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Abstract

Efforts have been directed to study and analyze the squeeze film behavior between a curved
rough porous circular plate and a flat rough porous circular plate under the presence of a
magnetic fluid lubricant. The curved film thickness is described by a secant function. It is taken
in to consideration that the external magnetic field is oblique to the lower plate. The bearing
surfaces are assumed to be transversely rough. The random roughness of the bearing surfaces is
characterized by a stochastic random variable with non-zero mean, variance and skewness. The
concerned Reynolds equation governing the film pressure is averaged with respect to the
random roughness parameter. The associated non-dimensional partial differential equation is
solved with appropriate boundary conditions in dimensionless form to obtain the pressure
distribution, in turn, which leads to the calculation of load carrying capacity. The computed
results show that the performance of bearing system enhances considerably as compared to that
of a bearing system working with a conventional lubricant as the magnetization increases the
effective viscosity of the lubricant. The results tend to indicate that the bearing suffers due to
transverse surface roughness, in general. Probably this may be due to the fact that the
transverse surface roughness offers resistance to the motion of the lubricant. The effect of
variance (negative) is considerably positive at least in the case of negatively skewed roughness
as the load carrying capacity arises sharply. The combined effect of porosity and standard
deviation is relatively adverse, in the sense that the already decreased load carrying capacity
due to porosity gets further decreased owing to standard deviation. However, this investigation
suggests some ways to mitigate this adverse effect.

Keywords: Squeeze film, Magnetic fluid, Rough surface, Reynolds equation, Load carrying
capacity, Circular plates.

1. Introduction

The squeeze film behavior between circular disks when one of them has a porous facing, press—
fitted in solid wall; was discussed by [Murti 1975]. [Prakash et al. 1973] simplified the analysis
of Murti by incorporating the Morgan Cameron approximation, when the porous facing
thickness is assumed small enough. Several studies have appeared concerning the problem of
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squeeze film porous metal bearing [Ting 1972; 1975a, Wu 1970; 1971]. [Prakash et al.1973]
dealt with several geometrical structures regarding the performance of squeeze film.
[Elsharkawy et al. 1996] analyzed the hydrodynamic lubrication of squeeze film in porous
bearing associated with circular plates.

The squeeze film behavior between a curved upper plate and a flat lower plate was studied
by [Murti 1975] and it was shown that the load carrying capacity rose sharply with curvature in
the case of concave pads. [Gupta et al. 1980] discussed the corresponding problem in the case
of annular plates. In the above analysis, the lower plate was considered to be flat one. [Ajwaliya
1984] extended these analyses by assuming the lower plate also to be curved. According to his
investigations such situation could be found useful in the design of machine elements like
clutch plates and collar bearings.

In all the above investigations conventional lubricants were used. Use of magnetic fluid as
a lubricant modifying the performance of the bearing system, has been very well recognized.
[Verma 1986] discussed the squeeze film performance under the presence of a magnetic fluid
lubricant. [Bhat and Deheri 1991] analyzed the behavior of the squeeze film between porous
annular disks. Here it was concluded that the application of magnetic fluid lubricant enhanced
the performance of the squeeze film. However, they assumed that the plates were flat. But in
actual practice the flatness of the plate does not endure owing to elastic, thermal and uneven
wear effects. With this end in view, [Bhat et al. 1993] studied the effect of magnetic fluid
lubricant on the configuration of [Ajwaliya 1984] considering the surface of the plate
approximated by an exponential function. [Patel et al. 2002] deliberated on the squeeze film
behavior between curved circular plates using a magnetic fluid lubricant. They found that the
magnetic fluid lubricant improved the performance of bearing system. [Deheri and Patel 2006]
studied the effect of magnetic fluid lubricant on the behaviour of a squeeze film between porous
circular disks with sealed boundary. Here it was proved that the performance of the bearing
system enhance considerably by sealing the boundary and choosing suitable magnetic strength.
[Hsu et al. 2008] investigated magnetic hydrodynamic squeeze film characteristic between
circular disks incorporating the effects of rotational inertia. From the results obtain it was clear
that the rotational inertia was resulted in a reduced load carrying capacity while the applied
magnetic fields provided an increase in load carrying capacity and response time. This study
established that the squeeze film characteristics were found to be improved by the use of an
electrically conducted fluid in the presence of a transverse magnetic field. [Hsu et al. 2009]
presented a study dealing with the combined effects of surface roughness and rotating inertia up
on squeeze film characteristic between circular disks while the surface structure with
circumferential roughness increase the load carrying capacity and lengthened the response time,
the radial structure reverse these trends. [Shimpi and Deheri 2010] analyzed the surface
roughness and elastic deformation effects on the performance of a magnetic fluid based squeeze
film between rotating porous circular plates with concentric circular pockets. Here it was
concluded that the negative effect of porosity roughness and deformation could be minimized
by the positive effect of magnetization parameters at least in the case of negatively skewed
roughness by choosing suitably the pocket radius. [Davim 2011] investigated the performance
of a hydrodynamics rough film. Here the Tribology aspects was examined with special
emphases on surface topography, wear of materials and lubrications. [Huang et al.2011]
discussed the effect of Ferrofluid lubricant with an external magnetic field. It was concluded
that the Ferrofluid registered a relatively good friction reduction performance in the presence of
an external magnetic fluid compared with carrier liquid. Also, the life period was found to be
improved.

