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ABSTRACT

An endeavour has been made to analyze the hydrodynamic magnetic fluid based finite
journal bearing by making use of finite difference method and MATLAB. Under the
assumptions of hydromagnetic lubrication the Reynold’s equation is derived, in turn,
which is solved resorting to finite difference method for Sommerfeld boundary conditions.
Basically, 3-D representation of the pressure profile obtained using MATLAB underlines
the dependence on various parameters. It is needless to say that, this article offers an
additional degree of freedom from design point of view. The graphical representation of
the results establishes that the performance of the bearing system enhances significantly
due to magnetic fluid lubrication. Further, this investigation reveals that the role of
eccentricity ratio is a predominant factor for an overall improved performance of the
bearing system. Equally crucial is the role of the aspect ratio.
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1. INTRODUCTION

Fedor [1] studied developed a method for the solution of Reynold’'s differential equation
applied to finite journal bearings. The method adopted here eased out the algebraic
complexity occurring in the Sommerfeld solution. Latif and Ammam [2] adopted a numerical
iterative scheme for the calculation of performance characteristics of a finite journal bearing
with longitudinal and transverse rough surfaces. It was shown that when the bearing
operated at its hydrodynamic limit the bearing behavior was greatly influenced by the surface
roughness. Lin [3] presented a theoretical study of squeeze film performance for a couple
stress fluid based finite journal bearing. Here, it was shown that the couple stress effect
improved the performance characteristics of the finite journal bearing. Chasalevris and Sfyris
[4] evaluated the finite journal bearing performance characteristics using the analytical
solution of the Reynold’s equation. Patel et al. [5] analyzed the performance of a ferrofluid
based short journal bearing. It was established that the load carrying capacity increased
nominally while the coefficient of friction decreased significantly because of magnetic fluid
lubrication. Patel et.al. [6] discussed the magnetic fluid lubrication of a hydrodynamic short
porous journal bearing. The results indicated that the magnetic fluid turned in a better
performance of the bearing system as compared to a conventional lubricant. Interestingly,
the coefficient of friction decreased significantly.

In the present study it has been proposed to launch an investigation in to the performance of
a magnetic fluid based finite journal bearing considering the 3-D representation of the
pressure profile using finite difference method and MATLAB.

2. METHODOLOGY

The well-known Reynolds equation associated with finite hydrodynamic bearing is

L)+ 2 2) - o2 »

For magnetic fluid based bearing above equation becomes (Bhat and Deheri [7], Bhat [8])

[7] 3 a [lo[_l.Mz [7] 3 a HoﬁMz _ dh
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In view of the geometry of journal bearing, usually it is considered that

h=C(1+e¢&cosf) and x = RO (3)

On differentiation, one is led to

dx = Rd® (4)
and

dh 1dh —Cesin@

=oR® - R (5)

The non-dimensional term,
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on differentiation gives
LOZ = 20z (6)

Substitution of the values from Eq.(4),(5),(6) in the eq.(2), leads to

3 [,3 8 [ popEM? 29 (,328 (  pEM?\\ _  6nUCesiné
RAO (h ROO (p 2 )>+Laz(h Laz'(p 2 ) - R (7)

For magnetic fluid based journal bearing, the magnitude of the magnetic field is given by
(Agrawal [9])

M? = k§(2m — ) (8)

where, K is a suitably chosen constant so as to suit the dimension and the magnetic strength
Introducing the dimensionless quantities

c2

« _ kpomc® + _ _
K== h=14+¢cosf , P—p.6nUR

(9)

one arrives at

2
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This is the non-dimensional formulation of two dimensional Reynold’s equation considering
magnetic fluid based hydrodynamic finite journal bearing.

In FDM approach, the following scheme is adopted

02P Py, j = 2P+ Py
062 AB?

oP Py =Py

0 200

a%p Py — 2P+ P

97?2 AZ?

