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ABSTRACT:

In recent research, theoretical studies and investigations for the textured surface of a hydrodynamic journal bearing
has been widely used. This is due to the journal bearing’s performance in terms of load capacity which affects the
system performance, efficiency and reliability. It has been proven that a textured surface and grooved surface have
managed to improve the performance of journal bearings to some extent. In this work, the performance of a grooved
hydrodynamic journal bearing has been analysed with a multi-depth textured surface. The study has been conducted
using the modified Reynolds equation to numerically solve the load capacity and pressure distribution, respectively.
From the results obtained, it was found that the surface complexity features on the journal bearing lowered the load
capacity performance when compared to the plain bearing. The pressure, meanwhile, was distributed throughout the
textured sections on the bearing surface, even though it was lower as compared to the plain bearing.
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research findings, the hydrodynamic performance of the
1. Introduction bearing was decreased as all of the bearing’s surface was
applied with texture. Tauvigirrahman et al [6] modified
the governing Reynolds equation to investigate the
partial texturing and slip effect on a slider bearing; the
results led to interest in applying partial texturing in
hydrodynamic lubrication.

Etsion et al [7] performed an experimental analysis
and concluded that a partially textured surface can be
made by using laser surface texturing (LST) that
improves the thrust bearing’s performance. To increase
the effectiveness of the surface texture in hydrodynamic
contacts, Yu et al [8] studied various types of partial
textures that were the most suitable to improve the load
capacity of a journal bearing. Hamdavi et al [9],
meanwhile analysed the surface texturing effect on the
load capacity and film pressure of hydrodynamic journal
bearing performance. Rao et al [10] performed another
study using the configuration of a partial texture and
partial slip with grooves on the hydrodynamic
performance of slider and journal bearings using another
model of study. Another similar study has also been
carried out by Faez et al [11] in which they investigated
the effect of surface texturing with slip and no slip
surfaces on grooved hydrodynamic journal bearing
performance. In their research, it was proven that surface
texturing with grooved and also slip/no-slip conditions
did improve the load capacity of the bearing.

A bearing is a type of mechanical device that allows
relative movement between two mechanical parts. In
hydrodynamic contacts of journal bearings, the effect of
the surface texturing and a grooved surface being applied
has increased the attention to it as it will affect the
performance of a journal bearing like on the load
capacity, pressure distribution, and friction coefficient.
Tonder [1] studied the effect of the roughening on both
the inlet and outlet areas of the journal bearing, which
proved the increase of load capacity. Pratibha and
Chandresh Kumar [2], in another work, performed a
study of the effect of a textured surface on the
hydrodynamic performance of a journal bearing. The
research was undertaken in regards to the journal speed
and the texture context with various load conditions,
where the pressure and load increased significantly.
Similar research work was also carried out by Kango et
al [3]. They investigated the micro cavities present in
finite journal bearings as different cavity locations
significantly enhance bearing performance. Tala-Ighil et
al [4] used the FDM approach which proved that the
proper configuration of the surface texture does help to
improve lubrication contact. However, applying a fully
textured surface could lead to a decrease in the
performance as mentioned by Buscaglia et al [5]. In their
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In this paper, an analysis has been conducted which
used a grooved hydrodynamic journal bearing with a
multi-depth textured surface. It has been aimed to
determine the change of the performance of the bearing’s
load capacity towards different eccentricity ratios. The
objective of this research was to analyse the effect of the
multi-depth textured surface with different parameters on
the load capacity and pressure distribution of the
grooved hydrodynamic journal bearing by using a
modified Reynolds equation. The multi-depth surface
texture consisted of two steps of the recessed region that
will be discussed later.

2. Methodology

In this work, the load capacity of a grooved
hydrodynamic journal bearing of a multi-depth surface
texture, as shown in Fig. 1, is calculated. In this
approach, the Reynolds equation and boundary
conditions were applied and the numerical analysis was
carried out as performed by Faez et al [11]. The
boundary condition of the two-step textured surface was
defined where the recess area was divided into two
sections which were the 1% and 2™ steps. The angular
length of the 1% step recess area is given by,

Oo—61=6 0 0,,—6,1=0 1)
Meanwhile, the 2" step of the recess area was as,
O3—0 =0 OF O,3—6,,=0 (2

On the other hand, the angular length for the land area
(plain surface) was defined as,

O 4—63=06, 00 6,,—6,3=06, 3)

The thickness of the film at the 1% and 2" step recess
areas were H' and H" respectively are,

(4)

The modified Reynolds equation for the partially
textured surface is,

d[H*dp] 14,
d@|12H do | 2dé
The boundary conditions for the pressure at the bearing

surface are defined as,
Ploo=0+ Plo—g,= P2 Plo—g,= PR3’ Plo-g,=Pra (6)

H=(+£c0s60),H'=H +H, and H~ H+%Hg

(®)
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Fig. 1: Two-step surface texture configuration on a grooved
hydrodynamic journal bearing
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Integrating Eqn. (4) vyielded the dimensionless
pressure profiles of the textured region, 6, ,

dP 6

1% step grooved region; 9P _ 6 _12Q )
de H 12 H 13
2" step grooved region; 9P __6 _12Q (8)
de H n2 H n3
Plain surface region: 4P __6 _12Q 9)
do H 2 H 3

