Jonrnal of Nonlenesr

Anaysiy and
opeintsaton:
Fhevey o Appllcurions
Journal of Nonlinear Analysis and Optimization o
Vol. 15, Issue. 1, No.2 : 2024 AT
ISSN : 1906-9685 e s

S— e -

AN ANALYSIS OF THE PERFORMANCE OF SECANT - SHAPED POROUS SLIDER
BEARING LUBRICATED WITH COUPLE STRESS FLUID UNDER THE EFFECT OF
SLIP VELOCITY AND SQUEEZE VELOCITY

Biradar Kashinath(Rtd) Department of Mathematics, Government First Grade College,Sedam,
Karnataka, India.
Adinatha C. Upadhya Department of Mathematics, Sangolli Rayanna First Grade Constituent
College, Belagavi, Karnataka, India.

Abstract:

An attempt has been made to study the analysis on the performance of secant — shaped porous slider
bearing lubricated with couple stress fluid considering slip velocity and squeeze velocity. In the present
study, we investigate the characteristics of the bearing with the impact of permeability and couple
stresses by considering slip velocity and squeeze velocity. Based on Stokes constitutive equations for
couple stress fluids and Darcay’s law for porous medium the modified Reynolds type equation is
derived. The modified Reynolds equation is solved analytically and closed form expressions are
obtained for the fluid film pressure, load carrying capacity, frictional force and centre of pressure.
Computed values of dimensionless load capacity of bearing, friction force on the moving slider,
coefficient of friction and the position of centre pressure were displayed in graphical form. The figures
are presented here tend to establish that the use of couple stress fluid as a lubricant increases the load
carrying capacity and decreases the coefficient friction. The load capacity, friction and coefficient of
friction decreased when the slip parameter increased. But, the load capacity as well as friction
decreased and the coefficient of friction increased when the permeability the parameter increased.
Keywords: Porous, Squeeze film, Couple stress, Slider bearings, Slip velocity.

1. Introduction:

Nowadays, squeezing film technology is widely observed in applications of engineering practices such
as aircraft engines, automotive engines, machine tools, turbo chemistry, dampers, human joints etc.
The squeeze film behaviour arises from the phenomenon of two lubricated surfaces approaching each
other with the normal velocity. Because the viscous lubricant contained between the two surfaces
cannot be instantaneously squeezed out because it takes a certain for these surfaces to come into
contact. Since the viscous lubricant has extrusion resistance pressure is built up during that interval
and the load is then supported by the lubricant film.

