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ABSTRACT

Steady state thermo-hydrodynamic analysis of two axial groove and
multi lobe oil journal bearings is performed in this paper. To study the
steady state thermo-hydrodynamic characteristics Reynolds equation
is solved simultaneously along with the energy equation and heat
conduction equation in bush and shaft. The effect of groove geometry,
cavitation in the fluid film, the recirculation of lubricant, shaft speed
has also been taken into account. Film temperature in case of three-
lobe bearing is found to be high as compared to other studied bearing
configurations. The data obtained from this analysis can be used
conveniently in the design of such bearings, which are presented in
dimensionless form.

© 2014 Published by Faculty of Engineering

1. INTRODUCTION

The cylindrical bore bearing has enjoyed
extensive use in engineering applications, but
continuous trends towards higher rotational
speeds has necessitated the development of
bearings with non-cylindrical profiles to
operate at high sliding speed which overcome
the problem arises due to temperature rise. The
continuous development of  computer
technology has made the application of multi
lobe bearings possible. However, it will be
essential to establish the various analytical tools
to predict the performance of the various profile
types. The major advantages of these lobe
bearings are that they are now relatively easy to
manufacture and they all have the ability to
suppress friction and wear. Therefore two main

parameters: friction and wear when controlled
and reduced, automatically increase the service
life of machine elements, thus in turn saves
money.

The study of thermal effects in journal bearings
has received much attention in recent years.
Many excellent studies have been conducted
both experimentally as well as theoretically to
predict the temperature distribution in the
lubricant film. Experimental work outlined by
Clayton and Wilkie [1], Cameron [2], Shaw and
Macks [3]. Cole [4] on thermal analysis of
journal bearing has been reported. Ma and
Taylor [5] experimentally studied the thermal
behaviour of two-axial groove circular bearing
and elliptical bearing. Bowen and Medwell [6]
calculated temperatures and pressures of
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hydrodynamic journal bearing operating in the
turbulent range by the simultaneous numerical
solution of the energy and Reynolds equations
accounting for the variation of lubricant
properties. Flack et al [7] investigate the
pressure distributions in four lobe bearings both
experimentally and theoretically. Ferron et al. [8]
did both theoretical and experimental studies on
THD problem of a finite length journal bearing. A
good review of several THD analyses is
presented by Khonsari [9] for journal bearings.
In earlier days the thermal effects in the fluid film
bearing were considered by representing the
entire lubricant viscosity field with a single
parameter called the effective viscosity,
compatible with temperature rise in the bearing.
A thermo-hydrodynamic solution of a finite two-
lobe journal bearing was determined by Crosby
[10]. Banwait and Chandrawat [11] solved three-
dimensional energy and heat conduction
equations for fluid and bush temperatures. Costa
et al. [12] experimentally investigated the effect
of groove location and supply pressure on the
performance of single axial groove journal
bearing. Nassab and Moayeri [13] presented a
thermo-hydrodynamic analysis of an axially
grooved fluid film journal bearing; Costa et al.
[14] investigated the influence of oil supply
parameters on the performance of a journal
bearing with a single axial groove. Mishra et al.
[16] reported that non-circularity in bearing
bore is bound to occur due to manufacturing
irregularities. Chauhan et al. [17] used finite
difference method to study the thermo-
hydrodynamic characteristics of elliptical
journal bearings with three different grade oils.
Akkok and Ettles [18] describes the effect of
groove size, extent of groove size and other
parameters e.g preload that affect the stability
of bearing. Akkok and Ettles [19] discuss the
influence of feed pressure on the control of film
extent and enhanced stability. Majumdar et al.
[20] studied the steady state and dynamic
characteristics including whirl instability of
water lubricated journal bearing having three
axial grooves and obtained steady state
characteristics in terms of load carrying
capacity, flow, friction and dynamic behaviours
in terms of stiffness and damping coefficients of
the fluid film and the stability. In this present
work steady state thermo-hydrodynamic
analysis of two axial groove bearing, two-lobe
bearing, three-lobe bearing and four-lobe
bearing have been carried out.
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The attention is focused in achieving the
temperature distribution in the lubricant film,
bush material and shaft material for two axial
groove bearing, two-lobe bearing, three-lobe
bearing and four-lobe bearing and to analyze the
effects of different parameters variation over the
operating characteristics of the bearing
configurations (Fig. 1) stated above. The
influence of shaft speed on the various
performance parameters has also been
investigated. Since a very less work in the field of
fluid film temperature distribution and obtaining
a non dimensional values parameters of these
bearing configurations has been done so far, so it
has been decided to carry out the THD analysis of
these four bearing configurations.