Integrating Eqgns. (7-9) with the substitution of the
boundary conditions in Eqgn. (6) gave the dimensionless
pressure profiles of the textured region as,

_ 5’1‘27 _ G2 1 d 10
P(OS 0< 91,2)— Plo—o +6J.0 H2 do-12 b H'3 0 (10)
B 65 1 6z 1 11
P(¢91Y2 <0< 6’1,3)— Ploaz +6J’31v2 H 2 de—lZJ;}M H "3 0 )
3 64 1 _ 64 1 12
P(gl,B <6< 91,4)— P |0:l,3 +6'|.‘91‘3 72d9 12.[ H3 o ( )

H O3

The dimensionless pressure was substituted and
simplified using the pressure from the previous Egns.
From there, the flow volume, Q is determined as,

n 9i2 1 6\.3 1 9|,41 0 l
ZA[LM — da+j€udejﬂsﬁda}j@g - do

n gi‘z 2 gi‘z 2 gi‘A 2 0 2
24[[% v de+j€m v d9+j9i‘3ﬁdej+j; 2

Next, the dimensionless pressure across the centre line is
integrated and yield the radial and tangential load
capacity as expressed below,

(13)

ae

|- d:f P, cos(0)d0 + J: P, oo+ (14)
e J.::Pf* cos(0)d@ +...+ J.:‘g P cos(0)d0)

[ msintopo- e sinopio (15)
‘" I:j:pg sin(@)o +..+ [," Py sin(6)do)

From the radial and tangential load capacites obtained,
the dimensionless load capacity is calculated as,

W= W2 +w?

3. Result and discussion

To evaluate the performance of the load carrying
capacity and dimensionless pressure distribution in the
two-step surface texture in a grooved hydrodynamic
journal bearing, some parameters were defined and
considered accordingly. These parameters were - the
eccentricity ratio (¢) ranging from 0.1 to 0.8, with a 0.1
increment; dimensionless groove depth (Hg) with values
of 0.2, 0.5, and 0.8; surface texture length, (6;) region
which had the values of 40°, 80°, and 120°; groove to
land ratios (y), which was noted as 0.2, 0.4, 0.6, and 0.8
and: (n) the number of grooved regions applied, which
were noted as 2, 4, 6, and 8. Fig. 2 shows that the lower
groove to land ratio magnitude (y) had a slightly better
load capacity compared to the higher groove to land
ratio. However, comparing this to the plain bearing in
terms of overall performance, it is still lower due to the
complex features on the bearing surface. A similar
comparison can also can be seen with the pressure

(16)
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distribution in Fig. 6 as the pressure distribution of the
multi-depth textured surface was lower than the plain
bearing distribution; in addition, the texture feature
produced some pressure changes along the
circumferential angle. Fig. 3 shows a graph reading over
the groove depth. In general, the smaller groove depth
produced a better load capacity compared to the deeper
depth. Despite the increase, it was still lower than the
plain bearing. The lower groove depth has minimised the
complexity of the textured surface thus leading to a
better load capacity. Similar explanation can also be
inferred from Fig. 7 as the lower groove depth had a
better pressure distribution along the circumferential
angle, even though it was lower when compared to the
plain bearing performance.
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Fig. 2: Load capacity of y at 05 = 170°, 0, = 120°, Hy=1,n=4
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Fig. 3: Load capacity of Hq at 8, = 170° 0, = 120°, n=4,y=0.3

For the number of textured regions, the (n)
parameter, as shown in Fig. 4 and Fig. 8, it can be seen
that the change of the textured regions produced a very
small difference in the load capacity. The only difference
that can be seen is that, at the pressure distribution in
Fig. 8, as the number of the pressure changed it was
different due to the different numbers of textured regions
present on the bearing’s surface. Overall, both the load
capacity and the pressure distribution were lower
compared to the plain bearing performance. For the last
parameter, which involved the texture length (6 as
shown in Fig. 5 and Fig. 9, the load capacity had a slight
difference at the lower eccentricity and high eccentricity
regions in which a shorter texture length had a better
load capacity at the low eccentricity. However, the load
capacity was better with the longer texture length.
Despite the load capacity being lower than the plain
bearing, the pressure distribution seemed to have a minor
discovery, which was that, at the texture length greater
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than 120°, the pressure distribution was much higher at
the grooved region (6g). Meanwhile, the textured surface
region (6;) produced almost a similar pressure
distribution pattern when compared to the other
parameters.
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4. Conclusion
This study has investigated the effect of a multi-depth

textured surface

in grooved hydrodynamic journal

bearings in regards to the load carrying capacity and
pressure distribution. Based on the analysis undertaken,
the following conclusions are drawn,

Overall, the load capacity and pressure distribution
for the multi-depth textured bearing is lower
compared to the plain bearing due to its surface
complexity presence on the bearing.

Lowering the groove depth significantly improves
load capacity as it reduces the surface complexity
of the textured region on the bearing.

The presence of multi-depth surface textures
distributes the pressure along the circumferential
angle more evenly as compared to the plain bearing
in which the pressure is stressed at the middle
region (90°).
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