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Abstract:

An attempt has been made to study and analyze the performance of a rough hyperbolic slider bearing under the
presence of a magnetic fluid lubricant. The magnetic field is oblique to the stator and the bearing surfaces are
considered to be transversely rough. The roughness of the bearing surface is characterized by a stochastically
random variable with non-zero mean, variance and skewness. The concerned Reynolds equation is stochastically
averaged with respect to the random roughness parameters. This stochastically averaged equation is solved with
suitable boundary conditions to obtain the expression of pressure distribution, which is then used to calculate the
load carrying capacity. Besides, friction is also computed. The results show that the transverse surface
roughness affects the performance of the bearing system adversely. It is seen that the load carrying capacity
increases while friction decreases due to the magnetic fluid lubricant. It is revealed that the negative effect of
transverse roughness can be minimized to certain extent by the positive effect of the magnetization in the case of
negatively skew roughness. It is noticed that positively skewed roughness and variance (+ve) decrease the
friction. Thus, this article offers some scopes for reducing the friction, increasing the load carrying capacity at
the same time. This article may also be prevailed some measures for the extending the life period of the bearing
system.
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1. Introduction

Amongst the hydrodynamic bearings, slider bearing is the simplest and frequently encountered because
the expression of film thickness is simple and boundary conditions to be required zero at the bearing ends are not
that complicated. The fundamental aspect in a hydrodynamic slider bearing is the formation of a converging
wedge of the lubricant. The hydrodynamic slider may be constructed to provide this converging wedge in a
number of ways. [1] established that the shape of the wedge is not that important and all that mattered is in the
aspect ratio.

The analysis of hydrodynamic lubrication of a non-porous slider is classical one, for instance, one can
turn to [2] and [8]. In fact, the infinite long slider bearing is the idealization of a single sector shaped pad of a
hydrodynamic thrust bearing. Such a bearing consists of a fixed or pivoted pad and a moving pad which may be
plane, stepped, curved or composite shaped (such bearings are widely used in hydrodynamic generators and
turbines). Because of the use of squeeze film slider bearing in clutch plates, automobile, transmissions and
domestic appliances many investigations ([4] and [5]) dealt with the problem of a squeeze film slider bearing.
Slider bearing has been studied for various film shapes. ([2], [6] and [8]) as slider bearing is often used for
supporting transverse loads.

By now, it is a well know fact that the bearing surfaces, as particularly after having some run- in and wear
develop roughness. Even, the contamination of the lubricant contributes to the roughness through chemical
degradation of the surface as contribute the roughness. The roughness appears to be random in character which
does not seem to follow any particular structural pattern. The randomness of the roughness was recognized by
several investigators to analyze the effect of surface roughness ([9] - [17]). [13]- [15] proposed a comprehensive
general analysis for surface roughness (both transverse as well as longitudinal) based on a general probability
density function by developing the approach of [12].
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The method of [13] - [15] was deployed in many investigations to discuss the effect of surface roughness
([18] - [26]).

All the above studies dealt with a conventional lubricant. The magnetic fluid is prepared by suspending
fine magnetic grains coated with a surfactant and dispersing it in a non-conducting and magnetically passive
solvent, such as benzene, hydrocarbons and fluorocarbons. These magnetic fluids remain liquid in a magnetic
field and after removal of a field recover their characteristics. Particles within the liquid experience a force due to
the field gradient and move through the liquid imparting drag to it causing it to flow. The advantage of magnetic
fluid lubricant over the conventional ones is that the former can be retained at the desired location by an external
magnetic field [32].

[27] and [28] presented the squeeze film performance by taking a magnetic fluid as a lubricant. [29]
extended the analysis of ([27]-[28]) to analyze the squeeze film behavior between porous annular disks using a
magnetic fluid lubricant with the external magnetic field oblique to the lower disk. Here, it was concluded that
the application of magnetic fluid lubricant enhanced the performance of squeeze film bearing system.
Subsequently, [30] modified the analysis of [28] by considering a magnetic fluid based porous composite slider
bearing with its slider consisting of an inclined pad and a flat pad. These discussions suggested that the magnetic
fluid lubricant unaltered the friction and shifted the centre of pressure towards the inlet. Moreover, the load
carrying capacity registered a sharpe rise due to the magnetic fluid lubricant. Also, [31] considered the
hydrodynamic lubrication of a porous slider bearing and compared the performance by taking the various
geometrical shapes. Here, it was observed that mostly, the magnetic fluid lubricant resulted was increased load
carrying capacity and shifted the centre of pressure towards the outlet edge. [33] extended the analysis of [7] to
develop a mathematical model, which study the effect of slip velocity on a porous secant shaped slider bearing
with ferro fluid lubricant using Jenkins model. [34] analyzed the performance of transversely rough slider
bearing with squeeze film formed by a magnetic fluid. Here, it was shown that the increase in the load carrying
capacity due to the magnetic fluid lubricant enhanced the performance of the squeeze film bearing system. This
performance was more pronounced, when suitable values of magnetization parameters were taken into the
consideration. This study included the performance of a magnetic fluid based hyperbolic slider bearing.

Here, it has been proposed to study and analyze the performance of a magnetic fluid based rough
hyperbolic slider bearing.