2. THEORY

The generalized Reynolds equation for the
mean pressure distribution under steady
condition for compressible and incompressible
lubricant can be written as:

d (h3dp o (h3 ap) . oh

0x (nL 6x) + 0z (nL 9z) 6U 0x (1)
In above equation 7, is local average viscosity
corresponding to the local average temperature

Ti. So for local average viscosity (1;) and local
average temperature (T.) is given by:

So for local average viscosity 7, = nse #TL=Ts)
(2)
The local average temperature Ty, is given by:
1 ch
T, =+J, Tdy (3)
The non dimensionalised Reynolds equation:
8 (R30p D\2 8 (R30p R
20 (nL ae) + (Z) 0z (nL 62) Ass (4)

Non dimensional velocity Components:

- fyZay [
d= 6| (73 4o T on | fydy
= INEY, Oﬁf y f1g_y 1dy
017f Onf
(5)
2 fyZay [
w=6(2)E%2| YL —_‘”'f i
W_6(L)A62 Oﬁfdy 2 (6)
Onf
To_ R (f_ydion, pomy
ay2 ay \80 hdOdy ' L 9z )

The steady state non dimensionalised energy
equation assuming thermal conductivity of fluid

is invariant with temperature and so with space
also specific heat variation with temperature
negligible for laminar, incompressible fluid can
be written as Energy Equation:

_ aT v oT _ (D\ oT 1 (9T

User T3 3y + (Z) 2z A (ae*z) +
L) D)+ nr () {6
hZz \}44 ay? hZ \1 ay ay

Heat Conduction Equation: for bush and for
shaft are given by:

1 92Ty %)2 02Ty
+ - +(2) 22 =0 (9)

0°Tp | 10Ty
2

afb fbﬁ sz 092

Heat Conduction Equation for Shaft:

0°Tsp 1 0Ton (g)zazm ~0
arg? g O L) 9z2

(10)

2.1 Steady state characteristics

For single axial groove journal bearing, the load
components along the line of centers and its
perpendicular direction are found out from:

W, = E: ~0.5 [ [Z" pcos(6 — y) dOdZ (11)

7 1 02m _ . _
W, =Fpsz 0.5 [ [5"psin(0 — ) dodz (12)

The load carrying capacity and attitude angle are:

w=|(W*+Ww,") (13)
@ =tan™?! (%) (14)

The flow coefficient in the dimensionless form
can be written as:

_ 22n_3
Q =1(Dj 'h Pae
Z

Friction force can be found from:
L
F=22["1,Rd0dz (16)

This can be written as:

2] fz”(ha”+—)d9dz (17)

2LCp 400 12k

The friction variable is given by:

i=@usp o

2
S = % (g) , Where P = A (19)
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In non dimensional form:

A
T 12nw (20)

2.2 Numerical solution

Reynolds equation, energy equation and heat
conduction equations with the appropriate
boundary conditions are solved simultaneously.
All the differentials in the equations are to be
replaced by finite difference approximations.
Central-difference representation is used to
solve the four equations (4, 8, 9 and 10). The
associated boundary conditions are:

Pressure boundary conditions:

1.

2.

3.

4,

Pressure at the edges of bearing is assumed
to be atmospheric.

p (9, + é) =0
-2
In non-dimensional form:
p6,£1) =0 (21)

Pressure distribution is symmetric about
the mid plane along z direction.

dp _
(5)220 =0
In non-dimensional form:
ap _
(5)z-=o =0 (22)

Pressure in cavitation region is equals to
the cavitation pressure and also the
pressure gradient in that region is zero.

o - _
(66)9159592 = Oand (p)9159592 = Pcav
In non-dimensional form:
(23)

op 3 B ~
(@)9159592 = 0 and (p)g,<p<p, = 0

The inlet chamber is filled with lubricant
having a constant supply pressure p;.

p = 1 for groove region (24)

For Energy Equation:

1.
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At the oil-bush interface and at the oil-shaft
interface matching temperatures:

T =T,aty=0;and T = Ty, at y ="
In non-dimensional form:

T=Tpaty=0;andT = Ty, at y=1 (25)

2.

