VOL. 5, NO. 10, OCTOBER 2010 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

=
©2006-2010 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

STABILITY ANALYSIS OF CIRCULAR PRESSURE DAM
HYDRODYNAMIC JOURNAL BEARING WITH
COUPLE STRESS LUBRICANT

N. P. Mehta', S. S. Rattan® and Rajiv Verma®
"Maharishi Markandeshwar Engineering College, Ambala (Haryana), India
*Department of Mechanical Engineering, National Institute of Technology, Kurukshetra (Haryana), India
E-Mail: rajivkkr@yahoo.com

ABSTRACT

A generalized Reynolds equation has been derived for carrying out the stability analysis of a plain circular
pressure dam hydrodynamic bearing operating with couple stress fluids. The Galerkin form of the finite element method
has been used to solve the equation obtained. A non-dimensional parameter, ‘/” has been used to indicate the length of the
long chain polymer added to the bulk Newtonian fluid. The dynamic characteristics, which have been calculated for a wide
range of dam parameters, have been found to be greatly influenced with the variation of the couple stress parameter ‘/’.
The critical mass of the journal, obtained as a solution to the linearized equations of motion is used to demonstrate the
increased stability of the journal bearing system.
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Notation u, v, w fluid velocity along the X, y and z axis
\% gradient operator \Y velocity vector
: differenttaion with respect to material constant responsible for the
) dimensionless time ‘t’ N couple stress property
B body force vector " viscosity coefficient of a Newtonian
radial difference between the journal lubn.cant -
¢ and the lobe p density of fluid
C body couple vector [0} attitude angle
_ non_dimer_lsional damping coefficients, ® angular velocity
Comn ow, / on ,(m,n=x,z) B slenderness ratio, L/2R=1
e eccentricity 10° Size of oil supply groove
€ eccentricity ratio e/c 05 Dam location
ﬁ non dimensional film thickness, Ly Dam width
h :lJfSCOS'e : : h;-h, Dam depth= 3 times clearance, ¢
E non ¢ dlmetlsmnal stiffness coefficients, L Width of relief track
e W n/on  (mn=x7)
) couple stress parameter, /=(1/u)" 1. INTRODUCTION
L lenoth of the bearin Plain circular hydrodynamic bearing, due to their
£ i i & — ease in manufacturing and maintenance, are the most
Mj M. non dlmen510nal mass and critical mass common form of bearing found in extensive use even
’ of the journal today. These bearings have however been found to be
p pressure unstable under light load and high speed conditions.
non dimensional film pressure, Increasing the stability of these bearings has been a focus
B 5 5 of investigation of various researchers and several means
pc _,H{'t.ﬁ have been suggested ranging from minor changes in the
dius of the i 1 geometry of the bearing to alterations in the lubricant. It
R ra 1usc? the journa : has been reported by Nicholas [1, 2] that a minor
UV tangential and non.nal velocity geometrical alteration in the form of a dam and a relief
’ component of the journal surface track in the upper and the lower half of the bearing can
W, W bearing load and bearing load along the significantly improve the stability of the plain circular
> %™ | horizontal and the vertical directions bearing. Among other authors, improvements in stability
X.7.z non dimensional coordinate, x/R, y/c, with dam for two lobe, three lobe, four lobe bearings etc
o z/R have also been reported by Mehta et al., [3-13].
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A number of studies have been also carried out
using the Stokes microcontinuum theory [14] to
investigate the effects of the couple stress parameter, ‘/’,
on the stability of different types of fluid film bearings.
These studies include work done by Lin [15-17] and
Mokhiamer et al., [18], on rolling-element bearings by
Sinha and Singh [19] and Das [20]. The characteristics of
pure squeeze film bearings has been analyzed by
Ramanaiah and Sarkar [21], Ramanaiah [22], Bujurke
[23], Lin [24, 25] while slider bearings have been studied
by Ramanaiah [26] and Bujurke et al., [27].

It has been noticed that literature concerning the
stability of plain circular pressure dam bearings is
available only for the Newtonian fluids and to the best of
the author’s knowledge no information is available dealing
with the application of couple stress fluids in this area.

The present study is concerned with the stability
analysis of a hydrodynamically lubricated plain circular
pressure dam bearing. A range of dam variables
comprising of its width, depth and length and a recess
width have been taken as independent variables. Two
values of couple stress parameter ‘/°, 0.0 (Newtonian
fluid) and 0.2, are taken. All the results have been plotted
for an eccentricity ratio of 0.5.

2. ANALYSIS

2.1 Basic equations

From the Stokes micro-continuum theory, for an
incompressible fluid with couple stresses
Momentum Equation:

DV 1 2 4
pP—==Vp+pF +—pVxC+ NV -V 'V (1
Dt 2

Continuity Equation:
VIV =0 2

Where the vectors V, F and C denote the velocity, body
force and body couple per unit mass, respectively; p is the
pressure, p is the density, p is the classical viscosity, and 7
is a new material constant peculiar to fluids with couple
stresses.

