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ABSTRACT

It covers the tribological behaviour of sliding surfaces, one of which has bowtie-shaped micro-dimples. Against
the other fixed, textured wall, one wall is smooth and moving at a constant speed. For the formation of hydrody-
namic pressure and tribological behaviour, the effects of bowtie-shaped dimples and orientated bowtie-shaped
dimples have been compared with circular-shaped dimples. Additionally, the impact of sliding speed, dimple area
density, and dimple depth on tribological behaviour was examined. The findings show that compared to a circular
-shaped dimple, an atypical bowtie-shaped and orientated bowtie-shaped dimple generates a higher net hydrody-
namic pressure in the fluid domain and offers improved stability between the sliding surfaces. It has been demon-
strated that geometrical factors like dimple depth and area density as well as operational factors like sliding speed
have a substantial impact on the hydrodynamic average pressure and tribological behaviour of sliding surfaces.
The experimental results support the conclusions from the analysis and CFD.
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1. Introduction:

To improve the tribological behaviour of sliding
surfaces, hydrodynamic lubrication between sliding
surfaces is crucial in components like journal bearings and
mechanical seals. Numerous studies have been conducted
to increase the hydrostatic and hydrodynamic load
capacities of sliding surfaces. The impacts of coning,
misalignment, waviness, and hydropads have been

discovered to generate positive pressure and increase the
load capacity of sliding surfaces [1-6].

Laser texturing has been a dependable method for
mechanical components over the past 20 years. An increase
in hydrodynamic pressure and load carrying capacity as
well as a decrease in generated friction and wear are shown
when one of the sliding surfaces is given surface texturing.
Numerous applications of surface texturing are now being
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Figure 1: Geometric model of laser textured mechanical seal
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employed to assist tribology. Shot blasting [7], laser
texturing [8-9], reactive ion etching [10], and micro-
electrolytic etching [11] are only a few of the surface
texturing methods that are currently accessible. Compared
to other methods, laser texturing provides unparalleled
control over the surface microstructure and minimal
environmental impact.

The fluid is propelled forward when the upper surface
slides as a result of the relative motion between sliding
surfaces. Diverging action causes the pressure to decrease
as the fluid goes into the dimple while converging action
causes the pressure to rise as the fluid leaves the dimple.
The load-bearing capacity between the sliding surfaces is
increased by the difference between pressure drop and
rise, which generates a net positive pressure.

A mechanical seal model with a hemispherical regular
micro-surface on one of the mating seal faces was
presented by Etsion & Burstein [12], improving seal
performance through lower friction. According to Etsion et
al. [13-14], the fluid film stiffness is maximized in laser-
textured surfaces with optimal pore depth over pore
diameter. Circular micro dimples [12-16] have been the
main focus of analysis to date since they are simple to
produce. Few researches [18-19] discovered that an
elliptical dimple positioned perpendicular to the direction
of sliding gave the highest result of load carrying capacity
whereas some researchers [17-20] concentrated on
conventionally shaped micro dimples such as square,
triangle, and ellipse. For the case of a gas-lubricated
parallel sliding bearing, Qui et al. [21] optimized the
texture geometry and density of six different dimple
shapes for maximum load carrying capacity. They came to
the conclusion that the ellipsoidal dimple shape results in
the highest load carrying capacity and that the optimal
geometry and density are almost independent of the
operating conditions. Then Qui et al. [22] adjusted the
texture geometry and density of six distinct dimple forms
in order to achieve the lowest friction coefficient and best
bearing stiffness, and they reported that the ellipsoidal
shape produced the lowest friction coefficient and highest
bearing stiffness. Dimple area density has been identified
by Yan et al. [11] and Raeymaekers et al. [23] as another
important factor influencing the tribological behaviour of
sliding surfaces.