And in groove inlet mixing temperature is
assumed:

Boundary conditions for bush and shaft:

1. At the oil-bush interface, (y =0,1, =

Rj;) the temperatures is given by the heat
flux continuity condition:

oT

=KOF]

Using the non-dimensional parameter:

_ 9Ty

a7y (27)

LOL My

Fp=1 Kp ch ay y=0

Where, K(8) is the thermal conductivity of
the fluid which is constant and equal to K in
the active zone and variable in the inactive
zone of the film. As we know that in cavitation
zone there is presence of gases, ambient air
and fluid film in the form of streamlets exists,
so it is given by the relation:

Kf+Kq

K@) =L

This proves so advantageous for time-
economic computations.

For the outer circumference of the bush,

(r, = Rpo) the free convection and
radiation hypothesis gives:

aTp _
Koo, e T by (T lry=ry, = Ts)

Using the non-dimensional parameter:

_ 0Ty
7%

= By <Tb|fb=Rﬂ — 1> (28)

Tpb=Rpo Rpi

On the two side end surface of bush
(z=13)

NI
Z=i§ b b |Z=i5 S
Using the non-dimensional parameter:

L —
= Bip(Tplz=1 = 1)
bi

_g, 9T
b 5,

_9T

0z (29)

z=1

For Heat Conduction Equation (Shaft)

1.

At the shaft-fluid interface due to the
rotation of the shaft temperature remains
constant along the 6 direction. At shaft
fluid interface (y = h,7; = Ry,) the heat
flux continuity condition gives:
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0Tsh
sh a,rs

—K.2nR

Using the non-dimensional parameter:
_ 0Tsn RK§¢ 211167_"5;1 do (30)
1

7 =1 :27161(5 0 h 0y

2. A free convection hypothesis is assumed
L :

at the ends of the shaft (z = ig), which

gives:

T
. L =hs <T5h|Z:+£ - Ts)
> +2

s 0z z=4=
Using the non-dimensional parameter:

oTs -
_a_z—h = Bis(Tshlz'zl -1) (31)

z=1

The all governing equations are discretized in
the same manner as given above and satisfying
the boundary conditions solved simultaneously.
In conventional cylindrical journal bearing the
co-ordinate 8 in the circumferential direction is
taken from top position of vertical plane.

To start the iteration method, the fluid viscosity,
fluid temperature, bush temperature and shaft
temperature are assumed at all the mesh points,
and those at the boundaries are set. At first
Reynolds equation is solved, with proper
boundary conditions. For solving the Reynolds
equation a value of attitude angle is assumed,
obtained attitude angle is then compared with
the assumed value and this scheme is followed
till the convergence criteria is achieved. The
convergence criterion adopted for Reynolds
equationis 5 X 107> like Costa et al [18].

< 2. Dola >
1—S=
ZPTLEW
When pressure distribution is obtained, this is
used to obtain different velocity components.

<5x 1075

These velocity components are used in the
energy equation to obtain the fluid temperature.
The heat conduction equation for bush is solved,
and proper end boundary conditions are set to
obtain the bush temperature. Similarly shaft heat
conduction equation is solved to obtain the shaft
temperature. The iteration process is continued
until the required convergence is achieved. The
convergence criterion adopted for temperature
is 51074 (1- £724)| < 5x 107

new

3. RESULTS AND DISCUSSION
3.1 Isoviscous Analysis

In order to validate the present results, the non-
dimensional parameters like attitude angle and
Sommerfeld number obtained for two-groove
bearing were compared with computational
results obtained previously [15]. The results
found out to be in good agreement with the
established data as shown in Table 1. Although
some variation is seen in the results but the
variation is not so much large and accepted able
limits. The present result for 2-Lobe Bearing,
three-Lobe Bearing and four-Lobe Bearing in
non-dimensional form has also been validated
with reference [15].

