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Impact of Clearance Contact on the Performance of Hydrodynamic Journal Bearing System
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ABSTRACT

The paper presents the analytical study of the impact of clearance contact on hydrodynamic journal bearing
system’s static performance. The governing model of hydrodynamic lubrication i.e. the non-dimensional
Reynolds equation is solved with using Garlerkin’s FEM approach along with appropriate boundary
conditions. A cavitation zone, which is unknown priori is established using Reynolds boundary condition
through iteratively. A clearance parameter is described and its influence on fluid-film pressure and static
performance parameters of hydrodynamic journal bearing is studied for a commonly used range of
sommerfeld number. The static performance parameters include maximum pressure, load carrying capacity,
attitude angle, and coefficient of fluid-film friction etc. The results of the study are useful to the bearing
designer from the view point of static performance parameters as the effect of sommerfeld number has been
used for commonly used clearance parameter.
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1.0 Introduction

The use of hydrodynamic journal bearing is
in a large number of rotating machineries. In this
bearing the position of journal is directly related to
external load.

As the load increases, the journal shifts
eccentrically, forming a wedge shaped oil film. This
action of the film causes load supporting pressure,
commonly known as fluid-film
pressure”.

The fluid-film pressure and bearing
performance is influenced by various operating and
geometric design parameters. Amongst these design
parameter, radial clearance is an essentially invariant
and its influence has been studied by several
investigations.

“hydrodynamic

The use of hydrodynamic journal bearing is
in a large number of rotating machineries. In this
bearing the position of journal is directly related to
external load.

As the load increases, the journal shifts
eccentrically, forming a wedge shaped oil film. This
action of the film causes load supporting pressure,
commonly known as “hydrodynamic fluid-film
pressure”.

The fluid-film pressure and bearing
performance is influenced by various operating and
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clearance is an essentially invariant and its influence
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Ocvirk and Dubois [1] examined that load
carrying capacity decreases with increase in bearing
clearance and the peak pressure in the oil film rises
rapidly with eccentricity ratio and with increasing
bearing clearance. Mitsui et al.[2] examined that the
bearing surface temperature rise increaseswith
decreasing the radial clearance. Prasad [3] studied the
effect of clearance ratio on the maximum bearing
temperature and its location, the surface temperature
rise increases with decreasing of radial clearance.
Simmsons and Dixon [4] showed that the results for
the large clearance configurations did not show the
dramatic variation in maximum bearing temperature
associated with a transition from laminar to turbulent
cooling that was found for standard clearance
cases.Papadopoulos et al. [5] theoretically presented
the identification of clearances and stability analysis
for a rotor journal bearing system using response
measurements of the rotor at a particular point i.e the
midpoint of the rotor. The measurements should be
taken at two different speeds and from different wear
effects.  This present work also verified
experimentally from the previous work. Sharma et
al.[6] studied on the journal bearing performances
and metrology issues. In this experimental study out--
of-roundness and radial clearance of journal bearings
were measured with high precision and the impact of
their metrology was examined on the specific oil film
thickness of the bearing. Results showed that the
radial clearance measurements can vary from one
measuring device to another and the specified
clearance may not necessarily meet the design criteria
of specific oil film thickness. Tian et al. [7] examined
the effect of bearing outer clearance on dynamic
behavior of full floating ring and observed that the
stability could be enhanced by increasing clearance.
Fargere and Velex [8] examined that the alignment of
the shaft can be modified by changing the bearing
clearance. Theoretically examine the influence of
clearance parameter on the non-dimensional values of
pressure  distribution and static performance
parameter for the bearing operating under three
different values of clearance parameter. The study
presents a wide operating range by choosing a
commonly used values of sommerfeld number. The
results of the study from the view point of clearance
impact on bearing performance is useful to the
bearing designer.

2.0 Analysis

In order to conduct the theoretical study, the
governing two-dimensional steady state Reynolds
equation is solved making the use of finite element
method (FEM) for evaluating pressure distribution.
The details of the analysis are presented in the
following sections. In Subsection 2.1, non-
dimensional Reynolds equation and fluid-film
thickness is expressed.

Whereas Subsection 2.2 [9], discuss FEM
formulation for converting a partial differential
equation into system equation. Subsection 2.3
describes the boundary conditions and details about
Reynolds boundary condition. Subsection 2.4
describes the static performance parameter which are
obtained in numerical simulation.

