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Abstract

The focus of thisinvestigation is to study the effect of lubricant viscosity
variation on the performance of the finite width plain journal bearing with
Newtonian and non-Newtonian lubricans in the steady state operation.
Conventional and modified Reynolds equations in two dimensional forms
are solved numerically. The change in viscosity due to temperature
variation, using adiabatic solution, istaken into account.

The results of this work on Newtonian lubricant show that the viscosity
decreases under, at the same load parameter, and causes a decrease in the
shear force and an increase in the side leakage flow rate and eccentricity ratio.
For the non-Newtonian lubricant, at the same nonlinearity factor, the side
leakage flow rate increases due to viscosity variation, while the load capacity
and shear force are decreased.

Keywords: plain journal bearing , non—-Newtonian lubricant, viscosity variation.
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NOMENCLATURE

Symbol Definition Units
Bo material constant of lubricant

Cr radial clearance( Rb-R ) m
Cp the heat capacity of [ubricant J/kg °C
e eccentricity m

* Mech. Eng . Department, University of Technology
** College of Engineering ,University of Kufa

775

http s://doi.org/10.30684/ct].25.6.7
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http:/creativecommons.org/licenses/by/4.0



http s://doi.org/10.30684/etj.25.6.7

Eng. & Technology, Val.25, No.6, 2007

Comparative Study Between Newtonian and
Non Newtonian Lubricants In Journal

Bearing Using Variable Viscosity

F friction force N
F non-dimensional friction force (FCr?/2Lu UR?)
g acceleration due to gravity m/ s
h lubricant film thickness m
L length of bearing m
p oil film pressure N/ m?
Q, side flow rate m*/s
Q, non-dimensional side flow rate (Q,/ ULCr)
R journal radius m
Rb bush inner radius m
So load parameter (pa,CI‘Z/uO(DORZ)
T film temperature °C
T oo maximum film temperature °C
T, inlet lubricant temperature °C
U tangential speed of shaft m/s
u,v,w velocity component in x,y,z directions m/s
W load capacity of bearing N
S

W non-dimensional load capacity %ﬁg

& URL
X,y,Z cartesian coordinate
o nonlinear factor [Bo(u oR/Cr)’]
B temperature coefficient of viscosity 1/°C
p oil density kg/m’
€ eccentricity ratio(e/ Cr)
() atitude angle deg
0 angular coordinate from center line deg
OC angular coordinate to the position of cavitation deg
i lubricant viscosity N>s/ m?
W, viscosity of inlet lubricant N>s/ m?
T shear stress N/ m?
® angular velocity of journal rad/ s
o, reference angular frequency (g/Cr )%, rad/ s
1. Introduction flud film . The more redlistic
In the domain of hydrodynamic conditions include the variation in
lubrication there is practically no viscosity with temperature, pressure
analysis, experiment, or  bearing (at high load reatively ) and shear

involve
the

application which does not
variations in the viscosity of

776

rate.
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Many commercial lubricants are
mixed with various additives (anti —
wear, anti-oxidants,  anti-foams,
corrosion inhibitors ) as well as a
high molecular weight polymer as a
viscosity index improves. Some of
these additives make the viscosity
of lubricant exhibits a non - linear
reation between the shear stress
and the rate of shear strain (Non
-Newtonian). Because of the strong
dependence of lubricant viscosity on
temperature , therma effects on
[ubrication should be taken into
account . The effect of the variation
in viscosity with temperature on the
journal bearing performance,
Newtonian  lubricant , has been
investigated by many workers [1-
3], dso the non - Newtonian effects
in hydrodynamic lubrication have
been studied in the isoviscous
conditions by some investigators [4
-5] .

Attempts have been made by
Jang and Chang [6] and Dick & al
[7] to modd the combined thermal
and non - Newtonian fluid effect
on journa bearing by using power
law mode and grease lubricated
mode respectively .

Various theories have been post-
ulated to describe theflow behavior
of non - Newtonian fluids .However,
in this study the empirical cubic
shear stress to rate of shear rdat-
ionship is claimed to represent
adequately the flow behavior of
non — Newtonian lubricant . The
film viscosity is taken to be an
exponential function of temperature
with Newtonian and non -
Newtonian fluid and the adiabatic
theory is adopted. The performance
of  finite  width plain journal
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bearing in thesteady state operation
conditions is invest-tigated .

