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Abstract

The purpose of this paper is to theoretically study the effect of aspect ratio on
the performance of fluid-film bearing system .Based upon the dynamic
Reynolds governing equation for the different aspect ratio, the various
performance parameters: eccentricity ratio, maximum pressure, coefficient of
friction, minimum film thickness, attitude angle, direct and cross-coupled
stiffness and damping coefficients, threshold speed, whirl-frequency ratio and
critical mass of hydrodynamic journal bearings are evaluated. The aspect ratios
(L/D) are considered 0.5, 1.0 and 1.5 for the analysis of purpose. The influence
of L/D ratio on bearing performance parameters for a wide range of Somerfield
number has been presented. The results could be useful to give more insight to
bearing designer for predicting a suitable L/D ratio for enhanced stable bearing
operations.

1. Introduction
Hydrodynamic journal bearing are useful in rotating

machinery for supporting radial loads. These bearings
allow for transmission of large loads at mean speed of
rotation and are susceptible to large amplitude lateral
vibration due to self exited instability which is known as oil
whirl or synchronous whirl. Under certain unexpected
disturbances the bearing system is prone to an oscillating
behavior. If the amplitude of oscillation grows too much, it
may cause the undesired journal-bearing contact and
endanger safe operation of the whole machine system. The
important parameters such as surface roughness, fluid
inertia, rehology of lubricant and bearing size (aspect ratio)
and geometry may have an influence on bearing
performance and its stability. Many researchers [1-9] have
theoretically investigated the performance and stability of
hydrodynamic journal bearings. Owing to various
influencing factors Zhang, et al. [1] considered the effect of
L/D ratio and slip on the stability analysis of gas-lubricated
journal bearing in micro-electro-mechanical systems
(MEMS). Das, et al. [2] used first order perturbation for
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dynamic characteristics of hydrodynamic bearing with
respect to micropolar property for varying eccentricity
ratios and L/D ratios. Osman, et al. [3] studied the static
and dynamic characteristics of the magnetized journal
bearings lubricated with ferrofluids. By using finite
perturbation technique, the eight-oil film stiffness and
damping coefficients were determined with L/D ratio as
1.0. Zhang, et al. [4] determined the stiffness coefficient of
hydrodynamic plain journal bearings lubricated with water.
The relationship between the stiffness coefficients and the
load for bearing with different relative clearance, different
L/D ratios and different rotational speed are obtained.
Singhal and Khonsari [5] investigated the stability of a
journal bearing system, including the effects of inlet
viscosity. Simplified thermo-hydrodynamic design charts
for the rapid prediction of stiffness coefficients, damping
coefficients, and threshold speed have been developed.
Jang and Yoon [6] presented analytical method to
investigate the stability of a hydro dynamic journal bearing
with rotating herringbone grooves. The dynamic
coefficients of the hydro dynamic journal bearing are
calculated using the FEM and perturbation method. Sharma
and Krishna [7] considered the effect of L/D ratio on the
dynamic performance characteristics and stability of two-

lobe pressure dam bearing. Dwivedi, et al. [8] theoretically
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computed the static and dynamic performance parameters
of hydrodynamic bearing considering short bearing
approximation aspect ratio (L/D < 0.5) under different flow
regime. Mehta, et al. [9] analysed the static and dynamic
performance parameters of a four-lobe pressure-dam
bearing which is produced by incorporating two pressure
dams on the upper two lobes and two lobes and two relief-
tracks on the lower two lobes of an ordinary four- lobe
bearing with L/D ratio as 1.0

A study of bearing dynamics is important for enhancing
smooth bearing life. An understanding on how bearing size
(aspect ratio) influences bearing performance in particular
bearing dynamics is still not been fully revealed. The
current study has been undertaken with the objective of
through understanding about the role of aspect ratio on
static, dynamic and stability aspect of fluid-film journal
bearing. Thus the current study presents the influence of
aspect ratio on bearing performance for a wide range of
sommerfeld number.

2. Theory

The conventional Reynolds equation for an incompressible,
Newtonian lubricant in the clearance space of a finite
journal bearing system is given below in non-dimensional
form as [16]:

6(“6@}6(“%} _Qo o,
oa\12 0 ) 0P\ 12 0p 20a Ot

The conventional Reynolds Eqg. (1) is solved using FEM,
which is described below.

