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Abstract

An endeavour has been made to investigate the performance of a transversely rough porous
parallel plate slider bearing with slip velocity taking a magnetic fluid as the lubricant. The
associated Reynolds equation is stochastically averaged with respect to the random roughness
parameter characterizing the roughness. In view of suitable boundary conditions this equation is
solved to obtain the pressure distribution resulting in the calculation of load carrying capacity.
Besides, friction on the slider is also computed. The computed results presented in graphical
form indicate that the magnetic fluid lubricant improves the performance of the bearing system.
The negatively skewed roughness further increases the already increased load carrying capacity
due to magnetization. This effect becomes more sharp when variance (-ve) is involved.
Although, porosity, slip velocity and standard deviation decrease the load carrying capacity, this
negative effect can be minimized by the magnetic fluid lubricant in the case of negatively
skewed roughness. In addition, the friction remains unaltered.
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1. Introduction

Ramanaiah and Gundala (1967) theoretically investigated the performance of a parallel plate
slider bearing with a non uniform magnetic field parallel to the plates and perpendicular to the
direction of the flow. Here, the magnetic field profile for the maximum load carrying capacity
was determined to be a step function with the step location and step height ratio depending on
maximum field strength and the electric potential difference between the plates. Bhat (1978)
initiated theoretical investigations of a parallel plate porous slider under a non uniform applied
transverse magnetic field. Here also, it was shown that the optimum magnetic field profile was
a step function and the porosity slightly affected the performance characteristics, such as load
carrying capacity, frictional force, friction factor and magnetic field state location. Shah and
Bhat (2003) analyzed the ferrofluid lubrication of a parallel plate squeeze film between circular
plates using Jenkins model. It was established that the load carrying capacity increased with
increasing values of the axial permeability or material constant of Jenkins model and attained a
maximum when the value of the material constant was nearer to unity. Shah and Bhat (2005)
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theoretically analyzed the effects of slip velocity and a magnetic fluid lubricant characterized by
material parameter on a parallel plate porous slider bearing. Here, it was shown that the increase
in the slip parameter failed to alter the load capacity and the position of centre of pressure on
the other hand, increase in the material parameter caused reduced friction. Recently, Patel and
Deheri (2011) studied the Shliomis model based ferrofluid lubrication of a plane inclined rough
slider bearing with slip velocity. It was concluded that although, the transverse surface
roughness adversely affected the bearing system the magnetization sharply increased the load
carrying capacity. Further, the slip parameter not only decreases the load but also decrease the
friction on the slider.

Owing to elastic, thermal and uneven wear effects the configurations encountered in
practice are usually not smooth. In fact, the bearing surface develops roughness after receiving
some run in and wear. The roughness appears to be random in character. The stochastic model
adopted by Tzeng and Saibel (1967) to analyze the effect of surface roughness was refined and
modified further by Christensen and Tonder (1969 a., 1969 b., 1970) to present a
comprehensive study on the effect of both transverse as well as longitudinal surface roughness.
The roughness was characterized by a stochastic random variable with non zero mean, variance
and skewness. This method of Christensen and Tonder found its application in a number of
contributions (Gupta and Deheri (1996), Andharia, Gupta and Deheri (1997), Deheri, Patel and
Patel (2011), Ting (1975), Prakash and Tiwari (1982), Prajapati (1995), Guha (1993).

Here, it has been sought to deal with the performance of a rough porous parallel plate
squeeze film slider bearing under the presence of a magnetic fluid lubricant considering
velocity slip. The analysis found here is based on Jenkins model.

2.Analysis
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Fig. 1. Parallel Plate Slider Bearing

Jenkins (1972) proposed a model to describe the flow of a magnetic fluid. With Maugin’s
modification, equation of the model for steady flow is (Jenkins, 1972) and (Paras Ram and
Verma, P.D.S, 1999)
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together with
VG=0 vxiT—0 M=uH V(H+M)=0

(Bhat, 2003), a being a material constant. From Equations (1) and (2) we conclude that Jenkins
model is a generalization of N-R model with an additional term

pa2V{E{(vq)ﬁ?}}pazﬂv{g{(vq)ﬁ}}

2 2 3)

which modifies the velocity of the fluid. Thus, N-R model modifies the pressure while Jenkins
model modifies both the pressure and velocity of the ferrofluid.

In a one dimensional flow, as in a slider bearing with

H=H(r)(cosp,0,sing ), It follows that
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Following the assumptions of Bhat (2003), solving this under the boundary conditions
u=o at z=0 and u=U at z=h one obtains
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Substituting this value of u in the integral form of the continuity equation
oh
—Judz+w;, —wy =0
Ox
0 (©6)
one gets
3 —_—
N
L ey s
dx L_pa il dx 2 dx
& ™

So incorporating the effect of porosity and slip, the associated Reynolds type equation comes
out to be
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where
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Equation (8) yields on integration.
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where

g(i_z):{}_zS +3ah? +3(52 +52)7z+3525+a3 +§+121/7} d+sh

In a parallel plate slider bearing % = A then h =1. So taking & =1 in Equation (10) the film
pressure p’is given by the equation

dp L x-x)=C(1-p1 @2 x(i-
E{P S H x( X)} g(l)(l Vi X+Q)(1 a'=x( X) )
where
g(1)={1+3(7+3[072+52)+35207+073+5_+121/7}812
s (13)

Solving Equation (12) under
P(0)=P(1)=0
yields,
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The load capacity W, frictional force F are respectively expressed in dimensionless form as
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3.Results and Discussion