Bearing’s are one of the most commonly used machine components because of their advantages in
comparison with rolling bearings. In general, slider bearing production is simple which leads to lower.
Self-lubricated slider bearings are useful in several applications. There are two types of self-lubricated
bearings. Namely, slider bearings working without any lubricants and slider bearings containing
lubricants either in special storage or in their material such as porous metal bearings. A porous medium
is a matter that contains many small holes distributed throughout the matter. The porous bearings do
not need an external supply of lubricant during their operation. Therefore their structures are simple
and reduce costs for this reason the study of porous bearings has attracted the attention of several
investigators and a porous bearing contains a porous material filled with lubricating oil so that the
bearing requires no further lubrication during the whole life of the machine. Self-lubricated bearings
or oil-retaining bearings exhibit this feature. Self-lubricating porous bearings have the advantage of a
high production rate because of short sintering time. Graphite is added to enhance the self-lubricating
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property of the bearings. The applications of porous metal bearings are small motors, vacuum cleaners,
shaving machines, tape recorders, coffee grinders, water pumps, record players, generators and
distributors. Morgan and Cameron [1] who first gave an analytical survey of the study of porous
bearings with the aid of hydrodynamic conditions. Wu [2] investigated the squeeze film behaviour of
porous annular discs. Sparrow et.al. [3] analysed the effect of velocity slip on porous walled squeeze
films. Prakash and Vij [4] investigated the hydrodynamic lubrication of porous slider bearings. Murti
[5] studied an infinitely wide porous slider bearing. Patel and Gupta [6] analysed the problem of
inclined slider bearing by considering slip velocity at the porous boundary. Bujurke et..al. [7]
theoretically analysed the couple stress fluid effect on porous slider bearing and later on the
performance of a secant-shaped porous slider bearing lubricated with couple stress fluids, by Bujurke
et.al [8]. Naduvinmani et.al. [9] studied the effect of roughness on hydromagnetic squeeze film
between porous rectangular plates. In all these studies the lubricant was assumed to be Newtonian
fluid. However, the Newtonian fluid constitutive approximation is not a satisfactory approach for
practical applications. Many researchers worked to overcome this limitation and found that by adding
some amount of long-chained polymers to Newtonian fluid, the desirable lubricant can be obtained.
Many theories were proposed to represent the use of non-Newtonian fluids. Among these, micro
continuum theory is the simplest generalization of the classical theory of fluids proposed by Stokes
[10], which allows for polar effects such as the presence of couple stresses, body couples and non-
symmetric tensors. The effects of couple stresses are quite large for large values of dimensional
material constant [. It varies for different liquids depending upon the molecular dimensions of the
liquid. Therefore couple stresses are in-noticeable magnitudes in liquids with very large molecules.
These fluids with effective magnitudes of material constant [ are known as couple stress fluids. The
concept of couple stress fluids was also applied to porous bearings by Hwang et.al. [11]. They
concluded that as the value of the porous wall thickness increases, it increases the load capacity of the
bearing. Also, when the inclination of the slider increases, the load-carrying capacity increase with a
decrease in the friction parameter.

Because of the use of squeeze film slider bearings in clutch plates, automobiles, transmission and
domestic appliances many investigators Sparrow et.al.[12], Prakash and Vij [13], Bhat and Patel [14],
Puri et.a. [15] dealt with the problem of a squeeze film slider bearing. Slider bearing has been studied
in various film shapes by many investigators such as Pinkus and Sternlicht [16], Bagci and Singh [17],
Hamrock [18], Naduvinamani N.B, et.al. [19], Shah and Bhat [20], Dipak et.al.[21].

Considering the flexibility of porous bearings and their applications in this chapter, an attempt is made
for an investigation of the analysis on the performance of secant-shaped porous slider bearing
lubricated with couple stress fluid considering slip velocity and squeeze velocity.

2. Mathematical formulation and
Solution of the Problem
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Figure 1.1 Geometrical configuration of secant—shaped porous slider bearing bearings with squeeze
velocity h
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The diagram as shown in Figure 1.1 represents the secant-shaped porous slider bearing of uniform
thickness H backed by a solid wall. It has a length of L and breadth of B with L < B. The porous
bearing’s lower surface is at rest while the upper solid surface is in motion with a uniform velocity U
in the x-direction including the effect of squeezing action , where t seconds.

A mathematical expression for the film thickness h is given by,

hzhﬁ%{%}, 0<x<L 1)

where is the minimum film thickness.
Under the usual assumptions of hydrodynamic lubrication, the equations of motion proposed by Stokes
(1966) for a couple stress fluids in the film region take the form (Naduvinmani et.al. 2003),
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The modified version of Darcy’s law for isotropic porous materials governs the flow of couple stress
fluid in a porous matrix.