2.1 FEM Formulation

The weighted residual of Eq. (1) using Galerkin’s criteria

may be expressed as [16]:

h3 Ane e
ﬂ ohe + 2 4 i@ 9@_@ N.dadf=0 (2)
< 00\12 0 ) 0p\12 0a ) 20a Or

where Ni is the interpolation function relating the nodal

pressures Ej to the pressure in the e element of the

discretized pressure field of N finite elements, i.e.,

ne
p* =2 N;p, ®)
=1

where Nj is the elemental shape function and n® is

number of nodes per element of two-dimensional flow-field
discretized solution domain.

With simplifications, Egs. (2) and (3) give the element Eq.
as [16]:

Ce =
[F ]ne xn’ {p }ne x1= {Q }nelerQ{R }n9x1+X{R }nexﬁ Z{R }nexi
4
where X and Z are the journal centre velocity.
For an e‘h element, the elements of the above matrices are

defined as follows [16]:
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where | and M are the directions cosines and 1, j =1,2

e

. Nn
The assembly of Eq. (4) over the entire domain of pressure
field results in global linear equations

FIv e I et = @ + QR s + ¥R g +2R2, g
(10)

involving two sets of nodal variables, the pressure {ﬁ}

and the flow {6}

2.2 Boundary conditions
The boundary condition used for the solution of lubricant

flow field are described as:

P:O,at@:

0 11
e (11)

Eg. (10) can be solved to give both pressure and flow
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simultaneously because at each node one of the two
variables is known.

Fig.1 shows the coordinate and the schematic of a simple
plain journal bearing in a steady-state configuration. The

static performance characteristics are computed for the

steady-state  condition, i.e,, X=72=0. For the
computation of performance characteristics, it is essential
to establish the journal center equilibrium position for a
given vertical load. The solution process is expressed in

flow chart shown in fig.2.

W/////V/ /

Fig. 1. Definition of the coordinate and the schematic of a
simple plain journal bearing.

2.3 Journal Center Equilibrium Position
For a given vertical external load VVO or eccentricity ratio
& and operating and geometric parameters of the bearing,
the journal center position ( )TJ ,Z_J ) is unique. This
journal center equilibrium position is not known a priori
and is obtained iteratively. For a specified vertical external
load (VVO ), which acts parallel to the Z-axis and when the

journal center occupies its equilibrium positions, the fluid-
film reaction components must satisfy the following
conditions [16].

F, =0

F,-W, =0

Initially the tentative values of journal center coordinates (

12)

)TJ ,Z_J ) are fed as input to compute the nominal fluid-

film thickness (ﬁ) that is required for the computation of
fluid-film pressures. The fluid-film reaction components

lfx and Fz are computed using Egs. (13) and (14),
respectively.

2.4 Load Carrying Capacity ( IE)

Fluid-film reaction components along X and Z
directions are respectively given by [12, 13]

A 2r

Fy =—j jﬁCOSa dadp (13)
20

and
A 2r

F, =—_[ jﬁsinadadﬂ (14)
20

Then, the resultant fluid-film reaction is expressed as
F=[F2+F2]¥ (15)

2.5 Nominal Minimum Fluid-Film Thickness ( h

min )
Using the computed journal center coordinates ( )TJ and

ZJ ), the minimum fluid-film thickness [14, 15] and

eccentricity ratio are computed from the expressions given
below:

h=hy=1-X;cosa—Zsina  (16)
The eccentricity ratio is given by

e=|%,|" +|Z,|° (17)

2.6 Sommerfeld Number

The characteristics in steady running of a journal bearing of
specified design are usually expressed non-dimensionally
as functions of a single parameter called the Sommerfeld
Number [10].The Sommerfeld Number can be determined
as:

{5)
s-_\DJ (18)

2.7 Attitude Angle (@)

The angle between the line joining bearing, journal center
and load line is defined as attitude angle. The attitude

angle, ¢ is calculated by [16]:

p=tan"| — (19)

For different positions of journal centre, the expressions to
the attitude angle will be different.

2.8 Friction power loss ( 5,_ )
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The power loss/ torque in a journal bearing is computed

from the following equation [16]:
P, :ZEZJ.(Q%%LD@]dA (20)

where 7, is the normalized turbulent couette shearing

stress.

A journal bearing system has two degrees of freedom to

define the journal position during its oscillation.

Considering two degrees of freedom system, 2x2 fluid-film

stiffness and 2x2 fluid-film damping coefficients can be

computed using the expressions given below.