It is clearly seen that the dimensionless pressure distribution is determined from Equation (14)
while the non dimensional load carrying capacity is obtained from Equation (15). Besides, the
variation of friction is given by Equation (16). For a non porous smooth bearing this study
reduces to the investigation of Bhat (2003) in the absence of slip velocity. From equations (14)
and (15) it is observed that the dimensionless pressure increases by

*

%X(l—X)

while the dimensionless load carrying capacity gets enhanced by

ES
A
12
as compared to the case of conventional lubricant. Furthermore, Equation (16) tells that the
friction remains constant.
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The variation of load carrying capacity with respect to the magnetization parameter
displayed in Figures 2-7 indicates that the magnetization increases sharply the load carrying
capacity in case of s, a, 6, ¢ and w while in case of £ this increase is negligible.
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Figure 2 Variation of load carrying capacity with respect to ¢ and s
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The variation of load carrying capacity with respect to the slip parameter is presented in
Figures 8-10. It is found that the load carrying capacity decreases considerably with increasing
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value of slip parameter. This decrease in the load carrying capacity is more in the case of
skewness.
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The effect of the variance & on the distribution of load carrying capacity is depictad in
Figures 11-14. It becomes clear that variance (+ve) decreases the load carrying capacity while

variance (-ve) increase the load carrying
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Figure 11 Variation of load carrying capacity with respect to a'and &~
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The effect of standard deviation presented in Figures 15-16 suggests that the standard
deviation has considerably adverse effects on the performance of the bearing system in the
sense that it decreases the load carrying capacity considerably
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Figures 17-18 representing the effect of skewness indicate that the skewness follows the
path of the variance regarding the trends of load carrying capacity.
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Figure 18 Variation of load carrying capacity with respect to ¢ and E

The fact that the material parameter § decreases the load carrying capacity significantly can
be found in Figures 19-20.
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A close scrutiny of some of the graphs presented here makes it clear that the negative effect
of porosity, standard deviation and material constant can be compensated up to some extent by
the positive effect of magnetization in the case of negatively skewed roughness, particularly,
when negative variance occurs.

A comparison of this study with the investigation of Shah and Bhat (2005) reveals that the
overall performance is relatively better here in spite of the fact that the transverse roughness
affects the performance adversely.

4.Conclusion

From bearings life period point of view this investigation suggests that the roughness must be
given due consideration while designing the bearing system even if the magnetic field strength
is suitably chosen. Further, when a parallel plate slider bearing cannot support a load with
conventional lubricant, this article makes it clear that the bearing can support a load with a
magnetic fluid lubricant with constant frictional force on the slider.
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Nomenclature

Frictional force

Fluid film thickness at any point
Permeability of porous matrix
Lubricant pressure

Slip parameter

X component of film fluid velocity
Load carrying capacity
Dimensionless frictional force
Magnitude of the magnetic field
Length of the bearing

Dimensionless pressure

Velocity of slider

Dimensionless load carrying capacity
X coordinate of the centre of pressure
Fluid film thickness at x=0

External magnetic field

S FRECTIEZEIE eT AT

(u, v, w) is the fluid viscosity in the film
region

Dimensionless slip parameter
Material Parameter

The fluid viscosity

Standard deviation

Variance

Skewness

Porosity

Inclination of M with the x-axes
Dimensionless standard deviation
Dimensionless variance
Dimensionless skewness

Ly The permeability of the free space

™R a6€®RaAI®A

p Magnetization parameter in non dimensional
form
n Magnetic susceptibility
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KJIN3amba
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Pe3ume

VYuumeH je Halop J1a ce HCTpake mepdopMaHCce TPAHCBEP3ATHO XPAaIaBor IMOPO3HOT KIU3HOT
Jexaja ca JBe ImapaliellHe CTpaHe W Op3WHOM KiIH3ama, KOpUIINemheM MarHeTHOT (uiyuaa Kao
noamasuBada. Onaroeapajyha PejHomicoBa jeiHauMHa je CTOXaCTUYKH YCPEIbeHa y OHOCY Ha
CIly4ajHH IapaMeTep XpalaBOCTH KOjU KapakTepuile XpamaBocT. Ca riiemumra ITOTOZHUX
rpaHUYHUX YCJIOBA OBA jelHAYMHA j€ pelleHa 1a Ou ce JOOHO pacrope] MPUTHUCAKA KOjU 10Ja3H
U3 pauyHama HocuBocTH. [lopex Tora, Tpeme Ha kim3ady je Takohe pauyHato. CpauyHaTu
pe3ynTatu npeacTaBbeH Tpaduuky yka3yjy Aa MarHeTHH (QIyuIHH moaMasuBay MoOoJsbIaBa
nepdopmance Hoceher cucrema. HeratuBHo 3akomieHa xpamaBocT fajbe HoBehaBa HMOHAKoO
yBehany HocuBocT 300r MarHetm3anmje. OBaj eexar rmocraje M3paKeHUjH KaJa je BapHaHca
(-ve) yxipyueHa. Mazma, NMOpO3HOCT, Op3WHA KiM3ama W CTaHAApHA JCBHjalllja yMambyjy
HOCHMBOCT, OBaj HeraTWBaH e(ekaT MoxKe OWTH MHHHUMH30BaH MarHeTHHM (IyHIOM Kao
MOJMa3MBavYeM y CIy4ajy HEraTHBHO 3aKOLICHHX HepaBHUHA. [lopen Tora, Tpeme ocraje
HETPOMEHEHO.

Kibyune peun: Kimszau ca mapasesHHM CTpaHama, MarHETHH (UIyH[, XpamaBocT, Op3nHa
KJIM3aba, HOPO3HOCT, IPUTHCAK
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