2.1 Reynolds equation

For the analysis purpose, a two dimensional
Reynolds equation for hydrodynamic lubrication in
terms of cartesian cordinates is expressed as

2 ,hta a h*ad udh

o (o) "oy Gy 20 0
where the fluid-film thickness, h is

expressed as [2]

h=c-xjcos0 - z sino. (2)

The equation (1) reduces to the following
non-dimensional form which is expressed as
2R 2 Fop od 0
da *12pda” 9f *1249F° 20a

Where from equation (2), a non-dimensional
value of h is expressed as

h=¢-1; cosa - Z; sing 4

The clearance parameter ¢ is expressed as
the ratio of actual clearance to the reference
clearance. The clearance contact is described in terms
of non-dimensional clearance parameter c.

2.2 FEM components

The fluid flow inside the clearance space of
finite journal bearing as described by Eq [3] is solved
using FEM. The entire domain is descretised by
making use of four noded quadrilateral isoperimetric
elements. Using Lagrangian linear interpolation
function, the pressure within the element is bilinearly
distributed and approximated as
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where N; is Lagrangian interpolation
function.

Using Garkelin’s orthogonally criteria using
approximate equivalent of p, equation (3) can be
expressed as
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a—x[;ﬁg(Z}*ﬂPﬂVj)]+ﬁ[§ﬁﬁ(2?=1pjl\’j)]—
10h 1 _ pe

Q[if)=r .. 6)

Where R® is known as residue of element,
minimization of residue is brought by means of
ortogonalising the residue with interpolation features,
i.e.

JJ 0o NjR® da.dB =0
.. (7

Integrating the 2nd order term in equation
(7) by the way of elements acquire c® continuity, the
resultants equation for a typical e™ element is brought
in matrix form as follows
[F]{p}¥e={ Q }+Q{ Ry }¢

.. (8)

For e™ element, the matrix and coulumn-

vectors are considered as
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Where I; and |, are direction cosines and i,
=12......... n;¢ are number of nodes per element.

A° refers area and 1° is the boundary of the
eth element.

After usual assembly procedure, global
system equation is obtained as
[F1{P}=[Q]+Q (R} - (9)

2.3 Boundary conditions

For small disturbances, the extent of positive
pressure film may be assumed to remain unchanged.
It may be noted that the boundary of positive pressure
zone is unknown, which is established by considering
the cavitated pressure to be constant and equal to be
zero. In order to achieve the consistency in cavitated

pressure zone, the pressure gradient is also been
considered to be zero, therefore the following
boundary conditions may be stipulated.

1. At the external boundary, nodal pressure are
zero,

p(0,p=+1.0)=0.0 ... (10a)

2. At the trailing edge of positive pressure
region, and Reynolds boundary condition p(a,,p) =
0,

ap ap

ﬁ = i ... (10b)

2.4 Static performance parameters

The dimensionless fluid-film force on the
journal surface is given by
F, = f_ll foznﬁcosa.da. dp

1

E=[, foznﬁ sina.da.dp
And the resultant fluid-film force F, is

equivalent to force F =/ E,*> + F,*

Sommerfeld number

A more commonly used quantity to describe
the load characteristics of a journal bearing is the
Sommerfeld number. In the design of fluid bearing
the Sommerfeld number or bearing characteristic
number, is a dimensionless quantity extensively in
hydrodynamic lubrication analysis. The Sommerfeld
number is very important in lubrication analysis
because it contain all the variables. The Sommerfeld
number is typically defined by the following equation

R\2 un

s=(2) %
S is the Sommerfeld number
r is the journal radius
Co is the Reference radial clearance
u is the absolute viscosity of the lubricant
N is the speed of the rotating journal in r.p.m
P is the load per unit projected bearing area or
pressure

The non-dimensional hydrodynamic friction
force in a journal bearing is calculated as

Fr=30 e [=+ (5501 dA,]

...(12)

Where n, total number of elements in fluid-
flow domain.

The coefficient of friction of fluid-film is
given by

fC=7

|

... (10)

... (13)
Attitude angle

195



196

International Journal of Advance Research and Innovation, Volume 5, Issue 1, Jan-Mar 2017

The vicinity of journal centre is measured by
using attitude angle which is the angle shaped
between the vertical and a line that crosses via the
centre of the journal and the centre of the bearing.
The attitude angle is calculated as

o =tan?|Z
Zj
End leakage

The bearing end flow is expressed as The
sum of all nodal flow. The internal nodes having zero
flow, as the flow entering and exit corresponding to
the particular node is same. The expression for end
leakage is described as
Q=X8,Q°

... (14)
3.0 Solution Procedure

The solution of hydrodynamic journal
bearing requires an iterative scheme at two stages. In
order to establish the (p> 0) pressure zone, which is
unknown priori, iteration is needed. Further the
pressure area is computed for a specific value of
attitude angle at a specified eccentricity.

The solution scheme uses various modules
as shown in figure 1, the iteration continues until a
journal equilibrium is attained for a designated
eccentricity ratio.

