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FLUID-FILM BEARINGS : A FINITE ELEMENT METHOD OF ANALYSIS

T.PURURAV, R.S.SONI, H.S.KUSHWAHA, S.C.MAHAJAN
REACTOR ENGINEERING DIVISION
BHABHA ATOMIC RESEARCH CENTRE

BOMBAY - 400 085

1.0 INTRODUCTION:

Lubrication is the process by which friction, wear and
heating is reduced in the machine parts, which are in relative
motion with each other. This is accomplished by positioning
bearings between machine parts which are in relative motion.

One such class of bearings is fluid-film bearings
wherein the relative motion is sliding. These bearings include
Hydrostatic and Hydrodynamic bearings and can be of slider,
Thrust and Radial bearings. Hydrodynamic fluid-film bearings are
extensively used for high speed applications. Advantages of these
bearings are that they are relatively maintenance free and are
unparalleled in specific applications like the moderator pump and
coolant pump bearings, where the purity of process fluid is of
paramount importance. They are extremely wear resistant as there
is no solid-solid contact.

To assure smooth operation of rotating equipment in
Nuclear Power Plants it is necessary to demonstrate that stator
and rotor parts do not rub against each other under normal and
abnormal conditions, either through experimental or analytical
means. As the experiments are prohibitively expensive and time
consuming very often one resorts to analytical means of
qualification. One such analytical tool is Finite Element Method
(FEM) which became popular method for solving continuum mechanics
problems during the last quarter century.

A Finite Element computer software Lubrication
Analysis(LUBAN) has been developed to evaluate static and dynamic
bearing parameters of fluid-film bearings. These parameters
characterise the behaviour of fluid-film bearings under normal and
abnormal operating conditions. This code can also be used for
designing of fluid-film bearings by calculating Bearing Capacity
. and altitude angle for different bearing configurations. The
development of this code has been necessiated due to the lack of
capabilities in commercially available FE software, which are
necessary for the analysis of fluid-film bearings, such as
formulation for Reynold's equation, imposition of pressure, flow
and cavitation boundary conditions.

2.0 THEORY:

Lubrication process in fluid-film bearings is
essentially a fluid-flow phenomena. Lubrication Analysis can be
carried out by solving Navier-Stoke's equation with mass



conservation as the constraint in the standard penalty parameter
technique solution for fluid-flov; problems. In this procedure,
flow distribution in the domain of interest is calculated first
and then the pressure has to be calculated seperately. Hence we
cannoc apply pressure and cavitation boundary conditions (Sec.4)
directly. However when we solve.Reynold's equation we directly get
pressure distribution and hence we can directly apply pressure and
cavitation boundary conditions. In this procedure we directly get
Bearing parameters such as Bearing Capacity, Altitude Angle,
Stiffness and Damping Coefficients which are directly related to
the pressure.

Reynold's equation approach has the other benefits,
which results in enormous computational economy, such as

i) In this approach the order of dimensionality is one order less
than Navier-Stoke's approach, the other dimension being take
care by the specification of film thickness as the parameter.
It may noted that three-dimensional elements are prohibitively
costly compared to two dimensional elements.

ii) In Reynold's equation approach Number of field variables are
half or One-third for two-dimensional and three dimensional
problems respectively compared to number of field variables in
Navier-Stokes approach.

DUj/ Dt= -V3P/p + v V3
Z\Ji 1=1,2,3 (1)

v3.u + ap/at = 0 (2)

Where Ul - Velocity of fluid in direction i

P = Pressure
p = mass density of the fluid
v = kinematic viscocity

Reynold's equation is essentially a combination of
Navier-Stoke's equation (Equation.1) and mass conservation
equation(Equation.2) with the following assumptions valid in the
context of fluid-film bearings.

i) Fluid flow is incompressible.

ii) Fluid flow is assumed to be creeping flow i.e viscous effects
are predominant compared to inertial effects.

iii) Pressure gradient across film thickness is small compared to
the pressure gradients along lateral dimensions.

iv) Velocity gradients across film thickness are large compared
to velocity gradients along lateral dimensions

First assumption comes from the fact that we are using fluid
as the lubricant. Assumptions 2,3 and 4 stem from the fact that
in bearings order of dimension of film thickness is several
orders less compared to order of lateral dimensions resulting in



boundary layer flow regime.

