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Influence of Aspect Ratio on the Performance
Characteristics of Plain Journal Bearing
L ubricating With Non-Newtonian L ubricant

Pravez Khan, Anil Dhanola, H.C. Garg, Aman Khatkar

Abstract: This article presents the static performance
characteristics of a plain journal bearing with non-Newtonian
lubricant (power law) at different aspect ratio. Finite difference
approach is employed to solve the modified Reynold equation.
Hydrodynamic regimeis assumed to be isothermal. The fluid film
pressure is established using modified Reynold equation and
Reynold boundary condition through iteratively. Thus the obtain
pressure is used to find-out the performance characteristics for
instance load carrying capacity, attitude angle, friction force and
sideleakage. Threeaspect ratiosare assumed 0.5, 1 and 1.5 for the
present study. The effect of different aspect ratios on performance
characteristics at different power law index (0.9, 1 and 1.1) has
been presented.

Index Terms: Journal bearing, Aspect ratio, Power law model,
non-Newtonian lubricant.

I. INTRODUCTION

Journal bearings are employed in large scale in many high
rotating machineries such as compressor, generator, steam
turbine, internal combustion engine etc. A typica journa
bearing equipped with a shaft and a bush (in which shaft
rotates and bush remains immobile). In hydrodynamic
[ubrication, hydrodynamic pressure is induced due to
relative motion between journal and bearing surface. This
pressure solely responsible to carried out the applied load
[1]. There are various characteristics like surface roughness,
fluid inertia, viscosity of lubricant, geometry and aspect
ratio which affects the performance parameters of journa
bearing.  Aspect ratio (L/D) is one of the critica
specification that can affect the performance of journal
bearing. Influence of various aspect ratios on performance
characteristics have been investigated by [2-4]. They
observed that aspect ratio affect the stability of journal
bearing at some extent. Sufficient amount of work have been

done ON performance characteristics taking into account of

Revised Manuscript Received on October 30, 2019.

* Correspondence Author

Pravez Khan*, Department of Mechanica Engineering, Guru
Jambheswar University of Science and Technology, Hisar, Haryana, India.

Anil Dhanola, Department of Mechanical Engineering, Guru
Jambheswar University of Science and Technology, Hisar, Haryana, India.

H.C. Garg, Department of Mechanical Engineering, Guru Jambheswar
University of Science and Technology, Hisar, Haryana, India

Aman Khatkar, Department of Mechanical Engineering, Shiv Nadar
University, Greater Noida, Uttar Pradesh, India.

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number F8284088619/2019©BEIESP
DOI: 10.35940/ijeat.F8284.088619
Journal Website: www.ijeat.org

1022

Chack Tar
updatas

the effect of aspect ratio [5-11]. Das et a. [5] presented the
performance of hydrodynamic journal bearing operated with
micro-polar fluids at various aspect ratio and eccentricity
ratio. A first order perturbation technique was adopted to
examine the fluid film pressure, fluid film thickness and
dynamic coefficients. Bhushan et al. [6] presented the
behavior of four-lobe pressure dam bearing at different
aspect ratio (L/D) ranging from 0.75 to 1.5. The outcomes
reveal that stability of 4-lobe pressure dam bearing increases
with decreasing aspect ratio ratios. Batra et al. [7]
investigated the static and dynamic behavior of three- lobe
pressure dam bearing using finite element approach. They
concluded that the stability of this type of journal bearing
highly depends upon the L/D ratio and the stability decreases
with increasing L/D ratios. Sharma and Krishna [8] studied
the performance parameters 2-lobe pressure dam bearing
using micro-polar fluids at different L/D ratios (1.6, 2.0 and
2.4). They concluded that the stability of bearing isincreases
with decreasing aspect ratio. Saikia and Kalita [9]
investigated the performance parameters of porous journal
bearing under turbulent regime using finite difference
scheme. They noted that the load carrying capacity and
attitude angle riseswith increasing aspect ratio whilefriction
coefficient decreases. Sharma and Awasthi [10] studied the
dynamic and static performance of aplain journa bearing at
various aspect ratio (0.5, 1 and 1.5). The resultsrevealed that
the fluid film thickness, friction factor and damping
coefficient increases with increasing aspect ratio also the
stability deteriorates with increasing aspect ratio. Sharma
and Awasthi [11] further studied the performance of journal
bearing under wear condition at different aspect ratio. They
observed that influence of wear on performance parameters
was more dominant at lower L/D ratios. Available literature
shows that the performance parameters of plain journal
bearing Iubricating with non-Newtonian fluid at different
aspect ratio is still not been investigated. Thus, this study
based on the performance parameters of plain journal
bearing with non-Newtonian fluid at different aspect ratio
and at different power law index.

