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Abstract
The initial and second order theory of rotation for lubrication fluid mechanics
was supported the expressions obtained by holding the terms up to 1st and
second powers of rotation number M among the extended generalized
Reynolds equation of the classical Reynolds theory. Among this analysis,
there are the derivations of the new equations for pressure beneath the results
of second order rotation of lubrication fluid mechanics. The expression for the
exponential and index variation of the pressure with respect M is obtained.
The analysis provides some new glorious basic solutions with the assistance of
geometrical figure, expressions, calculated table and graph for the composite
slider bearings for second order rotation. The analysis of equations for
pressure, table, and graph analyzes that the pressure will increase with
increasing values of the rotation number. The pressure isn't independent of
viscosity of fluid and varies with the viscosity of the fluid.
Keywords: Composite bearing, Pressure, Reynolds equation, Rotation
number, Viscosity, Vorticity.
1. INTRODUCTION
The behavior of a fluid-film bearing depends on the boundary conditions at the
interfaces between the liquid and also the solid bearing surfaces. For nearly all solid
surfaces, the no-slip stipulation applies. However, variety of researchers has recently
found that slip will occur with specially designed surfaces. Lubrication beneath high
load and high speed is common in engineering apply these days. Within the thin film
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that separates the two rubbing surfaces a big quantity of heat is generated. Also, the
surfaces are elastically distorted by the fluid film pressure and also the exaggerated
temperature. Yet, on the far side the classical theory for equal and rigid fluid
mechanics lubrication, very little is thought concerning the combined effects of
temperature and solid distortion. Doubtless there's a necessity for an elementary study
of the conditions that surround the fluid film [1].
Research into the physics of fluid film bearings was aroused by Fogg [2], United
Nations agency discovered that parallel sliders will so carry loads. Later, Cope [3] and
Cameron and Wood [4] coupled the energy balance equation within the fluid film
with the momentum and continuity equations to get the temperature and also the
pressure distributions. The result of prescribed thermal gradients was additionally
studied for journal bearings [5], [6], [7], [8] yet as for slider bearings [9], [10].
Zienkiewicz [11] analyzed an infinitely long parallel slider bearing allowing
temperature variations across the film. Afterwards, Hunter and Zienkiewicz [12]
performed an analogous analysis for the one-dimensional slider bearing. In each
analysis the thermal boundary conditions at the fluid-solid interface were assumed a
priori. Dowson and Hudson [13], [14] reexamined a similar bearings allowing the heat
transfer to the bearing solids to see the fluid film thermal boundaries. The result of
thermal distortions of the bearing solids was thought-about by Otto Hahn and
Kettleborough [15], [16], [17] in an analysis of the one-dimensional slider bearing.
They complete that whereas thermal distortions are accountable for the load carrying
capability exhibited by parallel surface sliders, they need very little result on the
performance of inclined sliders compared to facet run effects. McCallion, et al [18]
conferred a thermohydrodynamic (THD) analysis of a finite bearing. The analysis
indicated that the bearing load carrying capability is insensitive to heat transfer within
the solids. It additionally showed that the thermohydrodynamic load isn't essentially
finite by either the adiabatic or the equal solutions. Additional recently Ezzat and
Rohde [19] analyzed the thermohydrodynamic behavior of a steady loaded inclinedplane slider, taking into consideration the finite breadth of the bearing and heat
transfer to the solids. The results of elastic distortion on bearing performance are
studied by Carl [20], Dowson, et al. [21], Higginson [22], O'Donoghue et al. [23],
Benjamin' and Castelli [24], McCallion [25] and last, by American state and Huebner
[26]. A number of these works are experimental in nature, some a mixture of
experiment and theoretical analysis, and others, strictly analytical studies. None,
however, have enclosed the results of temperature variation within the fluid film.
The composite bearings are made up of the combination of Tapered-Land and FlatLand bearings. The geometry of the composite bearing is shown by the figure-1. The
region B1 consists of Tapered-Land and the region B2 consists of the Flat-Land
bearing.
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Figure 1: Geometry of Composite Slider Bearing
2. GOVERNING EQUATIONS OF THEORY OF ROTATION WITH
BOUNDARY CONDITIONS
The two dimensional classical theory [27] of lubrication was first given by O.
Reynolds. In 1886, at intervals the wake of a classical experiment by Beauchamp
Tower [28], he developed associate equation celebrated as: Reynolds Equation. The
formation and basic mechanism of fluid film was analyzed by that experiment by
taking some assumptions that the film thickness is very small as compared to the axial
and longitudinal dimensions of fluid film and if the lubricating substance layer is to
transmit pressure between the shaft and thus the bearing, the layer ought to have
variable thickness.
The rotation induces a section of vorticity at intervals the direction of rotation and
additionally the consequences arising from it are predominant, for big Taylor’s no., it
winds up within the streamlines becoming confined to plane transverse to the
direction of rotation [29]. The extended version of “Generalized Reynolds Equation”
is claimed to be “Extended Generalized Reynolds Equation” given by Banerjee et. al.,
that takes into consideration of the implications of the uniform rotation concerning
associate axis that lies across the fluid film and depends on the rotation no., M i.e., the
square root of the classical Taylor’s number. This generalization of the classical
theory is known as a result of the “Rotatory Theory of Lubrication”.
The “First order rotatory theory” and “Second order rotatory theory” of hydrodynamic
Lubrication was given by Banerjee et.al. [30] on tenacious the terms containing up to
first and second powers of M severally, and neglecting higher powers of M [31], [32].
This paper analyzes concerning the pressure at intervals the composite slider bearings
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with relevancy the impact of second order rotation and comparative analysis with
relation to rotation number.
The Extended Generalized Reynolds Equation derived by Banerjee et al., [11], [12] in
ascending powers of rotation no. M and by tenacious the terms containing up to
second powers of M and neglecting higher powers of M, is written as equation (1).
For the case of pure W*=0, and if the bearing is infinitely short then the pressure
gradient in x-direction is much smaller than the pressure gradient in y-direction.
In y-direction the gradient ∂y P is of the order of (P/L) and within the x-direction, and
is of order of (P/B). If L << B then 𝑃/𝐿 >> 𝑃/𝐵 , so 𝜕𝑥 << 𝜕𝑦 . Then the terms
containing 𝜕𝑥 can be neglected as compared to the terms 𝜕𝑦 containing in the
expanded form of Generalized Reynolds Equation. Thus we've the equation as given:
𝜌𝑈

