling
manufactured articles handled in textile, printing,

baking and other industries by lubricant drip is
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avolded. The porous bearings can be easily fitted even in
positions which are not readily accessible and. the need for
frequent mai;tenance is overcome. The friction in porous
bearings is less than that in the corresponding non-porous

‘ones. As a result of mass production, the porous bearings

are cheaper than the equivalent non-porous ones.

Moreover, in a porous journal bearing the effect
of cavitation is reduced [ 4_] becamse it operates at’
lower pressures than the cdrrespending non-porous ene for
a given speed. The design of externally pressurized porous
thrust bearings is compact and there is an even distri;
bution of pressure at the thrust face compared to the
conventional ones, Gas porous bearings are excellent for
feagibility demonstrations. They are advantageously used
where large bearing gaps are required and less design

work is possible,

In spite of the above adventages, the porosity
introduces some disadvantagesS. . alse. The presence of
poroéity results in a loss of mechanical strength and g
reduction in film pressure amd hence in the load capacity
in comparison te the identical non-perous bearings. In

squeege film bearings the time taken to attain a
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specified film thickness is also reduced. Efforts to over-
come some of the above disadvantages have been made by
the introauction of electromagnetic effects and making
the bearing bush to have multi—layered non-homogeneous

porous housing [ 5,6 .

1.1.2 applications

The applicatiens of poroﬁs bearings are wide
and varied, The porous bearings are uged in many devices
such as vacuum cleaners, extractor fans, motor car
starters, hair dryers etc. They are also used in business
machines, farm and construction equipments, aircraft
automotive accessories etc. Heller etual [ 7]
mention the use of ﬁy@rostatic gas bearings in miniature

- turbomachinery,

Sneck [ 8] has given various applications
of gas lubricated porous bearings.' Gas bearing is used
in the tape-support section of a magnetic recording
device, The moving tape:. never contacts the bearing, and
there is no bearing inertia with rapid starting and
stopping. Gas porous ,bearingsl are algsgo used in precislon

mgchine tools, fixtures, electrestatic printing machinesg,
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guidaﬁce devices for magnetic film and photogrgphic film
transports, high temperature environments as in textile
industry, dirty environments as in production line
machine tools, and in optieal systems where low friction
and precigion positioning are important. These variety
of applications show how indispens@ble the porous bearings

are to the desgigners.

It is usnally assumed that the type of lubri-
cation found in‘porous bearings, lubricated only by the oil
initially within their structure, is mixed or boundary,
Though this might be true for 'low porosity bearings
supporting high loads and running at low speeds, for
lightly loaded high porosity bearings rumning at moderate
to high speeds fluid film or hydrodynamic conditions are
achieved, In the sequel we will be mainly concerned with
fluid film lubrication in which the conditlions of operations
of the bearing are such that the film of lubricant is so
thick that metal to metél contact between the moving
surfaces is prevented énd the only friction is that which
occurs in the fluid fiilm,

1.2 MODIFIED REYNOLDS BQUATIONS FOR POROUS BEARINGS

The porous bearings operate under complex
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conditions. Their analysis shows that the flow of lubricant
occurs in the film region, in the paroﬁs region and across
the interface of these reglons., So, there is a coupling

between the flows in the two regions.

In the following sections we present the
mathematical formulation of the problems and give the
derivations of modified Reynblds equations for ﬁydro—
dynamic and hydromagnetic lubrication and hydromagnetic
lubrication of a porous bearing with anisotropic per-
meability and slip velecity, which serve as the basic
equations for the analysis of the preblems of perous

metal lubrication.

1.2.1 Reynolds equatien for hydrodynamic lubrication -

In deriving this + equation we make the

following assumptionsg:

le The lubricant is Newtonisn with constant density
and viscosity and the flew is laminar.

29 There are no external forces acting on the
lubricant. x

Be Tﬁe lubricant film thicknesg is very small in

comparison with the dimensions of the bearing, as
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a consequence of which curvature of the film may be
ignored and rotational velocities may be replaced by
translatiengl velocities.
There is no variation of pressure across the film.
Pluid inertisg is small compared to viscous fbrggs.
Velocity gradients across the flim predominate. |
The porous region is homogeneous and isotropic.
The flow in the porous region is governed by

Darcy's law.

Pressures and normal velocity components are

cgntiﬁbus at the interfaces.
Bearing is press-fitted in a solid housing,

Let wug congider alfluid film of thidmess

h = h(x, z) between two surfaces with poreus facings of

permeabilify k (Pige 1) . The upper and lower surfaces

move with velocities ( Ugy Vo, Wy Y and ( Uyy Vo5 W )

réspectively.