[I. ANALYSIS

The modified Reynold equation for an incompressible and
non-Newtonian fluids a plain journal bearing system in
given in dimensionless form as:
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where, B = J‘ —dz, F = J‘ —dsz,
p U o H
Figure 1 presents graphic diagram of plain journal bearing
and its coordinate.

lubricant

Figure 1. Geometry of plain journal bearing

A. Boundary Conditions

Following pressure boundary conditions are assumed for
the solution:

F=0atz=0,1 (2)
F=0at8 =0 (3)
__9p

p=_g=0at8 =6 (4)
p=0at 8, =8=2n (5)

B. Power Law Model

Power law model don’t shows linear behavior between
shear stress and shear strain rate and it is presented in
dimensionless form as:

=yt ()

U n—1
where,m = (—]
c

Where for the value of n=1, lubricant is Newtonian, n<l
lubricant is pseudoplastic and n>1 lubricant is dil atant.

C. Fluid Film Thickness

The fluid film thickness at any angle in non-dimensional
form is presented by:

h=1+¢cos# (7)

I11. STEADY STATE PERFORMANCE
CHARACTERISTICS

A. Load Carrying Capacity and Attitude Angle
Theload components in dimensionless form are:

W = J‘ J‘ peosd dB dy (8]

EL
W:J‘J‘ 5 sinf df dy (9
o0

Therefore, the total load carrying capacity in dimensionless
formisgiven as:
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W= '{w P + (Wg)? (10}
The attltude angleisgiven by:
A
— -1 4
@ = tan (ﬁ] (11)

B. Friction Factor

Friction force acting on the journal bearing using
non-Newtonian lubricant can be calculated using below
expression. The non-dimensional form of friction forceis

given as :
J f o )ded 12
+ Fnlr J { _:I
So, that the coefflClent of frlctlon can be calculated asit is
theratio of friction force and the fluid film force and can

be represented as:

C‘r'=

(13)

| =

IV. SOLUTION PROCEDURE

The modified non-dimensional Reynold equation (10) is
determined numerically by finite element approach. The
film domain is splitted into 100 intervals along the
circumferential direction and 16 intervals in axial
direction for the study purpose. MATLAB software is
used to develop the computational code. An lIterative
procedure was followed by using a successive
over-relaxation method to improve the convergencerateis
employed. The iteration is executed till the convergence
criteriais not achieved. The performance parameters for
example load carrying capacity, attitude angle and
friction coefficient are then solved at different L/D ratio
(0.5, 1 and 1.5) with taking power law index (n=0.9, 1 and
1.1).

V. RESULTSAND DISCUSSION

This category presents the performance parameters for
instance load carrying capacity, attitude angle and
coefficient of friction of a plain journa bearing using
non-Newtonian lubricant (n=0.9) at different L/D ratio
are presented and discussed. Technical data used in the
present investigation is depicted in table 1.

