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Abstract

This article aims to analyze the performance of a magnetic fluid based squeeze film for a sphere
in a rough spherical seat. Neuringer-Rosensweig model has been adopted to get the magneto
hydrodynamic equations. The stochastic averaging model of Christensen and Tonder has been
used to evaluate the effect of surface roughness. The associated Reynolds type equation is
derived and solved to obtain the pressure distribution resulting in the calculation of load
carrying capacity. The results presented in graphical forms suggest that the adverse effect of
transverse surface roughness can be minimized by the positive effect of ferrofluid lubrication at
least in the case of negatively skewed roughness. Equally important is the role of variance in
augmenting the performance characteristics.
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1. Introduction

It is well established that ferrofluid lubrication has turned out to be an important tool for
improving the performance of a squeeze film. The use of magnetic fluid as a lubricant has led to
the development of energy devices such as magnetically cooled high-fidelity speakers,
computer disc drives and semiconductors etc. The most important property of the magnetic
fluid is that they can be retained at any location with the aid of magnets and precisely, for this
property these fluids are widely employed in space vehicles.

Bhat and Deheri (1993) analyzed the effect of magnetic fluid on the action of a curved
squeeze film existing between two circular disks. The effect of magnetization was independent
of the curvature of the upper disk. Burcan (2004) analyzed the experimental data for the
lubricated bearings of precision and concluded that magnetic field altered the energetic state of
equilibrium occurring in spinning friction of slides. Lin et al. (2013) investigated the squeeze
film characteristics of parallel circular disks lubricated by a ferrofluid with non-Newtonian
couple stresses. The non-Newtonian ferrofluid lubrication was found to provide a higher load
carrying capacity.

By now, it is well established that the roughness of the bearing surfaces significantly affects
the performance characteristics. Several methods have been discussed to deal with the effect of
surface roughness and the performance characteristics of squeeze films. Tzeng and Saibel
(1967) employed a stochastic approach to model the random roughness which in turn, was
extended by Christensen and Tonder (1969 (a), 1969 (b), 1970) to study the effect of surface
roughness in general. These studies recognized the random character of surface roughness. A
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number of investigations deployed the stochastic model of Christensen and Tonder to analyze
the effect of surface roughness.

Pajapati (1992) investigated the combined effect of surface roughness and elastic
deformation on the squeeze film performance between rotating porous circular plates in the
presence of a concentric circular pocket. The larger size of the pocket reduced the load carrying
capacity. Gupta and Deheri (1996) discussed the behavior of a hydrodynamic squeeze film
between a non-rotating spherical surface and a hemispherical bearing under a steady load. It
was found that the composite roughness of the surfaces affected the performance characteristics
adversely. Andharia et al. (1999) dealt with the effect of transverse surface roughness on the
behavior of a squeeze film in a spherical bearing. It was observed that the composite roughness
of the surfaces significantly affected the performance of the bearing system. Andharia et al.
(2001) discussed the longitudinal surface roughness effects on the behavior of a squeeze film in
a spherical bearing. The composite roughness of the surfaces modified the performance of the
bearing system considerably. Nanduvinamani et al. (2005) presented a theoretical study on the
effect of surface roughness on the couple stress squeeze film between a sphere and a flat plate.
For azimuthal roughness pattern the load carrying capacity and squeeze film time were found to
be increased.

Patel and Deheri (2003) studied the effect of transverse surface roughness on the behavior
of a ferrofluid squeeze film between porous circular plates with a concentric circular pocket.
The adverse effect of surface roughness was found to be reduced by the ferrofluid lubrication
with a suitable choice of pocket size. Patel et al. (2011) discussed the effect of surface
roughness on the behavior of a ferrofluid-based squeeze film between circular plates
considering porous matrix of variable thickness. A significant observation was that with a
proper selection of thickness ratio parameter, a magnetic fluid based squeeze film bearing with
variable porous matrix thickness could be made to perform better than that of a conventional
porous bearing with an uniform porous matrix thickness, at least in the case of negatively
skewed roughness.

Zueco and Beg (2010) analyzed numerically the hydrodynamic squeeze film between two
rotating disks making use of numerical network simulation methods. Lin (2013) analyzed the
effect of inertia forces on the non-Newtonian couple stress squeeze film between a sphere and a
flat plate. The consideration of fluid inertia forces provided a longer squeeze film time
especially, for the squeeze film operating with a lower film height and a larger non-Newtonian
parameter. Patel and Deheri (2014) analyzed the performance of ferrofluid lubrication on a
squeeze film in rough porous parallel circular disks, considering slip velocity. It was found that
the variance (-ve) provided assistance to magnetization in overcoming the negative effect of
porosity and standard deviation associated with roughness.