Making the aﬁave assumptions of hydrodynamic
/

lubrication, the equations governihg the steédy flow

of the lubricant in different regions are
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Porous region of the upper surface @
o ] k
v = ~’I VP2 (7)
7.7 = 0 (8)
where a, %} V* are the velocities and p, Bl’ Pz

vy
pressures of the fluid in the flim region, and the lower

and the upper porous regiong respectively.
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Solving equations (1) and (2) for u and w under

the no-glip boundary conditiong

u

i

]
(=]

Ué when ¥y = h, u.:*Ul when Y

i
o

W= WQ when y-=h, W= Wi when ¥

and substituting in equation (4) we obtain

2 (3 2 (pd 2
ox (h %% ) + 0z (b 0z )

-op [ 2} S} s 2mmy | @

' Equations (5) - (8) show that P, and P satisfy the

Laplace equation

1

Y° P =0 (10)

Owing to the continuity of veleocities at the interfaces,

we have
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Substituting equations (11) - (12) into (9) we obtain the

modified Reynolds equation for porous bearings as

0
w () 5 ()

- 6p [%{(ql + Uh} ¢ {(u + W}
P é}?
re(ry =) |-k [(fym - (5200 | @9

Corollary 1.(1)

In most applications we consider the upper
surface as non-poroug and moving with a uniform velocity U
in the x-direction together with a normal velocity V, and

that the lower surface is stationary and has a porous facing

of thic:kness H. SO, ’baking U2 = U y Ul = 0’ Wl = Wz = O,

: 0P
2 _ .
vV, =0,B =P, V, =7, and ( 5 )yz.-h = 0, equation

(13) reduces %o

(i} 3 9 0 3
w (2 %)+ g (27 )

oh (14)

= GIJU'B-X-«!-lzfl Vh+l2k(ay)y=0



where the pressure P in the porous region satisfies

the Laplace equation

2 . 2 2 :
o°p 2 Lo (15)

ar

ox® * g§§- ’ az°

Bgquation (14) which gives the film pressure is
a coupled equation consisting of the pressure in the porous
region. Using the Morgen-Cameron approximation Co i1
that, ©...., when H isiﬁmali, the pressure in the porous
region cen be replaced by the average pressure with regpect
‘to.the bearing-wall thickness and which was extensively
used by Prakash and Vij [(10_] and . others,it is

Uncoupled by substituting !

2 2
P - 8y 8p
( oy )y=0 "¢ ox° Y ) (16?

in it. Thus we obtain the modified equation

ERR: 2], 2 [ w? _a_q} |
o= L(h + 12KH) 57 1t 5 [(h + 12kH) &2

g

- &
“SF‘Uaxq-lE}th (17)

Hence the problem of finding'the film pressure is
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reduced to the solution of equation (17) with approprhate

kboundary conditions.

l.2.2 Reynolds equation for hydromagnetic lubrication

The problem of using liquid metals as lubricants
has recently become of interest. The study of the lubrication
properties of liquid metals shows that ligquid metals cen
Ee advantageously used in preference to ordinary oils in
space vehicles where extreﬁely high temperatures and
speed occur, because of their high operating temperatures
and thermal conductivity. The application of an external
magnetic field results in electromagnetic pressurigzation
in liquid metals owing to théir large electrical condu-
ctivity. The study of ¢ hydrodynamic Ilubrication with an
external magnetic field is called hydromagnetic or
magnet;hydrodynamic (MHD) lubrication.

The general WMHD equations are complicated
owing to the coupling of NMaxwell's equations with hydro-
dynamic equations. S50, we make the following simplifying

agsumptions 3

1. The Lorentz force J x B is the only extérnal

-

force acting on the lubricént.



2. fhe induced magnetic fields are negligible in

comparison to the applied magnetic field.

B The flow in the porous medium satisfies the

modified Darcy's law due to Ene [ 11 ].