Derivation of Reynold's equation (Equation.3) from
Navier-Stoke's equation and Mass conservation equation with the
above boundary conditions is derived in Appendix-A as

V (h3/l2M) .VP = 0.5 7 . (h U) + h (3)
2 2 2

One can observe that for solving a three dimensional problem
we need to solve only a Two-dimensional (from assumptions 3 and 4
see.APPENDIX-A) partial differential equation, third dimension
being taken care by tl*̂  specification of film thickness as the
parameter. Here first t inn on right hand side of Equation.3 gives
shear contribution and second term represent squeezing
contribution to the pressure distribution.

3.0 FINITE ELEMENT IMPLEMENTATION :

There are few closed form solutions available for
simple geometries and ideal configurations of above equation.
Therefore very often one resorts to Numerical methods to solve
practical problems which are complex and are not amenable to
solution by closed form solutions.

Finite Element Method is one such method which is being
increasingly used for the solution of Engineering problems for
the obvious reason that the advantages it offers over other
numerical methods. To illustrate this here are some of the
advantages it offers over Finite Difference Method (FDM).

i) Finite Element mesh does not suffer from preferred orientation
of Co-ordinate system.

ii) Sub-domain shape of Finite Element mesh need not be of
rectangle shape.

iii) FEM can consider abrupt changes in geometric and material
properties such as when there's abrupt change in film thickness,

3.1 Variational Functional:
Equivalent Variational Functional of Reynold's

equation (Ref.l)

i = 0 .5 s h 3 / ( i 2 j i ) V 2 P . V 2 P dn - s h U . V 2 P dn + 2 .o s ah/at p dn

+ 2.0 r / q n PdT (4)
q

F = Non-vanishing boundary segment over vhich

pressure value is specified (Essential Boundary
Condition)

F = Boundary segment over which flow boundary

condition is specified.(Natural Boundary condition)

r n r = 0
p q



r u r = r
p q

qn = Normal flow per unit length of boundary segment

= n. [Uh/2.0 - h372P/(12 u) ]

by substituting P = Z P N , where N ' s are shape functions

- - 0.5 {P}T[Kp]{P} - {P}
T[iy{U} - {P}T[Kft]{n} + {P}

T{q} (5)

where KpiJ = -S h
3/( 12.0M) (VNJ.VM ) dfiKPU =

Khij =

% T
ig the

-S h7(12.

S h VNt Nj

-S Nl N d

, I q N dr
q "n i

variation

8I/8P =0.

on)

dn

n

fu:

0

which yields

[Kp]{P} = {q} - [iy{U} - [Kh]{h} = {F} (6)
Solution of set of linear equations (Equation.6) gives pressure
distribution corresponding to the minimum potential configuration
of the system.

4.0 CAVITATION :

When Equation.6 is solved for pressure distribution
with prescribed boundary conditions of 360° circular journal
bearings we obtain negative pressures in part of domain, when
cavitation phenomena is not considered. These negative pressures
induce tension in the fluid-film, which it cannot sustain
resulting in film rupture. This phenomena of film rupture is
called 'Cavitation'.

This phenomena makes lubrication problems a distinct class
of problems wherein one seeks pressure distribution and
cavitation boundary (boundary between cavitated and uncavitated
domains) simultaneously. Solution procedure when considering
cavitation is iterative, even though the physical behaviour of
the system is linear because of the fact that we have to solve
both for pressure distribution and cavitation boundary condition
simultaneously which are interdependent.

To enforce non-negative constraint o:i the solution, a
cavitation algorithm has been developed for LUJDAN, which is based
on non-linear optimisation principles. Theoretical basis of this
algorithm can be explained as follows.



Let the domain of interest be Q which consists of two
non-overlapping regions namely cavitation domain fi° and
positive-pressure domain . fl+ seperated by an unknown free
(cavitation) boundary F (fig.l). When we solve Equation.6 we get

-ve pressures in nc, but we expect pressure distribution (gauge
pressure) to be non-negative. When we invoke this condition
[Ref.2]

ai/ap a o (Fig. 2)

i.e for pressure distribution corresponding to minimum potential
configuration of all the solutions which satisfy non-negative
constraint (we are trying to get a solution which satisfies both
Reynolds Equation and Cavitation boundary condition), we have

ai/ap = o and P >0 in n*

and 81/8V > 0 and P =0 in nc
(7)

