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ABSTRACT

In this article we have studied and analysed the infinitely rough long bearing formed by a
magnetic fluid as a lubricant. The magnetic field is oblique to the stator and the bearing surfaces are
considered to be longitudinally rough. The roughness of the bearing surfaces is characterized by a
stochastic random variable with non-zero mean, variance and skewness. The modified Reynolds’
equation is stochastically averaged with respect to the random roughness parameters. It is then solved
with appropriate boundary conditions to obtain the expression for pressure distribution, which is used
to calculate the load carrying capacity. The results are presented graphically as well as in tabular
form. Results show that the longitudinal surface roughness affects the performance of the bearing
system adversely. It is seen that the load carrying capacity increases for the various values of
magnetization parameter u*, length ratio h,/L and standard deviation ratio ¢/h.. It is also clearly

analysed that the load carrying capacity decrease due to mean ratio «/k, and symmetry ratio £/h,. It

is revealed that the negative effect of longitudinal roughness can be minimized to certain extent by
the positive effect of the magnetization. While designing the bearing system, the roughness must be
given due consideration.
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INTRODUCTION

Purday" presented the case of hydrodynamic slider bearing and show that the shape of wedge

is not important but the aspect ratio is important.

Hydrodynamic slider bearings are designed to maintain axial loads. Pinkus and Sternlicht?
have presented the analysis of hydrodynamic lubrication. In a long bearing, the problem of negative

pressure does not arise.

Infact, 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. Because of the use of squeeze film slider
bearing in clutch plates, automobile, transmissions and domestic appliances, many investigations
(Prakash and Vij®, Bhat and Patel”) dealt with the problem of a squeeze film slider bearing. Slider
bearing has been studied for various film shapes. (Pinkus and Sternlicht®, Bagci and Singh® and
Hamrock®) as slider bearing is often used for supporting transverse loads.

In practice, bearing surfaces usually not smooth but rough. The roughness of surface is
random in nature. The randomness of roughness and effect of roughness on the performance of
bearing was analyzed by many investigators (Michell’, Davis®, Burton®, Tzeng and Saibel™,
Christensen and Tonder***?*% Tonder', Berthe and Godet™). Following the approach of Tzeng and
Saibel'®, Christensen and Tonder“**** developed a comprehensive general analysis for transverse
surface roughness which was based on a general probability density function.

The method of Christensen and Tonder***%*3

was deployed in many investigations to discuss
the effect of surface roughness (Ting'®, Prakash and Tiwari*"'®, Prajapati'®®°, Guha®, Gupta and
Deheri??, Andharia, Gupta and Deheri?*2%).

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 fluoro carbons. 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 (Bhat®).

Verma® and Agrawal®’ presented the squeeze film performance by taking a magnetic fluid as
a lubricant. Bhat and Deheri”® extended the analysis of Verma®® and Agrawal®’ to analyse the squeeze

film behaviour between porous annular disks using a magnetic fluid lubricant with the external
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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, Bhat and Deheri®®
modified the analysis of Agrawal’’ 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 sharp rise due to the magnetic fluid lubricant. Bhat
and Deheri®® 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. Shah and Bhat® extended the analysis of Ajwaliya®* to develop a
mathematical model, which study the effect of slip velocity on a porous secant shaped slider bearing
with ferrofluid lubricant using Jenkins model. Deheri, Andharia, Patel*® analysed the performance of
longitudinally rough slider bearing with squeeze film formed by a magnetic fluid. Here, it was shown
that the magnetic fluid lubricant enhance 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

|34

slider bearing. Andharia and Patel®” analysed surface roughness effect of transverse patterns on the

performance of short bearing. Andharia and Patel*®

|36

considered longitudinally rough short bearing in
their analysis. Andharia and Patel™ presented performance of transversely rough long bearing.
Recently Andharia®’ investigated performance analysis of a long bearing lubricated by a magnetic
field. Here, it was observed that the load carrying capacity increase due to the magnetic fluid as
lubricant.

Here, it has been proposed to study and analyse the performance of a magnetic fluid based

longitudinally rough long bearing.

ANALYSIS
The geometry and configuration of bearing system which is infinite in Z-direction is shown

in Figure 1, where in the slider moves with the uniform velocity U in X-direction.
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Roughness
= Moving plate

h2

E— Fixed plate

Figure 1: Bearing Configuration

The bearing surfaces are assumed to be longitudinally rough. The thickness h(x) of the
lubricant film is given by
h(x) = h{x)+ h, Q)
where k(x is the mean film thickness and ki, is the deviation from the mean film thickness
characterizing the random roughness of the bearing surfaces.h, is considered to be stochastic in
nature and governed by probability density function.