We consider a lubri.ca:nt £ilm of thickness

h = h(x,z,t) within a slider bearing. The slider is non-
porous and moving with a relative . velocity U in the
x-direction together with a normal velocity Ve The lower
surface has a porous facing of thickness H which is
backed b‘y a solid wall. The surfaces are supposéd to be
non-conducting while the fluid is considered to be
conducting electrically. A uniform magnetic field is
applieé in the y-direction a;s in FPig. 2. The general

equations governing the flow in the film region [ 12| are

,li.v)a = - 93 +;1'<723. +3 xB
JxB = Fe»
NxE = O
ﬁ.'é = 0
J.d = 0
T = o~ (E+qx3B)

V. 4

O
]
(&)
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Pollowing the usual assumptions these reduce to

5 .
i g _ -
x P2 Iz B =0 ) (18)
Y
gE azw | (
- + = 4+ J B = 0 19)
0z R ayz x 0
Jzn O“(EZ+uBO) (20)
gu , v owm .
w=ray * s 0 (22)

=
il

(&4+0 x5 3) (23

@
"'ﬂ[cl

L
P
and

2

£y - = (iﬂ-rE B ) (24)

0_32
o PFEo" TR

The velocity ¥ of the fluid in the isotropic porous

region satisfies the modified Darcy's law [ 11].

= )u[( aP+J B)i;-i—gg -'—!-(-g"J Bo)k] (25)



the Ohm's law

‘5=G"(E+']‘g'va”ﬁ) (26)
m

.y =0 (27)

Fguations (25) - (26) take - the form

__E & 1
VX-'-F(EX-;-O“‘EZBO)? (28)
__k ® ‘
WETR o w (29)
=B B _ . L
v, = -F_( 5 ~ 0 B By ) = (30)
where
0=(1+"1§_g‘§ M"‘;‘)l/z and ‘M:‘-—..Bohl'v-o—;}l (31)
mhy
Equations (28) -~ {30) combined with (27) yield
2 o°P
GX( + 0 B BO)+c ;3;-2-—+-5~§(-5—Z-—0“E By)=0 (32)

Solving equations (23) =~ (24) under the no-slip

boundary conditions
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w=0aty=0, w=0 aty=~=h
we have
n° -
un‘*fM-é-{aX-i-G“EZBO) cosh =~ 1
)u : 1
sinh %\% sinh %11
Mh
- (cosh - 1) ——— + T —— ' (34)
BT i B sinn B A
1 by
and
n® q
= L (& ‘ My
W o= - 0 E B, |coesh -1
g e 0z 0 , hy
sinh %1
= ()
- (cosh &— = 1)———e ;
B ginn 2
’ 1
Equation (22) is integrated across the film thickness
o yleld
s 2 2 2
fa—xr-ofudy+vh-vo+ 5;»~(J)~Wdy=0 (36)
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Owing to the continuity of normal velocity component at

the interface of film and porousg matrix we have

- S )4
vO"'VOy f"’a(ay?yzo (37)

Integrating equation (32) with respect to y

from - H to O and using the Morgan-Cameron approximation
aP

and the conmditien that »( Ef‘)y -~ g = 0, we have
2y _.E[ 8 &
8 2.
+ az(az"rExBO>] (38)

Substituting equations (34), (35) into (36) and making

use of (37) - (38), we have

w B owm L, W
%’[(%"G—EZBO){?*§(§‘2tmﬁz)}]
iB@-rE B.) kﬂ+£(@-2tm‘@ )]

* B3z dz O{:Z' w By 2hy }
= uny g (tmh ) vp T, ()

This is the modified Reynolds equation for the



hydromagnetic lubrication of a porous bearing,

Gorollary 1.(2)

By meking By - 0, equation (39) reduces to the
Reyndlds equation (17) for hydrodynamic lubrication as in

C107].

1.243 Hydromagnetbic lubricgtion equation for an anisgotropic

porous bearing considering slip velocity

So far we consldered the porous region. 0 have
igotropic permeability. But some foamy materigls and
materials made of soft metals [[13_] are found to have
anisotropic permeability. We 6onsider the porogities to

be mx', m, m,  and the permesbilities tobe k_, k_, k_

in the directions of the coordinate axes. Another !
assumptioﬁ.un&er which we derived the equations in the
previous sections was the no-slip condition. But recent
experiments [ 14,15 | demonstrated the existence of slip
velocities, comparable to the mean velocities in the
porous region, at the interface eof fluid film and the
porous ma?rix. We suppose that L and W are the slip

velocitiés in the x and ¥ directions, We assume the

filuid to be compressible with the densgity variation across



the film to be-neglected.

