GANITA,Vol.72(2), 2022, 83-91

LOAD CAPACITY FOR THE SYSTEM OF ROTATING DISCS
WITH MR-FLUID
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Abstract

The analysis of rotating discs is observed in areas of various engineering fields like as flywheels, turbine
engines, gears and others. This paper analyses the subject of a plain rotating disc for the fluid flow, thereby
providing an in-depth development of understanding of the flow physics and modeling approach for the
second order rotation with MR-fluid. The solution of differential equation for the motion of system of
discs with MR-fluid gives the load carrying capacity which numerically gives various solutions. In this
analysis with MR-fluid the magnetic field is applying on the system that results the change in the behavior
of fluid with variation of intensity of magnetic field. The load capacity varies positively on increasing
values of Hartmann number and also with the intensity of magnetic field.
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1. Introduction

The idea of 2-dimensional classical theories of lubrication [4], [10] changed into given through
the equation of Osborne Reynolds [13]. In the wake of an analysis as the results of Beauchamp
Tower experiment [14], he had given a differential equation that stated as Reynolds Equation [13].
The simple mechanism and formation of the fluid film changed into discovered via means of that
experiment with few assumptions that the fluid film thickness is much smaller than its axial and
longitudinal dimensions and if lubricant layer is to supply stress among the bearing and the shaft
then the layer will range the thickness of the fluid film. After sometimes, Osborne Reynolds once
more revised his differential equation that changed into advanced model and stated as: Generalized
Reynolds Equation [7], [10]. This differential equation relies upon on viscosity, density, film
thickness, transverse and longitudinal velocities. The idea of the rotation [1] of the fluid film
approximately an axis, which lies throughout the fluid film, offers a few amazing solutions within
the lubrication issues of the fluid mechanics. The starting place of rotation changed via means of a
few theorems of vorticity within the rotating fluid dynamics. The rotation induces aspect of vorticity
within the course of rotation of fluid film and outcomes springing up from it are predominant, for
big Taylor’s Number, it effects in streamlines turning into limited to transverse to course of rotation
of the fluid film. The today’s prolonged model of the Generalized Reynolds Equation [7], [10] is
referred to as the Extended Generalized Reynolds Equation [1], [3] that takes into consideration of
outcomes of uniform rotation approximately an axis, which lies throughout the fluid film and relies
upon on rotation quantity M [1], that is the root of the classical Taylor’s Number. The generalization
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of the concept of hydrodynamic lubrication is stated because the Rotatory Theory of Hydrodynamic
Lubrication [1], [3]. The idea of the Second Order Rotatory Theory of Hydrodynamic Lubrication
[3], [8] changed into given via means of keeping expressions containing as much as 2nd powers of M
and neglecting big powers of M. The lubrication of discs may be made mechanically equal to gears
in the event that they have the identical radius at their touch line and rotate on the identical angular
velocities that of the gears. For the machine of discs, we are able to take the origin on the floor of
disc of radius R on the lines of centers of the discs. The geometry of the machine of discs is given
by the figure 1 and figure 2.

ho

FiGure 1. Geometry of system of discs

The fluid film thickness ‘A’ will be:
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Figure 2. Film thickness of system of discs

Ficure 3. System of rotation of discs [20], [21]
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2. GOVERNING EQUATIONS AND BOUNDARY CONDITIONS

The Extended Generalized Reynolds Equation of the second order rotation, in increasing powers
of M can expressed as equation (2.1).
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In the above equation; x, y and z belongs to the coordinate system, u is the dynamic viscosity of the
fluid, U is the sliding velocity, P belongs to pressure, p is the density of fluid.

Let us consider that the disc is stationary at the lower surface transverse of the fluid film at the place
of zero sliding and U = +U (Constant). Also considering that the pressure variation in x-direction is
too low in comparlson to the variation in its perpendicular direction. So the expressmns having terms
of pressure gradlent =£ can be omitted in comparison to the terms havmg % in the final differential

ox
equation, so that P can be taken as function of only y. Taking & = h(y), U = +U, P = P(y).
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We have
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where,

T,=Taylor’s number

H_,=Hartmann number

Q=Characteristic angular velocity

L=Characteristic length scale perpendicular to the direction of rotation

B=Magnetic field intensity

o=Electric cunductivity

Hence the differential equation for the motion of system in the fluid can be expressed as:

0 n | 17Q2H p* b 6P 0 QZBZpZUL3 W | 17Q2Hp*h? 2.5)
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The imposed boundary conditions are as follows:
)P=0ath=hy,P=0aty=0orP=0atd=0

... dP
(11)%=Oaty=y1 or 6 =7y (say)



Load Capacity for the System of Rotating Discs with MR-Fluid

3. DETERMINATION OF LOAD CAPACITY

87

The solution of the differential equation under the boundary conditions imposed is given by

Rho 179202 B2 LK,
P=—|=2MpU | ————"F(6) - tan 6F
V53 pU[ e FO - o)

Where F(6) is given by

384
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The load capacity for the system of discs can be written as:
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Ficure 4. Load Capacity [19]

3.1

(3.2)

(3.3)

(3.4
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4. CALCULATION TABLE AND GRAPHS

The numerical data for variations in the load carrying capacity with respect to magnetic field and
Hartmann number can be calculated that is given by the table-4.1 and table-4.2 respectively.