However decomposition of nc and Jl+ is not known a priori, so
one has to solve iteratively, as cavitation boundary condition is
not known a priori till both conditions in Equation.7 are
satisfied. Translating these conditions into matrix form

ai/ap = o => [K ] {p} = {F} in n+

ai/ap > o =» [K ] {p} < {F} in nc (8)

This can be achieved by partitioning stiffness and force
matrices

K =
ii 12

2 2J
P =

Pi

P2 J
F = (9)

where subscript 1 corresponds to the nodes in C? and
subscript 2 corresponds to the nodes in n? respectively.

solving the equations in iterative manner till the following
equations are satisfied which are equivalent to'Equation.7

i) {P2} = 0

iii)
iv)

{f2} (10)

> 0

Implementation of these in computer program LUBAN is given
in flow chart (Fig. 3) . The decomposition (r ) so obtained is

unique and independent of trial pressure distribution [Rcf.3]. It
may be noted that only for linear approximation of pressure P *0

implies P̂ O (where P4 is the pressure at any node and P is the

pressure at any point in the domain). Therefore the cavitation
algorithm explained is not valid for higher order than linear
approximation.



5.0 BEARING PARAMETERS :

These are the parameters v/hich characterise bearing
performance during steady state and dynamic loading conditions.
All these parameters can be directly obtained from pressure
distribution and geometry.

5.1 STEADY STATE PARAMETERS:
These are the parameters which characterise steady state

performance of bearings.

i)BEARING CAPACITY : Bearing capacity is the load that a bearing
can sustain for a given relative position of rotor w.r.t bearing.
This can be given as

F = S P dfl
X X

F = s P dn
y y i ;

Bearing Capacity = A F + F (11)

where P and P are the components of pressures in X and

Y directions respectively.
*

ii) ALTITUDE ANGLE : Altitude angle is the angle between line of
action of load and line of centers of shaft and bearing
centers(Fig. 4). This angle is generated because of the fact that
the journal will not move in the same direction as the line of
action of load because of the hydrodynamic effect. Non-zero value
of this angle induces cross-components in stiffness and damping
co-efficients. This can be calculated as

Altitude angle (0) = arctan (Fy / Fx) (12)
5.2 DYNAMIC PARAMETERS :

These are the parameters which characterise performance
of bearings under dynamic loading condition.

i) STIFFNESS COEFFICIENTS: Stiffness is the force required for
unit relative displacement between rotor and bearing.

Stiffness coefficient (S ) = BF^/dX , i,j = x,y

Non-zero values of cross components of S (i*j) can be

attributed to the hydrodynamic effect. This is because for the
above derivation is for when X-axis which is co-incident with
line of application of load i.e system is biased w.r.t
X-coordinate.

ii) DAMPING COEFFICIENTS: Damping is the force required for unit
relative displacement rate between rotor and bearing

Damping coefficient (B ) = 3F /3X , i,j = x,y



Dynamic co-efficients are useful for modelling fluid-film
bearings in the dynamic analysis of rotating equipment.
Expressions for Stiffness coefficients and Damping Coefficients
can be derived based on variation principles as [Ref.4]

s
XXs
yx

S
xy «s
S
yy

B
XXB
yx

B
xy =
B
yy

where,

X

X

X

X

-cose
-sine

-cose

-sine

-cose

-sine

-cose

-sine

P
X

p
y

P.
X

p.
y

dn

dn

dn

dn

(13)

[Kp]{Pl} = -X [(3.Oh
2 cose ap/3e /12JIR - 0.5U cose ) 3N/Rae

+ 3.Oh2 cose ap/az 3N/3z ] dn I = x

= -X [(3.Oh2 sine 3P/3e /12nR - 0.5U sine )3N/R3e

+ 3.Oh2 sine 3P/3z 3N/3z ] dn I = y

» X sine 8N/ae dn I = x

= -X cose 3N/3e dn i = y

where S and B (i,j =x,y) represent force required in direction i

for a unit displacement, unit displacement rate respectively in
direction j (Fig.4).

It may be noted that one need to solve only once for
pressure distribution for calculating the dynamic parameters
using above approach, while in conventional method of calculation
using finite difference method one need to solve twice for
pressure distribution for two eccentricity ratios which are
closely spaced. The accuracy of calculation is dependent on the
magnitude of spacing of the eccentricity ratios.