2. Theoretical Analysis:
2.1 Steady State Analysis for
Newtonian Lubricant :

2.1.1. Governing equation

Theeguation of pressure generation
in a full film plain journa
bearing, Reynolds equation, in two
dimensional steady state is [ 8]

‘th_‘ﬂp“ ‘"gh—‘"—pﬂ—GUﬂ
ixgmn 'ﬂXg Tzgn fzg x
1)

Theeguation of film thickness ,which
has a sufficient accuracy in most
practical cases for the bearing shown
inFig. 1,is[ 8]

h=Cr (1l+&cosh) 2

The morewiddy used temperature-
viscosity rdationship that has been
adopted

here is[1,9]

uzuoe'B(T'To) (3)

Under steady conditions almost all
theheat isremoved by theoil [ 10].
It is assumed that the temperature
variation through the film thickness
is negligible ( adiabatic solution) ,
where the heat generated within the
oil filmof ajournal bearing iscon-
vected away by the fluid and the
heat lost by conduction through the
bearing surface is negligible.

The temperature distribution maode
presented in this investigation is [11 ,
12]
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T:TO+%|n[1+E|0] 4)

where E is a constant given by

E=208R Ee“”o NG
&cr o pgCp g
Iy is the integral of the

angle between the inlet oil hole and
the section in which it is required to
calculate the temperature, it can be
calculated as;

Vi 1 \
(- ?)
-18e€ +Ccosh ('ll,l‘:|

(1 2)% o 81+£COSGEE
-g

(6)

Experiments show that the variation
in temperature in the axial direction
can be neglected [ 1,13] , hence
equation (4 ) is used to calculatethe
temperature  distribution  in the
circumferential direction only .

| = .Cr2de _
" Oh2)

£sing 1
+

1 +gcosh

*

(D> (D3 (> D~

2.1.2. Boundary Conditions:

The appropriate boundary conditions
for plain journal bearing working
under steady state are:

1. P=0 at zZ=

+ L/2

2. P= at 0 =

s p=dP o 4 ¢ -0,
716

4. P=0 a 0.<0<2p
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2.1.3 Bearing Performance:

A finite difference technique of five
nodes scheme is used to obtain the
pressure distribution .The load comp-
onents are given by ;

L 6
:(‘)(‘jD.cosﬂ.de.dz
00

(7)

LBC
= (‘)(‘f .Sin0 .do .dz
00
hence, the total load is;
1
_ 2 215
w —(Wn +Wp )2

(8)

(9)
The attitude angle is

0
¢ =tan’ 1EWn 5
&Wo 5
The oil flow rate in the z—direction
can be calculated using the following
formula

(10)

0:h
1 p
Q.= y - h)y>dy>dé
. (%Jz—u 2 (v-h)
(11)
for Newtonian fluid. Thetotal shear
force on thejournal surface is obta-

ined by

L/2 =D
F = c\) c\)‘rdedZ (12)
-L/2 0
where
11p Up
=—=(2y- h)- — 13
Tx > X( y ) h (13)
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2.2 Steady State Analysis For non
-Newtonian Lubricant :

2.2.1 Governing Equation :

Starting from the most general type
of fluid flow eguation connecting
cubic shear stress to rate of shear
[5,24 ] for non-Newtonian lubricant;

flu

T+Bot’ —Hoﬂ—y (14)

amodified form of Reynolds equat-
ion has been derived[ 14];

11%3 ,ehCfop af?Crzﬁ)

7 TR TR, 8Q13U2e‘fb<rag
LT €hs TP, ah°Cr 2 adTpo .
ﬂZglzu Tz 80u3U eﬂzzg

Eﬁ? +aCr
29xg h?

l;l (15)
8]

The degree of nonlinearity depends
on the nonlinear factor o when
0.=0 , the eguation reduces tothe
Newtonian lubricant .The same equa-
tions that used with the Newtonian
lubricant to calculate the film thick-
ness, viscosity temperature reation
and temperature distribution ,as wel
as the boundary conditions , are
adopted with the non - Newtonian
lubricant .

2.2.2 Bearing Performance:

The load components and attitude
angle are calculated using Egs ( 7-
10). Theoil flow rate in the axial
direction can be calculated by;
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Xceh3 i e O Cr2h5 u
C;ﬁl ﬂz (‘Qﬂz 3 2L,dX
o8 2 8Qu U

(16)
The total shear force on thejournal

surface, for non-Newtonian
lubricant, is obtained by

Q,

L/2 D

00

-L/2 0

fph pU,

k= X2 h

h

- 0

! —] dxdz
adeo a&Crh o +

S Z20p5 5

G
G
G
gl+a
e

(17)

3. Results and Discussions:

3.1 Steady State Performance with
The Newtonian Lubricant

In the present work the load
capacity, shear force and side flow
rate arecalculated for L/D =0.8,0.5

and ®/®,=0.6039, 1.20779, Figs.