Here, it has been proposed to study the effect of transverse surface roughness on a magnetic
squeeze film for a sphere in a rough spherical seat.

2. Analysis

The geometrical configuration of the bearing system is presented below.
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Fig. 1. A Sphere in a Spherical seat

It consists of a sphere with radius r in a hemispherical seat. The amount of flow from the
control volume due to Poiseuille and Couette flow can be expressed as

_ﬂdp[rhs dpjéx—zzv i(rhsin 0)x @)
67 dx dx dx

where 1 is the viscosity of the lubricant. The rate of reduction of flow due to squeeze action
turns out to be

27V €os B 2

Therefore, on equating the total flow rate from the control section to the rate of reduction in
volume of control space, one arrives at

d(rh3 dpj + 67V a (rhsin @)= -127Vr cos @ ®)
dx dx dx

As
67V d (rhsin )
dx
is smaller than the other terms, it can be disregarded. Again, since x=R@ and

r = Rsin @ one concludes that

9 (h2sing 9P =—67R?V sin 26 4
do do

The porosity effect transforms this equation into
d (. dp .
—|sin@lh® +12¢pH )— | = —67R?V sin 20
de( ( (/’H)dej 7

where @ is the permeability and H is the thickness of porous facing.

Incorporation of the magnetic field effect under Neuringer-Rosensweig model based fluid
flow, leads to (Bhat (2003), B. L. Prajapati (1995) and Bhat and Deheri (1993))
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where, £, is magnetic permeability, ; is magnetic susceptibility and

M? = KR? cos &
wherein, K is a suitably choosen constant for obtaining a magnetic field of desired strength.

In order to evaluate the effect of surface roughness the stochastic averaging model of
Christensen and Tonder (1969 (a), 1969 (b), 1970) has been employed. Stochastically averaging
the above equation (5) in the light of Christensen and Tonder’s method one is led to

d(sin Hg(h):e(p—ﬂ‘)ﬂ HZB:—GnRZV sin 20 (6)

de 2
where
g(h)= h? +3(02 +a2)n +3h?a+a’ +3620£+€+12(p|‘|

while o is the standard deviation, « is the mean and & is the skewness. The details
regarding these parameters can be obtained from Christensen and Tonder (1969 (a), 1969 (b),
1970). The following non-dimensional quantities are introduced:
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where C is radial clearance and € is the eccentricity ratio.

With these above non-dimensional quantities, equation (6) assumes the form

dd [Sm i ) (p _7003 gD:_eesin 26
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Integration of this equation with the boundary conditions

PZO s 9=£ s
2
and
d_PZO 9 920
de
gives the expression for non-dimensional pressure distribution as
P—* cos0+6 AL +| B ip By )
2 V43, - 3,7 2
where
1 -1 J,-J,
=2 B = 1= 72
J; =3,J,+J, J; =3,J,+J, J,"=3,J,+J,
1-J J,—-J,+1
le.[_ 1],L_. =3t
h-J, J,-J,h+h
and

| 2-h)rfa3, -3,
1+ (Z_Jz)(ZH_‘Jz)
(43,-3,?)

T, =tan”

Then the expression for dimensionless load carrying capacity is derived as

3 * z z z
T w=%+6 A Llsin26t19+[20”8132}joznsinzedmlejo2 L, sin2ado | (®)
RNV VA, -3,

3. Results and Discussion

It is easily seen that the dimensionless pressure distribution is obtained from equation (7). while
equation (8) determines the load carrying capacity for the bearing. It is observed that the
pressure distribution gets increased by

*

ﬂ—cos&
2

while the increase in the load carrying capacity is found to be
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as compared to the case of conventional lubricant based bearing system. Probably, this may be
due to the fact that the magnetization enhances the viscosity of the lubricant. Besides, one can
see that the expression involved in equation (8) is linear with respect to the magnetization
parameter. Accordingly, an increase in the magnetization would lead to increased load carrying
capacity.

As seen below in figures 2-6, the load carrying capacity rises sharply with the increase in
magnetization.
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Fig. 2. Variation of Load carrying capacity with respect to ,u* and €.
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Fig. 3. Variation of Load carrying capacity with respect to ,u* and &.
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Fig. 4. Variation of Load carrying capacity with respect to ,u* and l/_/
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Fig. 5. Variation of Load carrying capacity with respect to ,u* and g .
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Fig. 6. Variation of Load carrying capacity with respect to ,u* and @ .