6.0 FINITE ELEMENT CODE LUBAN :'

A Finite Element code for Lubrication Analysis 'LUBAN'
has been developed for the solution of Reynold's equation to
analyse fluid-film bearings. Some of the prominent features are
i) Pressure and flow boundary conditions.

ii) Cavitation algorithm developed is both efficient and
economical.

iii)Bandwidth optimiser has been incorporated, which makes



analysis computationally economical as the solution
procedure is iterative.

iv) This can be used both for circular and sliding bearings.

v) Dynamic coefficients are calculated in one step instead of two
steps in conventional method.

vi) Film thickness will be calculated automatically.

vii) This code can be used for analysis of all types of
fluid-film bearings as given before.

viii) With this code modelling can be done using 4,8
isoparametric , 9-node lagrangian and 5-noded incompatible
element.

Organisation of 'LUBAN' is given in flowchart (Fig.3)
and data preparation procedure is given in APPENDIX-B.

7.0 VALIDATION:

Validation of 'LUBAN' has been performed by solving
several problems and whose results have been compared with closed
form solutions/ published data.

Prob.l : A Hydrodynamic slider bearing of infinite width and
whose either ends are exposed to atmospheric pressure (Fig. 5)
has been analysed to check the convergence. Results of this
problem are shown in Table.2. It is seen that with increase in
number of 4-noded elements, pressure values at discrete points is
approaching to closed form solution [Ref.5].

Prob.2: This is similiar to Problem No.l. This problem has been
solved to check the flow boundary condition module. In this
problem two cases have been analysed. In first case, pressure
values at either end of the bearing are specified. In the second
case pressure boundary case on the right edge is replaced with
equivalent flow boundary condition (Fig.6). These results compare
well with the published data [Ref.l] (Table.3).

Prob.3 : A Hydrodynamic journal Bearing of infinite width (Long
Bearing) has been analysed including 'cavitation' phenomena.
Comparisons have been made with closed form solutions available
[Refs.6,7] in figs.7-9 for the bearing shov;n in Fig.4 for various
eccentricity ratios. Since the bearing is symmetric w.r.t
midplane, analysis has been performed by modelling only half the
width. In Fig.7 pressure distribution along circumference of the
bearing has been compared with closed form solution [Ref.6] for
an eccentricity ratio of 0.3.

In figs.8,9 non-dimensional Bearing capacity (Sommerfield
no.), where Sommerfield number is defined as

Sommerfield no. = 2.0 /! N L R / (W C )
M = viscocity
N = Rotations of journal per second
L = Length of the bearing

8



R = Radius of journal

C = Radial clearance
= Radius of bearing - Radius of journal

W = Bearing Capacity,
and altitude angles have been compared with closed form solutions
[Ref.7] for various eccentricity ratios. This Problem has been
chosen to validate the cavitation algorithm.

Prob.4 : This problem is similiar to the previous problem but for
the two following differences

i) Width of the bearing is finite.

ii) There's is a 360° circumferential feed groove symmetric with
respect to mid plane(Pig.10).

The presence of feed groove is modelled by prescribing feed
pressure as the pressure boundary condition. Particulars of
different cases considered are given in Table.3. The results of
analyses for these cases have been compared with experimental
results reported [Ref,8] in Table.4.

Prob.5 : A finite-width bearing (Fig.11) is analysed for
calculating stiffness coefficients which are of interest for the
seismic qualification of rotating equipment. Variation of
Non-dimensional stiffness S' ,

where Sj = C S / W

with Non-dimensional bearing capacities (Sommerfield Number) have
been compared with published data [Ref.9] in Figs.12 and 13. Here
it may be noted that accuracy of calculation of Stiffness
coefficients is less compared to the accuracy for calculating the
bearing capacity and altitude angle. This is because of the fact
that accuracy of Stiffness is dependent on the accuracy of the
gradient of pressure, which is one order less compared to the
accuracy of calculation of pressure.

Prob. 6 : In this problem bearing of moderator pump of 500 MWe
Indian PHWR (Fig.14) is analysed for evaluating stiffness
coefficients and have been compared with stiffness co-efficients
using conventional method of calculation using central difference
method.

S4J = APj / AX
in Table.5.

8.0 CONCLUSIONS :

1) The present code LUBAN is able to model the fluid-film in a
fluid-film bearing properly.

2) Cavitation algorithm employed in LUBAN is giving accurate
results.