The study of clearance contact through
numerical simulation with FEM is involved process
and the computational procedure is shown in Fig.1.
The numerical procedure contains the following
steps:

1. The fluid-film domain of journal bearing is
automatically  discretized into 4 noded
quadrilateral elements in circumferential and
axial direction, as shown in Fig.1.

2. Fluid film pressure distribution field are
initialised by assigning an arbitrary value of
journal centre.

3. Fluid-film thickness is calculated using eq. (4).

4. A two points Guass quadrature is used for the
integration in elements. Thus four Gauss points
are generated in our isoparametric quadrilateral n
element.

5. Elements equations are assembled using indexing
to obtain global system of matrices and then
boundary conditions are implemented.

6. Cavitated boundaries, which are unknown priori
is established using ref. (11).

7. Fluid-film reaction is computed using numerical
integration of nodal pressure in Eq.(11).

8. At a specified eccentricity, the attitude angle is
fixed which is obtained using Newton’s iteratve

method.
9. Steps 3-9 are repeated until convergence is
achieved. The algorithm uses Bl < 0.1%, to

achieve the convergence.

10. Once the above convergence criteria is satisfied,
static performance characteristics are computed
using the expressions described in earlier
sections.

4.0 Results and Discussion

Based on the flow chart and solution
procedure discussed, a computer code utilising
MATLAB is developed. The current study uses a grid
independent mesh (36x8), to describe the fluid-film
domain. The selection of grid size is based on the
accuracy of simulated data and minimum
computational time.

The simulated influence from the present
gain knowledge of is when put next with the released
results of Raimondi and Boyd [10], Chandrawat and
Sinhasan [11] and Jain et al.[12].

Table 1 Analysis of Static Characteristics of Plain
Journal Bearing (Eccentricity Ratio £ =0.6, L/D

:_']_)

Raimondi | Chandrawat
Performance | Current | and Boyd | and Sinhasan
Parameters Work Ref. (10) | Ref. (11)
Load 5.095 5.2613 5.1662
Capacity, WO
Attitude 52.044 | 50.58 51.99
Angle, ¢
Friction 3319 322 341
coefficient
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Fig 1: Flow Chart of Solution Scheme
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For clearance parameter ¢ = 1.0, ¢ = 0.6 and
0.7. The comparisons of computed data are presented
in Tables 1 and 2. It may be observed from these
tables that the results from the current study is in
good agreement from the published data with a
maximum deviation is less than 2%.The simulated
results presented in Tables 1 and 2, establishes the
accuracy of developed code. The numerically
simulated results from the developed model is
awarded for fluid-film pressure distribution along
circumferential and axial direction for the commonly
used operating parameters ¢ = 0.5. The bearing
configuration in the current study is considered to be
finite one.

The clearance parameters for the non-
dimensional pressure and fluid-film thickness are
taken to be ¢= 1.0, 1.2, 1.4,

Table 2 Comparison of Static Characteristics of
Plain Journal Bearing (Eccentricity Ratio
£=0.7,L/D=1)

Performance | Current | Jain et al. | Chandrawat

Parameters Work Ref. (12) and Sinhasan
Ref. (11)

Minimum 0.303 0.300 0.300

Fluid-Film

Thickns,

hmin

Maximum 5478 5.360 5.516

Fluid-Film

Press. ﬁmax

Load 7.889 7.66 7.98

Capacity, Wo

Attitude 45.104 43.66 44.97

Angle, &

Friction 2478 2.5457 2.4524

coefficient

Figure 2 represents the relation between the
maximum pressure and circumferential direction.
Figure represents the pressure profile at different
clearance parameter resulting the fluid-film journal
bearing achieve a higher value at small clearance
parameter.

From the figure it is clear that from o= 0 to
130° oil film pressure is zero. From a = 130° pressure
starts rising and becomes maximum near to o = 290°
and then falls at o = 300°. A decrease in clearance
parameter yields the pressure profile rise, which is
tending to increase in hydrodynamic action.

Figure 3 represents as the clearance
parameter increases the overall fluid-film thickness
also increases. It shows that the bearing is
unwrapped, the fluid film thickness start increasing
up to 160° which is top segment of bearing whereas
it start decreasing at the bottom segment and then
slightly increasing up to 360°.

Figure 4 shows that pressure is maximum at
centre of bearing. Figure represent that at relative
clearance 1.0, the pressure becomes maximum and as
the relative clearance increases up to 1.4 pressure
decreases.
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4.1 Static performance parameters

From the previous study, it is clear that the
lower value of clearance parameter shows better
bearing static performance.

