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Assuming that the surfaces of the truncated conical plates are transversely
rough and considering the porous structure based on the Kozeny-Carman
model, in the transverse magnetic field, the issue of the squeeze film between
electrically conductive rough porous surfaces with electrically conductive
lubricant is analyzed. The roughness of the surface of the bearing is
dependent on a stochastic random variable with non-zero mean, variance and
skewedness. After stochastically averaging the equation of Reynolds with
regard to the parameter of random roughness, the pressure distribution,
which in turn leads to the load carrying capacity, is solved with suitable
boundary conditions. The analyses are displayed in both graphic and tabular
form. It is known that the bearing roughness is transversely rough in general.
Nonetheless, in the case of negative skewed roughness, the condition can be
restored to some level by choosing the conductivities of the plate, if there is a
negative variance. It is also found that even when there is no flow the
magnetic field bearing can sustain a load.

© 2020 Published by Faculty of Engineering

1. INTRODUCTION

A variety of theoretical and experimental studies have
been conducted on hydromagnetic lubrications for
porous and flat metal bearings. In liquid metal
lubrication, Elco and Huges (1962) analyzed
magnetohydrodynamic pressure. The performance of
magnetohydrodynamic squeeze films was studied by
Kuzma (1964) and Kuzma, Maki and Donelly (1964).
Shukla (1965) investigated the hydromagnetic theory of
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squeeze films in the presence of a transverse magnetic
field to conduct lubricants between two non-conductive
non-porous surfaces. The nature of hydromagnetic
squeeze films between two non-porous surfaces was
explored by Shukla and Prasad (1965) and the effect of
surface conductivity on the performance of the bearing
systems was studied. A number of theoretical and
experimental studies were devoted to
magnetohydrodynamic lubrication (Dodge, Osterle and
Rauleau W.T., 1965), Maki, Kuzma and Donelly (1966);
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Snyder (1962)). Sinha and Gupta (1973, 1974) addressed
the analysis of hydromagnetic effects on porous squeeze
films in which annular plates and rectangular plates were
considered. Patel and Hingu (1978) examined this impact
among circular disks for squeeze films. Patel and Gupta
(1979) used Morgan — Cameron approximation and
simplified the analysis of hydromagnetic squeeze films
for a number of geometric shapes between parallel plates.
Patel (1975) studied the behavior of hydromagnetic films
with tangential velocity slip between porous annular
disks.

It is well established that the bearing surfaces create
roughness after some run-in and wear. Many researchers
analyzed the effect of surface roughness. (Davies (1963);
Burton (1963); Tonder (1972); Michell (1950);
Christensen and Tonder (1969a, 1969b, 1970). Tzeng and
Saibel (1967); Berthe and Godet (1973). For both
transverse and longitudinal  surface roughness,
Christensen and Tonder (1969a, 1969b, 1970). proposed
an extensive general study. The approach of Christensen
and Tonder was the basis of the analysis to investigate
the effect of surface roughness in a number of (Ting
(1975); Gupta and Deheri (1996); Prakash and Tiwari
(1982); Guha (1993); Prajapati (1991, 1992); Andhari,
Gupta and Deheri (1997, 1999). Patel and Deheri (2003,
2004) previously studied the performance of a magnetic
fluid-based squeeze film between annular plates and
circular and studied the impact of surface roughness on
bearing system performance.

However, the increase in the conductivity of the plate
results in improved performance (Prajapati (1995)) for
circular plates, the transverse roughness of the bearing
surfaces is shown to impact the performance of the
system. Of course, the condition can be recovered to
some degree particularly when negative variance arises
in the case of negative skewed roughness.

The method adopted in the investigation of Patel and
Deheri (2007) was modified and developed by Vadh et.
al. (2010) to evaluate the adverse effect of transverse
roughness for a magnetic fluid based squeeze film
between rough porous conical plates. Patel et al (2018)
discussed Ferrofluid squeeze film in rough conical plates
Comparison of porous structures.

2. ANALYSIS

The geometry and configuration of the bearing system is
shown in Figure: 1.