After having some run—in and wear the bearing surfaces develop roughness. The roughness
appears to be random in character. Several investigations were devoted to study and analyze the
effect of surface roughness [Davies 1963, Burton 1963, Michell 1950, Tonder 1972, Tzeng et al.
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1967. Christensen et al. 1969a; 1969b; 1970]. [Christensen et al. 1969a; 1969b; 1970] proposed
a comprehensive general analysis both for transverse as well as longitudinal surface roughness.
Christensen and Tonder’s approach formed the basis of the analysis to study the effect of
surface roughness in a number of investigations [Ting 1975a, Prakash et al. 1982; 1983,
Prajapati 1991; 1992, Guha 1973, Gupta et al. 1996, Andharia et al. 1997]. [Patel et al. 2008]
investigated the squeeze film behavior between two infinitely long porous rough parallel plates
with porous matrix of variable film thickness.

Here it has been sought to investigate the effect of surface roughness on the behavior of
magnetic fluid based squeeze film between a curved porous circular plate and a flat porous
circular plate where in, the curved film thickness is described by a secant function.

2. Analysis

The configuration of the bearing system is displayed in Fig. 1.

Solid
housing
porous

housing

Fig. 1.

It is assumed that the surface of the upper plate determined by

h= Br?), 0<r<
hysec(Br?), 0O<r<a @

approaches the lower plate with the normal velocity h,, where h; is the central distance
between the plates and B is the curvature parameter.

The bearing surfaces are assumed to be transversely rough. Following [Tzeng and Seibel
1967] the film thickness h(x) of the lubricant film is

h(x)=h(x)+hs @
where H(x) is the mean film thickness and hg is the deviation from the mean film thickness

characterizing the random roughness of the bearing surfaces. hy is considered to be stochastic in
nature and governed by the probability density function
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2
35 h.?
1-=|, —c<h <c
f(hs)= 3202[ j s

0, Otherwise.

(©)
where C is the maximum deviation from the mean film thickness. The mean « , the standard
deviation o and the parameter &, which is the measure of symmetry of random variable h
are defined by the relationships

a=E(hs) (4)
o* = E[(n —a)'] ©

and
(9=E[(hS —a)gJ ©

where E denotes the expected value defined by

E(R)= [Rf(hs)ds
- )

Assuming axially symmetric flow of the magnetic fluid between the plates under an oblique
magnetic field

H =(H (r)cosg(r,2), 0, H(r)sing(r,z)) 8)

whose magnitude H vanishes at r =a, the modified Reynolds equation governing the film
pressure p becomes [Bhat , Patel et al., Gupta et al.]

1d { d(  puH? .
- rg(h)—[p—— =12nh,
rdr dr 2

C)]

where

g(h)=h’+3ah® +3a’h+3c°h+a’ + £ +12¢H, (10)
Also, u, is permeability of free space, /_1 is the magnetic susceptibility of particles and 7 is
the viscosity of the lubricant, ¢is the permeability of porous facing, H,is the thickness of
porous medium. Taking, for instance,

H?=ka(a-r),0<r<a (1)

where k =10 A’m™ chosen so as to have a magnetic field of strength over 10° [Bhat 2003]
and remembering that the magnetic field arises out of a potential, it can be shown that the
inclination ¢ satisfies the equation
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8(0 Jp  3r-2a

cote —_—
ar oz 2r(a—r) (12)
whose solutions are
C?cosec?p = 15r-a
a—r (13)
and
z=-2c /| 27"
15r-a (14)
where C is a constant of integration. Introducing the non-dimensional quantities
3
- H
P _hOp.’ R_L,ﬁ:ﬂaz,l//:¢3o
na’ h, a b
3
« k — — -
hO/JO/f , O-:£7a:h£’g:i3
naz h0 hO 0 hO (15)

with the usual assumptions of hydromagnetic lubrication. The modified Reynolds equation
governing the film pressure p turns out to be [Bhat 2003, Deheri et al. 2005]