2-14. The comparisons have been
done with Ref [1], who used thermo-
hydrodynamic, THD, lubrication
theory, at L / D 0.8 and

o/®,=0.6039, 1.20779. There are

some differences between the results
of the present work and those of
Ref [1] which may be due to
difference between the theory used
inthe present work (adiabatic) and
the theory of the reference ( THD).
Figure 2 represents the rdation
between  the  maximum  film
temperature  and load parameter.
The maximum film temperature
increases with the increasein load
parameter (i.e. increase the load
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carrying capacity ) due to decrease
in the minimum film thickness.
The increasein speed ratio leadsto

higher temperature and therefore
more decrease in  the lubricant
viscosity.

Figures 3-6, represent  the reation

between the eccentricity ratio and
load parameter for L/ D = 0.8, 0.5.
The load parameter in variable
viscosity case , at eccentricity ratio
e =08 and L/D=0.8, is lower
than the isoviscous case by

41%, 25% at /m,=1.20779, 0.6039

respectively .Whileat L /D =0.5and
the same eccentricity ratio the load
parameter in variable viscosity is
lower than isoviscous by 45%,
27% a /o, = 1.20779, 0.6039

respectively. As can be seen in
the viscosity decreases due to
temperature variation decreases the

load carrying capacity of journal
bearing.

The reation between the side
leakage oil flow rate with load

parameter is plotted in Figures 7-10.
It is clear from these figures
that there is asignificant increase
in side leakage flow rate due to
viscosity decrease.

This increase in lubricant flow is
considered as an advantage, because
it provides abetter heat removal .
Figures 11-14 show the rdation
between the shear force and the load
parameter. The decrease in shear
force due to the decrease in the
lubricant viscosity at L/D=0.8 and

£=0.8 was 10 % ,202 % a /o,

=0.6039, 1.20779 respectively. While
the decrease in shear force at L /
D=0.5, ¢=0.8 were 15.4%, 25.5% at

®/®,=0.6039, 1.20779 respectively.
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The decrease in the shear force
will lead to areduction in the
power loss and heat generation in

the lubricant film during the viscous
shear .

3.2. Steady State Performance with
The non - Newtonian L ubricant:

Theload capacity , shear force and
side flow rate for journal bearing
with non - Newtonian lubricant at
L/D 1,05 ae presented
graphically in  Figures 15-29. The
results are compared those of Ref [
5] ,who studied the non-Newtonian
lubricant in is viscous case only at
L / D=1, there are some variations
between the results of the present
work and those of Ref [ 5] ,which
may be due to the difference in the
solution procedure or the computing
system used.

Figures 15-19, show the rdation
between the load capacity and the
eccentricity ratio. At L/D=1 and
¢ = 0.8 the load capacity decreases
due to viscosity variation by
31.8%, 30%, 25%, 23% with the
increase in non-linearity factor a= 0,
0.1, 1, 5 respectively .There are two
factors playing the master role in
decreasing the load capacity of the
journal  bearing . The first is the
viscosity variation and the second is
the variation in the nonlinearity
factor. For L/D=0.5 theinfluence
of the nonlinearity factor isinversed.
This is due to the nature of
the nonlinearity factor, o, effect in
Reynolds eguation, and in addition
to the variationin(L /D) ratio. In

general there are  significant
differences in the load values of
the journal  bearing if the
lubricant  is assumed isoviscous
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with variable viscosity , Newtonian or
non-Newtonian.

Figures 20-24 represent the
variation of shear force with
eccentricity ratio. There s a
decrease in  shear force for both
valuesof L /D ratios (1,0.5) due
to viscosity variation and amore
decreases in the shear force value
could be seen due to the increase in
the non-linearity factor o . For the
non-Newtonian [ubricant the
frictional loss in journal bearing is
less than for the Newtonian
lubricant . However , the decrease in
thefrictional loss leads to adecrease
in the power loss and heat generation
within the lubricant film.