The pressure and velocity distribution features of the
lubricant flow between textured sliding surfaces are
currently being calculated by many studies [24-27] using
commercial CFD Programmes like FLUENT. Liu et al. [26]
recently used numerical modelling to examine the effects
of spherical micro-dimples' geometric and operational
characteristics on the tribological performance of textured
surfaces and suggested utilizing a dimple area density of
25-35% in practical applications. A numerical analysis was
conducted by Wei et al. [27] to determine the impact of
geometric features for various dimple shapes on pressure
build-up. Additionally, a new parameter known as dimple
surface angle was added in this article, and it was
discovered that changes are most noticeable when the
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dimple surface angle is less than 30°. The load carrying
capability of a single typical dimple shape (e.g., circular,
square, triangle, spherical, etc.) has received a lot of
attention up to this point, but the tribological effects of
texturing with unconventional shapes have not received as
much attention. However, unconventional dimple forms
cannot be disregarded because they offer superior
tribological benefits than traditional dimple shapes and
offer more convergence opportunities.

An analytical model is offered to forecast the
hydrodynamic pressure production for the application of a
laser-textured mechanical seal followed by CFD analysis in
this work to examine the impact of straight and orientated
bowtie-shaped dimples over circular shaped dimples. The
experimental results and those from the analytical
approach and CFD were in good agreement.
Measurements of coefficient of friction was made for the
parametric analysis in order to examine the effects of
various geometrical factors, including dimple depth and
area density, as well as operational factors, such sliding
speed, on hydrodynamic pressure.

2. Analytical Model:

Figure 1 shows the geometrical model of a mechanical
seal with laser texturing. The seal ring's inner and outer
radii are designated as r; and r., respectively, and the
corresponding values have been taken as 0.0181 m and
0.0235 m. The parameters of each dimple are depth hgq and
radius rq. On one of the seal's faces, there are a uniform
distribution of laser-textured dimples. As shown in Figure
1(c), each dimple is modelled at the center of an imaginary
square cell with a length of 2r;. Length of the imaginary
square cell with relation to circular dimple area density Sy,

2y = /é X1y 1)

The bowtie-section of the textured seal is depicted in
Figure 1(d). The seal has two sides, one of which has a
micro-texture and the other of which is flat. The relative
velocity of a flat surface to a textured surface is U.
According to the diagram, h(x,z) represents the local
distance and c represents the minimum distance between
the bearing surfaces, where x and z are Cartesian
coordinates. It is assumed that an incompressible viscous
fluid separates the seal faces.

For a mechanical seal, the generalized Reynolds'
equation is expressed as,

(W) + 2 (n ) =6 s )

Modified Reynold’s equation in order to deal with
cavitation is,

2 398 L 9 398) — EAUO)
ax (Kﬁh ax) *ta (K'Bh az) = 6uu ax (3)
Dimensionless Reynold’s equation is,

(K 5) + 2 (kH ) =a 50 @
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Table 1: Details of all dimple shaped geometries
Shape Equivalent Cell Size Conditions for film thickness H(X,Y)
Dimensions
] € R 2
Acircte T 1+ ifX*+v+<1
Ty = |—— 21"1 = S_ XTq o)
Sa d 1 if X2 +v2>1
2r,
- 2r, -
Circular
— 1
A=Vimxm, o = A2 1+ vl <Ixl < -
T tTzs, 2
A e 1 else
i1
AT
Bowtie
Assuming that micro-dimples are uniformly pressure distribution in the seal clearance. Based on

distributed, only one radial column of dimples is taken into
account. Figure 1(b) illustrates the boundary condition for
one radial column.

p(x, z=1) = Pin

p('x' z= rD) = pout (5)

In this approach, the pressure distribution is
presumptively periodic in the circumferential direction
with a period equal to the square cell's hypothetical length.
As a result, the pressure is exerted on a periodic basis in
the direction of the circumference.

px=-n,2) =plx=mn, 2) 6)

Boundary conditions in dimensionless form are given
as follows,

p(xz-1) =2
Ta Pa

P(X, 7 :r_o> _ Pou
Ta Pa

P(X:—Z—Z,Y):P(X:Z—:,Y) @)

This work considers the fabrication of LST-based
circular, bowtie, and orientated bowtie-shaped dimples.
All dimples are symmetric to the XZ plane, have flat
bottoms, and flat boundary walls. In Table 1, the bowtie-
shaped dimple's shape geometry, equivalent dimple
dimension in relation to area of circular dimple, cell size,
and dimensionless local separation H(X)Y) between
textured and flat surfaces within one unit cell are all
described.