2.9 Fluid-Film Stiffness Coefficients

The fluid-film stiffness coefficients are defined as [16]:

- aF

Sij=—— (i=X,2) (21)
aq;

Where,

i =direction of force.

Q, = direction of journal center displacement (

GJ =X, 2Z).

Stiffness coefficient matrix will be

I

Sa Se|_| & a

S_zx S_zz aFZ % 2
X oz

2.10 Fluid-Film Damping Coefficients
The fluid-film damping coefficients are defined as [16]:

~  OF
Ci=—=",(i=X,2) (23)

]

a4,

g represents the velocity component of journal center (
X,2).
Damping coefficients matrix is given by:

L oF, oF,

Cxx sz __ 81 az ”

CZX CZZ aF_Z a_lz_z

ox 01

2.11 Critical mass

The non-dimensional critical mass M of the journal is
expressed as [16]:
__ G,

° G,-G; )

2.12 Threshold speed
The speed of journal at the threshold of instability, can be
obtained by [15, 16]:

VAL
o Z[M/g} (26)
0

Where, I?O is the resultant fluid-film force or reaction

oh . . . .
8'[ =0 |.A journal bearing system is asymptotically

stable when the journal mass I\WJ is less than the critical

mass |\Wc (i.e. when I\WJ < I\WC ). Likewise, a system

is asymptotically stable when the operating speed of the
journal is less than the threshold speed (i.e. when

Q< C(_)th ).

2.13 Whirl frequency ratio
Whirl frequency ratio @
simplified form as [15, 16]:

_ K
a)whirlz = Mrl @7)

c

whirl €an be expressed in

Where, Kl is expressed as:

§xx(fzz + S_ZZEXX ~ S_xzc_:zx B § 6
C,+C,

The lower the value of @

K, =

the higher will be stability.

whirl

The negative value of @ *whir implies the absence of the
whirl.

The simulated data for non dimensional bearing
performance parameters have been generated and plotted to
gain understanding. The results have been discussed in the
following paragraphs.

3. Result and Discussion

The present results for hydrodynamic journal bearing as
shown in fig.3 shows the variation of eccentricity ratio with
respect to Sommerfeld number for varying L/D ratio.
Figure shows that the bearing with L/D ratio of 0.5 has
higher eccentricity ratio than other L/D ratios. It is
observed that the increase in L/D ratio decrease the
eccentricity ratio (i.e increases the load capacity). The
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similar reduction trend in the value of eccentricity ratio was
reported in ref. [8, 11].

is less corresponding to L/D ratio equals to 0.5, indicate
better stability.

0.6 =o—1/0
0.5 A 5
T 04
= —a—/1]
=] 0.3
R 1.0
> 02 -
g o1 :@ . —&—L/[
€ 6E-16 - 1.3
& 010 + 2 3

Sommerfeld Number (S)

Fig. 3: Eccentricity ratio versus Sommerfeld number

Fig. 4 shows the variation of maximum pressure with
respect to Sommerfeld number for varying L/D ratio.
Figure shows that the bearing with L/D ratio of 0.5 has
higher maximum pressure than other L/D ratios. It is
observed that the value of maximum pressure for a
specified Sommerfeld number decreases with the increases
in L/D ratio. The similar reduction trend in the value of
maximum pressure was reported in ref. [11].

Fig. 5 shows the variation of minimum fluid-film thickness
with respect to Sommerfeld number for varying L/D ratio.
It is observed that the value of minimum fluid-film
thickness for a specified Sommerfeld number increases
with the increases,in L/D ratio. The reduction in the value
of fluid-film thickness is quite significant at lower L/D
ratio of 0.5. The similar reduction trend in the value of
N, Was reported in ref. [8, 9]

The variation of attitude angle with respect to Sommerfeld
number for different values of L/D ratios, is shown in
Fig.6. Attitude angle increases with increases in
Sommerfeld number and L/D ratio. Figure also shows that
the change in the values of attitude angle at L/D ratio of 0.5
has more variation with other L/D ratios. The similar trend
in the value of attitude angle was reported in in ref. [7,8].
The variation of friction coefficient with respect to
Sommerfeld number for varying L/D ratio is shown in fig.7
Friction coefficient is increased with increasing L/D ratio.
The behavior of coefficient of friction with different L/D
ratios is similar as in ref.[9,11]. The results shows, that
there is judicious need to select optimal L/D ratio from the
view point of frictional power loss and load carrying
capacity of fluid film journal bearing.

