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ABSTRACT

The purpose of this paper is to study the effect of non-Newtonian fluid on the squeeze film lubrication between porous
stepped circular plates. The problem is analyzed on smooth and porous plates. The modified Reynolds equation is
derived for porous stepped circular plates and applied to obtain solution of squeeze film characteristics. The present
paper traces out the comparison of classical Newtonian lubricant case with non-Newtonian micropolar fluids and are
found to enhance the load carrying capacity and lengthen the approaching the time of porous stepped circular plates.
The load capacity decreases as the step height increases. The results obtained are comparable with standard results
and are shown in terms of graphs. The squeeze film time is lengthened for the micropolar lubricants as compared to the
corresponding Newtonian case.
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1. INTRODUCTION

Self lubricated porous bearings, in which pores are impregnated with oil, are extensively used in industrial applications
where their low cost makes them economically viable as well as periodic lubrication is restricted or impractical. Porous
bearings are usually made from compressed and sintered metal powders (bronze, iron and stainless steel). The sintering
process produces a porous structure that can absorb lubricating oil. With the rotation of the shaft, the oil in the pores
comes out to lubricate the bearings and return into pores when it stops. Because of these practical aspects, there have
been numerous studies on the performance characteristics of such bearing [1-3]. But these studies were confined to
Newtonian lubricants.

Recently, applications of squeeze-film technology shows great importance in many areas of applied science and
industrial engineering, such as machine elements, automotive components, animal joints, matching gears, wet-clutch
plates. In general, research of squeeze film characteristics concentrates attentions on the use of Newtonian lubricants.
For example, by Hays [4], Hamrock [5], Abell and Ames[6], Rashidi et.al.[7].

The classical continuum theory could not justify the whole description of flow behaviour of fluids with additives which
lead to the development of microcontinuum theory for fluids. “micropolar fluids” is the one such theory attributed to
Eringen [8,9]. The main characteristic of these theory micropolar fluids is the presence of suspended rigid micro
structured particles. Two independent kinematic vector fields are introduced in this theory, namely the vector field
representing the translation velocity of the fluid particles and secondly the vector field representing the angular
velocities of the particles i.e. the micro rotation vector. This theory leads to provide a model for lubricants containing
suspended additive particles.

Several investigators used the miropolar fluid theory for the study of several bearing systems such as slider bearing[10],
journal bearings [11,12], squeeze film bearings [13,14] and porous bearings [15,16] and have found some advantages
of micropolar fluids over the Newtonian fluids such as increased load carrying capacity and increased time of approach
for squeeze film bearings.
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Hence, in this paper an attempt has been made to study of micropolar fluid effect on squeeze film characteristics
between stepped circular plates.

2. MATHEMATICAL FORMULATION OF THE PROBLEM

The physical configuration of the problem is as shown in the figure 1. where the upper plate approaching the lower with
a normal velocity V. The lubricant in the film region and that in the porous region is modelled as Eringen’s [9]
micropolar fluid. The assumptions of hydrodynamic lubrication are made:

a) the lubricant is micropolar fluid,;

b) the bearing surface (y=0) is porous.
The basic equations governing the flow of micropolar lubricants[9] under the usual assumptions of lubrication theory
for thin films [12] are
Conservation of linear momentum:
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Conservation of angular momentum:
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Conservation of mass:
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Where (u,v) are the velocity components of the lubricant in the r and y directions, respectively, and V5 is micro

rotational velocity component, y is the spin viscosity and y is the viscosity coefficient for micropolar fluids and
is the Newtonian viscosity coefficient.