We consider a film of conducting fluld of thickness
h = h(x, z, &) between two electrically neon~conducting
surfaces. The uppér surface is non-porous and moves with a
re}ative velocity U in the x-direction as in Fig: 3. The
lower surface has a porous matrix with anisotreopic perme-
ability. A uniform tramsverse magnetic field By is applied.
Making the usual assumptions of hydromagnetic’lubricamion

as modified by the above assumptions, the equations

governing the flow of the lubricant in the film region are

3 W 1 :

;}%-_ h?uzﬁ(%z};‘ +0—'EZBO) (40)
Fw W 1, &

.é.y?— %’ngﬁ(az-rE—xBO) | (4'1)
%(Fu)+%(l’#}+%(ﬂw}+%§ =0 (42)

where

M = B, hl ﬁ'_]—}i— ‘ (43),
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Fig.3. Anisotropic porous Beawing
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The velocity V of the lubricant in the -
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anisotropic porous matrix satisfies the modified Darcy's

law generalized as

= 1 (i1 ‘ s . 9P
V..--f1 [kx(ax+JzBO)l+ky 7

@;E- R
+kz(8z JxBO)k]

and the @hm“s law

y

= i E] K - 2 T X
3(-0’LEX1+E 3+Ezk mXBol+mBO

Combining equations (44) amd (45)

7

i

'%[%(%"'TEZBO)I*'}{
c
x

k
4

i
<
™
+
<t
cend
+
-
<3

P T |

J

y oy

Sz, 9B _ -
+02( FEXBO),k]
7 :

(44)

(45)

(46)

(47)



where
o, = (L4 & )22 ng (e gz B2 (g
X hl z by

Owing te the continuity of preséure at the interface of

film and porous matrix, we have

P(x, ¥y 2) | =p (X, 7) ' (49)
i y=0 -

Rewriting equation (46) at y =0 and using (49) we have

23

-

"g__i - ..P. o “
A [ 3Bz 3)Tan (F),3

2

z (50)

Equation (42) is expressed as

[ P h o ,;h
= of way ) + Plvy, = vg) + 55 ofw&Y)

h
+ ¥4y =0, | (51)
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because F is independent of y.

The y-component of the fluid velocity at y = 0 is

v, o= V. = -]fi( £ , (52)
e - oy ya dy ‘y =0
The boundary conditions as in Kulkarni and Vinay Kumaer
[:15] are
u(h) = U - (53)
H(O) = 110 (54—)
where
au - =z
(F)y-0= = (¥ =8 Vo) ()
X 1
and
w(0) = Wy ~ (57)
where
ow ~ .
( 7 )y=0 N (Wo - 581 Yoz ) (58%

Al



and

5
o = ———— o = -._.5._... (59)

Equations (55) and (58) Srield the exact or the approximate
velocity slip model acecording as €= 1 or 2, and 521
is the Kronecker delta.

Solving equatior;s (40) and (41) under the
boundary conditions (53) - (54) and (56) - (57).

respectively, we have

\%»Jﬁm

- My op B
uo= U, COShhl+ (6X+G‘EZBO)

sinh AM-;L
My M
cogsh & = 1 ~ (cosh = - 1) TR
[ hl hl sinh EI ]

sinh
i )
+ (U - uy cosh E-i) (60)

b

. sinh

= BTE



2
h .
— My:. -.1‘.—&- .@E_
w_.wocoshh1+M2( o~ B, By )
P

cosh = =——zx (61)

Substituting equations (60) and (61) in (55) and (58)

respectively and using (50) , we have

U

M
) h o P 2 Smh

1 1

k

(B, o5 BY(5 M 5, & 4o tamh @)] (2)
ox z 0 hl 21 G}SC X 2h1
and
8 M Z M
(5%-0—— E, Bp) (5 By ael;g+ o=, ‘tanh 2h1)
Z
W, = - — - (63)

M : u
17— (5 + 0~ 7 coth —
F a] z b b



where

o"'x.-:\kamx and o~ = V"kz m (64)

Substituting equations (60) - (63) and (52) into (51)

we have the required equation as

Mh
56@1—5*6‘:&— i
¢ (-Ei-)
-ag— £(§P-+c—~ E_Bp)
e }u ox z ¢ u ¥
5+(T}; h—;coth h—:-L-
¥h Mh Mh
't&l’lh-z-i—l EI—‘E tanh 9
=l 1
T (- ( L )3
u hl
- M
56 -= 4+ 0
21 ,02 [A (M_)
3| £ oo ‘ z hy
* bz F(ﬁz_rExBO)' -
5 4+ o h“{mth




M Mh Wh
¢~ = cogech = tanh  seee
=.§.[FU{1+ ! hl m2h1 ]
X M ¥ e
5 + chﬁzcoth HI (hl)
k h
P PECEY o v v% &y (65)

Thig is the differential equation for the hydromagnetic
lubrication of a ﬁorous bearing considering anisotropic

permeability and slip veiociw.

