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1. Introduction

A bearing is a system of machine elements whose
function is to support an applied load by reducing friction
between the relatively moving surfaces. The hydrodynamic
bearing is to develop positive pressure by virtue of relative
motion of two surfaces separated by a fluid film. If two
mating surfaces during operating conditions are completely
separated by lubricant film, such a type of lubrication is
called fluid film lubrication. Elliptical bearings have been
solved based on the numerical solution of Reynolds equa-
tion for finite bearings [1]. Reynolds differential equation
has been analyzed for journal bearings having 100 and
75 deg arcs using digital computer [2].

The linear zed Reynolds equation of self-acting
bearings, has been investigated the stability of the static
equilibrium position of the shaft in gas-lubricated journals
[3]. The nonlinear transient analysis of an oil-film journal
bearing under different dynamic loads with Reynolds
boundary conditions to predict the threshold of stability
have been carried out by [4]. Numerical simulation of
tooth mobility using nonlinear model of the periodontal
ligament has been carried out [5]. The dynamic behavior of
relatively short gas film rotor-bearing systems at various
values of the rotor mass and bearing number have been
characterized [6-9]. Finite difference Method is one of the
most widely used technique for solving Reynolds differen-
tial equations [10-13]. Also, it has a rapid convergence rate
and minimal calculation error. Characteristics of lubrica-
tion at nano scale on the performance of transversely rough
slider bearing has been studied using Reynold’s equation
[14].

In Section 2, a mathematical model of steady state
behavior of the center of a rigid rotor supported by hydro-
dynamic journal bearing has been developed. The static oil
film pressure on this bearing is obtained by the steady state
Reynolds equation. In Section 3, the mathematical model
of the time-dependent motion of the rigid rotor supported
by oil journal bearing has been developed. The nonlinear-
ity of the oil film pressure significantly complicates the
task of solving the time-dependent Reynolds equation.
Section 4 presents the simulation results obtained using the
proposed method for the pressure distribution, oil film
thickness for static and dynamic conditions. Finally, sec-
tion 5 draws some brief conclusions.

2. Mathematical model for steady state condition
In this section a numerical solution of two dimen-

sional Reynolds equations for a finite journal bearing is
given.

The governing differential equation for a finite
bearing using incompressible lubricant of constant viscos-
ity is given by
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where p is the dimensionless pressure corresponding to the
atmospheric pressure; 4 is the dimensionless gap between
the rotating shaft and the bushing, r is radius of the bear-
ing; u is oil viscosity; w rotational speed.

Fig. 1 Journal bearing geometry and coordinate system
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here D is the diameter of the journal (=2r) and h is as-

sumed to be only a function of 4, i.e., h=1+¢cos 0.
Equation (2) can be expressed as
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A developed view of the bearing is shown in
Fig. 2. The area is divided into a number of mesh sizes
(A6 x Az) and using central difference quotients
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where P;; is the pressure at any mesh point (i,j); &; is the is the numerical coordinate system.
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P For this problem, a grid of about 60 points has
® been picked and the equation has been solved by using
Matlab program. Image points were assumed to insure zero
boundary conditions.
3. Mathematical model for dynamic conditions
Pressure distribution in the oil film between the
5., ¢ @ 1 Py shaft and the bushing is described by the Reynolds equa-
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Fig. 2 Grid point notation where C is radial clearance.
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For this problem, a grid of about 60 points has
been picked and the equation has been solved by using
Matlab program. For the first time step, the boundary con-
ditions for film thickness / assumed to be C/2 and pressure
(p) values are initialized to get the film thickness. The first
time step film thickness /4 values are substituted in Eq. (5).
The new pressure distribution has been obtained for first
time step. The process has been repeated to different time
steps to get dynamic pressure distribution, and film thick-
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ness with respect to time.
3. Results and discussions

Investigations on the transient dynamic behav-
ior of an oil lubricated journal bearing have been carried
out by employing the aforesaid methodology. The results
obtained for a bearing with the following parameters are
presented here: journal diameter D =100 mm; journal



length L = 100 mm; length and diameter ratio L/D = 1.0;

radial clearance C=0.025 mm; journal speed n=
= 3000 rpm; eccentricity ¢ =0.6 mm; viscosity of lubricant
u=0.02 Pas.