3 3 -
a RG(h a _M+M(1_R) —_12R

(h)
dr drR : N
Tlaz hO 77a2h0 (16)
where
G (h)=sec®( AR )+3assec’ (AR
—2 —2 — 2 _ -3 -
+3(a +0o )sec(ﬁR )+3a0' +a +e+12y
(17

In view of the non-dimensional quantities introduced above, the associated non-dimensional
Reynolds equation governing the dimensionless pressure P is obtained from

o) | & o |-

(18)

where

g (F\) :1+355+352 +33-2 +3&3—2 +53 +2+12y/

(19)

and

- =2 =2
A= 0.5(3+6a+3a 130 )

(20)

while y is the porosity parameter. Solving equation (18) under the boundary conditions,
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*

e __u4
P(l) =0 : dR 2 When R=0 (21)

One obtains the non-dimensional pressure distribution:

- 3(1-R?
P= %(1— R)+—(——2)2
h)+ A R
Lastly, the load carrying capacity W is determined in dimensionless form as
1
W oW = [RPOR
and hence
—2 = — _
v 15 3(AF+0(N) [AF +q(n)
=E— — + _, 2 In H
AB 2(Aﬁ ) a(h)
(24)

3. Results and discussion

It is clearly seen from Equation (22) and Equation (24) that the non-dimensional pressure
distribution is determined from Equation (22) while Equation (24) presents the distribution of
dimensionless Ioad carrying capacity. These two expressions depend on various parameters

such as 4, o.6,a, andy . These parameters describe respectively, the effect of

magnetization, roughness, curvature of the plate and porosity. Furthermore, a close glance at the
Equation (22) and Equation (24) reveals that the increase in pressure is

i
—(1-R
> (1-R) 25)
while the load carrying capacity enhances by
“
12 (26)

due to the magnetic fluid lubricant. Furthermore, it is seen that taking roughness parameters to
be zero, this study reduces to the performance of a squeeze film in curved porous circular plates
under the presence of a magnetic fluid lubricant. In the absence of magnetization, this
investigation gives the squeeze film performance in curved porous circular plates. Further,
taking the curvature parameter to be zero, one obtains the performance of a squeeze film in
porous circular plates [Prakash et al. 1973]. This reduces to the performance of a squeeze film
in circular plates in the absence of porosity.

In order to analyze the quantitative effect of the computed results the followmg fixed
values of different parameters are considered # =0.5 , ¢ =0.05, a=-0.05 &=-0.05,

w =0.001, B=0.45.
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The variation of load carrying capacity with respect to the magnetization parameter for
different values of o, ¢, a, B and y presented in Figures 1-5, suggest that the load carrying

capacity rises sharply due to magnetic fluid lubricant. The effect of curvature parameter is to
decrease the load carrying capacity.
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Fig. 1. Variation of Load carrying capacity with respect to " and o
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Figures 6-9, describe the variation of load carrying capacity with respect to standard deviation
for various values of variance « , skewness ¢, S and y respectively. It is clearly observed

that B has a significantly negative effect, which means that the already decreased load carrying

capacity due to o further decreases owing toﬁ. Therefore, the combined effect of o and ﬁ

is considerably negative in the sense that the load carrying capacity decreases sharply. But the
effect of porosity with respect to standard deviation is almost negligible for the values of

less than 0.001.
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Fig. 10. Variation of Load carrying capacity with respect to a and &
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In Figures 10-12, one can see the profile for the load distribution with respect to the variance for
different values of &, E and y respectively. From these three Figurers, it is easily seen that
variance (+ve) decreases the load carrying capacity while variance (-ve) increases the load
carrying capacity. However, the effect of the curvature parameterﬁ with respect to the variance

a is significant in the sense that the combined effect of the curvature parameter and the
variance (+ve) is considerably adverse as indicated in Figure. 11.
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The effect of skewness is depicted in Figures 13-14, so far as load carrying capacity is
concerned. It is observed that skewness follows the path of the variance with regards to the
trends. But the effect of curvature parameter on the distribution of the load carrying capacity
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with respect to £ is significant. Further, the effect of skewness is sharper as compared to that of
the variance.
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Lastly, the effect of  with respect to the curvature parameter on the distribution of the load

carrying capacity is negligible for the values of porosity less than 0.001. This can be observed
in Figure. 15.
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Fig. 15. Variation of Load carrying capacity with respect to B and y

Some of these figures establish that the negative effect of porosity and the standard deviation
can be compensated up to some extent by the positive effect of magnetic fluid lubricant in the
case of negatively skewed roughness, particularly, when the negative variance is involved; by

choosing a suitable value of the curvature parameterﬁ. It is clearly noticed that the combined
effect of negatively skewed roughness and negative variance is significantly positive.

