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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 East 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

Tij = α0 A(1)ij + α1 A(2)ij + α2 A(1)ik A(1)kj − p δij

where Tij is the stress tensor, p is the pressure and α0, α1 and α2 are material
constants.

Figure (1): Secant slider bearing
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The Cartesian components of the stress tensor in the two-dimensional case are,
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The film thickness is,

Hs = h2sec
{π(L− x)

2L

}
; 0 < x ≤ L, (1)

where L is the length of the bearing.
The momentum and continuity equations are,
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where V is the characteristic velocity and ε is a very small quantity.
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Hence,
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The above equation are solved using the boundary conditions,{
u = U, v = 0 at y = 0,
u = 0, v = 0 at y = Hs,
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where c is an arbitrary constant.
Substituting (9) and (10) into (6) we get,
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where d is a constant.

The average pressure distribution p across the film thickness is,
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The Non-dimensionless pressure is,

p∗ =
ph21
α0UL

.

The Non-dimensional pressure p∗ is estimated for the second-order fluids A
(Osteoarthritic fluid, α0 = 2.5Nsm−2, α1 = −0.025Ns2m−2, α2 = 0.05Ns2m−2), B
(Polyisobutylene (5.39 %), α0 = 18.5Nsm−2, α1 = −0.3Ns2m−2, α2 = 1.2Ns2m−2)
and C (Polyisobutylene (5.4%), α0 = 18.5Nsm−2, α1 = −0.2Ns2m−2, α2 =
1Ns2m−2) with material parameters α0, α1, α2, 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.

Figure (2): Variation of non dimensional pressure p∗ with x∗ for different values
of α0, α1, α2, 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
α0, α1, α2 Material constants.
L Length of the bearing.
U Velocity of slider.
h1 Minimum film thickness.
h2 Maximum film thickness.
h∗2 Film thickness ratio. h∗2 = h2

h1
p Pressure in the film
p∗ Non-dimensional pressure.
Hs Secant slider bearing.
c coefficient of friction.



Hydrodynamic Effects of Secant Slider Bearings Lubricated with Second ... 113

References

[1] B. D. Coleman and W. A. Noll, An approximation theorem for functionals,
with applications in continuum mechanics, Archive for Rational Mechanics
and Analysis, Vol.6, No.1, (1960), pp. 355-370.

[2] N. M. Bujurke, Slider bearings lubricated by a second-grade fluid with refer-
ence to synovial joints, Wear, vol. 78, No. 3, (1982), pp. 355-363.

[3] W. G. Sawyer and J. A. Tichy, Non-Newtonian lubrication with the second-
order fluid, Journal of Tribology, vol. 120, no. 3, (1998) pp. 622-628.

[4] Z. Li, P. Huang, y. Meng, and S. Wen, Study on hydrodynamic lubrication
with second-order fluid (II), Science in China, (2001).

[5] Sudha V, Sundarammal kesavan, Ramamurhy V., Squeeze film characteristics
of couple stress fluid between porous Triangular plates, Journal of Manufac-
turing Engineering, 3(1), (2008).

[6] Rajesh C. Shah and Nayen I. Patel, Mathematical Modelling of slider bear-
ing of various shapes with combined effects of porosity at both the ends,
Anisotropic permeability, slip velocity, and squeeze velocity, American Jour-
nal of computational and Applied Mathematics, 2(3), (2012), pp. 94-100.

[7] Li-Ming Chu, Hsiang-Chen Hsu and Jiann-Lin Chen, An analytical approach
for analysis of slider bearings with Non-Newtonian Lubricants, Hindawi,
(2014).

[8] Siddangouda Apparao, Trimbak Vaijanath Biradar, and Neminath Bhujappa
Naduvinamani, Non-Newtonian Effects of Second-Order Fluids on the Hy-
drodynamic Lubrication of Inclined Slider Bearings, Hindawi, (2014).

[9] S. Rushma and K. Ramakrishna Prasad, Effects of velocity slip and viscosity
variation in slider bearings with two layer lubricant, International Journal of
Scientific and Engineering Research, Vol. 6, No. 9, (2015), pp. 161-166.

[10] S. Sampathraj, Sundarammalkesavan and V.Sudha, Deformation Character-
istics of a composite slider bearing, Global Journal of Pure and Applied
Mathematics, 12(1), (2016).

[11] Thangavelu K, Sampathraj S and Sudha V., Effects of Viscosity Variation in
squeeze film lubrication of circular stepped plates, International Journal of
Mathematical Archive, 9(2), (2018), pp: 1-11.



114 South East Asian J. of Mathematics and Mathematical Sciences

[12] S Sampathraj, K Thangavelu and V Sudha, Effects of slipvelocity and vis-
cosity variation in squeeze film lubrication of triangular plates, International
Journal of Statistics and Applied Mathematics, 3(4), (2018), pp: 16-26.