A finite difference approach with an over relaxation
factor of 1.4 can be used to solve Equation 3 for the
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convergence and precision, a uniform 100 x 100 node
Cartesian grid is chosen. By integrating the pressure over
the seal region, one can obtain the opening force necessary
to prevent contact between the seal faces. In analysis and
experimental work, SAE 30 oil, which has a dynamic
viscosity of 0.29 kg/m.s at 20 °C and a density of 875 kg/
m3, was used.

3. CFD Model:

Prior to the experimental work, CFD analysis was
conducted to confirm the conclusions drawn from the
analytical model. Reconstructed Figure 1(d) is displayed as
Figure 2, which depicts the geometric parameters of the
CFD model. 2r; stands for the domain length, which will be
constant throughout all analyses. Quantity hq is the depth
of the dimple, and quantity c is the fluid film thickness,
which is predetermined.

The same graphic also depicts the fluid domain's
boundary conditions. Both the upper and bottom walls of
the fluid experience no sleep condition. A periodic
boundary condition confines edges in the x-direction. The
top wall, which has an untextured surface, is sliding with
constant velocity U in the x-direction while the bottom wall
is motionless. According to Figure 3, circular, bowtie, and
oriented bowtie dimple shapes are created and modelled
for the hydrodynamic study.

Between sliding pairs, lubricant is supplied and treated
as an incompressible Newtonian fluid with constant
viscosity, density, and body force. It is believed that flow is
laminar and isothermal. Additionally, it is believed that the
impact of a solid structure developing as a result of fluid
pressure is minimal. The lubricant flow is governed by
Navier-Stokes (momentum) equations and continuity
equation, which can be written respectively,

P(v.V)v=-Vp+V.(pVv) (8)
V.v=0 )
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Figure 3: Designs of dimple shapes

The pressure distribution of lubricant between sliding
pairs was calculated using the commercial CFD tool
FLUENT. The development of cavitation produced inside
the dimples is believed to be connected to the process for
improved performance in developing the hydrodynamic
pressure in textured sliding surfaces. In this case, the
pressure in the lubricant may drop below the gas
saturation pressure at the diverging zone, causing
cavitation to occur. The Rayleigh-Plesset multi-phase
cavitation model [28], which has been successfully tested in
references [29-30], is employed. When pressure drops
below the saturation pressure in this multi-phase model,
lubricant vapour is created. In order to make it simple to
compare various outcomes, results are obtained in
dimensional form but are presented in nondimensional
form.

4. Experimental Setup:

The pin-on-disc wear testing apparatus, which is
schematically depicted in Figure 4, was used for all of the
studies. With the aid of a motor, the lower disc can be
rotated at any speed between 100 and 2000 revolutions per
minute. The EN31 disc has a diameter of 165 mm and a
thickness of 8 mm. A metallic holder that provides self-
alignment and vertical loading is fixed to a textured pin. A

.

Load {/ 33 Lo
Track Radius \]
Wear Track Pin ;
\\ pL~
(b) Microdimpled pin

Disc

¢ Rotating
Direction

(a) Schematic diagrani of pin on disc testing  (¢) Micrograph

Figure 4: Experimental Setup & Specimen Preparation
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Oriented Bowtie

sensor that measures the coefficient of friction is fastened
to the textured pin. Every piece of data that comes in from
sensors is collected on a computer by an acquisition
system.

4.1 Specimen Preparation

The contact area between the pin and the disc is 78.5
mm?, and the cylindrical textured pin is 10 mm x 30 mm in
size. Using a laser marking device, pins are given texture.
By adjusting the laser power and the number of laser
passes, dimple depth can be regulated. Pins with a
cylindrical texture are made of EN31 material and are
texturized. Following polishing and optical flattening, the
flatness of each pin was examined under a monochromatic
check light. According to Figure 4(b), there are evenly
spaced micro-dimples throughout the pin. The pins were
cleaned with a cleaner before each trial, and the weight of
each pin was determined using an electronic digital
weighting machine.

