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Abstract: This study reports on the tribological behaviour of sliding surfaces having cross-shaped micro-dimples on a surface. One wall
is smooth and moving at a constant speed against the other fixed wall with dimples. The laser machine helps to create the desired dimples
on the surface of the fixed wall. For the purpose of generating hydrodynamic pressure and tribological behaviour, the effects
of cross-shaped dimples and oriented cross-shaped dimples have been compared with circular-shaped dimples. Additionally, the impact
of sliding speed, dimple area density and depth on tribological behaviour was examined. The findings show that compared
with a circular-shaped dimple, an unconventional cross-shaped and orientated cross-shaped dimple generates a higher net hydrodynamic
pressure in the fluid domain and offers superior stability between the sliding surfaces. It has been demonstrated 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 findings indicate that, for the same geometric and operating
parameters, cross- and orientated cross-shaped dimples have a 20%-25% lower friction coefficient between the sliding surfaces
than circular dimples. The results of the experiment support those of the analysis and CFD.

Key words: surface texturing, tribology, hydrodynamic lubrication, sliding surfaces, CFD, LST

1. INTRODUCTION

Hydrodynamic lubrication between sliding surfaces in compo-
nents such as journal bearings and mechanical seals plays a
significant role in improving the sliding surface tribological behav-
iour. Many studies have been conducted to improve the hydrostat-
ic and hydrodynamic load capacity of sliding surfaces. Research-
ers have discovered that coning, misalignment, waviness and
hydropads produce positive pressure and increase the load ca-
pacity of sliding surfaces [1-6].

Laser texturing has grown as a proven method in mechanical
components over the past two decades. When one of the sliding
surfaces is texturised, there is a rise in hydrodynamic pressure
and load-carrying capacity, as well as a reduction in generated
friction and wear. Many locales are now using surface texturing to
get tribological benefits. Surface texturing techniques such as shot
blasting [7], laser texturing [8, 9], reactive ion etching [10] and
micro-electrolytic etching [11] are now widely available. When
compared with other technologies, laser texturing provides unpar-
alleled control of the surface microstructure while having a low
environmental impact.

When the upper surface slides, the fluid is pushed forward by
the relative motion of the sliding surfaces. When the fluid enters
the dimple as it flows forward, the pressure reduces owing to
diverging action, and as it moves out of the dimple, the pressure
rises due to converging action. This difference in pressure drop
and pressure rise results in net positive pressure creation, which
enhances the load-carrying capacity between the sliding surfaces.

Etsion and Burstein [12] introduced a mechanical seal model

with a hemispherical regular micro-surface on one of the mating
seal faces, resulting in improved seal performance in terms of
lower friction. According to Etsion et al. [13, 14], optimal pore
depth over pore diameter maximises fluid film stiffness in laser
textured surfaces. So far, the investigation has primarily concen-
trated on circular micro dimples [12-16] because of their ease of
fabrication. Some researchers concentrated on conventionally
shaped micro dimples such as square, triangle and ellipse [17-
20], while others [18, 19] discovered that an elliptical dimple
placed perpendicular to the direction of sliding produced the best
load-carrying capacity results. Qui et al. [21] optimised the texture
geometry and density of six different dimple shapes for maximum
load-carrying capacity in the case of gas-lubricated parallel sliding
bearings, concluding that the ellipsoidal dimple shape results in
the highest load-carrying capacity and discovering that optimal
geometry and density are almost independent of operating condi-
tions. Following that, Qui et al. [22] adjusted the texture geometry
and density of six alternative dimple shapes in terms of least
friction coefficient and maximum bearing stiffness, reporting that
the ellipsoidal shape yielded the lowest friction coefficient and the
highest bearing stiffness. According to Raeymaekers et al. [23]
and Yan et al. [11], dimple area density is also an important char-
acteristic that influences the tribological behaviour of sliding sur-
faces.

Researchers [24-27] are now using commercial CFD pro-
grammes like FLUENT to compute the pressure and velocity
distribution characteristics of lubricant flow between textured
sliding surfaces. Recently, Liu et al. [26] used numerical simula-
tion to study the geometry and operating parameters of spherical
micro dimples on the tribological performance of textured surfaces
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and recommended a dimple area density of 25%-35% in practical
applications. Wei et al. [27] conducted a numerical analysis to
determine the effect of geometric features on pressure build-up for
various dimple shapes. This article also presented a new parame-
ter called dimple surface angle, and it was discovered that the
most significant changes occur when the dimple surface angle is
<30°. Much study has been done to date to investigate the load-
carrying capacity of one standard dimple shape (i.e. round,
square, triangle, spherical, etc.) rather than the tribological char-
acteristics of unconventional-shaped texturing. Non-traditional
dimple shapes, on the contrary, have more potential for conver-
gence and thus better tribological benefits than standard dimple
shapes, which cannot be ignored. Gangadia and Sheth [28, 29]
studied the effect of bowtie and star dimple shapes on circular
dimple shapes to generate hydrodynamic pressure between two
parallel sliding surfaces and found that when the sliding speed,
area density and dimple depth are all the same, the oriented
bowtie-shaped dimple produces the most hydrodynamic pressure.

