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ABSTRACT

An attempt has been made to analyse the performararacteristics of a Shliomis model based feriidflubrication of a

rough porous convex pad slider bearing with effifcslip velocity. Regarding roughness, the stodbasethod adopted
by Christensen and Tonder to finds the applicatiere in statistical averaging of the associated idéys equation. The
graphical representation suggests that the advef§ect of surface roughness can be reduced to icegstent by the
positive effect of Shliomis model based ferroflulatication. Further, for this type of bearing sgst, this model remains

more effective as compared to Neuringer-Rosensmegl.
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INTRODUCTION

The variety of bearing are adopted by agro-indassector (hydrodynamic bearings, hydrostatic loegirolling element
bearings etc.) having great influence on reliahiliife and power consumption of agricultural maws, tools or
equipment’s dealing friction, wear, heat generatiom its dissipation presentBdIt altogether requires a thoughtful
apprehension towards modelling of tribological &sswith a right kind of physical and mathematisadlerstandings and
suitable deliberations in terms of solutions, whiabuld be properly utilized at the ends of engisgelesigners and
researchers who so ever is engaged in such inglustiérventions. Bearing Lubrication is notableniodern applications
and their primary preferences compared with rollamgl friction bearings are their part in decreaskiction and turning
in high exactness. Different applications and thalgses of the reheological properties of magngtiils increased
detectable significance amid the most recent coopleears. These days, the flow and the applicgtimtential outcomes
of suspensions of magnetic nano particles are &t g@nthusiastic research field. In fact, invegtans of the properties,
the flow and the application possibilities of susgiens of magnetic nano particles are an extretaiy research field
nowadays. Recent experimental as well as theordtigastigations have established that the fornmaté structure of

magnetic nano particles has significant influeneeéh® magneto viscous behaviour of ferrofluids.

As many researchers have suggested, studying tfecsuoughness will help to improve the perfornean€ a
bearing system. Due to this reason, many researffiéistudied the performance of various bearing systesitsg the

stochastic concept &f”. Surface roughness assessment is fundamentakpidbt some classical problems, for example,
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load carrying capacity, contact deformation, hewat electric current conditions, tightness of conhfamts and positional
accuracy. Evolution of effect of slip velocity irdring systems is very classical probl&rand later off " proposed new

technique for evaluating the impact of both, tramse and longitudinal, roughness patterns.

The performance characteristics of a Shliomis madesked ferrofluid lubrication of a rough porous e pad
slider bearing examinéd. It was manifest that adverse effect of surfacgjhmess can be reduced to certain extent by the
positive effect of Shliomis model based ferrofliuthrication and for this type of bearing systenis thhodel remains more
effective as compared to Neuringer-Rosensweig mddet effect of slip velocity on the performanceao$hort bearing

lubricated with a ferrofluid analyséff!. For any type of improvement the slip was requietle kept at minimum level.

The effect of slip velocity on the performance ahagnetic fluid based transversely rough porousomajournal
bearing discussed”. It was found that the combined effect of slipogiy and surface roughness is to decrease the load
carrying capacity significantly, in general. In augnting the performance of the bearing system,etteentricity ratio
plays a central role even if the slip parametat isinimum. It is established that the bearing ®@pport a load even in the
absence of flow, unlike the case of a conventidulaticant. The effect of sinusoidal magnetic field on a royggirous

hyperbolic slider bearing system investigaféd It was studied that the striking result reporitethe present study is that

the sinusoidal magnetic field enhances the loadihga@apacity by a factorﬁ which amounts to 38.3 % of increase in
Y/

the load-carrying capacity. The magnetisation & térrofluid lubricant and slip parameter augmehts load-bearing
capacity within certain range. The Shliomis ferafl flow model and continuity equation for the filas well as porous
region on circular squeeze film bearings considgthre effects of oblique radially variable magndiedd (VMF), slip
velocity at the film— porous interface and rotasioof both the discs has been discuss&dIt was observed that the
Shliomis ferrofluid flow model is important becaugeancludes the effects of rotations of the carfiquid as well as
magnetic particles.