£(h,) = 35

3zc”

(C*—h%)?—C<h=C
=0, elsewhere (2)
where C is the maximum deviation from the mean film thickness
The mean z, the standard deviation ¢ and the measure of symmetry £ of the random variable
h_ are defined by the relationship:
a =E(h), 0* = E[(h,— a)®], e = E[(h,— a)®] ©)
where E denotes the expected value defined by
E(R) = [°_f(h)dh, (4)
It is easily observed that @, & and = are independent of x.
The lubricant film is considered to be isoviscous and incompressible and the flow is laminar.
The magnetic field is oblique to the stator as in Agrawal27. The effect of various forms of the
magnitude of the magnetic field been discussed as in Bhat®®. Thus, considering the discussions
carried out therein, here the magnetic field is expressed as
2 =K*Zsin(1-%) (5)
where K is a suitably chosen constant from dimensionless point of view (Bhat and Deheri*®)

and L is the length of bearing.
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On the basis of assumptions, the equation governing the pressure distribution in the lubricant
film satisfies a modified form of Reynold’s equation (Bhat25, Andharia, Gupta and Deheri?®, Deheri,
Andharia and Patel*®) given by

2 (p—2E) = 6pum(h)(h — Ahy) (6)

-
=

where  m(h) =h*[1-3ah ™ + 6h*(a’ + 0*)— 10h3 (e + 3c%a + a?)]

—
hy
h=h{1+m(1-5)]
and A=1

while p, is the magnetic susceptibility, i is the free space permeability and u is the lubricant
viscosity.

By integrating Eq. (6) with respect to , we get the expression of pressure as

p =" 4 6pu [Fm(h)(h— Ahy) dx ()

-
=

Introducing dimensionless quantities in Eq. (7)

h,?kp h,* x a o E h _— h,
F’&:‘—Mrpz ‘?-JX:_r&:_JE:_JET:_JH:_J "=_‘
pu pul? L h, h, h,’ h, = L
we get the dimensionless pressure distribution as follow:
P=“T-X.sin(1—x)+6h_:jf M(H) (H — 1)dx (8)

where M{H) =m(h) h," =H3[1—3aH '+ 6H *(a® + 0%)— 10H 3(z + 30%a + a®)]
Using associated boundary conditions
P=0atX=0and X =1
in EqQ. (8), we get

_ I EM(Ex
T M ex ()

The dimensionless load carrying capacity is obtained as
W= [ Pdx
= 0.079265 " + 6k, [, M(H) (H — A)dx (10)
where M(H) =H *[1-3aH '+ 6H *(a’*+ c*)— 10H ¥ (e + 30%a +a®)]
and H=1+m(1-X).

IJSRR, 7(3) July — Sep., 2018 Page 466



Andharia P.l. et al., IJSRR 2018, 7(3), 462-475

RESULTS AND DISCUSSION

Eq. (8) represents the expression for the dimensionless pressure distribution and Eq. (10)

determined the load carrying capacity in dimensionless form. These performance characteristics

depend on various parameters such as magnetization parameter u* length ratio k; / 1, aspect ratio m

and roughness parameters a, « and = etc. The results are presented graphically in Figures (2) — (10)

and also numerically in table form as Tables (1) — (4).

Figures (2) — (6) represent the variation of load carrying capacity with respect to

magnetization parameter x* for various values of h%’L, 7 fn “fp £ fp, and m respectively. It

shows that load carrying capacity increases marginally due to x*. These figures also indicates that the

load carrying capacity increases for increasing values of hy / L and @ [h: While load capacity of the

bearing decreases as %/, , #/; and m increases.