𝜕𝑦 [𝐹(ℎ)𝜌𝜕𝑦 ] + 𝜕𝑥 [𝐺(ℎ)𝜕𝑦 ] = −𝜕𝑥 [ 2 {ℎ − 𝑀 𝐺(ℎ)}] − 𝜕𝑦 [
(1)
ℎ3

17𝑀2 𝜌2 ℎ4

Where, 𝐹(ℎ) = [− 12µ (1 −

1680µ2

(2)

)] , 𝐺(ℎ) = −

𝑀𝜌2 ℎ5
120µ2

(1 −

𝑀𝜌2 𝑈
2

𝐹(ℎ)]

31𝑀2 𝜌2 ℎ4
3024µ2

)

Where x and y area unit coordinates, U is that the sliding velocity, P is that the
pressure, ρ is that the fluid density, µ is that the body.
Taking h=h(y), U=+U, P=P(y), h=α͞ y, h1-h2=α͞ B1; for region B1 and h=h2, y=B2; for
region B2.
The boundary conditions for the region B1 are: P=0 at h=h1 and P=Pc at h=h2.
The boundary conditions for the region B2 are: P=0 at y=0 and P=Pc at y=B2.
The solution of the differential equation (1) under the boundary condition (2) gives
the pressure for composite bearings is given by
1

𝑃 = − 2 𝑀𝜌𝑈𝑦 +
Where, 𝐶 =
𝐴(ℎ) =

12𝜇
𝜌

6𝜇𝐶
𝜌

𝐵(ℎ1 )−𝐵(ℎ2 )
𝐴(ℎ1 )−𝐴(ℎ2 )
𝛼͞

(ℎ2 −

1

[𝛼͞ 𝑦2 −
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1680 𝜇 2 𝛼͞

1680 𝜇 2

𝑦 2 ] + 𝐷 (For region B1)
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1

ℎ
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𝑃

𝑃 = 𝐵𝑐 𝑦 (For region B2)
2

(3)
(4)
(5)
(6)

3. NUMERICAL SIMULATIONS
By taking the values of different mathematical terms in C.G.S. system as follows:
e=0.2, µ=0.0002, C=0.0067, ρ=1, U=80, h=0.02, h1=00269 h2=0.0167, B1=1, B2=0.5;
the calculated values of pressure with respect M are given by table-1.
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Table-1
S.NO.