The variation in side leakage flow
rate versus eccentricity ratio are
presented in Figures 25-29. Theside
flow rateincreases with the increases
in the nonlinearity factor and a more
increases due to variable viscosity
not only foorr L/D =1 but aso
for L /D =0.5.The increasein the
side flow rate meansa better  heat
removal from bearing and therefore
decreasing the thermal  failure
probability .

The decrease in the load capacity
and shear force and an increase in
side flow rate with the increase of
nonlinearity factor o are attributed to
the apparent lubricant viscosity
variation at high shear rate.

4. Conclusions

The main conclusions from this
investigation are;
1. For the Newtonian lubricant , the
results show that the non-dimensional
side leakage oil flow rateand ecce-
ntricity ratio are increased with the
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decrease in lubricant viscosity, while
for the non—-dimensional shear force
is decreased.

2. For the non—Newtonian [ubricant,
the adiabatic solution shows that the
load capacity, shear force and side
flow rate are greatly varied
compared with that given by the
isoviscous solutions.

3. The variation in viscosity is more
significant for higher values of
nonlinearity factor and eccentricity
ratio.
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Qil supply groove

0 =x/R n

A
o
v

Bc - Bearing Center
Jc —Journal Center

X
v

Fig. 1 Geometry of journal bearing

90

- L/D=0.8 o/0o =1.20779

70
60

T b

m

40

%0 o/wo =0.6039

20

0.01 0.1 1 10

Load parameter So

Fig. 2 .Variation in maximum film temperature with load parameter

783



Eng. & Technology, Val.25, No.6, 2007 Comparative Study Between Newtonian and

Eccentricity ratio &

Eccentricity ratio €

Non Newtonian Lubricants In Journal
Bearing Using Variable Viscosity

1
L/D=0.8
0.8 1 w/ wo =0.6039
0.6 1
0.4 1
_ _X_ _ Vvariable viscosity
A ___X___ isoviscous
0.2 { xet _o_ _ variable viscosity [ 1]
___o___ isoviscous [1]
O Il Yy Il
0.01 0.1 1 10
Load parameter So
Fig. 3 .Variation of eccentricity ratio with load parameter
1
L/D=0.8
0.8 1 w/wo =1.20779
0.6 1
0.4 1
e
P _ _X__ variable viscosity
7 S
- -~ ___X___ isoviscous
024 & _ _o__ variable viscosity [ 1]
o isoviscous [1]
o 2 2 2 2 2 2 a o @& 2 2 2 2 2 2 a
0.1 1 10

Load parameter So

Fig. 4 Variation of eccentricity ratio with load parameter
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L/D=05

0.8 w / wo = 0.6039

0.6 1

0.4

Eccentricity ratio g

0.2 1 -

_ variable viscosity
isoviscous

0.01

0.1 1
Load parameter So

Fig. 5 .Variation of eccentricity ratio with load parameter

0.8 - L/D=0.5
w / wo =1.20779

0.6 1

0.4 1

Eccentricity ratio €

0.2 1 s

_variable viscosity
isoviscous

0.01 0.1

Load parameter So

Fig. 6 .Variation of eccentricity ratio with load parameter
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Load parameter So

Fig. 8 .Variation of dimensionless side flow rate with load parameter
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0.5
L/D=0.8
0.4 1 w / wo = 0.6039 X
~
6 03 |
z
2 1 . . .
0 _ _X__ variable viscosity
___X___ isoviscous
__o_ variable viscosity [ 1]
0.1 o isoviscous [1]
o r r a o 2 o 2 a8 r a __a 2 o @2 & @& r r a8 a8 @8 @& &
0.01 0.1 1 10
Load parameter So
Fig. 7 .Variation of dimensionless side flow rate with load parameter
1
L/D=0.8 @
0.8 { w/ wo =1.20779
6 0.6 1
z
0.4 1 _ _X__ variable viscosity
___X___ isoviscous
__o_ variable viscosity [ 1]
0.2 1 __o__ isoviscous [1]
0.1 1 10



Eng. & Technology, Val.25, No.6, 2007 Comparative Study Between Newtonian and

Non Newtonian Lubricants In Journal
Bearing Using Variable Viscosity

0.5
0.4 1 L/D=0.5
w / wo = 0.6039
Qz 0.3 1
0.2 -
0.1 ____ variable viscosity
isoviscous
O r r r r r r a2 _a @ r r r r r r a8
0.01 0.1 1
Load parameter So
Fig. 9 .Variation in dimensionless side flow rate with load parameter
1
,
7/
0.8 | L/D=05 ,
w/ wo =1.20779 7/
Q,
0.6 1
0.4 1
0.2 1 _ Vvariable viscosity
isoviscous
o 2 2 a a2 o 2 o & 2 2 a a2 o 2 a8 2 2 a__a a2 2 a &
0.01 0.1 1