The lower plate with a porous face is supposed to be fixed
while the upper plate moves towards the lower plate
along its normal course. The plates are assumed to be
electrically conductive and a lubricant fills the clearance
gap between them. Between the plates there is a uniform
transverse magnetic field.
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Figure 1. Bearing Structure

The flow in the porous medium obeys the modified form
of Darcy’s law. (Cf. Prajapati (1995), whereas the
hydromagnetic lubrication theory equations hold in the
film region. Following Tzeng and Saibel (1967) the film
thickness h(x) is given by

h(x) = h(x) + hs(x)

If h(x) is the nominal film thickness between the mean
bearing surface level and hs(x), the random deviation
from the mean film thickness is determined by the
probability density function f (hs), - ¢ <hs< ¢, C is the
maximum hs deviation. The mean a, the standard
deviation o and the parameter ¢ that is the symmetry
measure of random variable hs are defined by
relationships.

a =E (hs)
?=E[(hs-a)?
and
e=E[(hs-a)’]
Where E refers to the expected value specified by E
C
[RE(h,)d h,
E(R)="°
The updated Reynolds equation for the lubricant film

pressure is based on the normal hydromagnetic
lubrication assumptions.

1d ( dpj
—_ | X—
xadx | dx/_

h . 1
2A M M) 12ylLA
—— | tanh——— |- !
LMS( 5 2) uc? ¢O+¢1+1
b+ +tanh(M/2)
U (V7))

M

where A is the roughness term defined as

A=h®+3h%a+3n(a® +6°) +e+3c°a+a’ +12yl,
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and

1/2
M= Boh(iJ
i

2.1 A Globular Sphere Model (GSM):

In this model, the porous material is packed with globular
particles. The mean size of the particle is Dc.

=
N

Figure 2. Structural model of porous sheets given by
Kozeny — Carman

The Kozney — Carman terminology demonstrates that the
permeability of the porous region takes shape.

3 Dge3

LT~
180(1 —e)
where e is the porosity.

Solving this equation with the use of boundary
conditions.

p(a cosecw) =0 ; p(b cosecw) =0 )

Gives dimensional pressure distribution as

] . 2
h(azbz)coseczw[ln(x/bcosem) (xsinlb)? -1

o- In(a/b) (a/b)z 1 . 1
B (M _M)__veB
4{M3[mh 2 2] 15(1-e)2c2} Gt
tanh(M/2)
both* (M2)
(3)

where
B =1+ 3a* +3(a*? + 6*?) + g*+ 30*0* + a*?

and

Then the load carrying capacity given by

acosecw
J' p - xdx

W= 2T bcoseco

is obtained in dimensionless form as

wh?

W =

1 hr?(a? —b?) cosec’o

o @il 1
cosec™w- ) -
B (ab)* -1 In(a/b) . 1
[ 2B M M ve’B
8 tanh— —— |- Y= =
n{Mg(an 2 2) 15(1-e)202} ¢O+¢1+1
tanh(M/2)
b0+ )

(4)
3. RESULTS AND DISCUSSIONS

The distribution of pressure and the load carrying
capacity depends on different parameters such as as M, y,
do + ¢1,0%, *, a* Kk, o and e in equation no.(3) and (4).
The outcome of the squeeze film analyzed by Shukla and
Prasad (1965) for non-porous smooth conducting plates
can be obtained by taking into account the parameters of
y+ and e = 0 and roughness parameters o*, a* and £* are
equal to zero. The results of Prakash and Vij (1973) are
obtained for non-magnetic porous squeeze films in the
limiting case when we take M=0 and the parameters of
roughness o* = a* = ¢* = 0. Patel and Gupta
(1979) results are obtained if ¢o and ¢1 are taken as null.