Figure-1 presents the geometry and co-ordinate
system used for analysis of a circular pressure dam bearing
with a journal of radius R rotating with angular velocityo.
Assume that the fluid film is thin, body forces and body
couples are absent, and fluid inertia is small as compared
to the viscous shear. Then the field equations governing
the motion of the lubricant given in Cartesian coordinates
reduce to

ou ov ow

—+—+—=0 (3)
ox Oy Oz

op 82u 64u

- = 2 -n 4 (4)
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op 8214 84u

- = 2 -n 4 (6)

Boundary conditions at the surface of bearing (y = h)
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Figure-1. Geometry and coordinate system used.
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Where U and V are tangential and normal velocity
components of the journal surface at an angular position,
0.

Integrating equation (4) and integrating equation
(6) with respect to ‘y’ and applying the boundary
conditions, we get the modified Reynolds equation as:

3 2 A 3 2 A
ho —130%| h - 2] tanh| — ht 12 % h - 2 tanh| —
3 273 ad A4 h
&

X it x| &

Now introducing non dimensional variables and
parameters, dimensionless Reynolds Equation can be
written as

af - ap af . —-ap| .aon h
L g L S g s B O
ax I ) 482 %2 3z ax @ 2
Where
— -3 20 - - h
f(hD)y=h —121 | h—2[tanh| — (10)
21
The hydrodynamic pressure field in the journal

bearing is established by solving equation (10) satisfying
the following boundary and symmetry conditions:

o 0.2 0. 5(x2.7)=o0,
0x|(x=x2z=0)  9%lz=0)
p(0,2) =0, p(x,%) =0 (11

2.2 Film thickness
For an aligned bearing the fluid film thickness of
the n™ lobe is expresses as:

W' =1-(X X} )cos0—(Z; - Z; )sin®
Where (X ;.,Z;)=(esing,—ccosg),  represents the

coordinates of the journal centre and (X Ln,Z Ln)
represents the centers of the lobes.

2.3 Bearing performance characteristics

2.3.1. Load carrying capacity
The fluid film reaction components in ‘y’ and ‘x’
directions are given by

Wx = pcos0.dody
Wy =] psin0.dody (12)

For wvertical load support, the following
conditions are satisfied in the journal centre equilibrium
position

2
=600 —+ Guh — + 1207
£ 1 r ar

W, =W And W, =0 (13)

2.3.2 Attitude angle

Angle between the load line and the line joining
the bearing and journal centers is defined as the attitude
angle. The attitude angle is established by satisfying the
condition of vertical load support, Equation (13), using an
iterative process for a given load or eccentricity ratio.

2.3.3 Stiffness coefficients

If the journal center is displaced from its static
equilibrium position, then in general, the difference in the
components of the fluid-film reactions in the disturbed
position and in the static equilibrium position gives the out
of balance components of the fluid-film force. The non-
dimensional fluid-film stiffness coefficients are defined as

gxx gxz __8@/6} 6%x/6§ (14)
K, Kz ow,[ox ow:]e:z

The first subscript of the stiffness coefficients
denotes the direction of force and the second, the direction
of displacement.

2.3.4 Damping coefficients
The damping coefficients are defined as

éxx éxz __@@/6; G%x/ﬁi (15)
C, Czz aWz/au 8Wz/av

The first subscript of the damping coefficients
denotes the direction of force and the second, the velocity.

2.3.5 Critical mass and whirl ratio
The linearized equation of motion for the journal
centre can be written as:
ij + CyyX +nyy + Ky X +nyy =0
ij +nyy +nyx +Kyyy +nyx =0 (17)

Taking a harmonic equation of the form
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Here A =7 +iv represents a complex frequency.
If n<0, the system is stable. On the threshold of frequency,
n=0, and x and y are pure harmonic motions with
frequency given as A =iv. Equation (16) can now be
written as:

Kyx =M 0™ +ivCyy ny+way ]|:x :| ~0(18)
ny+zUny Kyy—M v +lUny y

For a nontrivial solution the determinant of the
equation (18) must vanish. Equating the real and the
imaginary parts to zero gives:

* * * *

(K* M* ZXK* M* 2) K* K>l<
2 x — My —My )T Ryl
yo= * *yy * % =2 (20)
Cxxcyy - nyny
Equation (19) and equation (20) are solved to
obtain the critical mass of the journal and the whirl ratio.

3. SOLUTION SCHEME

Equation (10) is solved by Finite Element
Method using Galerkin’s Approach. The domain is
discretized into elements and the condition of mesh
convergence has been satisfied. The finite element
equations contributed by all the elements have been
assembled in the global stiffness and the global force
matrix which has been modified to meet the boundary
conditions mentioned in equation (11).