The result shows good agreement with the
established data as shown in Tables 2-4
respectively. Non-dimensional load capacity,
friction variable and flow coefficient are
compared for two axial groove bearing, two-
lobe bearing, three-lobe bearing and four-lobe
bearing having 20° axial groove and L/D=1. This
comparison is shown in Fig. 2 through Fig. 4.

Table 1. For L /D=1, groove angle=20° and A=1 validation of theoretical model with reference [15].

Eccentricity Attitude angle (¢ ) Sommerfeld Number (S)
ratio (¢) Present work | Reference [1] | Present work Reference [1]

0.2 65.70 64 0.724 0.714
0.3 58.03 - 0.444 -

0.4 52.35 53 0.296 0.275
0.5 47.36 - 0.201 --

0.6 42.36 45 0.134 0.125
0.7 37.12 - 0.085 -

0.8 31.20 28 0.048 0.041
0.9 23.49 22 0.020 0.019
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Table 2. For L/D=1, groove angle=20° and A=1 validation of theoretical model.

Eccentricity Attitude angle (¢ ) SN (S)
ratio (£) Present work | Reference [2] Present work | Reference [2]
0.05 93.81 93.75 1.445 1.463
0.10 93.12 93.15 0.699 0.709
0.15 91.98 92.00 0.442 0.447
0.20 90.38 90.40 0.308 0.312
0.25 88.28 88.35 0.224 0.227
0.30 85.56 85.25 0.165 0.163
0.35 81.85 82.00 0.121 0.122
0.45 64.19 63.80 0.046 0.045

Table 3. For L/D=1, groove angle=20° and A=1 validation of theoretical model.

Eccentricity Attitude angle (¢ ) SN (S)
ratio (g) Present work | Reference[2] | Presentwork | Reference [2]
0.103 67.50 68.14 0.449 0.463
0.203 61.88 62.28 0.229 0.236
0.285 58.75 59.00 0.134 0.138
0.351 55.62 55.67 0.084 0.086
0.389 52.97 53.06 0.061 0.063
0.441 45.62 45.67 0.033 0.033

Table 4. For L/D=1, groove angle=20° and A=1 validation of theoretical model.

Eccentricity Attitude angle (¢ ) SN ()
ratio () Present work | Reference [2] Present work Reference [2]
0.050 62.50 61.00 1.548 1.597
0.103 59.37 59.00 0.723 0.743
0.155 57.50 57.44 0.444 0.456
0.203 54.37 54.57 0.306 0.314
0.246 51.25 51.23 0.221 0.226
0.285 47.81 47.80 0.162 0.165
0.300 46.25 46.39 0.142 0.145
0.351 41.88 42.00 0.087 0.088
0.375 39.92 40.00 0.066 0.068
25 12 =—Two axial groove bearing
=~ Two axial groove bearing 2-lobe bearing
2 2-lobe bearing 10 = 3-lobe bearing
= 3-lobe bearing 4-lobe bearing
4-lobe bearing
15
W
1
05
81 015 02 o025 03 035 04 045 05 81 015 02 025 03 035 04 045 05
€ €
Fig. 2. Comparison of load capacity for isoviscous Fig. 3. Comparison of friction variable for isoviscous
analysis. analysis.
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Fig. 4. Comparison of flow coefficient for isoviscous
analysis.

Load carrying capacity depends on the pressure
developed inside the bearing. Lobe in the bearing
creates oil wedge which increase the pressure. But
for groove at the end of each lobe decrease the
pressure to supply pressure near the groove.
Bearing having more groove have less load
carrying capacity. Since four-lobe bearing has four
axial grooves, its load carrying capacity decreases
because of less pressure developed inside the
bearing. This is true only at low eccentricity, but at
high eccentricity ratio load capacity of four-lobe
bearing is high (Fig. 2). Friction variable found to
be higher for two axial groove bearing and two lobe
bearing. For three lobe bearing friction variable
found to be lowest among the other three upto an
eccentricity ratio 0.3 and above this eccentricity
ratio friction variable found to be slightly higher
than four-lobe bearing (Fig. 3). In case of two
groove and two-lobe bearing greater flow
attributed to large continuous film in the lower half
or lobe which facilitates in increase in flow (Fig. 4).