Figure 8, 9 shows the results for dimensionless direct

stiffness coefficient parameters (§XX and S_ZZ) with

respect to Sommerfeld number. The bearing configuration
L/D equals to 0.5, 1.0 and 1.5. The direct fluid-film

stiffness coefficients S_XX and S,, as shown in fig.8 and

fig.9 shows a decreasing trend with an increase in L/D
ratio. The behavior of direct fluid-film stiffness coefficients

§XX and S_ZZ with different L/D ratios is similar as in

ref.[8,11]. The fig.9 indicates that for same value of
external vertical load, the vertical deformation in fluid-film
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Figure 10, 11 shows the results for dimensionless cross
coupled fluid-film stiffness coefficient (S,, and S,,)

with respect to Sommerfeld number. The bearing
configuration L/D equals to 0.5, 1.0 and 1.5. The
dimensionless value of cross coupled fluid-film stiffness

coefficients S_Xz, as shown in fig 10 increases with an
increase in L/D ratio and The dimensionless value of cross
coupled fluid-film stiffness coefficients S_ZX as shown in
fig 11 decreases with increase in L/D ratio. The cross
coupled fluid-film stiffness coefficient S_ZX shows negative
trend.  The similar trend in the value of cross coupled
fluid-film stiffness coefficients S + and S ,x was reported

in ref. [8,11].
14
hﬂ-‘-‘—-l—l—t——
12
X —e—1/D=(.
<10 |
3 [
g 8
o —a—/D=1.0
[
a 6
2 st
S L/D=[.5
(%]
2 N
apteeee-0—-0—0——9
0 T T T
0 1 2 3 4

Sommerfeld Number (S)

Fig. 10: Cross-coupled fluid-film stiffness coefficient
versus Sommerfeld number
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Fig. 11: Cross-coupled fluid-film stiffness coefficient
versus Sommerfeld number

Figure 12 and 13 shows the results for direct dimensionless
damping coefficient parameters( CXX and CZZ ) with

respect to Sommerfeld number .The bearing configuration
L/D equals to 0.5, 1.0 and 1.5.The direct dimensionless

damping coefficient parameters C_:XX and CZZ as shown in

fig.12 and fig.13 shows an increasing trend with an
increase in L/D ratio. The value of direct fluid-film

damping coefficients C_:XX and C_:ZZ is constant at lower

value of Sommerfeld number and decreases with an
increase in the value of Sommefeld number. The behavior

of dimensionless damping coefficient parameters 6)0( and

(TZZ with different L/D ratios is similar as in ref. [8, 11].

w
o
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320 | | >
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00 —4—L/D
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.a 5 - —

N0 o-0-0—0—0—o
50 ‘ ‘ ‘ 15
0 1 2 3 4

Sommerfeld Number (S)

Fig.12: Direct fluid-film damping coefficient versus

Sommerfeld number
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Q.
g 1.5
S 5 \.""H——o—.
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Fig. 13: Direct fluid-film damping coefficient versus
Sommerfeld number

Figure 14 shows the results for cross coupled fluid-film
dimensionless damping coefficient parameters (sz and

C_:ZX) with respect to Sommerfeld number. The bearing

configuration L/D equals to 0.5, 1.0 and 1.5. The cross
coupled fluid-film dimensionless damping coefficient

parameters (TXZ and (:X as shown in fig.14 shows a

decreasing trend with an increase in L/D ratio and shows
negative behavior. The behavior of cross coupled fluid-
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film dimensionless damping coefficients EXZ and sz

with different L/D ratios is similar as in ref. [8,11].
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Sommerfeld Number (S)

Fig. 14: Cross-coupled fluid-film damping coefficient
versus Sommerfeld number

Variation of the whirl frequency ratio with Sommerfeld
number with L/D ratios 0.5, 1.0 and1.5 respectively is
shown in fig.15. It is observed that the whirl ratio remains
constant at higher L/D ratios and decreasing exponentially
with the increase in Sommerfeld number, which indicates
better stability from the view point of whirl motion. It can
be seen that the whirling frequency ratio equals to 0.5 at all
aspect ratio. The similar trend in the value of whirl ratio
parameter was reported in ref. [1].