M

P(Second Order Rotation)

1.

0.1

153.33617

2.

0.2

267.72894

3.

0.3

382.12381

4.

0.4

496.52868

5.

0.5

610.92878

4. CONCLUSIONS
The variation of pressure with respect to rotation number M by taking viscosity as
constant; are shown by equations, table and graph. These show that within the second
order rotation of fluid mechanics lubrication, the pressure will increase with
increasing values of M, once viscosity is taken as arbitrary constant. The equations,
tables and graphs for second order rotatory theory of fluid mechanics lubrication show
that the pressure isn't independent of viscosity. The comparative exponential and
logarithmic variations of pressure with relation to second order rotation are shown by
the expressions:
P=124.4 e3.382M, P=277 loge M+754.7

 𝑃 ∝ 𝑀, 𝑃 ∝ 𝜇
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Figure 2. Variation of pressure with respect to M

0.6

Dr. Mohammad Miyan

94
REFERENCES
[1].

Rohde S. M. and Kong Ping Oh, 1975, “A Thermoelastohydrodynamic
Analysis of a Finite Slider Bearing,” Transactions of the ASME, 456 / JULY
1975, pp. 450-460.

[2].

Fogg, A., 1946, “Fluid Film Lubrication of Parallel Thrust Surfaces,”
Proceedings of the Institution of Mechanical Engineers, London, Vol. 155, p.
49.

[3].

Cope, W. F., 1949, “The Hydrodynamical Theory of Film Lubrication,” Proc.
Roy. Soc, London, Vol. 197.

[4].

Cameron, A. and Wood, W. L., 1946, 6th Int. Congress Appl. Mech., Paris,
reprinted in ASLE Trans., Vol. 1, 1959, p. 254.

[5].

Hagg, A. C., 1944, “Heat Effects in Lubricating Films,” TRANS. ASME
Journal of Applied Mechanics, p. A-72.

[6].

Hughes, W. F., and Osterle, F., 1958, “Temperature Effects in Journal Bearing
Lubrication,” ASLE Trans., Vol. 1, pp. 210-212.

[7].

Motosh, N., 1964, “Cylindrical Journal Bearings under Constant Load, the
Influence of Temperature and Pressure on Viscosity,” Proceedings of the
Institution of Mechanical Engineers, Vol. 178, Part 3n, Paper 24.

[8].

Tipei, N., and Nica, Al., 1967, “On the Field of Temperatures in Lubricating
Films,” TRANS. ASME JOURNAL OF LUBRICATION TECHNOLOGY,
pp. 482.

[9].

Charnes, A., Osterle, F., and Saibel, E., 1953, “On the Solution of the
Reynolds Equation for Slider Bearing Lubrication-IV; Effect of Temperature
on the Viscosity,” TRANS. ASME Vol. 75, pp. 1117.

[10].

Charnes, A., Osterle, F., and Saibel, E., 1953, “On the Solution of the
Reynolds Equation for Slider Bearing Lubrication-VI: The Parallel-Surface
Slider Bearing Without Side Leakage,” TRANS. ASME Vol. 75, pp. 1133.

[11].

Zienkiewicz, O. C., 1957, “Temperature Distribution within Lubricating Films
Between Parallel Bearing Surfaces and its Effect on the Pressure Developed,"
Institute on Mechanical Engineers Conference on Lubrication and Wear, Paper
81.

[12].

Hunter, W. B., and Zienkiewicz, D. C, 1960, “Effect of Temperature
Variations Across the Lubricant Films in the Theory of Hydrodynamic
Lubrication,” Journal of Mechanical Engineering Science, 2 (No. 1), 52.

[13].

Dowson, D., and Hudson, J. D., 1963, “Thermo-Hydrodynamic Analysis of
the Infinite Slider Bearing: Part I, The Inclined-Plane Slider Bearing,” Journal
of Mechanical Engineers Lubrication and Wear Convention, Paper 4.

Pressure Analysis of Composite Slider Bearing Under the Effect of Second

95

[14].

Dowson, D., and Hudson, J. D., 1963, “Thermo-Hydrodynamic Analysis of
the Infinite Slider Bearing: Part n, The Parallel Surface Bearing," Institute on
Mechanical Engineers Lubrication and Wear Convention, Paper 5.

[15].