3.2 Thermo-Hydrodynamic Analysis

In order to validate the THD results, the non-
dimensional oil film temperature distribution
obtained for single axial grooved journal bearing
has been compared with experimental results
listed in reference [14]. The bearing geometries,
lubricant properties and operating parameter
have been taken same as in reference [14]. In Fig.
5 the oil film temperature in non-dimensional
form for experiment and present computational
method has been compared. The temperature
rise profile in the film has been found out in close
agreement. The various Steady State Thermo-
Viscous Characteristics for Two Axial Grooved
Bearing at € =0.45 and A=558 has been plotted.
Film temperature distribution, Bush temperature
in circumferential direction Shaft temperature
variation along circumferential and axial
direction is shown in Fig. 6. Comparison of

computed film temperature distribution of 2-
lobe bearing with experimental data [5] is shown
in Fig. 7. The various Steady State Thermo-
Viscous Characteristics for Two Lobe Bearing at €
=0.45 and A=558. Film temperature distribution,
Bush temperature and Shaft temperature
variation is shown in Fig. 8.

1.3
= Computed

1.25 — Experimental data

1.2
T 1.15
1.1

1.05

0 50 100 150 200 250 300 350
0

Fig. 5. Comparison of computed film temperature
distribution with experimental data [17] on the
bearing centre plane.
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Fig. 6. Film pressure, temperature distribution, Bush
and Shaft temperature for two axial groove bearing.
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Fig. 7. Comparison of computed film temperature
distribution of 2-lobe bearing with experimental
data [8] on the bearing centre plane.
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Fig. 8. Film pressure, temperature distribution, Bush
and Shaft temperature for two-lobe bearing.
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Fig. 9. Film pressure, temperature distribution, Bush
and Shaft temperature for three-lobe bearing.
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Fig. 10. Film pressure, temperature distribution,
Bush and Shaft temperature for four-lobe bearing.

The various Steady State Thermo-Viscous
Characteristics for Three Lobe Bearing at €=0.20
and A=558 is shown in Fig. 9. Pressure
distribution, Film temperature distribution,
Bush temperature and Shaft temperature
variation is shown in Fig. 9. The various Steady

State Thermo-Viscous Characteristics for four
Lobe Bearing at €=0.20 and A=558 is shown Fig.
10. Pressure distribution, Film temperature
distribution, Bush temperature and Shaft
temperature variation is shown in Fig. 10.

4. EFFECT OF TEMPERATURE OVER
PRESSURE DISTRIBUTION

In all the cases studied, the THD results
provided a lower value of the peak pressure
compared to that of isoviscous theory. It can be
observed that pressure decreases due to
reduction in the viscosity of lubricant film. This
reduction in viscosity comes from the
temperature rise by viscous shearing. This
decrease in pressure profile causes to reduce
the load carrying capacity of fluid film. Figure 11
shows the circumferential pressure distribution
for 2-lobe bearing at the bearing mid-plane for
THD and isoviscous theory.
20 - |s0-viscous
= Thermo-viscous

150
p 100

50

0 50 100 150 200 250 300 350
0

Fig. 11. Pressure distribution for isoviscous and THD
analysis at the bearing mid-plane for £=0.2, L/D=1
and A =558.

4.1 Lubricant Film Temperature Distribution

The temperature of oil film, just after the
groove, decreases this is due to the fact that
incoming oil mixes with the recirculating oil.
The shearing action produced by the velocity
profile in this region is not so much intense than
that of the region near the minimum film
thickness. Also in this region the bush material
extracts the heat from the film so by
combination of these effects temperature rise is
so small. While in next region approximately
after the active film formation as the fluid
reaches or proceeds towards the higher
pressure region the velocity profile get changed
and more shearing occurs within a very thin
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lubricating film. So here temperature rises with
high slope. The location of maximum
temperature in bearing occurs near to the
minimum film thickness. After the minimum
film thickness region again diverging portion
comes in that THD solutions clearly reveal
satisfactory feature of showing a drop in the oil
temperature in the cavitation region.