Table 1. Technical data

1 Bearing aspect ratio (1) 0.5,1.0,1.5
2 Lubricant model Power law
3 Power law index (n) 09111
4 Clearance ratio () 0.002

5 Speed (N) 1000 rpm
6 Number of elements 100x16
7 Eccentricity ratio (g) 0.6

Theinfluence of different L/D ratio (0.5, 1 and 1.5) onthe
performance parameters of a plain journa bearing using
non-Newtonian lubricant is shown in figures 2 to 6.
Developed codein MATLAB was validate and compared
with the previous results of [12] and it is found that the
current results are to be fine agreement with the already
published results.
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It is noted from the figure 2 that the

dimensionless pressure distribution increases with
increasing the L/D ratios and also thistrend isfound same
at every power law index value (n). Highest pressure
distribution is found for the case of dilatant fluid (n=1.1)
at L/D= 1.5. Figure 3 depicts the effect of different L/D
ratio with non-dimensional maximum pressure (Pq,) at
various value of n. Figure clearly reveals that the #q.
increases with an increase of aspect ratio. It is also noted
that Pmqy increaseswith anincrease of n at each value of
L/D ratio. fmg. 1S observed maximum for dilatant fluid
at L/D=1.5.
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Figure 2: Circumferential Pressure Distribution At
Different N And L/D Ratio

HEEdn=0.9

N= 1000 rpm, £=0.6

L/D=1 ' L/D=1.5
Aspect ratio
Figure 3: Variation in g, with aspect ratio at different
n
Figure 4 shows the influence of different aspect ratio with
dimensionless load carrying capacity (W) at various value
of n. Figure reveals that the W increases with an increase
of aspect ratio. It is also noted that W increases with an
increase of n at each value of L/D ratio. Highest W isfound
at n=1.1 with L/D=1.5.
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Figure4: Variation in W with aspect ratio at different n

Figure 5 shows the influence of different L/D ratio with
attitude angle (¢) at various value of n. Figure presents that
the ¢ increases with increasing the aspect ratio. But it is also
seen that ¢ decreases with an increase of n at each value of
L/D ratio. Highest ¢ is found for pseudoplastic lubricant
(n=0.9) at L/D=1.5.
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Figure 5: Variation in ¢ with aspect ratio at different n

Figure 6 depicts the effect of different aspect ratio with
dimensionlessfriction coefficient (C5) at various value of n.
Figure presents that the C¢ decreases with increasing the
L/D ratio. But it is aso seen from the figure that Cy
decreases slightly with an increase of n at each valueof L/D
ratio. Maximum £y is noted for pseudoplastic lubricant
(n=0.9) at L/D=0.5.
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Figure6: Variation in ri}with aspect ratio at different n

VI. CONCLUSIONS

1. It is observed from the above results that the
performance characteristics affects with the variation of
aspect ratio.

2. Dimensionless maximum pressure increases with
increasing aspect ratio. Maximum pressure is observed
maximum for dilatant fluid at L/D=1.5

3. Load carrying capacity increases with increasing aspect
ratio. Maximum load carrying capacity is observed for
dilatant fluid at L/D=1.5.

4. Attitude angle aso increases with an increase of aspect
ratio. Pseudoplastic lubricant has highest attitude angle
atL/D=15.

5. Non-dimensional coefficient of friction decreases with
an increasing the aspect ratio. Highest coefficient of
friction is found maximum for pseudoplastic lubricant at
L/D=0.5.

6. Performance characteristics also affect with power law
index at different aspect ratio.
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Nomenclature

U tangential velocity of the journal, m/s

o angular velocity of the journal (w=U/R), rad/sec

h film thickness, m

e eccentricity, m

Oy bearing centre

O; journal centre

Pmin Minimum fluid film thickness, m

L. apparent viscosity, Pa-s

LLy reference viscosity of the lubricant, Pa-s

X,¥,z bearing coordinates, x measures aong
circumferential direction, y measures aong the
radial direction, z measures along the axia
direction, m

8 angular coordinate, rad

R journa radius, m

D journa diameter, m

L bearing length, m

¢ radial clearance, m

8. cavitation angle, rad

n power law index

€ eccentricity ratio

¢ attitude angle, degree

p lubricant film pressure, N/m?

Wload carrying capacity, N

W tangential component of load carrying capacity, N

W, radial component of load carrying capacity, N

C coefficient of friction

F friction force, N

Non- dimensional parameters

p ¢ _

f=- p=— W= W=

R d Rt Rl T R
_ K .z e - h Fo Fe
u_u[, Ty e T T wpwRL
N U n=1 _ R
m= (;] e=-
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