3) This code can be used for designing the fluid-film bearings by

• 9



calculating Bearing capacity, .Altitude Angle and Eccentricity
ratio. It can also be used for checking design adequacy for
Normal and Abnormal operating conditions by comparing the minimum
film thickness available to the minimum thickness permitted.

10
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APPENDIX-A

In this appendix derivation of Reynold's equation from
Navier-stokes equation and mass conservation equation with
assumptions are given (Sec.2.0)

Reynold's Equation Du/Dt = -^P/p + v V* U (A.I)

Continuity Equation VU + dp/dt =0 (A.2)

with incompressible flow assumption eqn.A.2 becomes

V .U = 0

with creeping flow assumption eqn.A.l becomes

V .U = 0 (A.3)

where [i = p v
from Assumptions.3 and 4 we get

V2P = n d^/dz
2 (A.5)

where V = (ia/3x + js/ay ) and z is along film thickness

Integrating A.5 w.r.t z across film thickness and keeping in mind
that pressure does not vary along film thickness i.e along zand U
being relative displacement of rotor w.r.t stator we get

U(x,y,t) = U z/h - VP (h-z)/(2n) (A.6)
substituting A.6 into A.I and integrating across film thickness
again we get

V . (h3/12uV P) = 0.5 7 . (hU ) + h (A.7)
• 2 2 2

where h = a h(x,y,t)/at
As you can see here we have a Reynolds eqn A.7 which is at the
most two dimensional differential eqn. as the third dimension
being taken care of by specifying third dimension i.e film
thickness(h) as parameter.

12



APPENDIX-B

In this appendix data preparation procedure for LUBAN
has been explained.

1.0 CONTROL DATA CARD (Format 1615 ; one data card)

NEM - No. of Elements in the model
NNM - No. of nodes in the model
IEL - Order of interpolation

1 - linear, 2 - quadratic
NPE - Nodes per Element

4 - 4 noded linear, 5 - 5 noded super parametric
8 - 8 node quadratic, 9 - 9 noded quadratic

NSDF - No. of nodes for which pressure is specified
NQSF - No. of elements for which flow boundary condition is to be

specified
NGRH - No. of groups for which film thickness is specified

( for journal bearings NGRH=0 as it automatically
calculates film thickness)

NGP - No. of gauss points for integration
IBS - Type of Bearing

1-journal bearing, 3-Wedge bearing
ICAV - Type of cavitation boundary condition to be considered

l-Gumbel, 2-Reynolds (default is reynolds)

2.0 PROBLEM DATA CARD (Format 8F10.5 ; one data card)
Note : If IBS * 1 skip this card
RJ,RB,EPIL,PCAV,VISC
RJ - Radius of journal
RB - Radius of Bearing
EPSIL - Eccentricity Ratio
PCAV - Cavitation Pressure
VISC - Viscosity

3.0 CONNECTIVITY DATA CARD (Format 1615 ; NEM no. of data cards)
J,NOD(J,I)
J - Element Number
NOD(J,I),1=1,NPE - NPE No. of nodes

for 5-noded super parametric only 4-nodes
are to be specified
for quadratic elements first corner then
mid-side nodes.

4.0 GEOMETRY DATA AND VELOCITY DATA CARD (Format 4fl0.5 ; NNM
no. of data cards)

, ( ) , ( ) ; ( )
X(I) - X-co-ordinate of the node
Y(I) - Y-co-ordinate of the node
U(I) - X-component of velocity
V(I) - Y-component of velocity

13



5.0 BOUNDARY CONDITION AND FORCE DATA CARDS

5.1 Pressure boundary condition data cards
IBDF(I),I=1»NSDF (Format 1615 ; Nodes for which pressure

boundary condition is specified)
NSDF(I),I=1,NSDF (Format 8F10.5 ; Values of specified pressure

at the nodes in the same sequence)

5.2 Flow boundary condition data cards
IQE(I),IQN(I,1:3),QQ(I) (Format 4I5,lF10.5 ; NQSF no. of

data cards)
IQE(I) Element for which flow bounadry condition is specified
IQN(1,1:3) Nodes on the edge of the element for which boundary

condition is specified.
Note: for linear element IQN(I,3)=0
QQ(I) Quantity of flow perpendicular to per unit length of

edge

6.0 Film thickness data cards

6.1 Film thickness data card for first group
FTHICK (Format F10.5 ; 1 data card)
FTHICK film thickness of first group of nodes (this is the
group consisting of nodes which are not explicitly defined in
NGRH-1 groups that follow)
Note: if NGRH=1 skip the remaining portion of data card