* * * %
Co Ky +C Ky —Cry Ky — C K
* 2 xx™y Y XX XY™ yx PXX
My~ = Y Y. > > V- 24 (19)
Cxx+ny
dam 10°
DEF dam at 40° il
dam at 70°
0sl darn at 1007 i
damn at 130°
0.4r =

pressure p
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Figure-2(a). Pressure distribution at the dam width of 1.4 for /=0.0
(Newtonian fluid).
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Figure-2(b). Pressure distribution at the dam width of 1.4 for /=0.2.

The Reynolds boundary condition has been
satisfied by adjusting the trailing edge of the fluid film.
For any eccentricity ratio, the above process is repeated to
get an attitude angle for vertical load at the equilibrium
condition. The journal from this state is perturbed to
obtain the stiffness and the damping coefficients
(equations 14-15).

The bearing is treated as two independent lobes
containing a cavity cut in the upper lobe and a recess
created in the lower lobe of the bearing. It is assumed that
the refief track is deep enough to divide the lower lobe in
two parts, each to be treated independently.

1.4 T T
darn width=1.2
12l darn width=1.4 |
’ darm width=1.6
darm width=1.8
1 o
nar
=
_
1]
=]
— 0Bt
0.4+
02+
D 1 1
0 a0 100 180

Darn Location

Figure-3. Bearing load for various dam locations at dam width of 1.4
for /=0.0 and /=0.2.
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Figure-4. Attitude angle for various dam locations for /=0.0 and 1=0.2.
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Figure-5. Critical mass for various dam locations for /=0.0 and /=0.2.

4. RESULTS

In the present study the effect of couple stress
parameter ‘/” on the dynamic performance of plain circular
pressure dam bearing is analyzed.

The results obtained for the plain circular
pressure dam bearing are plotted for two values of couple

stress factor, 0 (Newtonian fluid) and 0.2. Figure-2(a)
shows the variation of pressure developed in the upper and
the lower pad along the central axis for various locations
of the pressure dam for a Newtonian fluid. The presence of
the relief track in the lower pad divides it into two
identical halves and thus the pressure shown is along the
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central axis of one half only. Figure-2(b) shows the
pressure variation at a couple stress value of 0.2. The
location of the dam in the upper lobe clearly affects the
magnitude of the pressure developed. The maximum
pressure developed increases as the dam location shifts
from 10° to 100° but no appreciable change in observed
beyond this location. A similar pattern is observed in
Figure-2(b) for a couple stress value of 0.2.

It should be noted that for any given dam
location, the pressure developed in the upper lobe remains
unaffected as the value of couple stress increases from 0.0
to 0.2 while in the lower pad the magnitude of pressure
developed is twice for the same values of couple stress
parameter /. This can be explained as the thickness of fluid
film is much more in the upper lobe, three times the
clearance, any introduction of the couple stress fluid does
not produces any change in the pressure developed.
However in the lower lobe, where the film thickness is
only about half the clearance (the bearing is operating at
an eccentricity of 0.5), the pressure developed is
influenced by the couple stress parameter ‘/’ to a greater
extent. This can also be explained with the help of
equation (10) which shows a reduced influence of cpuple
stress parameter ‘/’at higher fluid film thickness.

Figure-2(a-b) also shows the shift in location of
the peak pressure about the vertical axis with the variation
of the dam location. Starting from 285° for the case of dam
located at 10°, the peak shifts to the left to 270° for dam
location of 70° and then to 300° at the dam location
of130°. A similar variation in the spread of the positive
pressure zone can also be noticed. These two factors are
primarily responsible in variation of bearing load and
attitude angle as shown in Figures 3 and 4.

A shift in the dam location increases the
maximum pressure in the upper lobe which acts in the
downwards direction (i.e., opposite to the force produced
by the lower lobe), and thus reduces the net bearing load.
This behavior is observed till a dam angle of almost 100°
after which the force produces by the lower lobe increases
due to the increased pressure spread and thus increases the
bearing capacity as seen in Figures 3 and 4.

Figure-5 shows the variation of the critical mass
at various dam locations for two values of couple stress
parameter, /=0.0 and /=0.2. These results have been
plotted for four values of dam width, i.e., 1.2, 1.4, 1.6 and
1.8. It is noticed that at any particular value of couple
stress parameter ‘/’, the critical mass shows an increasing
trend specifically after a dam location of 50°. This increase
in the critical mass is however found to be less than that
which can be obtained by the introduction of couple stress
fluid. Variation in the dam width however does not
produce appreciable increase in the value of critical mass.

5. DISCUSSIONS

Important inferences can be made about the use
of couple stress fluid in plain circular pressure dam
bearings and are listed below.

a) The use of couple stress fluid increases the load
capacity which means that for any given load the

bearing system will be operating at a lower eccentricity
ratio.

b) The use of dams in plain circular bearings increases its
stability as is evident by the increase in the critical
mass.

c¢) The couple stress fluid can be used for decreasing the
value of the attitude angle as well as increasing the
stability of the bearing.

d) The use of couple stress fluid is found to increase the
stability of the bearing to a larger extent when
compared to the effect produced by dams.
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