It is also easy to see that ¢o + ¢1 increases W for fixed
valuesy, M, o*, a* and &* k, ® and e .Although W
decreases with higher fixed values W and fix values ¢o +
1, o*, a* and £* k, @ and e. The impact of conductivity
on the distribution of pressure comes by the factor

tanh(M/2)
(M/2)
bo+¢1+1

bo + 01 +

For large values of M this tends to

do + 01
bo +¢p +1

as tanhM~ 1, 2/ M ~ 0. Both of these functions refer to
the functions of ¢o + ¢1. From a statistical point of view it
is observed that the ¢o + ¢1.load carrying capacity also
increases as the pressure and the load rises.

Variation of load carrying capacity for different values of
the magnetization parameter M,y, ¢o + ¢1, o*, a*, e* K,
® and e respectively is shown in Figures Al — A8
(Appendix). From these figures one can see that the load
carrying capacity increases considerably and also the
negative skewed roughness tends to improve bearing
system performance. Although the variance generally has
a negative effect on the bearing system, the increase in
the load carrying capacity is still sharp due to negative
Avariance. The transverse surface roughness is clearly
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seen to adversely affect the bearing system and the
combined effect of the standard deviation and porosity is
considerably negative.

Figures A9 — A15 (Appendix) show the load profile for
different values with respect to ¢o + ¢1

y, o*, a*, €* Kk, ® and e. These figures show that the
capacity of the load carrying increases considerably with
respect ¢o + ¢1. The variance has a very strong impact in
increasing the capacity of the load carrying while the
standard deviation has a nominal role. It can be noticed
once again that the porosity has a considerably negative
effect on the bearing system performance. From Figures
A16 — A21 it can be concluded that the combined effect
of the porosity and the transverse roughness parameters
is significantly negative, while, In the case of negatively
skewed roughness, the condition retrieves significantly,
when it comes to negative variation. Figures A22 — A26
define the variability in load carrying capacity in terms
of the combined effect of the roughness and porosity
parameters. It is apparent that the combined effect of the
parameters of roughness reduces the efficiency of the
load carrying. (c. f. Figures A27 — A30) in Appendix.
From figures A31 to A33, we can easily understand the
load carrying capacity increases with increases with k, @
and e. In figures A34 and A35 LCC increases with

reapect to e and ® And lastly in figure A36 load
increases with respect to semi verticle angle.

Although the surface generally suffers due to roughness
of the surface. This paper provides excellent scope for
improving the efficiency of the bearing system,
especially where there are adverse variances and this
positive impact is further strengthened by combining the
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Figure A26. Variation of load with respect to o* and v Figure A30. Variation of load with respect to e* and v
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Figure A28. Variation of load with respect to e* and ® Figure A32. Variation of load bearing capacity for

values of k and e
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Figure A33. Variation of load bearing capacity for
values of k and v
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Figure A34. Variation of load bearing capacity for
values of y and e

NOMENCLATURE
a Radius of the plates (m)
H Lubricant film thickness (m)
K Permeability (col’kgm/s?)
m Porosity of the porous matrix
h =dh/dt Squeeze velocity
12
S
M = Boh| = | = Hartmann number
1)
p Pressure distribution (N/m?)
o —ph’
P Non-dimensional pressure = —;
whma?
S Electrical conductivity of the lubricant

w Load carrying capacity (kgm/s?)
Dimensionless load carrying capacity = -

3
woo_wh
phn’a*
Bo Uniform transverse magnetic field applied
between the plates.
KM?
c? =1+—
h*m
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Figure A35. Variation of load bearing capacity for
values of v and o
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Figure A36. Variation of load bearing capacity for
values of e and o

h Surface width of the lower plate (m)
0

h. Surface width of the upper plate (m)
1

So Electrical conductivity of lower surface (mho)
S1 Electrical conductivity of upper surface (mho)
Soh,s
= = Electrical permeability of the
do(h) Sh
lower surface
s;h,
= = Electrical permeability of the
¢a(h) sh
upper surface
= Dc2e3 = Porosity
v 180(1—e)?
e Eccentricity ratio
u Viscosity (kg/ms)f
c* Non-dimensional standard deviation (c/h)
o* Non-dimensional variance (a/h)
e* Non-dimensional skew ness (&/h®)
k Aspect ratio
o Semi Vertical angel
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