The transient variation of oil film thickness and
oil pressure are studied. Figs. 4-9 show the circumferential
variation of pressure at different instants of time viz., at the
Ist, 2nd, 3rd, 4th, 20th, 25th revolution from the start.
Figs. 10-15, show the corresponding film thickness varia-
tion.
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Fig. 4 Dimensionless pressure distribution with 1 revolu-
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Fig. 14 Film thickness with respect to 20 rpm
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It is observed that the maximum dimensionless
pressure increases from 502.477 to 9708.9 during the first
20 revolutions from the start. The pressure distribution is
found to become steady in about 20 revolutions from the
start. Fig 16 shows that the pressure reaches the steady
state in about 20 revolutions. The steady state pressure
distribution in the circumferential direction is shown in
Fig. 17. The maximum dimensionless pressure is found to
be 502.447.
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Fig. 16 Transient dynamic variations of dimensionless

pressure
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Fig. 17 Steady state pressure distribution
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5. Conclusions

The steady state and transient dynamic behavior
of hydrodynamic journal bearing system have been studied
and presented in this paper. The steady state and transient
dynamic behavior have been analyzed for different time
steps at a particular speed. The result reveals that steady
state is achieved within 20 revolutions corresponding to a
time 0.4 sec from the start. It can be further extended to
predict the dynamic behavior of the journal bearing under
varying load and speed conditions.
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HIDRODINAMINIU GUOLIU SKAITINIS
TYRIMAS PEREINAMAJAME
DINAMINIAME REZIME

Reziumé

Straipsnyje pateiktas standaus rotoriaus hidrodi-
naminiuose guoliuose stabilumo matematinis modeliavi-
mas. Tepalo plévelés slégis guolyje nustatomas sprendziant
Reynoldso lygti. Sudarytas rotoriaus slydimo guoliuose
dinamikos matematinis modelis. Tepalo plévelés slégio
netiesiSskumas gerokai apsunkina spresti Reynoldso lygti.
Modeliavimo rezultatai leido nustatyti tepalo plévelés stori
ir slégio pasiskirstyma, esant statinei ir dinaminei apkrovai.

M. Senthil Kumar, P.R. Thyla, E. Anbarasu

NUMERICAL ANALYSIS OF HYDRODYNAMIC
JOURNAL BEARING UNDER TRANSIENT DYNAMIC
CONDITIONS

Summary

This paper deals with mathematical modeling of
steady state behavior of the center of a rigid rotor sup-
ported by hydrodynamic journal bearing. The static oil film
pressure on the bearing is obtained by the steady state
Reynolds equation. The mathematical model of the time-
dependent motion of the rigid rotor supported by oil jour-
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nal bearing has been developed. The nonlinearity of the oil
film pressure significantly complicates the task of solving
the time-dependent Reynolds equation. Also, the simula-
tion results obtained using the proposed method for the
pressure distribution, oil film thickness for static and dy-
namic conditions have been presented. Some brief conclu-
sions drawn are also given.

M.Centrun Kymap, I1.P. Truna, E. Aubapacy

YUCJIEHHOE NCCIEJOBAHUE ITEPEXO/JHOI'O
JUHAMMNYECKOI'O PEXXMIMA B
I'MAPOANHAMMWYECKUX ITOAIINITHUKAX

Pe3smomMme

B cratbe mpencraBieHO MaTEMaTHYECKOE MOJe-
TUpOBaHUE CTAOMIBHOCTH KECTKOTO POTOpa Ha THUAPOIH-
HaMUYECKUX MOAIUNHUKAX. [[aBIeHre cMa30uyHON MIJIEHKU
B IOJIIMIIHUKE OINpPEAEIEHO IPU PELICHUU YPaBHEHMS
Petinonpaca. Co3gana MaTeMaTHdecKass MOJETh JUHAMUKA
poTOopa Ha MOJLIMIIHUKAX CKOJbXeHud. HemuHelHOCTH
JIaBJICHUs] CMa304YHOM TUIEHKHU CYIIECTBEHHO OCIOXKHSET
pemienue ypaBHeHus PeliHonbnca. IIpencraBieHHble pe-
3yJAbTaThl MOJAETUPOBAHUS TO3BOJISIOT ONPEACITIUTh TOJI-
UIMHY CMa304YHOM IJICHKU U paclpeiesieHue AaBlIeHus Mpu
CTaTUYECKON U TMHAMUYECKON HArpy3Ke.
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