The flow of micropolar lubricants in a porous matrix is governed by the modified Darcy’s law, which account for the
polar effects is given by [16]
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Where q* =(u*,v*, W*) is the modified Darcy’s velocity vector, K is the permeability of the porous matrix and p*
is the pressure in the porous region. Due to continuity of fluid in the porous matrix, p* satisfies the Laplace Equation.
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The relevant boundary conditions are
(a) at the upper surface (y = h)

u=0,v=-V ,v;=0 (7a)

(b) at the bearing surface (y:O)
u=0,v=v,v;=0 (7b)

3. SOLUTION OF THE PROBLEM

The solution of equations (1) - (3) subject to the corresponding boundary conditions given in the equations (7a) and
(7Db) is obtained in the form.
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Integrating equation (6) with respect to y over the porous layer thickness, ¢ and using the boundary conditions of solid

backing ai: 0| at y=—0, we obtain,
oy

S

Assuming that, the porous layer thickness, O is very small and using the pressure continuity condition ( p= p*) all

o
ayy

the interface (y:O) of porous matrix and fluid film, equation (10) reduces to

op’* 0
Po__s2P (11)
oy y=0 or
Then, the velocity component of the modified Darcy’s velocity V" at the interface (y=0) is given by
. ks o%p
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The modified Reynolds equation is obtained by integrating the equation of continuity (4) with respect to y over the film
thickness, h and replacing U in equation (3) by their corresponding expression given in equation (8) and also using
the boundary conditions for V given in equations (7a) and (7b) in the form.

d 12 4k 5 \dp
—I| f(N,I,h)+ -12ruV 3
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Where

f (N,1,h)=h®+121*h- 6Nlh2coth[|:rj

© 2018, IIMA. All Rights Reserved 35



Siddangouda A’ and S. B. Pati’ /
Non-Newtonian Effects on Squeeze Film Lubrication between Porous Stepped Circular Plates... / IMA- 9(6), June-2018.

On integrating Equation (13) using the boundary condition

W,

at r=0
dr
dp, 12uVr

- _ (14)
dr (N1 R+ 12HKO

(u+2)

where
h =h for 0<r<KR;
=h, for KR<r<R.

fi(N,l,hi)zhi3+12|2hi—6N|h5coth('\;—ﬂ

The relevant boundary conditions for the pressure are

PL= P> at x=KR, (15a)
p,=0 a X=R . (15b)
Solution of equation (14) subject to the boundary conditions (15a) and (15b) is
K2R? - r? R%(1-K?)
p,= 6 ,UV + and (16)
f(NL L)+ 224K ¢ (1 )+ 12HKO
(1 +7) (1 + 7)
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The load carrying capacity of the bearing, w is defined in the form
KR R
w={[p2zr dr + [ p,2zr dr. (18)
0 KR
Which in nondimensional form_ .
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dh
Writing V = —d—tz in equation (19), the squeezing time for reducing the initial film thickness ho of h2 to a final

thickness h¢ of h, isgiven by
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4. RESULTS AND DISCUSSIONS

In this paper, the effect of squeeze film lubrication between porous stepped circular plates with micropolar fluid is
presented. The microplar fluid is characterized by two non-dimensional parameters such as the coupling number,

b
N(: Z2 j which characterizes the coupling between the Newtonian and microrotational viscosities, the
xtep

parameter, I*(:%) in which |” has the dimension of length and may be considered as chain length of
2

microstructures additives. The parameterl*, characterizes the interaction of the bearing geometry with the lubricant

properties. In the limiting case as I” — 0 the effect of microstructures becomes negligible. The effect of permeability

ko
is observed through the non-dimensional permeability parameter, y/[z FJ and it is to be noted that as  — O the
2

problem reduces to the corresponding solid case and as I*, N — O it reduces to the corresponding Newtonian case.