A study on the performance of a ferrofluid basedilde layer porous rough slider bearing presentedl an
concluded that the positive effect of double laglegets enhanced by the magnetic fluid lubricatdn A comparison of
all the three magnetic fluid flow models (Neuring@osensweig model, Shliomis model, Jenkins modetrerning the
performance of a ferrofluid squeeze film in curwedigh porous circular plates considering the skjoegity has been
studied™. They established that Shliomis model remains nfaveurable for designing the bearing system. lals
appealing to note that for lower to moderate valakslip, Neuringer—-Rosensweig model may be adopBssides,
Jenkins model may be used when the roughnesdasvat level and the slip is at minimum. In the ¢ixig literature on
Neuringer-Rosensweig model based ferrofluid lultiaceof a porous convex pad slider bearing witp sklocity has been

discussed.

Also, it is well known that the roughness affedts bearing system significantly. One gets the mégion from
the literature regarding ferrofluid flow that, Sithis model registers an improved performance ageosd to Neuringer-
Rosensweig model. Thus, it was thought proper @lyae the performance characteristics of a Shliomiglel based

ferrofluid lubrication of a rough porous convex midler bearing with slip velocity.
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ANALYSIS

The configuration of plate slider bearing with sqzevelocityh = dh/dt is displayed in Figure 1. The lower surface is a
slider of length Aand moving with uniform velocit}J in the X direction. Also, the slider is having widtB in the

y direction with A << B.. Moreover,h, and h, are maximum and minimum film thicknesses respebtiv

Figure 1: Configuration of the Bearing System.

The bearing surfaces are considered to be trargyersugh. In line with the discussions '3f!, the thickness

h(x) of the lubricant film is taken in the form of
h(x) =h(x)+h (1)
Where ﬁ(x) denotes the mean film thickness adnj is the deviation from the mean film thickness
characterizing the random roughness of the beatnfaces.h, is considered to be stochastic in nature and gedeby
the probability density function

2 3
35 (1—h—2J ,—Cc<h <c

f(hs)_ ﬁ 02

0, elsewhere

Where inCis the maximum deviation from the mean film thickeeThe mea? , the standard deviatio& and

the paramete€ which is the measure of symmetry of the randonabée h_ are defined and discussed in detalfif

The basic equations governing Shliomis model bésedfluid lubrication are discuss&§" by

_Dp+”DZE+ﬂ0(ﬁD)ﬁ+%la0Dx(ﬁxﬁ):o 2

and
M:MO%”BEXM-@M(M@) @)
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Where represents the pressurg, is the viscosity of the suspensiofr, denotes the permeability of free space,
H is the applied magnetic fieldV is the magnetization vectora denotes the fluid velocityS represents internal
angular momentum) is the sum of moments of inertia of the particke pnit volume, 7 gis the Brownian relaxation

time, 7 is the magnetic moments relaxation time dg denotes the equilibrium magnetization.

For the strong magnetic field Langevin’'s paraméter1, the above equation takes the form

W =efH+r{axH]

4)
with
7= 6r7¢
nky T (1+ & coth &) )
where
kT
M, :n;{cothf—lj,H =2 f,
Ct HoH (6)
for a suspension of spherical particles
I \%
—=6ng Ig = iq.l. ,
Is and B @)
¢ =nVv

is the volume concentration of the particlti(@, is the Boltzmann constanf} denotes the number of

particles per unit vqume\,/ is the volume of the particlél,- represents the temperature Hdis the magnetic moment of
a particle.