4.2 Bush and Shaft Temperature Distribution

The temperature of bush material near to the
minimum film thickness is much more than that
of the other part. The groove region plays an
important role in the heat transfer, because the
lubricant comes at the supply temperature in
the groove and this causes the heat flows from
the bush material to the incoming lubricant
where circumferential and axial temperature
drops near to the groove region. The shaft
temperature decreases along axial direction,
means heat transfer takes place from the lateral
face of the shaft to the surrounding.
Circumferential temperature remains same due
to the high speed of shaft rotation. Along the
length of groove a slight decrease in shaft
temperature is seen, incoming fluid at lower
temperature comes and causes some heat
transfer from the shaft to the fluid and
consequently decreases the shaft temperature.

4.3 Effect of Supply Pressure, Groove Size
and Temperature-Viscosity Coefficient

Effect of ‘input pressure to the bearing’, ‘groove
size’ and ‘temperature-viscosity coefficient’ for
all model are studied. For two-lobe bearing with
increase in supply pressure i.e. lowering bearing
number, load carrying capacity decreases. With
increase in groove angle (a,) load capacity
decreases (Fig. 12), this is due to lower pressures
in the smaller land region. Load capacity
decreases with increase in temperature-viscosity
coefficient, as viscosity decreases with increase
in  temperature-viscosity = coefficient. A
Comparison of non-dimensional load capacity,
maximum pressure developed and maximum
film temperature for two axial groove bearing,
two-lobe, three-lobe and four-lobe bearing
having 20° axial groove, ¢=0.2, bearing
number=558 and L/D=1 is shown. Pressure is
developed due to formation of oil wedge in the
clearance between the shaft and the bearing due
to shaft rotation. But considering groove at the
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end of each lobe decrease the pressure to supply
pressure near the groove.
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Fig. 12. Comparison of nom dimensional pressure,
groove angle, temperature-viscosity coefficient on
load capacity and comparison of load capacity,
maximum pressure and film temperature for various
bearing configuration.

Four-lobe bearing has four axial grooves,
pressure developed inside the bearing is less due
to low pressures in the short land region. Since
load capacity of bearing depends on pressure
developed by the shaft, therefore load capacity of
four-lobe bearing is less. Film temperature
depends upon the friction and friction depends
on normal reaction force. So bearing having high
load capacity will have more film temperature.
Load capacity of three-lobe bearing is high as
compared to two-lobe and four-lobe, hence its
film temperature is also high.

5. CONCLUSIONS

A thermo-hydrodynamic model for the analysis
of multi lobe bearings that allows the
consideration of realistic oil supply conditions
has been developed. Computational analysis of
film pressure distribution, film temperature,
bush temperature, shaft temperature, flow

coefficient, and friction variable have been
carried out on a hydrodynamic axial grooved
multi lobe bearing operating under steady state
conditions. The results have been presented
concerning the influence of shaft speed, L/D
ratio, groove angle and supply pressure on the
bearing performance characteristics. For the
range of operating conditions studied, the
following conclusions can be drawn:

1) Increase in lobe increases the number of
oil wedge inside the bearing. This leads to
a pressure buildup that creates a force
normal to the surface. Lift force so created
tends to force the surfaces apart.

2) The temperature excursions were
significant along the circumference of the
bearings, but not in the axial direction. The
temperatures on the centre plane were
slightly higher than towards the edges of
the bearing.

3) The load carrying capacity increases with
increase in eccentricity ratio for both
isoviscous and thermoviscous cases and
increase in load is more appreciable at
high eccentricity ratio.

4) Results show that in each lobe the oil-bush
interface temperature drops slightly in the
vicinity of the inlet followed by a rapid rise
in the circumferential direction and drop
in the cavitation region.

5) Heat recirculates from the hottest point to the
groove area in the fluid due to the convection,

6) With increasing oil supply pressure
(lowering bearing number) load carrying
capacity decreases.

7) The influence of shaft speed has also been
investigated. Increasing shaft speed
(increasing bearing number) has resulted
in increasing load carrying capacity, oil
temperature, bush temperature, shaft
temperature and flow coefficient.

8) A bearing having smaller groove angle
gives a higher load capacity, this is due to
higher pressures in the larger land region.

9) As the flow coefficient for 2-lobe bearing
shows an increase in magnitude with
eccentricity, it appears that this bearing
allows removal of heat more sufficiently
than 3-lobe and 4-lobe bearing.

10) Comparing the isoviscous and THD
analysis it can be concluded that THD
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analysis presents more realistic operating
characteristics for multi-lobe bearing.

