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The axial current-induced pmch effect on the acnon of the curved
squeeze film between two- circular plates, when the | upper. plate moves
normal to itself and approaches'the lower plate with uniform velocity, was-
studied. Expressions wére obtained for the pressure distribution and the load-
carrying capacity and a relationship between the time and the film' thickness.
was obptained. It was found that increases in the presstre; the load capacity

.and the time of approach did,not-depend on the concavxty or the convex1ty
of the pads.

Introductzon -

. Elco and Hughes [1] initiated a study on the effect of.an ax1al current-
induced pinch on the charactenstlcs of bearings with’ electrically’ conducting’
fluids as lubricants and ‘others [2, 8] continued this work. Gupta and Sinha
[4] studied the effect of axial current~1nduced pinch on the squeeze film
between porous annular discs. All the investigations show that the axial
current—mduced/pmch effect increases the pressure distribution and thereby
the load capacxty and that 8 non-zero load can- ‘be sustained even, when there
is no flow. - S '

Murti [5] mtroduced a new exponentxal functmn to descnbe the curved”- _
film between two c1rcu1ar plates He observed that the concavxty of the pad
.incredses the load'capacity.

This note reports a study of the ax1a1 current-lnduced pinch effect on
-the configuration proposed by Murti. Expressmns are obtained for the pres-:
‘sure distribution and load capacity. A. relatxonsth between the time and-the
f11rn thzckness is also obtained. ‘

(Analyszs
The upper plate moves with a uniform veloc1ty ho normal to, itself to-
wards the lower plate which is flxed The film thlckness is taken as' {6]

b3

h= hoe br , Neh)

v}hlqh in dlmens;onless form is
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“hihg = 6K (2)
where )
R2 =r’/a®

Apphcatlon ofa potentlal between the conducting plates produces an axial .
current density J, between them. J- gives rise to an azimuthal magnetic
induction By. Interaction between.J, and By provides a radial body force .
proportional to J Bo which results in the pinch effect. Following the-usual
assumptions of hydromagnetlc Iubmcatmn the apphcable govermng equation
as deduced from ref. 4 (eqn (13)) is

1.d dp ' '
——3h3( —+er )‘ }lznho . (3)
r dr dr - e T o

- Solving thls equatlon under the boundary conditions that dp /dr =0atr= ‘0
and p =.0 at r = a and after substituting for k from eqn: (1) the dlmensmn—
less pressure in the film region is obtained as

3 ch} . e3FR* L g3 .
P= gl (1R 4)
L - aPnhyg ‘ 2nh - »;3‘. , X
The dimensionless load capacity is .
= WhS ' chd [ eM1-—3§)—1
oo che e (dTH) (5)
o 2anlhola® | . 8nho - 6% :
The time for a reduction in film-thickness from kg, to hoy'is
T 2x a‘,‘(‘ 171 1\/~ ' chdy\ .
L (3 ] ®
’ \W—:ITCG /4 2 h h(n tho ’ :

Results and discussion

- Whenc¢ =0, eqns 4) - (6) agree with ’chose of Murti {5] Equa’mons (4)
and.(5) show that-the pressure and the load capac1ty are increased owing to
the pmch effect by the quantltles (1/2)(1 = R*)ca? and nca4/4 respectively. -
Equatlon (6) shows that the time of approach is increased by the pmch '
effect and that it is equivalent to the corresponding non- -magnetic case with a
load W — mea*/4.- From ¢ eqn. (5), when there is no flow, i.e: ho.= 0, aload
equal to mca*/4 is sustained by-the bearing. Increases in the pressure, the
load capacity and the time of approach do not depend on.the concavity or
the convexity of the pads because they are independent of the curvature
parameter g.

Nomenclature .

a the radius of each of the plates
c . pe’12/2172a4, the current parameter
3 ‘the film thickness at radius r ’



393

ho ' the central fllm thlckness atr=0

hg  dhgldt

ho1. Rog the initial and final central fllm thicknesses
1 the total current = . v

D. * the pressure in physncal umts

P the dlmensmn[ess pressure

r - the radial coordinate

R (r?. /02)1/2 .

t time - N
At the time taken for a reduction’in the central fx]m thickness from hgy to Jigy
W the load capacity in physical umts ’ ) '
W " the dimensionléss load capacity . -

z . the axial coordinate o

g the curvature parameter !

J§] ‘Ba?, the dimensionless curvature parameter

n “the viscosity of the fluid

Mo the magnetxc permeability of the fluid

References

.1 R. A. Elco and W. F. Hughes, Magnétohydrodynamic press'\irization of 1{quid metal
bearings, Wear, 5 (1962) 198. '

2-G. Ramanaiah, Magnetogasdynamlc thrust” bearmg with anaxial pmch dJ. Flmd Mech.,
38(4)(1969)673 Py

3 V. K. Agrawal, Magnetogasdynamic externally pressurxsed bearmgs w1th an ax1al
magnetic field, Wear, 15 (1970) 79.

4 J. L. Gupta and P. C. Sinha, Axial current-induced pinch effect on the: squeeze-fﬂm ’
behavior for porous annular disks, J. Lubr. Technol,, Ser, F, 97 (1) (1975) 130.

5 P. R. K. Murti, Squeeze fllms in curved cnrcular plates dJ. Lubr 'I‘echnol , Ser, F 97 (4) )
(1975) 650. f , \