0.35
o= - - —— ®
0.3 A —_
= 025
0.2
O— T— B —— —il
0.15 - . .
0 0.025 0.05 0.075 0.1
p*
—B—2/1~=0.05 == 112/L=0.06 —12/1=0.07
—te=[12/1.=0.08 —=0—N12/L=0.09

Figure 2: Variation of Load Carrying Capacity with respect to g~ for Various th;L
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Figure 3: Variation of Load Carrying Capacity with respect to u* for Various ";’ h,
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Figure 4: Variation of Load Carrying Capacity with respect to g* for VVarious “;’hz
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Figure 5: Variation of Load Carrying Capacity with respect to p* for Various E;’hz
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Figure 6: Variation of Load Carrying Capacity with respect to u* for Various m

Figures (7) — (10) show the variation of load carrying capacity with respect to hzji for

various values of ‘T),-' » % /1. £y and m respectively. From these figures, it is clear that the load
2 2 2

carrying capacity increases sharply due to hz,fL. These figures also suggest that performance of the

bearing suffers in the case of & I g /n and 1, while it becomes better in the case of 7 Ih.
2 2 2
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Figure 7: Variation of Load Carrying Capacity with respect to hsz for Various "‘;’ hy
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Figure 8: Variation of Load Carrying Capacity with respect to ﬁzf 1 for Various “;’hz
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Figure 9: Variation of Load Carrying Capacity with respect to hzf 1, for Various E,"'hz
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Figure 10: Variation of Load Carrying Capacity with respect to hz,fl for Various m

Tables 1 — 2 show the effect of @ fhz on the dimensionless load carrying capacity for various
values of £/, and aspect ratio m respectively. It shows that the load carrying capacity increases
significantly due to thz and decreases for increasing values of thz and m. Table — 3 presents the
effect of @/, on the dimensionless load carrying capacity for various values of £/, . It is seen that
the load capacity decrease marginally for the increasing values of £ I Table — 4 suggests that the

ratios Eaf'lh and m both adversely affect on the performance of the bearing.

Table 1: “Variation of Load Carrying Capacity with respect to %/ hzand ‘jhz”

lerh: Elth: =-0.2 E.Hrh.:z-o.l E,Hrh::O E,Hrhzzo'l Efrh: =02

0.05 0.366469 0.347674 | 0.327839 | 0.304153 | 0.170486

0.1 0.36845 0.349686 | 0.329946 | 0.306755 0.22366

0.15 0.371752 0.353035 | 0.333435| 0.310928 | 0.257149

0.2 0.37637 0.357713 | 0.338283 | 0.316515| 0.277839

0.25 0.382303 0.363713 | 0.344463 | 0.323393 | 0.292758
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Table 2: “Variation of Load Carrying Capacity with respect to ”Ig’hzand nr’

ﬂ./h.: mwi=0.25 mw=0.5 m=0.75 | m=1 m=1.25
0.05 0.667339 | 0.170486 | 0.142125 | 0.104469 | 0.080751
0.1 0.697641 | 0.22366 | 0.152078 | 0.109609 | 0.084151
0.15 1.92298 | 0.257149 | 0.163065 | 0.116003 | 0.088594
0.2 0.592779 | 0.277839 | 0.172957 | 0.122386 | 0.093237
0.25 0.639325 | 0.292758 | 0.181587 | 0.128325 | 0.097692

Table 3: “Variation of Load Carrying Capacity with respect to “g’hz and Eg’hz"

s In =02 [Fp =01 [Fp=0 [Fp=01 [5, 02
0.2 | 0401197 | 0.382523 | 0.363176 | 0.34209 | 0.313448
01| 0.36845| 0.349686 | 0.329946 | 0.306755 | 0.22366
0| 0340989 | 0.322188 | 0.302066 | 0.274698 | 0.305727
01| 0317702| 0.298913 | 0.278438 | 0.239007 | 0.261047
02| 0297473 | 0278713 | 0257822 | 1.70953 | 0.235113
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Table 4: “Variation of Load Carrying Capacity with respect to Ejhz and m”

I, m=0.25 m=05 | m=0.75 |m=1 m=1.25
-0.2 | 0.817775 | 0.36845 | 0.227241 | 0.160191 | 0.121733
-0.1 | 0.769407 | 0.349686 | 0.216728 | 0.153264 | 0.116736

0| 0.720212 | 0.329946 | 0.205278 | 0.145488 | 0.110985
0.1 0.66735 | 0.306755 | 0.190898 | 0.135247 | 0.103143
0.2 0.697641 | 0.22366 | 0.152078 | 0.109609 | 0.084151
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CONCLUSION

This investigation establishes that the performance of the bearing system can be improved

considerably by choosing appropriate values of the standard deviation, aspect ratio and the outlet

thickness ratio. These three parameters can be responsible for better performance for the magnetic

fluid based longitudinally rough long bearing.
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