By making B, - ‘O;' it agrees with that obtained
by Kulkerni and Vinay Kumar [ 13 | for the non-magnetic

cage,
1,3 REVIEW OF RELATED WORKS

In spite of the wide use of porous bearings,
their analysis and design is of recent origin. This is
because of the complex conditiens under which they operate.
It was only in 1957, the problem of their analysis was done
by Morgan and Cameron [9:[ who formmlated the Reynolds
equation for porous beérings congidering the flow of the
lubricent in the porous medium. This modified Reynolds

equation was selved for the case of a narrow porous
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journal bearing on the assumptien that a parabolic pressure
distrivution existed in the poréus matrix in the axial
direction, Rouleau [[167] gave an exact solution of the
above problem dropping the above assumption. Later, many
investigators tried to bridge the gap between theoretical
and experimental results of the perfoermgnce of porous

bearings by introducing many assumptions and simplifications,

We present below a brief review of related

topics discussed in this thesis.

Squeeze films between parallel surfaces

A squeeze film ig a very thin fluid layer
between two surfaces which are parts of a machine, having
normal relative motion and thus approaching each other,
The relative normal motion of the surfaces causes the fluid
to flow towards less constrained boundaries, resulting in
the devglopment of high pressures which in ‘turn support
the load &@nd hence keep off the approaching surfaces from
potential contact. This classical theory of squeeze film
between non-porous surfaces has géen kmown for some time,
However, when one of the approaching surfaces is porous,
only a part of the fluid is squeezed out and the rest

flows out through the porous medium. This results in the
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decrease of the load capacity as well as the time taken to

attain a gpecified film +thickness.

w [17 ] analysed the squeeze film behaviour
between two annular disks when one of them had a porous
facing. He solved the problem analytically and presented
the regults for pressure distribution, load capacity and
film thickness as functions of time in the form of infinite
series involving Bessgel's functions, He found that both
the permeability parsmeter and the film thickness deter-
mined the extent of porous effects which increaged in
significance when the film thickness decreased. When the
permeability parameter increased, the time required for

the film thickness to reach any presecribed value decreased,

W [187] considered the squeeze film between
two parallel rectangular plates with the upper one having
a porous facing and apprbaching the lower one with uniform
velocity. He solved the modified Reynolds equation and
obtained the pressure distribution, load capacity and film
thickness as functiens of time in the form of infinite
series involving trigonometric functions. He showed that

the pressure and response time dropped off rapidly when



¥/ 8%  ana ¥  increaged respectively. Moreover, for
the same area, the square had the largest load capacity and,
for the same permeability, the increase of porous facing

thickness reduced the load capacity.

Prakash and Vij [[10_] simplified the analysis
of Wa [[177] by incorporating the Morgan-Cameron  appro-
ximation, They showed that the results obtained by then
were very close to those of Wu [~ 17 ] for small porous
facing thicknesses. They obtained the pressure dn.strn.bution,
load capacity ard response time for conflguratlons
consisting of circular, annular, elliptic, rectangular
and conical plates. If the area of the . plate was kept
fixed, the circular plate had the highest load cai)acity
and the time taken in reducing a prescribed film thickness

was greater for a circular plate than for other geometries.

It was customary to assume the no-sglip veloclty
conditions at the interface o:f;" fluid =nd the porous region,
But experiments [ 14,15 ] demonstrated the existence of ‘
slip velocities at the interface of fluwid film and the
porous matrix. Sparrow et al [T197] extended the analysis

C17] using slip velocity assumption. Results for the load



$32¢

capacity and response time were presented. The results
indicated that slip velocity further reduced the load

capacity and the response time of the porous squeege film,

W [[20_] and Prakash and Vij [[21 ] extended

* their earlier amalyses [ 18,10 ] to include the effect of
velocity slip at the porous boundary. They showed that the
existence of glip velocity would further reduce the load
capacity and the response time, thus supporting the

conclusions [ 19 ].

The squeege film beha“viom:;,; between two
circular disks, when one disk had a porous facing and
approached the other with uniform velocity, was studied by
Murti [_22 ] who obtained expressions for pressure
distribution, load capacity and time of gpproach in terms
of Fourier-Bessgel series, In addition to the reduction in
load-capacity and responge time he found that the entire
fluid could -be squeezed out in a finite time resulting in

actual contact of the disks.
wu [[25_] analysed the squeeze film between

two rotatbing annular disks, when one had a porous facing.