Load parameter So

Fig. 10 .Varition of dimensionless side flow rate with load parameter
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5
4.5
L/D=0.8
41 w / wo = 0.6039
I_: 3.5 1
3 3
2.5 1
2 3
1.5 F-——""" __x__ variable viscosity
14 ___X___ isoviscous
_o_ _ variable viscosity [ 1]
0.5 1 __ o isoviscous [1]
o r r a a2 2 2 &2 & @& r r a g 2 o 2 8 & r r a8 a8 @8 @& &
0.01 0.1 1 10
Load parameter So
Fig. 11 .Variation in dimensionless frictional force with load parameter
10
9 3
L/D=0.38
_ 8 1 w/ wo =1.20779
Foo
6 3
5 .
4
3 R - e . . .
- - _ _ X__ variable viscosity
2 ] G-—"" ___X___isoviscous
_ _o_ _ variable viscosity [ 1]
14 o isoviscous [1]
o 2 2 2 2 2 2 a2 o @A 2 2 2 2 2 2 a 8
0.1 1 10

Load parameter So

Fig 12 .Variation of dimensionlessfrictional forcewith load parameter
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L/D=0.5
w / wo =0.6039

_ variable viscosity
isoviscous

0.01

12

0.1 1
Load parameter So

Fig. 13 .Variation of dimensionlessfrictional force with load parameter

10

L/D=0.5
w/wo =1.20779

_ variable viscosity
isoviscous

0.1 1 10
Load parameter So

Fig. 14 .Variation of dimensionlessfrictional force with load parameter
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L/D=1
4.5 1

151

=

0
0 0.2 0.4 0.6 0.8 1
&
Fig 15 Variation of dimensionlessload capacity with eccentricity
ratio.isoviscous|[ 5]
6
a=0
5 | L/D=1 a=0.1
a=1
W 4 a=5
3 i
2 i
1 i
o I I I
0 0.2 0.4 0.6 0.8 1
Fig. 16 .Variation of dimensionlessLoadacapacity with eccentricity ratio.
isoviscous
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4
a=0
3.5
L/D=1 =01
34 =1
2.5 - =5
2 i
1.5 1
1 4
0.5
O Il Il Il Il
0 0.2 0.4 0.6 0.8 1
Fig 17 Variation of dimensionless oad capacity with eccentricity
ratio. Variable viscosity
3.5
a=5
3 a=1
L/D=05
2.5 1 a=0.1
a=0
2 4
1.5
l 4
0.5 1
0 2 . . .

0.2 0.4 € 0.6 0.8 1
Fig 18 Variation of dimensionlessload capacity with eccentricity ratio .
isoviscous
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1.4
1.2 a=5
L/D=05 a=1
14 a=0.1
a=0
0.8 1
0.6 1
0.4 1
0.2 A
o I I I I
0 0.2 0.4 0.6 0.8 1
&
Fig. 19 Variation of dimensionlessload capacity with eccentricity ratio . variable
viscosity
20
L/ D=1 a=0
15
a=01
10 1 4_//
a=1
5 a=5
o I I I I
0 0.2 0.4 € 0.6 0.8 1

Fig 20 Variation of dimensionlessfrictional force with eccentricity ratio
.isoviscous[ 5]
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Fig. 21 Variation of dimensionlessfrictional force with eccentricity ratio.
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Fig. 22 Variation of dimensionlessfrictional force with eccentricity ratio.
variable viscosity
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Fig 23 Variation of dimensionlessfrictional force with eccentricity
ratio . isoviscous
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Fig. 24 Variation of dimensionlessfrictional force with eccentricity
ratio. Variable viscosity
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Fig. 25 Variation of dimensionlessside flow rate with eccentricity ratio
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Fig. 26 .Variation of dimensionlessside flow rate with eccentricity
ratio . isoviscous
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Fig. 27 Variation of dimensionlessside flow rate with eccentricity ratio
.variable viscosity
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Fig. 28 Variation of dimensionlesssideflow rate with eccentricity ratio . isoviscous
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Fig 29 Variation of dimenionlessside flow rate with eccentricity ratio. variable
viscocity
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