2. Analysis
The geometry and configuration of the bearing system is given in Fig.1
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Fig.1 The configuration of the bearing system

The bearing surfaces are assumed to be transversely rough. The thickness k2 (x} of the lubricant film is taken as
([13-15]).

v T8 .
hlx)l = hix) + k.
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where % is the mean film thickness and k, is the deviation from the mean film thickness characterizing the

random roughness of the bearing surfaces. Here h, is assumed to be stochastic in nature and governed by the
probability density function F(i,} , which is defined by

2 By
Flh,) =335 '.__1 _.‘J_'| —bZLh Lh,

] elzewhere;

where b is the maximum deviation from the mean film thickness. The mean a, standard deviation ¢ and the
parameter € which is the measure of symmetry associated with the random variable ., are determined by the
relations

—_ P T
E LRI = RFh. Jdh,

The magnetic field is oblique to the stator and its magnitude is given by,
H*= kx(x+ L)
Where, k = 10 47m™= chosen so as to have a magnetic field of strength over 10% ([26], [28] and [31]).

Taking in to account the usual assumptions of hydro magnetic lubrication with the aid of the modeling resorted
to by ([25] - [26]),

d [ updH?\ h—h .
—(p - | = 6Unp—— (1)
dx\, 2 Y ACH)
Alh) = R+ 3ah? 1+ 36 +a?h + 2 + 30l +a°
The concerned boundary conditions are,
P =0, yr=—Land x =10
Introducing the dimensionless quantities
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The dimensionless load carrying capacity of the bearing is given by,
Fp”
W/ = Tls W
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which results in
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Now friction
r FiTy
=1 |I nl—| dx
Where,
/By ap ,‘
|— = —_—
] ndx \Z ]
The friction force is needed on the two surfaces =z = h and z = 0.Writing F;, for the first term and F, for the
second, one observer the form to be
Fi ¢ r faf BoiH Y ':U—..AH'} )
= l' nll bl |— + ————|dx
L J Vo h 1

It is shown that the upper pad is titled there will be a horizontal component of force, which exactly equals the
difference in frictional drag between the top and bottom surfaces, if this term is added to the friction of the upper
surface F;, it cancels the minus sign. The details can be seen from [3]. It gives directly non-dimensional friction
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esults and discussion

It is clearly observed that the dimensionless pressure distribution is presented by equation (3), while the
profile of load carrying capacity in non-dimensional form is determined by equation (4). In addition, equation (5)
gives the friction in non-dimensional form. It is seen that the dimensional less pressure increases by (0.5) u”
while increase in load carrying capacity comes out to be (0.08) »* as compared to the conventional lubricant. The
performance of the corresponding magnetic fluid based squeeze film for the smooth bearing system can be
obtained by assuming the roughness parameters to be zero.

Figures (2) — (5) dealing with the variation of load carrying capacity with respect to w:~ for various values
of " =" =" and x" suggest as the load carrying capacity increases significantly due to the magnetic fluid
lubricant. This increase is relatively less in case of @ *. Figures (6)-(8) present the variation of non-dimensional
load profile with respect to =~ for different values of =".a" and x" respectively. It can be easily seen that the
effect of standard deviation is considerably adverse, in the sense that the load carrying capacity decreases
considerably due to =",

The combined effect of #"and = on the distribution of load carrying capacity is presented in Figure (9).
Here, it is observed that the positively skewed roughness decreases the load carrying capacity, while load
carrying capacity increases sharply due to the negatively skewed roughness. The trends of =" is identically with
that of trends of =". Thus, the combined effect of negatively skewed roughness and (-ve) variance is significantly
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positive. Further, decrease the load carrying capacity due to variation (+ve) gets further decrease owing to
positively skewed roughness.

The variation of non-dimensional friction can be seen from the profile presented in Figures (12)-(21). It is
observed that the standard deviation and magnetization decrease the friction while negatively skewed roughness
increases the friction. Further, positively skewed roughness and variance (+ve) decrease the friction. However,
the friction decreases more rapidly in the case of =" which can be seen from figure (15). Interesting, it is noticed
that friction decreases considerably due to the magnetic fluid lubricant unlike the case of exponential slider
bearing. A close glance at some of the figures reveals that the negative effect of transverse surface roughness can
be minimized by the positive effect of magnetization in the case of negatively skewed roughness especially,
when negative variance occurs.

4., Conclusion

This investigation establishes that the bearing can support a load even when there is no flow. Besides,
this study makes it clear that the roughness must be given due considerations while designing the bearing
system even, if suitable values of magnetization is considered. This is all the more necessary from bearing’s life
period point of view
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Fig.3 The variation of load carrying capacity with respect to p* and ¢*
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Fig.6 The variation of load carrying capacity with respectto ¢ *and ¢ *
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Fig.8 The variation of load carrying capacity with respect to ¢ * and x *
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Fig.11 The variation of load carrying capacity with respect to o * and x*
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Fig.13 The variation of friction with respect to u* and ¢*
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Nomenclature:

The hyperbolic factor

fluid film thickness at any point
frictional force

magnitude of the magnetic field
length of the bearing

lubricant pressure

velocity

load carrying capacity
dimensionless frictional force
dimensionless pressure
dimensionless load carrying capacity
fluid film thicknessat x =0
dynamic viscosity of fluid
shear stress

standard deviation

skewness

variance

non-dimensional standard deviation
non-dimensional skewness
non-dimensional variance
magnetization parameter
magnetic susceptibility
permeability of the free space
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