In order to have more insight, the current
section compares roto-static performance clearance
parameter ¢ =1.0, 1.2 and 1.4. From the generated
knowledge, the bearing performance characteristics
has been plotted as a perform of clearance parameter

C.

Fig 2: Influence of Clearance Parameters in
Pressure Distributions in Circumferential
Direction
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Fig.3 Influence of Clearance Parameter on Fluid
Film Thickness in Circumferential Direction
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Fig 4: Film Thickness in Axial Direction
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4.1.1 Influence on maximum pressure (Pmax)

Figure 5 shows that maximum pressure is
increased by increasing the value of clearance
parameter. At higher value of Sommerfeld number
(S) and higher value of clearance parameter (¢ = 1.4)
the maximum pressure has minimum value.

When the value of Sommerfeld number (S)
as well as clearance parameter is increasing then the
value of maximum pressure is decreasing. The value
of maximum pressure is maximum at (¢ = 1.4).

4.1.2 Influence on attitude angle (o)

Figure 6 shows that at minimum value of
clearance parameter (¢ = 1.0) and maximum value of
Sommerfeld number (S) the attitude angle has higher
value at clearance parameter (¢ = 1.0). Higher the
attitude angle is an indicator of minimum fluid-film
thickness.

4.1.3 Influence on minimum fluid-film thickness
(hmin)

Figure 7 shows that minimum fluid-film
thickness increases with the increase in the
Sommerfeld number. At higher value of Sommerfeld
number (S) and higher value of clearance parameter
(¢ = 1.4) the minimum-fluid film thickness has
maximum value.

When the value of Sommerfeld number (S)
as well as clearance parameter is increasing then the
value of minimum fluid-film thickness is increasing.
The value of minimum fluid-film thickness is
maximum at (¢ = 1.4).
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Fig 5: Maximum Pressure Verses Sommerfeld
Number at Different Clearance Parameter
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Fig 6: Attitude Angle Verses Sommerfeld Number
at Different Clearance Parameter
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Fig 7: Minimum Fluid-Film Thickness Verses
Sommerfeld Number Verses at Different
Clearance Parameter
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4.1.4 Effect on fluid film friction (F'f) and
coefficient of fluid-film friction

Figure 8shows that the value of fluid film
friction is maximum at minimum value of
Sommerfeld number (S) and at higher value of
clearance parameter (¢ = 1.4). As we increase the
value of Sommerfeld number (S) corresponding to
clearance parameter (c=1.0, ¢= 1.2, ¢ = 1.4) then the
value of fluid-film friction is decreasing
continuously. Figure 9 illustrates that the coefficient
of friction increased by increasing the value of
clearance parameter. At higher value of Sommerfeld
number(S) and higher value of clearance parameter (¢
= 1.4) the coefficient of friction has maximum value.
When the value of Sommerfeld number as well as
clearance parameter increasing the value of
coefficient of friction goes on increasing. The value
of coefficient of friction is maximum at (¢ = 1.4).

Fig 8: Force of Friction Verses Sommerfeld
Number at Different Clearance Parameter
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Fig 9: Coefficient of Friction Verses Sommerfeld
Number at Different Clearance Parameter
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4.1.5 Effect on end leakage (Q)

Figure 10 shows that bearing side flow
decreases with increase in Sommerfeld number (S) At
maximum value of Sommerfeld number (S) and at
maximum clearance parameter it is observed that
bearing side flow has minimum value.

Fig 10: Bearing Side Flow Verses Sommerfeld
Number at Different Clearance Parameter
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5.0 Conclusions

This work presents the theoretical study
conducting the effect of clearance on the pressure,
film thickness and static performance parameters of
fluid film journal bearing system. Based on the
numerically  simulated outcomes  following
conclusions are drawn.

1) The maximum fluid film pressure and end
flow decrease with the increase in the
clearance parameters.

2) The attitude angle, coefficient of friction and
minimum fluid-film thickness increases with
the increases in the clearance parameters.

Nomenclature

Dimensional parameters

X,y,Zz  co-ordinate axes with origin at
geometric centre of bearing

Xj,z;  journal centre position from
geometric centre of bearing

h fluid-film thickness

vl viscosity of lubricant

My reference viscosity

o angular speed of journal (rad/s)
c radial clearance

Co reference clearance

U tangential journal speed (oR)
R journal radius

Non-Dimensional Parameters

a circumferential co-ordinate (%)
- - y
] axial xo-ordinate (E)
Q speed parameter, —
Wy
_ u — 14
H=-— P = 2
Hr uw(%)
Rl

Co

cclearance parameter, Ci
[
- . - e
geccentricity ratio, —
[

o extent of positive pressure film ejournal
eccentricity

gattitude angle, radian

Y w

" ont(ZY
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