Under the uniform magnetic fieldl_| = (O'O’ H 0), equations yield

d%u _ 1 dp
0z>  n(1+7) dx @)
where
- § &—tanhé
2 &+tanhé ©)

Solving equation (8) under the no slip boundaryditions
U=04z=h gqu=U 4 z=0

one can find
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2
u= 1 Z_—DZ @.FU(]__EJ
na+r) 2 27 )ox h

(10)
Substitutingu in the integral form of the continuity equatiom fbe film region
9"
6—_[udz+wh -w, =0
X0 1)
yields
d {_ h? dp+Uh} _h
X| 179(1+7r)dx 2
dx| 127(1+7)d w2
ConsideringWh =" and Wo =0 as the lower plate is impermeable.
If 1o represents the viscosity of the main liquid, thecesity of the suspension is given by the Einsigimula
[16]

5
7 :,70(1+E¢J

(13)
Equations (12) and (13) lead to
3 .
i — h %+U_h =h
N a1 Spfaen) 2
2 14)

The usual assumptions of hydro magnetic lubrica{ib®20] are made. Now, the often used well-known

stochastic averaging method of [5-7] transformsagiqu (14) to the modified Reynolds equation goirgrthe pressure

distribution,
1
da|_ g(h) dp , Ug(h)® —h
> 12/70(1+5¢](1+r) oo
2 (15)
Where

(4+sh
@+sm

~—

g(h) = (h3 +3h20’+3(a’2 +0'2)h+30'2a+a3 +£+12¢H)
Introducing the non-dimensional quantities,
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— P— P— P— 2 P—
x =2 h="=sox?-(a-1+4)x +a,5=2 p= P p=AN 5T
A h h~ UgA Uh  h
—_a —-_ € H S
a=—,¢& :_'w :_'S:_
h, hl3 hl3 h, (16)
and solving above equation subject to the boundangitions
P(0)=P(1) =0 an
One arrives at the dimensionless pressure as
X X X
P:jde—Djﬁdx—jSdx
0 G 0 G 0 G
(18)
where
1 1
- : (); | gdx -Df édx
G=9 ,E=12(1+—¢7j(1+r),F = =02 o
2 1
[Zax
G
and
o) = +ana+ala® + o7 fisdota+a v e 1z S
1+ Sh
The non-dimensional load carrying capacity thentlmabtained as
2 1 1 1
W:hl—‘f':ji(l—x)dx—Djﬁ(l—x)dx—jS(l—x)dx (19)
BUA%Yp, 3G ' G ' G

RESULTS AND DISCUSSIONS

Equation (18) and (19) represents the pressurghdison and load carrying capacity with magnetiad effect which is
different from conventional fluid based bearingtsys. Also, it is observed that equation (19) i®din with respect to
magnetization parameter. Therefore, it is enoughmdtice that load carrying capacity would gain wihhancing

magnetization parameter.

In the absence of slip velocity, this study reduteshe study of”. Figures (2) - (7) lead the problem to the

results and discussion. The effect of magnetizgigmameter with respect to slip velocity is disgldyn figures (2).
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Figure 2: Variation of Load Carrying Capacity With Respect Tor
and S.
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The Influence of Slip Velocity can be observed Frorkigures (3)-(7).
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Figure 4: Variation of Load Carrying Capacity With Respect ToS
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Figure 5: Variation of Load Carrying Capacity With Respect ToS
and &.
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Figure 6: Variation of Load Carrying Capacity with Respect ToS
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Figure 7: Variation of Load Carrying Capacity With Respect ToS and ¢ .
From Graphical Formation of the Problem, One Can Caclude,
e Shliomis model may prefer as compared to NeurifRgsensweig’s model.
« The combined effect of slip velocity arflparameters enhance the load carrying capacity.

e« The positive effect of negatively skewed roughnessl variance (-ve) be likely to enlarge the bearing
performance.

« A little unfavourable effect of porosity and rougiss can be overcome by combined effect of slipcitgl@and

Shliomis model based magnetization parameter.
CONCLUSIONS

It can be conclude that the Shliomis model may digpted to overcome the effect of roughness andsitgrachen slip is
at reduced level. The bearing can support some atrafuload even absence of flow which cannot seetrdditional

lubricant. Lastly, the roughness evidences helgfggnwhile designing the bearing system even ifo8hd model is in
force.
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