—

q*

= vp (5

aa—p "
where, and the parameter is the permeability of the porous material and is known as pore size and is
the ratio of microstructure size to the pore size. If then the lubricant’s microstructure additives obstruct
the pores in the porous layer, reducing Darcy flow through the porous matrix. When the size of the
microstructure is very small in comparison to the size of the pores, the additives percolate into the
porous matrix. The limit equation (5) reduces to the usual Darcy’s law. Laplace’s equation is satisfied

1/2
by the pressure formed by continuity in the porous area: (zj ~Jk ie, p=~1
U

o°p L 0% _
x> ayz
The relevant boundary conditions for the velocity components are:
Q) At the upper solid surface (y = h)
o°u _dh

0 (6)

u=U,—=0 (7a V=— 7b
PY: (72) m (7b)
(i)  Atthe lower surface (y = 0)
2
y= 1o 'a_‘:=o (8a)
soyl,_, oy
v=v* (8b)

where, is the slip parameter and is the dimensionless slip constant.
Solving equation (2) with boundary conditions (7a) and (8a) the velocity components u can be derived
as follows
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Integrating equation (6) with respect to y over the porous layer thickness H and applying the boundary
p

o
(—} - jap dy (10

Applying the pressure p = p* continuity condition of the interface y=0 of the porous matrix and fluid
film and assuming a very thin porous layer thickness H, equation (10) reduces to:
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Substituting the expressions for u in the continuity equation (2) and integrating across the fluid film
thickness and using the boundary conditions (7b) and (8b) for v gives the nonlinear modified Reynold’s
equation is:

=0 conditions aty =- H, we obtain:
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where,

Ih
tanh( )
f(h,s,1) =h?(1+&)-6h%¢, %_

Ih
2tanh[ } '
% h—l—2 .V =V=@=h

v dt

Using the following non-dimensional parameters in (13), we get
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Equation (13) takes the form:
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Equation (14) is known as the dimensionless Reynold’s equation. Because the pressure at the
boundaries of the slider bearing is negligible compared to the internal pressure.

The pressure field boundary conditions are:
p =0at x =0,1 (Ambient pressure) (15)
Integrating the equation of (14) with respect to x*:
a G-Q (16)
o [f*(h*,s*,r)+12‘”j
1-p

where Q is the constant integration

Solving equation (16) subject to the boundary conditions (15) which gives the dimensionless film
pressure p* is obtained as:
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The load carrying capacity W* are given in dimensionless form by,
Wh? : -
W* = ,uU(IJ_Z :I p* dx* (18) The component of the stress tensor required to calculate the frictional
0
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force is, [B_UJ ~ n(@} (19) The frictional force F per unit width on the bearing
y=h o’ y=h

surface is given by,

F= f(ryx)yzh dx (20)

Use of expression (9) for u in equation (17) and substituting it in equation (18), gives frictional force
which after non-dimensional becomes
. A [h*(2+s”h*)—[ertanh(Lg]J]{G—Q} (21)
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The coefficient of friction is
F *
f* = V\F (22)
The location of the centre of pressure, where the resultant force acts are:
* 1 h * * * 23
X _VW-([ p*-x* dx (23)

3. Results and discussions

In this present paper the analysis on the performance of secant—shaped porous slider bearing lubricated
with couple stress fluid considering slip velocity and squeeze velocity is analysed with the aid of
various dimensionless parameters viz; the couple stress parameter, the permeability parameter, slip
parameter and the squeeze velocity.

3.1 Fluid film pressure

The graphs illustrated in Figure 1.2 to Figure 1.4 represent variation in non-dimensional pressure p*
against x* with the effect of squeeze velocity h#0. Figure 1.2 shows the variation of non-dimensional
pressure p* with x* for different values of T with =0.3, =0.001, s*=0.3, S=0.5. It is observed that the
effect of couple stress is to increase non-dimensional pressure p* as compared to the corresponding
Newtonian case (t=[]) in the presence of squeeze velocity. Figure 1.3 shows the variation of non-
dimensional pressure p* with 1 for different values of s* with =0.3, =0.001, T = 12.5, S=0.5. It is
found that the effect of velocity slip is to decrease dimensionless p* as compared to no slip case(s*=0]).
Figure 1.4 shows the variation of non-dimensional pressure p* with x* for different values of with
=0.3, 1=12.5, s*=0.3, S=0.5. It is seen that the p* decreases with increasing values of permeability . It
is also interesting to note that the point of maximum pressure shifts towards the inlet edge for
increasing values of .