4.2 Test Procedure

First, a metallic holder was used to place the textured
pin for the test, and then the lubricant flow was initiated.
Track radius is maintained at 40 mm. The motor is started
once the lubrication level is reached. As a lubricant, SAE 30
oil is used. Then, under various loading situations and
speeds, the values of coefficient of friction were recorded.
The textured pin is changed out for the new one when the
test is over.

5. Results and Discussion

The impact of dimple shape, geometrical parameters
like dimple depth and area density, and operational
parameters like sliding speed are all addressed here.
Furthermore, the results of the experimental study are
discussed in detail.

5.1 Effect of Dimple Shape
Figure 5 shows pressure distributions for circular

TRIBOLOGIA - Finnish Journal of Tribology 1-2 vol 40/2023
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Figure 5: Pressure distribution in the fluid domain for different shapes
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Figure 6: Comparison of dimensionless average pressure

dimple, bowtie dimple, and bowtie dimple positioned at a
90-degree angle. To make it simple to compare the
findings, all variables are kept at the same value
throughout the simulation for each shape, such as sliding
speed (U) = 6 m/s, dimple depth (hp) =15 pm, dimple area
density = 30%, and fluid film thickness (c) = 2 pm. Figure 5
clearly shows that the pressure decreases initially owing to
divergence as the fluid flows along the x-direction and
enters the dimple. The pressure then increases as the fluid
advances due to the dimple's convergence, and because
this generated pressure is greater than the pressure drop
during divergence, a net positive pressure is ultimately
produced. The change in this net pressure can only be
attributed to the different geometric shapes of the dimple
because all other geometric and operational parameters
have been kept constant. However, in terms of generating
hydrodynamic pressure, geometric characteristics like
dimple depth and area density as well as operational
parameters like sliding speed are also crucially important.
Figure 6 compares the dimensionless average pressure
for the various dimple shapes taken into consideration in
this paper. The graphic clearly shows that there is a
significant correlation between the findings of the
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analytical investigation and the CFD study. The bowtie-
shaped dimple generates about 40% more hydrodynamic
pressure and the oriented bowtie-shaped dimple generates
about 150% more hydrodynamic pressure than the circular
-shaped dimple for the values of the geometric and
operating parameters mentioned above. This is certainly
due to the strong convergence near the dimple's periphery.

5.2 Effect of Dimple Depth

Figure 7 displays the pressure distributions for a bowtie
dimple and an orientated bowtie dimple at their minimum
and maximum depths. To accurately reflect the
hydrodynamic effect of depth for bowtie and orientated
bowtie dimples, all other factors are kept constant. The
graphic makes it evident that convergence happens in two
stages in bowtie-shaped dimple and also in oriented
bowtie-shaped dimple, convergence is more efficient than
in the case of circular-shaped dimple, leading to higher
hydrodynamic pressure generation.

Figure 8 presents the dimensionless pressure as a
function of the depth of the dimples for 2 different loading
conditions. In the case of circular dimples, it has been
found that the dimensionless pressure rises as the depth of
the dimple increases. While the highest pressure for bowtie
dimples is reached at a depth of 10um, and pressure drops
as depth increases. For oriented bowtie dimples,
dimensionless pressure stays nearly constant for all dimple
depths. It has been found that bowtie dimples generate the
maximum pressure at a depth of 10um, whereas orientated
bowtie-shaped dimples generate the highest pressure at all
other depths. It is clear from this that dimple depth has a
significant impact on the generation of hydrodynamic
pressure.

To comprehend the implications of dimple depth on
tribological performance, the pressure distribution of the
lubricant is examined. Figures 9 to 11 show the pressure
distribution of various dimple shapes along the x axis at
various depths, while Figures 12 to 14 show the pressure
distribution of various dimple shapes along the y axis at
different depths. Pressure decreases as the liquid enters the
dimple and then rises as it moves further in the x direction
due to convergence.