Substituting above values in eq.(10) ,one obtains

Pi+1,j — ZPL"]' + Pi_l,j (2)2 Pl',j+1 — ZPi,j + Pi,j—l _ 3esinf Pi+1,j - Pl'—l,j n £ sin 01”_*( _ 61)
IE L) AZ? 2h, Ao h, 2

uwo_ __€sing;
=T (11)
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where, P;; is the pressure at any mesh point (i,j)
h; is the film thickness at any mesh point (i,j)
Pii1j, Pi1j, Pijy1 & Py j_q are pressure at four adjacent points

On further simplification the pressure distribution is determined by

[{(AZZ/Z)—3£sin6iAHAZZ}/4Ei]Pi_1,j+[{(AZZ/Z)—3ssin9iA9AZZ}/4}_1i]Pi+1_j

1(D\?, 1 u*(esinb; 0:\ 1, 02,52\, E5in;4624Z2
+[— (Z) A8 (PL-J-_1+PL-J-+1)]+[T( (n—7)+§A0 AZ2 45—
L

2' hi 7

. 2h
b [A22+(§)2A92]

(12)

Now using this FDM equation, it is intended to make the MATLAB program to find out
pressure distribution of finite magnetic fluid based hydrodynamic journal bearing.

3. RESULTS AND DISCUSSION

The one dimensional pressure distributions gives only center line pressure profile, while 3-D
pressure profile presents the pressure variations throughout the width. The domes of pressure in
the 3-D representation get significantly altered with respect to various parameters found in the
equation (12). The 3-D picturization provides a better idea for the location of the position of the
center of pressure in case of finite bearing. The variation of non-dimensional pressure distribution
is presented in equation (12). A theoretical comparison with the conventional lubricant based
hydrodynamic finite journal bearing suggests that the non-dimensional pressure gets increased by

* resing; 0; 1 _
|5 (5 (r=3) +5000072)|
i

h 2 3

Setting the magnetization parameter to be zero this study reduces to the discussion of Majumdar
[10] for conventional fluid based finite journal bearing. It is clear that the expression is linear in
magnetization parameter and hence increasing values of magnetization would lead to increased
pressure as shown in Figs. 1-4. Figs. 5-7 show pressure distribution for different values of
eccentricity ratio from which it is clear that the effect of eccentricity ratio on the pressure is
significant. Further, the position of center of pressure changes with respect to the eccentricity ratio.
Figs. 8-9 represent the pressure distribution for different values of L/D ratio. L/D ratio induces
substantial increase in the pressure. Therefore, the role of L/D ratio becomes quite crucial from
design point of view.
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Fig. 1. Non-dimensional pressure distribution P for p*=0, L/D=1, £€=0.5
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Fig. 2. Non-dimensional pressure distribution P for u*=0.5, L/D=1, €=0.5
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Fig. 3. Non-dimensional pressure distribution P for u*=1.0, L/D=1, £€=0.5
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Fig. 4. Non-dimensional pressure distribution P for p*=1.5, L/D=1, £€=0.5
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Fig. 5. Non-dimensional pressure distribution P for p*=1.0, L/D=1, £=0.1
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Fig. 6. Non-dimensional pressure distribution P for u*=1.0, L/D=1, £€=0.3
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Fig. 7. Non-dimensional pressure distribution P for u*=1.0, L/D=1, £=0.7
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Fig. 8. Non-dimensional pressure distribution P for u*=0, L/D=2.0, £=0.5
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Fig. 9. Non-dimensional pressure distribution P for p*=1.0, L/D=2.0, £€=0.5
4. CONCLUSION

Even in the absence of flow there remains certain amount of pressure due to the magnetic
fluid lubricant which does not happen in the case of traditional lubricants. Besides, it is
noticed that by a suitable combination of eccentricity ratio and aspect ratio, the pressure can
be enhanced by almost 20% as compared to the conventional fluid.

NOMENCLATURE

D Diameter of the bearing (mm)

L Length of the bearing (mm)

H?  Strength of magnetic field (A2 m?)
p Lubricant pressure (N/m2)

P Dimensionless pressure

Hy

Permeability of free space (kg m sA?)
magnetic susceptibility

*

Dimensionless magnetization parameter

Lubricant viscosity (N.S/m?)
Eccentricity (m)

Radial clearance(m)
Eccentricity ratio(=e/c)

L/D Aspect ratio

Film thickness (m)

MmO 3~ X

=
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