6.2 Film thickness group definition data card
NNG,FTHCK (Format I5,F10.5)
NNG No. of nodes in this group
FTHCK Film thickness of nodes in this group

6.3 Film thickness group nodes data card
NODE(J),J=1,NNG ( Format 1615)
NODE(J) Nodes belonging to this group

Note: Repeat 6.2,6.3 data cards NGRH-1 times

14



Table.1 Values of pressure along slider Bearing of infinite Width (Fig.5)

Exact
[Ref.6]

4-Noded

No. of
Elements

12

24

36

X=0.00m

0.0000

0.0000

0.0000

0.0000

Pressure x 10
X=0.09m X=0.18m

0.6612

0.6602

0.6608

0.6610

0.1200

0.1197

0.1199

0.1200

Pa
X=0.27m

0.1296

0.1295

0.1295

0.1296

X=0.36rn

0.0000

0.0000

0.0000

0.0000

X=0

0.

0.

0.

0.

.24m

1350

1345

1350

1350

Table.2 Bearing Capacity of infinite width Slider Bearing (Fig.6)

Case Boundary Condition
X=0.0m X=4.0m

Maximum
Pressure

Bearing
Capacity

1 Pressure=O.OPa flow=0.66 m3/m-s 0.99(1.0)Pa 2.536(2.544)N

2 Pressure=O.OPa Pressure=O.OPa 0.991(1.0)Pa 2.541(2.544)N

Note : Figures indicated in brackets are the results obtained from closed
form solution [Ref.21
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Table.3 Various Load Cases for a Circular Journal Bearing
with a Circumferential groove (Fig.8)

Case Viscosity ,/J Feed Pressure Journal Angular
Pa-s in groove (Mpa) Speed (rpm)

1 0.115 0.098 1500
2 0.127 0.270 3810
3 0.115 0.196 1500

Table.4 Results of Various Load Cases for a Circular Journal
Bearing with a Circumferential groove (Fig.8)

Case Maximum Pressure (Mpa) Altitude Angle
Calculated Published Calculated Published

1 1.197 1.180 39.450 40.400
2 0.903 0.870 61.550 62.900
3 1.244 1.210 44.000 45.300
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Table.5 Comparison of Stiffness Co-efficients calculated using
LUBAN with that calculated using FDM (Fig.10)

Stiffness LUBAN Central difference
Co-efficient (Kgf/mm) method (Kgf/mm)

Kxx 8188.34 8326.89
Kxy 7074.94 6071.83
Kyx 613.00 530.00
Kyy 3779.12 3401.20
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FIG. 1 PARTITIONING OF DOMAIN OF INTEREST

FIG. 2 VARIATION OF FUNCTIONAL WITH PRESSURE
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Fig. 3 FLOW CHART FOR LUBAN
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Rb = RADIUS OF BEARING

R = RADIUS OF JOURNAL

D =. JOURNAL DIAMETER = 2R

C = RADIAL CLEARANCE..^ Rb = R

E = ECCENTRICfTY RATIO = e /c

\i = VISCOCITY

P = LOAD. ON BEARING

W = ANGULAR VELOCITY OF JOURNAL = ~
oU

N = NO OF ROTATIONS PER MINUTE

Fig. 4. HYDRODYNAMIC JOURNAL BEARING
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\i = 0-00086 P a . s

FIG. 5 HYDRODYNAMIC SLIDER BEARING Of INFINITE WIDTH
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FIG. 6 HYDRODYNAMIC SLIDER BEARING. ( PROBLEM-2 )
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R = 0.025m

C = 0.0002365m

L = 0.058m

G s 0.008m

Fig. 10 CIRCUMFERENTIALLY GROOVED JOURNAL BEARING

(PROBLEM. 4)
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C = 0.01mm

W = 157.080 rad/sec

\i = 0.00086 Pa.s

Fig 11 FINITE WIDTH JOURNAL BEARING (PROBLEM. 5)
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D = 2R = 100mm

C = 0.10125mm

W = 153.94 rad/sac.
L =. 150mm

H s 0.0010407 Pa.s

Fig. 14. JOURNAL BEARING OF MODERATOR PUMP (PROBLEM. 6)
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