It is evident that the maximum positive pressure is
higher than the maximum negative pressure. As a result,
the net pressure rises and friction coefficient decreases as a
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Figure 7: Pressure distribution in the fluid domain for different depths
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Figure 8: Dimensionless pressure as a function of dimple
depth

result of an increase in load carrying capacity. Figures 9 to
11 show that stability between the sliding surfaces rises
and the difference between negative and positive pressure
in the x direction diminishes as the dimple depth increases.
It is noticeable that a bowtie-shaped dimple with a 10um
dimple depth produces the maximum hydrodynamic
pressure. Additionally, it is noted that for each dimple
depth case, bowtie-shaped dimples exhibit two waves of
pressure distribution in the same dimple length span,
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improving the stability of the sliding surfaces. If we talk
about the pressure distribution in the Y direction, Figures
12 to 14 show that for each dimple depth taken, bowtie-
shaped dimples have a more uniform pressure distribution
than circular-shaped dimples and oriented bowtie-shaped
dimples, which provides more stability in the Y direction
as well.

5.3 Effect of Dimple Area Density

Figure 15 displays the pressure distributions for the
bowtie dimple and the oriented bowtie dimple's minimum
and maximum dimple area density. To accurately
represent the hydrodynamic effect of dimple area density
for bowtie and orientated bowtie dimples, all other factors
are kept constant. As discussed earlier, it is clear from this
figure too that convergence happens in two stages in
bowtie-shaped dimple. Convergence is also more
significant in oriented bowtie-shaped dimple than in the
case of circular-shaped dimple, leading to higher
hydrodynamic pressure generation.

Figure 16 presents the dimensionless pressure as a
function of the dimple area density of the dimples for 2
different loading conditions. In the case of circular
dimples, it has been found that the dimensionless pressure
drops as the dimple area density increases. The highest
pressure for bowtie dimples is obtained when dimple area
density is kept to 40%, and pressure drops as dimple area
density decreases. For oriented bowtie dimples,
dimensionless pressure stays nearly constant for all dimple
area densities. It has been found that bowtie dimples
generate the maximum pressure at an area density of 40%,

TRIBOLOGIA - Finnish Journal of Tribology 1-2 vol 40/2023
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Figure 9: Effect of dimple depth on pressure distribution
along x-direction (for circular dimple)
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Figure 10: Effect of dimple depth on pressure distribution
along x-direction (for bowtie dimple)
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Figure 11: Effect of dimple depth on pressure distribution
along x-direction (for oriented bowtie dimple)

whereas orientated bowtie-shaped dimples generate the
highest pressure at all other area densities. It is clear from
this that dimple density has a significant impact on the
generation of hydrodynamic pressure.

The lubricant pressure distribution is wused to
investigate how the density of the dimples affects
tribological performance. Figures 17 to 19 show the
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Figure 12: Effect of dimple depth on pressure distribution
along y-direction (for circular dimple)
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Figure 13: Effect of dimple depth on pressure distribution
along y-direction (for bowtie dimple)
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Figure 14: Effect of dimple depth on pressure distribution
along y-direction (for oriented bowtie dimple)

pressure distribution of various dimple forms along the x
axis at various densities of dimples, while Figures 20 to 22
show the pressure distribution of various dimple shapes
along the y axis at various densities of dimples. As was
already established, as the liquid enters the dimple, the
pressure switches to a negative value and rises as a result
of convergence as it moves further in the x direction.
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Figure 16: Dimensionless pressure as a function of dimple
area density

As stated earlier the maximum positive pressure is
higher than the maximum negative pressure. As a result,
the net pressure rises and friction coefficient decreases as a
result of an increase in load carrying capacity. Figures 17 to
19 show that stability between the sliding surfaces reduces
and the difference between negative and positive pressure
in the x direction increases as the dimple area density
increases. It is noticeable that a bowtie-shaped dimple with
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a 40% dimple area density produces the maximum
hydrodynamic pressure. Here also it is noted that for each
dimple area density case, bowtie-shaped dimples exhibit
two waves of pressure distribution in the same dimple
length span, improving the stability of the sliding surfaces.
If we talk about the pressure distribution in the Y direction,
Figures 20 to 22 show that for each dimple area density
taken, bowtie-shaped dimple provides extremely steady
pressure distribution than circular-shaped dimples and
oriented bowtie-shaped dimples, which provides more
stability in the Y direction as well.