The variation of load carrying capacity with respect to € presented in figures 7-10 makes it
clear that the load carrying capacity gets increased sharply owing to the eccentricity.



G.M. Deheri et al.: Effect of surface roughness on a magnetic squeeze film for a sphere in a spherical seat

o B N W b~ U

—9—¢ =-0.05
€=-0.025
. —a—E=0
=3e=c = 0.025
0,1 0,2 0,3 0,4 0,5

==ie=¢ =0.05

’ ’ ’ ’ ’

e

Fig. 7. Variation of Load carrying capacity with respect to € and E .
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Fig. 8. Variation of Load carrying capacity with respect to € and E .
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Fig. 9. Variation of Load carrying capacity with respect to € and l/_/
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Fig. 10. Variation of Load carrying capacity with respect to € and g .

The fact that negatively skewed roughness increases the load carrying capacity while the
load carrying capacity gets decreased due to positively skewed roughness, can be availed from
figures 11-13.
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Fig. 11. Variation of Load carrying capacity with respect to E and g.
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Fig. 12. Variation of Load carrying capacity with respect to £ and & .
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Fig. 13. Variation of Load carrying capacity with respect to E and 1;

Figures 14-15 establish that the trends of load carrying capacity with respect to variance are
almost similar to that of skewness. But the rate of increase in the load carrying capacity is
registered to be more in the case of negatively skewed roughness.

0,6
0,4

= ——5=0.1
e 0,2

5=0.2

=5 = 0.3

-0,05 0 005 ~¢0=04

Fig. 14. Variation of Load carrying capacity with respect to E and g .
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Fig. 15. Variation of Load carrying capacity with respect to @ and l/_/ .
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Lastly, Figure 16 indicates that the combined effect of porosity and standard deviation is to
reduce the load carrying capacity.
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Fig. 16. Variation of Load carrying capacity with respect to E and 1;

Some of the figures presented here reveal that the adverse effect of standard deviation and
porosity can be compensated to a large extent by the magnetization at least in the case of
negatively skewed roughness. Of course, variance (-ve) adds to this compensation.

4.Conclusions

The bearing registers an improved performance due to magnetization. Although, the effect
of transverse surface roughness is adverse, in general, the situation could be retrieved by the
positive effect of magnetization, in view of the combined positive effect of negatively skewed
roughness and variance (-ve). However, this investigation strongly suggests that the roughness
aspects must be duly considered while designing the bearing system. In addition, this type of
bearing system supports certain amount of load even when there is no flow which does not
happen in the case of conventional lubricant based bearing system.

N3Box

E¢exar xpanaBocTu NoBpIIMHE HA MATHETH30BAHU NPUTUCHYT QUM KOI
chepe y chepHYHOM JICKUIUTY
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Pe3ume

Lums oBor pama je na aHanmu3upa mepdopMaHCe MarHeTH3oBaHOT ¢(uima ¢nynaa mnox
NPUTUCKOM y ciydajy cdepe y xpamaBom cdepuunom mnexumnty. Monen Hojpunrep-
PoszencBajra je ycBojeH Ja ce [00Mjy MarHeTHO-XHIPOIMHAMHUYKE jenHauuHe. Mogpen
Kpucrencena u ToHzepa 3a CTOXacTHYKO ycpeAmaBame je KopuiheH na ce oapenu edekart
xpanaBoctu nopumHe. OxaroBapajyha jennaunHa PejHonicoBor Trna je w3Be[cHa M pelleHa
Jia ce moOuje pacmojierna MPUTHCKA Koja BOMU Ka CpadyHaBamy HOCHBOCTH JIekaja. Pesynratu
Npe/IcTaBbeHn y Tpaduukoj (opMH cyrepupajy Ia HENOKE/bHH e(eKaT TpaHCBEp3aslHe
MOBPIIHHCKE XPAraBOCTH MOKe OWUTH MHHHMH30BAH MO3UTUBHUM €(EKTOM MOAMAa3HBarbha
bepodmyrnom, O0ap y ciiydajy HETAaTHBHO 3aKOIICHEe XpamaBocT. [lomjenHako je BakHa yiora
BapHjaHce MPU pa3MaTpamy KapaKTepUCTHKA TephOpMaHCH.

K.rl,y‘me peun: C(l)epwmo JICKHIITEC, MAarH€TU30BaHU (I)J'IyI/II[, XpanaBoCT, HOCHUBOCT,
TIOPO3HOCT
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