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Abstract: The constitutive equations governing the flow of secant slider bearings
is analysed. The bearing is lubricated with second order fluid. An attempt has been
made to solve the equations governing the model and the characteristics of secant
slider bearings is presented. An expression for the fluid film pressure is derived.
The results reveal that second order fluids enhances the performance characteristics
of lubrication indicating that second order fluids are better than Newtonian fluids.

Keywords and Phrases: Fluid film pressure, Newtonian fluids, second order
fluids, slider bearings.

2010 Mathematics Subject Classification: 58D30.



106 South FEast Asian J. of Mathematics and Mathematical Sciences

1. Introduction

Slider bearings play a vital role in many mechanical components in Industry.
The use of Non-Newtonian fluids as lubricants in bearings enhances the perfor-
mance of characteristics of machinery. Several researchers have investigated the
effects of second-order fluid in bearings. Bujurke et al [2] studied the lubrication
effects of slider bearings by a second grade fluid with reference to synovial joints.
W. G. Sawyer and J. A. Tichy [3] discussed in detail the performance character-
istics of Non-Newtonian lubrication with the second-order fluid. Z. Li, P. Huang,
et.al [4] analysed the hydrodynamics effects of lubrication with second-order fluid.
Mathematical Modelling of slider bearing of various shapes with combined effects
of porosity at both the ends, anisotropic permeability, slip velocity, and squeeze
velocity were investigated by Rajesh C. Shah and Nayen I. Patel [6]. Siddangouda
Apparao et al [8] investigated the Non-Newtonian Effects of second-order fluids
in inclined Slider Bearings. K. Thangavelu et al [11] investigated the effects of
viscosity variation in squeeze film lubrication of circular stepped plates. In this
paper an effort has been made to study the hydrodynamic effects of secant slider
bearings lubricated with second order fluids. The equations governing the flow is
highly nonlinear and an approximate method is employed to solve them.

2. Mathematical Formulation

The geometry constitutes a secant slider bearing lubricated with second order
fluid. The lower surface of the bearing has a pure tangential sliding motion relative
to the upper surface. The fluids constitutive equation for incompressible homoge-
neous of the second-order, based on the postulate proposed by Coleman and Noll
[1] and is given by

Tzij = Qp A(l)z] + on A(2)l] —+ Qo A(l)zk A(l)k] —p 5ij

where T;; is the stress tensor, p is the pressure and g, a; and oy are material
constants.
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Figure (1): Secant slider bearing
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The Cartesian components of the stress tensor in the two-dimensional case are,

Tow +p — QQO% =2qq [(%)2 + (%)2 + %(u% —f-vg—Z)}

rafi(G) + G a) |

Txy—ao(g_z + Z_Z) = oq(%(ug—; +vg—z> +a1€%(u% ”%)
ou 0 v O 9 5 5 5
() (2 22 )
T =2 (5 5) +4(5)

w2 (5) + (5) + gy (o5 )
The film thickness is,

(L —x)

H, = hgsec{ 5T

};O<x§L, (1)

where L is the length of the bearing.
The momentum and continuity equations are,

0 0

o7 (Tee) = —a—y(Tmy), (2)
0 0
%(sz) = _a_y(Tyy)a (3)
ou ou
P —a—y. (4)

Assume that the non-dimensional quantities:

* U gk UV ok X,k Y
Uu *U;U 7‘/7‘% *Lay — L (5)
poV 1 7TS 1’ L

where V is the characteristic velocity and ¢ is a very small quantity.
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Hence,

op 0%u Pu u 0%u Ou

%_%8 5 ~|—a1ua%a 3 —|—alva 3 +a18y28

82v0u+4a @i—k%y@ 0%u

dy2 Dy Yoy 0z0y Oy 0xdy
0%u Ou

8y oy? oy’

The above equation are solved using the boundary conditions,

u=Uv=0 at y=0,
u=0,v=0 at y= H,,

+ oq

(4@1 -+ 2062)

Hs
0
Assuming,

u(z,y) = m(z)y® + n(x)y + uo.
From (3) and (7) we get,

where

3UH +c —4UH; + ¢

m(z) = 7 ,n(z) =

where ¢ is an arbitrary constant.
Substituting (9) and (10) into (6) we get,

5 SUH. + d(3UHg+c>
H,+c 2
—p :2060(—3) + 4@/2(20(1 + a2)T

Ox S
d( (3Ug§+c> (—(4I§JI§S+C) ) )
) dx

+ 4y (200 + an

d —(4US+C)
L (3&2 + 2a2> H?