5.4 Effect of Speed

The relationship between hydrodynamic pressure and
sliding surface speed has frequently been proven.
However, the hydrodynamic effects of speed in respect to
dimples of various shapes may different if one of the
sliding surfaces is textured. Figure 23 shows the
dimensionless pressure as a function of sliding speed for 3
different dimple shapes. Figure 23 makes it evident that,
for all loading situations, the generated hydrodynamic
pressure for all of the examined dimple shapes is nearly
similar at a speed of 3 m/s but differs more as the speed
increases.

Bowtie dimples and orientated bowtie dimples produce
greater hydrodynamic pressure than circular dimples at 6
m/s, but the difference increases significantly at 9 m/s. At
a sliding speed of 9 m/s, the pressure generated by a
bowtie-shaped dimple is approximately 100% greater,
while the pressure generated by an orientated bowtie-

TRIBOLOGIA - Finnish Journal of Tribology 1-2 vol 40/2023
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Figure 17: Effect of dimple area density on pressure distribu-
tion along x-direction (for circular dimple)
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Figure 18: Effect of dimple area density on pressure distri-

bution along x-direction (for bowtie dimple)
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Figure 19: Effect of dimple area density on pressure distribu-
tion along x-direction (for oriented bowtie dimple)

shaped dimple is approximately 300% greater than the
pressure generated by circular-shaped dimple. Thus, there
is a large increase in the generation of hydrodynamic
pressure and consequently tribological advantages if
bowtie-shaped dimples or orientated bowtie-shaped
dimples are employed as texturing rather than traditional
circular-shaped dimples.
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Figure 20: Effect of dimple area density on pressure dis-
tribution along y-direction (for circular dimple)

o 0% | e 30%

525+ [----- 20| 0000 | === 40%

7]

w _________ memcmn 1 !. ...............

@ 20 .-

m o

% 15 .

8 | e T

.E 10_ - -

R S R

@ 5+

.g _——’——-—-/‘\\\_—___

[ R O STT PO PRI

I I I | I

-200 -100 0 100 200

Y - Direction Position [ pm ]

Figure 21: Effect of dimple area density on pressure distribu-
tion along y-direction (for bowtie dimple)
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Figure 22: Effect of dimple area density on pressure distri-
bution along y-direction (for oriented bowtie dimple)

5.5 Experimental Results:

Figure 24 depicts the fluctuation in friction coefficient
for circular, bowtie, and orientated bowtie-shaped dimples
during various testing. For each dimple shape, the depth is
assumed to be 30um, the area density is assumed to be
40%, and the RPM of the disc is assumed to be equivalent
to a sliding speed of 6 m/s. The graph shows that the
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friction coefficient for a dimple with a bowtie shape and

oriented bowtie shape is significantly lower than the 0.04
friction coefficient for a dimple with a circular shape.
Therefore, it can be said that in sliding textured surfaces,
bowtie-shaped and oriented bowtie-shaped dimples give
higher tribological advantages than traditional circular-
shaped dimples.

The influence of dimple depth and dimple area density
on average friction coefficient for various dimple shapes
under uniform loading conditions is shown in Figures 25 to 0.014 A
27. Dimple area density is assumed to be 10% and 40%,
while dimple depth is assumed to be 10pm and 30pm.

Thus, four outcomes are compared for each dimple shape 0.00
at three distinct speeds. When can be seen, as the rotational Sliding Velsocity [mis]
speed rises, the average friction coefficient drops in the

case of circular and oriented bowtie shaped dimples. The  gjgyre 27: Friction coefficient as a function of sliding velocity for
lubricant film is created by the textured surface, and film oriented bowtie shaped dimple
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creation is significantly simpler at faster rotational speeds.
But in the case of bowtie shaped dimple, for some reason,
the opposite effect is being seen. On the other hand, it
seems that dimple depth and dimple area density have a
considerable impact on tribological performance.