Table 4.1

U =80, p = 1.0,R = 3.35, hy = 0.0167, = 0.0002, § = 30°, y = 60°, Q = 23.88059
M=0l,0=1,L=1

S.No B W

1 0.5 334740.702

2 1.0 1338960.794

3 1.5 3012660.948

4 2.0 5355841.163

5 25 8368501.439
Table 4.2

U =280,p=10,R =335,k =0.0167, u = 0.0002, 6 = 30°, y = 60°, Q = 23.88059
M=01,0=1,B=5

S.No H, w

1 0 0.67134

2 40 4.099119
3 60 8.383843
4 80 14.382456
5 100 22.094959

The graphical representations of the variation of pressure with respect to the magnetic field B
and Hartmann number H, are shown by the figure 5 and figure 6 respectively.

5. RESULTS AND DISCUSSION

The variation of load capacity W with respect to magnetic field B is shown by the table (4.1) and
figure 5. The figure-5 shows the exponential trend line by y = 21727¢'%* with R? = 0.947 The
variation of load capacity W with respect to Hartmann number H, by the table (4.2) and figure 6 with
polynomial trend line polynomial trend line y = 0.001x> + 0.032x, R? = 0.998.

The figure 5 and figure 6 indicate that the load capacity W, vary with magnetic field and Hartmann
number.
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FiGURE 5. Variation of W with respect to Magnetic field B with exponential trend line
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FiGURE 6. Variation of W with respect to Hartmann number H, with polynomial trend line
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6. CONCLUSION

The derived equation of Load capacity is given by equation (3.4) and (3.5). The calculated values
of the Load capacity against magnetic field B is shown in the table and graphical representation for
the variation of Load capacity is also shown by figure 5. The comparisons of the Load capacity
have been done with the help of geometrical figures, expressions, calculated tables and graphs for
the lubricating discs in the second order rotatory theory of hydrodynamic lubrication. The analysis
of equation for Load capacity, table and graphs show that pressure is not independent of dynamic
viscosity u and increase with increasing values of magnetic field intensity B, Hartmann number H,,
rotation number M, density of used fluid p, velocity of fluid U, characteristic length of the bearing L
and film thickness /.

Acknowledgement

This research was supported by U. P. State Higher Education Council, Uttar Pradesh for financial
assistance under the Research and Development Programs of U. P. Government for teachers of
Universities, Government and Aided colleges.

References

[1] Banerjee, M.B., Gupta, R.S. and Dwivedi, A.P. (1981) The Effects of Rotation in Lubrication
Problems, WEAR, 69, 205.

[2] 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.

[3] Banerjee, M.B., Dube, G.S., Banerjee, K. (1982) The Effects of Rotation in Lubrication Problems:
A New Fundamental Solutions, WEAR, 79, pp. 311 — 323.

[4] Cameron, A. (1981) Basic Lubrication Theory, Ellis Harwood Limited, Coll. House, Watergate,
Chicester, p. 45 — 162.

[5] Cameron, A. (1958) The Viscous Wedge Trans., ASME, 1, 248.

[6] Chandrasekhar, S. (1970) Hydrodynamic and Hydro magnetic Stability, Oxford University Press,
London, 83.

[71 Dowson, D. (1962) A Generalized Reynolds Equations for Fluid Film Lubrication, Int. J. Mech.
Sci., 4, 159.

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

[91 Halling, J. (1975) Principles of Tribology, The Macmillan Press Ltd., London, 369.

[10]  Hori, Y.(2005) Hydrodynamic Lubrication, Springer Science and Business Media p.23 — 31.

[11]  Miyan, M. (2016) Pressure Analysis for the system of rotating discs under the effects of second
order rotation, (IASIR) American International Journal of Research in Science, Technology,
Engineering and Mathematics, 16(2):164 — 168.

[12]  Miyan, M. (2016) Load Capacity for the system of rotating discs under the effects of second order
rotation, International Journal of Engineering Research and General Science, 4(6): 235 — 242.

[13]  Pinkus, O. and Sternlicht, B. (1961) Theory of Hydrodynamic Lubrication, Mc. Graw Hill Book
Company, Inc. New York, 5 — 64.

[14]  Reynolds, O.1886. Phil. Trans. Roy. Soc. London, Part I, 177.

[15]  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.

[16] Saibel, E. A. and Macken, N.A. (1973) Annual Review of Fluid Mechanics, Inc. Palo. Alto, Cal.
Vol.5.

[17]  Shaw, M.C. and Macks, E.F. (1949) Analysis and Lubrication of Bearings, Mc. Graw Hill Book
Company, Inc., New York.

[18]  http:www.machinerylubrication.com/Read/29654/journal-bearing-oil



Load Capacity for the System of Rotating Discs with MR-Fluid

[19]  http:jinptel.ac.infcourses/116102012/121
[20]  20. https:/len.wikipedia.orgwiki/Taylor%E2%80%93 Couette_flow
[21]  http:fwww.slideshare.net/KrunalParmar4,/viscosity-measurement-43704393

Dr. Mohammad Miyan, Department of Mathematics, Shia P. G. College
University of Lucknow, Lucknow, Uttar Pradesh, India -226020
e-mail: miyanmohd @rediffmail.com

91