4. Conclusion

This article offers ample scopes for reducing the adverse effect of the standard deviation and
porosity by the positive effect of magnetization parameter in the case of negatively skewed
roughness by suitably choosing the curvature parameter. The reduction becomes sharper
particularly, when negative variance occurs. Thus, this analysis makes it mandatory that the
roughness must be accorded due consideration while designing the bearing system especially,
from bearing’s life period point of view. Further, this investigation establishes that the bearing
can support a load even when there is no flow, which does not happen in the case of
conventional lubricant.
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Pe3ume

Pang je ycMepeH ka aHalW3W MOHAIIalka NPUTHCHYTOr (uiaMma u3Mel)y 3akpuBibeHe rpyode
NOpO3HE KPY)KHE IUIOYe M paBHE IpyOe MOpO3HE KPY)KHE IUIOYEe Y TMPHCYCTBY MAarHETHOT
monMasuBava. J[eOJbrMHA 3aKpUBJCHOT (MIIMA je omMcaHa (YHKIUjOM Ceuulle. Y3eTo je Y
003Up /12 je CIoJballlle MarHeTHO MOJbe YCMEPEHO MpeMa Jow0j IiovH. [IpernocTasibajy ce aa
Cy mnompeyHe TpyOe NOBpUIMHE JeXajeBa. HacymMu4Ha XpamaBOCT TOBpIIMHA Jexaja
OKapaKTepUCaHa je CTOXaCTUYKOM CIIy4ajHOM TIPOMEHJBMBOM Ca HEHYJITHOM CpPEIHBOM
BpenHoinhy, BapujancoM m Harmbom.Oxarosapajyha PejHonncoBa jegHaumHa koja oxapehyje
NpUTHCAK (riIMa je y3era Kao IPOCEYHA y OJHOCY Ha Cly4ajaH MapameTap XpamaBOCTH.
Onroapajyha 0Oe3nnMeH3MOHAIHA TapuujaiHa Au(epeHIrjalHa jeJHaddHa je pelIeHa ca
TpaHUYHUM YCJIOBHMAa y O€3IMMEH3MOHAIIHOM O0MMKy aa Oum ce mobOmma mucTpuOyrmja
MIPUTHCKA, IITO 3ay3BpaT BOIU N0 padyHama HOCHBOCTU. JI0OHMjeHN pe3ynTaTd MOoKasyjy JAa ce
nepdopMaHce Jie)kajHOT CHCTeMa 3Ha4YajHO Mo0oJbIaBajy y nopehemy ca JeKajHIM CHCTEMOM
KOjU pagy ca yoOWYajeHMM TNOAMa3uBayeM IMOIITO MarHeTusanuja mnoeehaBa edekre
BUCKO3HOCTH TOAMa3uBaya. Pe3ynratv reHepaHo TOKa3yjy Ha Jiexaj Tpnu 300r MONpeyHe
XpanaBocTH noBpiirHe. OBO, BEpOBaTHO, MOXKe OUTH 300T YMHEHUIIE J]a TIONpeyHa XparnaBocT
MOBPILIMHE NpyXa OTIOp KpeTamwy noamasuBava. Edekar BapujaHie (HeraTHBHE) je 3HaYajaH
MOTOTOBO Yy CIy4ajy HeEraTMBHOr Haruba Kako ce HocuBocT omnTepehema Hario
nosehaBa.KomOunanmja edexkra mHOpPO3HOCTH W CTaHAApIHE JEBHjallje je PpEJAaTHBHO
HETIOBOJbHA Y CMHUCITY J1a ce Beh cMameHa HOCHBOCT ycJe]] TIOPO3HOCTH AaJbe jOII cMamyje 300T
cTaHapiaHe Jesujanuje. MehyTum, 0BO HCTpaXXMBame Mpe/iiaxe HeKe HauklHe 3a yOnakaBame
OBHX JIOIHX edeKkara.

Kbyune peun: Tanak ¢uiam, marHeTHH (QIynn, XpanaBa NOBpIIMHA, PejHONICOBA jemHaUNHA,
HOCHBOCT, KPYXHE IUI04e
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