For circular-shaped dimples at each speed,
combinations of 10pm depth and 40% dimple area density
result in the highest friction coefficient, while combinations
of 10pm depth and 10% dimple area density result in the
lowest friction coefficient. The friction coefficient for a
dimple with a bowtie shape changes substantially with
speed. When the speed is 3m/s, the maximum friction
coefficient is found for a combination of a 30um dimple
depth and a 10% dimple area density, and the minimum
friction coefficient is found for a combination of a 30um
dimple depth and a 40% dimple area density. However,
when the speed is increased to 9m/s, the maximum
friction coefficient is found for a combination of a 10um
dimple depth and a 40% dimple area density, and the
minimum friction for oriented bowtie-shaped dimples, the
combination of 30pm dimple depth and 40% dimple area
density at 9m/s speed results in the lowest friction
coefficient. For a combination of a 10pm dimple depth and
a 10% dimple area density, bowtie-shaped dimples have
the lowest friction coefficient of all the other forms that
were taken into consideration at a velocity of 9m/s. These
test findings exhibit good agreement with the CFD and
numerical model results.

6. Conclusions

The effect of bowtie and orientated bowtie dimple
shapes on circular dimple shapes to generate
hydrodynamic pressure between two parallel sliding
surfaces was investigated using CFD and numerical
models. To assess the tribological performance of textured
samples with all different types of dimples, pin on disc
tests were next performed. Here is a summary of the
results.

1. When the sliding speed, area density, and dimple
depth are all the same, the oriented bowtie-shaped dimple
produces the most hydrodynamic pressure of the three.

2. Dimple depth and dimple area density affect
hydrodynamic pressure generation and tribological
behavior. Bowtie-shaped dimples and oriented bowtie-
shaped dimples generate hydrodynamic pressure better
than circular-shaped dimples for each dimple depth and
dimple area density taken for analysis.

3. For all loading situations, the generated
hydrodynamic pressure for all of the examined dimple
shapes is nearly similar at a speed of 3 m/s but differs
more as the speed increases. Bowtie dimples and
orientated bowtie dimples produce greater hydrodynamic
pressure than circular dimples at 6 m/s, but the difference
increases significantly at 9 m/s.

4. In the case of bowtie-shaped dimples and oriented
bowtie-shaped dimples, the pressure is more uniformly
distributed than in the case of circular-shaped dimples and
hence bowtie and oriented bowtie dimples offer better
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stability between the sliding surfaces. A bowtie-shaped
dimple with 30pm dimple depth and 20% dimple area
density gives maximum stability.

5. The friction coefficient also depends to a large extent
on the shape of the dimple. Test findings exhibit good
agreement with the CFD and numerical model results. it
seems that dimple depth and dimple area density have a
considerable impact on tribological performance.

6. When texturing is used to acquire a tribological
advantage on sliding surfaces, unconventional (bowtie or
oriented bowtie) shaped texturing is more effective under
different test load, dimple depth, dimple area density and
rotational speed conditions than typical circular texturing.
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Nomenclature

x,y  Cartesian coordinates

X,Z Non-dimensional Cartesian coordinates, X = x/rq,
Z=z/1q

c Clearance between parallel surfaces

T Inner radius of the seal

To Outer radius of the seal

pin  Pressure at inner radius of the seal

Pout  Pressure at outer radius of the seal
h(x,z) Local spacing

H(X,Z)Non-dimensional local spacing, H=h/c
hq Dimple depth

Pa Atmospheric pressure

pavg Average bearing pressure

p(x,z) Bearing pressure

P(X,Z) Non-dimensional pressure, P = p/pa

2rl  Length of the square unit cell

Iq Dimple characteristic radius

Sd Dimple area density

U Sliding velocity

€ Aspect ratio, € = hq/2rq

o) Dimensionless minimum spacing, & = ¢/2rq
i Dynamic viscosity

g Film content parameter

K Switch function

B Bulk modulus of the lubricant

A Dimensionless parameter, A = 6uUrq/ pc?
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