2U
5 + aq

dx dx

(10)

(11)
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ap 3UH, +c\’ 3UH, + ¢\ [—(4UH, + ¢)
a_y:‘“%‘l*“?’(?( 13 )“( i3 >< i

From (11)

S3UH, +c SUH, + c\2
p(l', y) = 2040/ (T>dx + 4(2041 + a2) (T) y2

+4(2a2+a2)(<3U}[§}+ c> (—(4U}];f§ +c)>)y

) (3a1 JZF 2a2) <—(4U5§ + c))2 . 2U<%>O‘l vd (12)

S

where d is a constant.

The average pressure distribution p across the film thickness is,
po=g o vy

SUH, 4 3UH, 2
= 2a0/ (—+C>d:c + = (204 + ) (_—i—c) H? + 2207 + ay)

H3 3 H?
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T CLLIERS PR

s

The average total stress is,

1 [
i [ - mady=vate—0amds -1 (14)
s JO

where

1 [H
T — 75 TT d
T, HS A T, Yy

vy [%(3(][;,[}—'— C>2H3 +2(3U}[{;§+ c) <_<4U}Z;+C)>Hs

N <—(4U$+c))2] (15)
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From (14),
QQO/ <%}+C>dx+§ 3(2041)(%}“)2 +2(2a1)(%}+0>
(FAUEL 2y gy o (LU Ay oy (Yo a0

szaOM—%@U—F 0)2+4a1(3U C><4U+i>—%<4U+ c>2

3 \H, T m? PR m,) 2 \m, T ue
3U c
—2Uo (m + ﬁ) (16)
where
3ULmy Lcmg
M| J
271h3 o 6h3
m(L—x . m(L—x
my :(T) _|_ Sin %7
L— L—

ma :sin3(%) +9sin (%)
Now,
AMr=L=M=0
Hy = hy and M =0 in (16).
Using the boundary condition

8ay 13U c\?2 3U c c 3aq 14U c\?2
- () ) -5
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Then
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N2 73) 3 ey " m2a2) TP\ T/ 0T
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where
3UL /m sin 7
(T L— )
0= (FE -0+ (-a).
L L— L—
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From (17) and (18)
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Let k = 27 in (19)
Hence, A\c? + Asc + A3 =0,
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The Non-dimensionless pressure is,
_phi
N Qp UL ’

The Non-dimensional pressure p* is estimated for the second-order fluids A
(Osteoarthritic fluid, ag = 2.5Nsm™ 2 a; = —0.025Ns*m =2, ap = 0.05Ns*m~?%), B
(Polyisobutylene (5.39 %), ag = 18.5Nsm™2, a; = —0.3Ns*m ™2 ay = 1.2Ns*m™2)
and C (Polyisobutylene (5.4%), ap = 18.5Nsm™2 «a; = —0.2Ns’m™2 ay =
1Ns?>m~2) with material parameters oy, ay, as, for the fluids A, B, C respectively.
Figure (2) indicates the variation of Non-dimensional pressure p* and x* for the
second order fluids A, B, C.

—F—Flud A
45f | —e—Fuidn
—%¥—Flud C
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Figure (2): Variation of non dimensional pressure p* with z* for different values
of o, a1, g, and with U = 0.004m /s and L = 0.05m.

3. Conclusion. The performance characteristics of a secant slider bearing is
analysed. It is evident that the Non-dimensionless pressure p* is more for the
second-order fluids when compared to Newtonian fluid. The results reveal that
second order fluids enhances the lubrication effects of machinery when coupled to
Newtonian fluid.

4. NOMENCLATURE
Qp, a1, ap Material constants.

L Length of the bearing.

U Velocity of slider.

hq Minimum film thickness.

ho Maximum film thickness.

h3 Film thickness ratio. hj = 2
P Pressure in the film

p* Non-dimensional pressure.
Hi Secant slider bearing.

c coeflicient of friction.
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