3.2 Load carrying capacity

The graphs illustrated in Figure 1.5 to Figure 1.6 represent variation in non-dimensional load W*
against T with the effect of squeeze velocity h#0. Figure 1.5 shows the variation of non-dimensional
load carrying capacity W* with couple stress parameter 1 for different values of with =0.3, s*=0.3,
S=0.5. A significant increase in W* observed as compared to the corresponding to the Newtonian case
(==0) in the presence of squeeze velocity. Furthermore, the significant reduction in W* is observed
with increasing values of permeability . Figure 1.6 shows the variation of non-dimensional load
carrying capacity W* with couple stress parameter t for different values of s* with =0.3, =0.001,
S=0.5. It is seen that the effect of velocity slip is to decrease dimensionless W* as compared to no slip
case(s*=0J). Figure 1.7 shows the variation of non-dimensional load W* against t for different values
of h with =0.3, 1*=0.5, s*=0.3, y =0.001, h0 =0.02, L=0.005 and U=1.0. It is found that W* increases
considerably in the presence of squeeze velocity.

3.3 Frictional force

The graphs illustrated in Figure 1.8 to Figure 1.9 represent variation in non-dimensional load F*
against T with the effect of squeeze velocity h#0. Figure 1.8 shows the variation of non-dimensional
frictional force, F* with 1 for different values of with =0.3, =0.001, S=0.5. It is seen that a marginal
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increase in F* is observed as compared to the corresponding to the Newtonian case (t=[1) for all values
of . Furthermore, a reduction in F* is observed for increasing values of permeability . Figure 1.9 shows
the variation of non-dimensional frictional force F* with t for different values of s* with =0.3, =0.001,
S=0.5. It is seen that the effect of velocity slip is to decrease dimensionless friction F* as compared to
no slip case(s*=01).

3.4 Coefficient of friction

The graphs illustrated in Figure 1.10 to Figure 1.11 represent variation in non-dimensional load f*
against T with the effect of squeeze velocity h#0. Figure 1.10 shows the variation of the non-
dimensional coefficient of friction f* with t for different values of with =0.3, =0.001, S=0.5. It is
interesting to observed that the drastic reduction in coefficient of friction f* is observed as compared
to the corresponding to the Newtonian case (t=[1) for all values of . However, a significant increase in
f* is observed for increasing values of permeability . Figure 1.11 shows the variation of the non-
dimensional coefficient of friction f* with t for different values of s* with =0.3, =0.001, S=0.5. It is
observed that the effect of velocity slip is to decrease f* as compared to no slip case(s*=0]).

3.5 Centre of pressure

The graphs illustrated in Figure 1.12 to Figure 1.13 represent variations in the non-dimensional centre
of pressure x* against couple stress parameter T with the effect of squeeze velocity h#0. It is observed
that the centre of pressure x* shifts towards the outlet edge when the couple stress parameter t
decreases. It is also found that the centre of pressure x* shifts towards the inlet edge when the
increasing values of with given s*.

4. Conclusions

In this paper an analysis of the performance of secant—shaped porous slider bearing lubricated with
couple stress fluid considering slip velocity and squeeze velocity are investigated. From this
investigation the following conclusions have been made.

0 Pressure increases with an increase in couple stress parameters but the pressure decreases with
increases in the value of permeability.

0 The use of classical lubricant blended with microstructure additives provides an increased load-
carrying capacity and decreased coefficient of friction.

0 The Load carrying capacity decreases with increases in the value of permeability.

0 The centre of pressure shifts towards the outlet edge when the couple stress parameter
decreases.

0 The centre of pressure shifts towards the inlet edge for increasing values of permeability
parameters.

e permeability parameter ¥ with 5=0.5, P
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Figure 1.2 Variation of non-dimensional A
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Figure 17 Variation of the non-
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