11) At any eccentricity ratio the load-carrying
capacity decreases with increase in the
values of the thermal parameter, and a
large reduction is obtained at higher
values of eccentricity ratio.

12) The data obtained from the above analysis
can be used conveniently in the design of
such bearings, as these are presented in
dimensionless form.

It is difficult to solve the thermal analysis of the
axial grooved multi lobe bearing when operated
with certain condition like high eccentricity
ratio, due to numerically instabilities. Therefore
further study can be carried out to solve the
thermal analysis by using advance methods like
adaptive meshing and multi-grid technique.
However present study depicts that multi lobe
bearing gives better performance in comparison
to two axial grooved journal bearing.

NOMENCLATURE

Symbols

DT - TEO
N

XV Z

h h

r]f' N, Ms

T,Ts, T, T

486

Description

Radial clearance (m)

Journal angular speed (rad/s)

Load carrying capacity of bearing or
applied load at the shaft

Attitude angle (degree)

Radius of journal (m)
Non-dimensional coordinates, 8=x/R,
y=y/h, z=z/(L/2), measured from the
top of bearing and at the mid-plane of
groove

Eccentricity (m), eccentricity ratio
e=¢e/C

Angular coordinate for bearing,
measured from the maximum film
thickness position

Co-ordinate system for the bearing, x
measures along circumference, z
measures along the axis of rotation, y
measures radial direction

Lubricant film thickness (m), non-
dimensional film thickness- h = h/C
Viscosity of lubricant film at the
temperature of film, local average
viscosity at local average temperature
of lubricant film and viscosity of
lubricant at supply temperature (Pa.s)
Lubricant film temperature at any
specified coordinates, supply
temperature of lubricant, local

p; pS; p

uv,w

Qx,Q:
G

Prs Ps
Ty, Tsu

Tb) Tsh

0

0'

Tmix

hi, hz

91 ) 92

Q]I QZ: QS

T:, T2, Ty

Al ’2'2 ’A-3

Re.

Wr, We

average temperature (°C), non-

dimensional film temperature

T=T/T,

Linear speed of moving surface (m/s)

Film pressure (Pa), supply pressure

(Pa) and non-dimensional film

pressure p = p/p;

Velocity components along the

movement of surface, across the film

and in axial direction (m/s)

Flow rate along circumferential and

axial direction (m3/s)

Specific heat of lubricant (j/kg°C)

Density of lubricant and density of

lubricant at the supply conditions

(kg/m3)

Temperature of bush and temperature

of shaft (°C)

Radial coordinate for bush and shaft

Center of bearing bush

Center of shaft about which it rotates

Mixing temperature of lubricating oil

Film thickness at reformation and

cavitation boundary (m)

Reformation and cavitation boundary

(degree)

Film inlet flow, recirculation flow and

supply flow (m3/s)

Film inlet temperature, temperature

of recirculating fluid and temperature

of incoming oil (°C)

Groove angle (degree)

Groove length (m)

Subscripts denote axial,

circumferential and radial directions

Length of bearing (m)

Non-dimensional velocity components

u=u/U, v=vR/CU and w=w/U

Diameter of the bearing (m)

Journal rotation speed (rpm)

Biot number for bush =%
nol

Biot number for shaft = e
S

Temperature rise parameter

2
. 6nsw (R
Bearing number, A = 252 (E)
Ds

prRwC C C

S w = Recx
Non-dimensional parameters used in
non-dimensionalized energy equation
Peclet number
Reynolds number for lubricating film
_prwC
=
Friction force due to the viscosity of
lubricant (N)
Assumed attitude angle (rad)
Load components along line of centers
and perpendicular to the line of
centers (N)

Inertial parameter =
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. . w
Non-dimensional load =
LDps

Coefficient of friction
s . R
Friction variable = (E) u

L TIT §|

2
Sommerfeld number Ll (5)
P \c

Rpi, Rbo, Rsn  Inner bearing radius, outer bearing
radius and shaft radius (m)

Kr Lubricant thermal conductivity
W/meC

Ky, Ks Thermal conductivity of bush and
shaft material (W/m °C)

hp,, hg Convective heat transfer coefficient

for bush and shaft material (W/m2°C)
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