Hahn, E. J., and Kettleborough, C. F., 1967, "Solution for the Pressure and
Temperature in an Infinite Slider Bearing of Arbitrary Profile,' TRANS.
ASME JOURNAL OF LUBRICATION TECHNOLOGY, pp. 445.

[16].

Hahn, E. J., and Kettleborough, C. F., 1968, “The Effects of Thermal
Expansion in Infinitely Wide Slider Bearings-Free Thermal Expansion,”
TRANS. ASME, JOURNAL OF LUBRICATION TECHNOLOGY, pp. 233.

[17].

Hahn, E. J., and Kettleborough, C. F., 1968-1969, “Thermal Effects in Slider
Bearings," Proceedings of the Institute on Mechanical Engineers, Vol. 183, pp.
1.

[18].

McCallion, H., Yousif, F., and Lloyd, T., 1970, “The Analysis of Thermal
Effects in a Full Journal Bearing,” TRANS. ASME, JOURNAL OF
LUBRICATION TECHNOLOGY, pp. 578-587.

[19].

Ezzat, H., and Rohde, S., 1973, “A Study of the Thermohydrodynamic
Performance of Finite Slider Bearings," JOURNAL OF LUBRICATION
TECHNOLOGY, TRANS. ASME, Series F, Vol. 95, No. 3.

[20].

Carl, T. E., 1964, “The Experimental Investigation of a Cylindrical Journal
Bearing Under Constant and Sinusoidal Loading," Proceedings of the 2nd
Convention of Lubrication and Wear, Institute on Mechanical Engineers Paper
19, pp. 100.

[21].

Dowson, E., Higginson, G. R., and Whitaker, A. V., 1962,
“Elastohydrodynamic Lubrication: A Survey of Isothermal Solutions,” Journal
of Mechanical Engineering Science, Vol. 4, No. 2, pp. 121-126.

[22].

Higginson, G. R., 1965, “The Theoretical Effects of Elastic Deformation of
the Bearing Liner on Journal Bearing Performance,” Proceedings of the
Symposium on Elastohydrodynamic Lubrication, Institute on Mechanical
Engineers, Vol. 180, Part 3b, pp. 31-38.

[23].

O' Donoghue, J., Brighton, D. K., and Hooke, C. J. K., 1967, “The Effect of
Elastic Distortions on Journal Bearing Performance,” TRANS. ASME, Journal
of Lubrication Technology, Vol. 89, No. 4, pp. 409-417.

[24].

Benjamin, M. K., Castelli, V., 1970, “A Theoretical Investigation of
Compliant Surface Journal Bearings,” presented at the ASME-ASLE
Lubricating Conference, Cincinnati, Ohio, ASME Paper No., 70-LUB-20.

[25].

Ibrahim, S. M., McCallion, H., 1967, “The Elastic Distortion of Journal
Bearing Housings,” Proceedings of the Institution of Mechanical Engineers,
Vol. 182, Part, 3N, pp. 183-191.

96

Dr. Mohammad Miyan

[26].

Oh, K. P., and Huebner, K. H., 1973, “Solution of the Elastohydrodynamic
Finite Journal Bearing Problem," JOURNAL OF LUBRICATION
TECHNOLOGY, TRANS. ASME, Series F, Vol. 95, No. 3.

[27].

Dowson, D., 1962, “A Generalized Reynolds Equation for Fluid-Film
Lubrication,” International Journal of Mechanical Science, Vol. 4, pp. 159170.

[28].

Reynolds, O., 1886, “On the Theory of Lubrication and its Application to Mr.
Beauchamp Tower’s Experiment,” Phil. Trans. Roy. Soc. London, 177 (I),
157.

[29].

Banerjee, M. B., Gupta, R. S. and Dwivedi, A. P., 1981, “The Effects of
Rotation in Lubrication Problems,” WEAR, 69, 205.

[30].

Banerjee, M. B., Chandra, P. and Dube, G. S., 1981, “Effects of Small
Rotation in Short Journal Bearings,” Nat. Acad. Sci. Letters, Vol. 4, No.9.

[31].

Banerjee, M. B., Dube, G. S., Banerjee, K., 1982, “The Effects of Rotation in
Lubrication Problems: A New Fundamental Solutions,” WEAR, 79, pp. 311323.

[32].

Dube, G. S. and Chatterjee, A., 1988, “Proc. Nat. Acad. Sci. India,” 58(58), I:
79.