Fig.16 shows variation of the stability threshold speed with
respect to Sommerfeld number with L/D ratios 0.5, 1.0
and1.5 respectively. The value of stability threshold speed
is increased with decrease in L/D ratio. This is due to the
variation in the value of pressure gradients changes, and
hence the value of bearing dynamic coefficient gets altered.
Thus, the bearing stability threshold speed margin is
expected to change. The similar trend in the value of
threshold speed parameter was reported in ref. [7].
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Fig.15. Whirl ratio versus Sommerfeld number
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Fig.16. Threshold speed versus Sommerfeld number
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Fig.17 Critical mass parameter versus Sommerfeld number

Fig.17 shows critical mass parameter, which is also an
indicator of stability of hydrodynamic journal bearings. The
lower and upper sides of each curve correspond to stable
and unstable regions, respectively. It is observed that the
stability of hydrodynamic journal bearings deteriorates with
an increase in L/D ratio. The similar trend in the value of
critical mass parameter was reported in in ref. [7, 8].

4. Conclusions

This study investigates the effect of aspect ratio on the
performance of hydrodynamic bearings. Based on results,
following conclusions can be drawn for a plane circular
hydrodynamic bearing.

1) The minimum fluid- film thickness, attitude
angle, coefficient of friction, Sx;, damping
coefficient (Cxx, Czz and Cxz) increases with
increase in L/D ratio.

2) The eccentricity ratio, maximum pressure, direct
stiffness coefficient, Sz, Critical mass parameter
decreases with increases in L/D ratio.

3) The value of threshold speed is increases with
decrease in L/D ratio.

4) The whirling frequency ratio is independent of
L/D ratio and always equals to or approximate to
0.5. The high-frequency whirling frequency ratio
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is decreasing exponentially with the increase in
Sommerfeld number.
5) The stability of hydrodynamic journal bearings
deteriorates with an increase in L/D ratio.
Nomenclature
Dimensional Parameters

C : Radial clearance, mm

C; : Fluid-film damping coefficients (i, ] = X,Z),
N.mm-2

D : Journal diameter, mm

e : Journal eccentricity, mm

& : eccentricity ratio, e/c

F : Fluid-film reaction (6h/ot # 0), N

F. F, - Fluid-film reaction components in X and

Y direction (Sh/dt # 0), N

h : Nominal fluid-film thickness, mm

L : Bearing length, mm

M.,M; :Critical mass and Mass of journal, Kg
N : Rotational speed, rpm

O, : Center of the bearing

0; : Center of the journal

p : Pressure, N.mm-2

Ps : Reference pressure, N.mm-2 (

2.2
oy Ry 71 C)

r : Radial coordinate

R,R, : Radius of journal and bearing, mm
S : Sommerfeld Number

Sij : Fluid-film  stiffness  coefficients  (
I, ] =X%,2), N.mm?!

T : Time, sec
w : load Capacity, N

W, : External load, N

X : Circumferential coordinate

y : Axial coordinate

X3,Z; : Journal center coordinate

xX,Y,Z : Cartesian coordinate system

Z : Coordinate along film thickness
Greek Letters

7] - Lubricant viscosity, Pa. sec

Yo : Density, Kg.m-3

(04 : Angular coordinate, rad

¢ : Attitude angle, rad

WDin : Threshold speed, rad.sec™

@O yhir . Whirl frequency, rad-sect

1.1.  Non-Dimensional Parameters

3
_ c
Cij =Gy ——
:urRJ
Fo.F,  =(F.F,/pR})
h = h/c
Hmin = hmin/c
p = (p/p,)
PLs Pmax  =(PLs Pmax)/ Ps
S; =S,
! l (psRJ
t = Zps//ur )
W, -t
psRJ

X
[
[
N—r

|
~

<
o

N
[
~

~~

o

a.p =(%Y)/R,

€ =e/c

L/ D = Aspect ratio

o = Wy, /wJ

Oypin = Dypin | @,

Q =} (,urRE/CZ ps), Speed parameter
Matrices

[IE] = Assembled Fluidity Matrix,

{ﬁ} = Nodal pressure Vector,

{6} = Nodal Flow Vector,

R} = Column  Vectors due to

hydrodynamic terms,

{RXJ }' {R Z) }

=Global right hand side vectors due

to journal center linear velocities.
Subscripts and Superscript

b : Bearing
J - Journal
max : Maximum value
min  : Minimum value
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X,Y,Z : Components in X, Y and Z directions
. . First derivative w.r.t. time
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