The inertia due to centrifugal force on the fluid was
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taken info account. The pressure distribution and load
capacity were presented in series form while the time-height
relation was in integral form. Tae effect of rc/;gtion was
to reduce pressure, load capacity and response time. The
criteria under which the inertia effects could be neglected
were also given. Ting [ 24 7] presented an amalogue method
and simplified the analysis [ 23] by teking only one disk
rotating. His results favourably compared with‘those of
wa [(25_]. In addition to obtaining expressions for
pregsure distribution, load capacity and response time,
he obtalned a relationship between squeege time and film
thickness for a given load. The squeeze‘ time reduction due

to the inertia effect would become small if the porous

facing had high perméa‘bility and thickness.

Cowling [[25 7] showed that the pressure
gradients increased considerably when an electrically
conducting fluid flowed under the influence of electro-
magnetic fields . FElco and Hughesr [ 26_] initiated the
study of an axial current induced pinch effect on the load
capacity of solid bearings with cenducting lubricants.
Gupta and Sinha [___27j congidered such effects on two
parallel ammular disks when the upper one vsi’ai\bh had a



porous facing appioached the stationary lower disk with a
uniform normal velocity. Expressions were obtained for
pressure distribmtion, l'ead capacity and film thickness

as functions of time "in the form of Bessgel!'s functiens, It
was shown that all the above quantities increased due to
the pinch effect. Owing 'bq the pinch effect the bearing
could sustain an aﬁount of load : even when there. was no
flow, Gupta and Patel [[287] extended the analysis [ 27 ]
by including the velocity slip at the interface of the

film and the porous region,

Hingu [ 29 ] considered the effect of axial
current induced pinch on the ggueeze film behaviour
between two ceircular digks when lthe upper disk had a porous
facing and moved normal to itself to approach the lower
disk. Expréssions for pressure distribution, load capaclty
and £ilm thickness were obtained in the form of infinite
séries involving Begsel's functions. He showed that the
f£film pressure, the load capacity and the time of "approach
inereased due to the pinch. Moreover, an amount of load
could be sustained by the bearing even when there was no

flow. Patel [ 30_] considerably simplified the analyses



E27 +29 ] by incorporating the Morgan-Cameron approximation
and showed that his results were very close to those

obtained egrlier,

Likewise the application of magnetic :fields
on the squeeze film bearings was found to be considerably
advantageous. A number of theoretical and experimental
studies [ 3Ll,- 33_] were made of squeeze films between
impermeable surfaces. However, Sinha and Gupta ES j
initiated the study of the squeeze film behaviour between
porous surfaces. They ( made a theoretical study of the
~squeege film behaviour between two parallel rectangular
plates, the upper one having a poreus facing and
approaching normally the lower one, in the presence of
a uniformly applied transverse magnetic field, Results
were presented for pressure distribution, load capacity

and film thickness as functions of time in the form of
infinite series. It was shown that hydromagnetic effects
could be used to increase the bearing characteristics
congiderably witholit altering the size of the bearing.
Sinha and Gupta [ 34_] obtained similar results for

hydromagnetic squeeze film between porous annular 4disks.



Patel [ 35 ] extended the analysis [ 34 by
inciuding the slip velocity at the porousg boundary.
Chaafadrasekhara [36] analysed the squeeze film between
twnginfinite parallel strips, when one had a porous facing,
in #he presence of a transverse magnetic field and the glip
velécity at the porous boundary., It was shown that increases
in Lhe load capaclty and responsge time could be attained
by The application of the magnetic field. These increasges
Weré marked for small values of the permeability and
1arée values of the Hartmann number,

f
|

Qther geometries

|
Prakash and Vij [ 37 _| considered an infinite
slider bearing when the slider moved tangentially with a
uniform velocity and when the stator had a porous facing.

Usiﬁg the Morgan-Cameron approximation they uncoupled the

i

equ%tion for film pressure. Then they obtained eipressions
forgpressure, load capacity, friction, coefficient of
fri%tion and centre of pregsure in closed form, The effect
of %orosity was to decrease the load capacity and

friction, but to increase the coefficient of friction,
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Kulkarni and Vinay Kumar [ 13_] obtained a
lubrication equation for a general bearing with one
surface moving with a relative velocity and the other
having a porous matrix with anlsotrepic permeability.
They ‘took into é.ccoun’c the slip velocity at the porous

boundary.