4.1 Load carrying capacity
The variation of non-dimensional load carrying capacity W with H" for different values of N  with

I"=0.15K =0.6, w =0.0 Tis presented in figure 2. The dotted curve in graph corresponds to Newtonian case. As

compared with the corresponding Newtonian case, the load carrying capacity increases with increasing values of
coupling number N. It is observed that the effect micropolar fluid parameter N enhances the load carrying capacity as

compared to the Newtonian case. Figure 3 depicts the variation of non-dimensional load carrying capacity W with
H™ for different values of I~ with N =0.4, K =0.6, w =0.01 It is observed that the increasing values of

material length I“increases the load carrying capacity as compared to the Newtonian case. The variation of non-
dimensional load carrying capacity W with H’ for different values of i with ' =0.15K =0.6, N =0.4 is
presented in figure 4. The effect of  is to decrease the load carrying capacity as compared to corresponding solid
case (g// = O) . The adverse effects of the porous facing on the bearing surface can be compensated with the selection of
the lubricants with proper microstructure additives. Figure 5 depicts the variation of non-dimensional load carrying

capacity W with H for different values of K with " =0.1 5 N =0.4, i = 0.0 1 As the value of K increases the

load carrying capacity decreases.
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4.2 Squeeze film Time-height relationship

The most important characteristics of the squeeze film bearings is the squeeze film time i.e. the time required for
reducing the initial film thickness h, of h, to a final value h, . The variation of non-dimensional time of approach t

with h: for different values for N with 1" =0.1 5 K = 0.6, r = 0.0 Lis presented in figure 6. It is observed that,
the presence of micropolar fluid as lubricant have longer response time as compared to the Newtonian case. Figure 7
depicts the variation of non-dimensional time of approach t° with h? for different values for I” with

N =0.5, K =0.6, =0.0 1. For increasing values of | the squeeze film time increases as compared to the

Newtonian case. The variation of non-dimensional time of approach t* with h: for different values for y with

I"=0.15K =0.6, N =0.5 is presented in figure 8. The effect of w is to decrease the squeeze film time as

compared to the corresponding solid case (1// = O) Figure 9 depicts the variation of non-dimensional time of approach

t* with h: for different values for K with N =0.5,1"=0.15 w =0.0 1 1t is observed that, the response time
increases for decreasing values of K.

5. CONCLUSIONS

This paper predicts the effect of micropolar fluid on the squeeze film lubrication characteristics between porous stepped
circular plates on the basis of Eringen’s [9] microplar fliud. According to the results computed The effect of micropolar
is to increases the squeeze film pressure and the load carrying capacity as compared to the corresponding Newtonian
case.The squeeze film time is lengthened for the micropolar lubricants as compared to the corresponding Newtonian
case. The presence of porous facing on the bearing surface affects the performance of the bearing. The adverse effects
of the porous facing on the bearing surface can be compensated with the selection of the lubricants with proper
microstructure additives.
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NOMENCLATURE

H non-dimensional mean film thickness | = —
2

h1 maximum film thickness

minimum film thickness

2

. _ h
h step height | = —
hO

KR  position of the step 0 < KR < R.
k permeability of the porous matrix

2
| characteristic length of the polar suspension =(4Lj

|* non-dimensional form of | (: % )
2

. xr )2
N coupling number | =
x+2u

p pressure in the film region.
P, fluid film pressure in the region 0 < X < KR,

P, fluid film pressure in the region KR < X< R.

radius of the circular plate
time of approach
. o wh’t
t non-dimensional time of approach | = ————

8urR’

—+ 0

velocity approach.
load carrying capacity

= <

W e
8 urV R’

=

non-dimensional load carrying capacity | =

lubricant couple stress constant

lubricant viscosity

permeability parameter

spin viscosity

viscosity co-efficient for micropolar fluids
viscosity co-efficient
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Figure-1: Squeeze film between porous stepped circular plates
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Fig 2. Variation of non-dimenstional W with H* for differentwvalues of I* with
w=001 K=06 N=04.
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Fig 6. Variation of non-dimensionaltime of approach t* with for different

values of M with w =001, 1"=0.15, K = 0.6.
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Fig 7. Variation of non-dimensionaltime of approach t* with for different
values of I with K = 0.6, w=0.01, N =0.5.
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Fig 8. Variation of non-dimensional time of approach t* with for
different values of K with w =001, N = 0.5, 1*=10.15.
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