In this study, an analytical model is developed to estimate the
hydrodynamic pressure generation for the application of laser
textured mechanical seals, followed by CFD analysis, to explore
the effect of straight and orientated cross-shaped dimples over
circular-shaped dimples. The experimental results matched well
with the analytical method and CFD results. Coefficient of friction
was examined for the parametric analysis to study the effect of
different geometric characteristics such as dimple depth and
dimple area density on hydrodynamic pressure. Operating param-
eters such as sliding speed are also covered.

2. ANALYTICAL MODEL

The geometrical model of laser textured mechanical seal is
presented in Fig. 1. Inner and outer radii of the seal ring are ri and
ro, respectively, and the values for the same has been taken as
0.0181 m and 0.0235 m, respectively. Each dimple is modelled by
radius rd and depth HD. Laser textured dimples are distributed
uniformly on one of the faces of seal. Each dimple is modelled at
the centre of the imaginary square cell with length of 2r1 as shown
in Fig. 1(c). Length of the imaginary square cell with relation to
circular dimple area density Sp is as follows:

2r = ’:—dxrd Q)]

21y - hwx z)

‘WAV//
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VP —x
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Fig. 1. (@) Geometric model of laser textured mechanical seal (b) Dimple
column (c) Dimple cell (d) Cross-section of the textured seal
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Fig. 1(d) shows the cross-section of the textured seal. One of
the two surfaces of the seal is provided with a micro-texture and
the other surface is flat. The flat surface moves with relative veloc-
ity U to the textured surface. The minimum distance between the
bearing surfaces is indicated by ¢ and the local distance is indi-
cated by h(x, z), where x and z are Cartesian coordinates as
shown in the Fig 1. It is assumed that seal faces are separated by
incompressible viscous fluid.

The generalised Reynolds’s equation for mechanical seal is
expressed as:

a ap a ap\ _ oh
w(P)+5(W5) = 6w g @
Modified Reynold’s equation in order to deal with cavitation is:
a ¢ a &\ _ a(gh)
52 (kBr 50) + 3 (KB ) = 60 =32 )
Dimensionless Reynold’s equation is as follows:
9¢ 9¢ A¢H
S (kH3Z) + 2 (KH3 ) = 2 22 @)

Only one radial column of dimples is taken for consideration
as it is assumed that micro-dimples are evenly distributed.
Boundary condition for one radial column is as shown in Fig. 1(b):

p(x, z=1;) = Pin
p(x, Z= ro) = Pout (5)

In this analysis the pressure distribution is assumed to be pe-
riodic in the direction of the circumference with the same period as
the length of the imaginary square cell. Therefore, in the direction
of the circumference, the periodic condition of the pressure is
applied as:

p(x=-r, z) =p(x=mn, 2) (6)

Boundary conditions in dimensionless form are given as fol-
lows:

P(X,Z=i> Pin

Ta Pa

_ro _pout

P(X’Z_E>_ Pa
P(Xz—:—;,Y)zP(X=:—;,Y) (7)

Circular, cross and oriented cross-shaped dimples are con-
sidered in this study, which can be fabricated using LST. All dim-
ples have flat bottoms and flat boundary walls and are symmetric
to the XZ plane. Dimple-shaped geometry, the equivalent dimen-
sion of dimple with respect to area of circular dimple, cell size and
dimensionless local spacing H(X,Y) between the textured and flat
surface within one unit cell for cross shape dimple are described
in Tab. 1.

Equation 3 can be solved for the pressure distribution in the
seal clearance by a finite difference method with a relaxation
factor of 1.4. Uniform Cartesian grid of 100 x 100 nodes is select-
ed based on convergence and accuracy. The opening force to
prevent contact between seal faces can be obtained by integrating
the pressure over the seal area. SAE 30 oil was used in analysis
and experimental work, which has dynamic viscosity of 0.29
kg/m/s at 20°C and density of 875 kg/m3.



§ sciendo

DOI 10.2478/ama-2024-0043

Tab. 1. Details of all dimple-shaped geometries
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3. CFD MODEL V.v=0 )

CFD analysis has been done to reconfirm the results obtained
from the analytical model prior to the experimental work. Fig. 1 (d)
is reconstructed and shown as Fig. 2, which represents the geo-
metric parameters of the CFD model. The length of the domain is
denoted by 2r1 and it will remain constant for all the analyses. The
quantity ¢ is the fluid film thickness which is set in advance and
quantity HD is the depth of the dimple.
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Fig. 2. Geometric parameters and boundary conditions of model
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The fluid domain’s boundary conditions are likewise depicted
in the same Fig. 1(d). At both the upper and lower walls, fluid has
no slip condition. A periodic boundary condition confines the edg-
es in the x-direction. The bottom wall is stationary, while the upper
wall with an untextured surface slides in the x-direction with con-
stant velocity U. Fig. 3 depicts the design and modelling of circu-
lar, cross and oriented cross surface texturing shapes for hydro-
dynamic analysis.

Oriented Cross

Fig. 3. Designs of dimple shapes

The lubricant is considered to be an incompressible Newtoni-
an fluid with constant viscosity and density and no body force
when filled between sliding pairs. The flow is described as laminar
and isothermal. It is also believed that the effect of fluid pressure
on the formation of a solid structure is insignificant. The flow of
lubricant is governed by Navier-Stokes (momentum) equations
and the continuity equation, which can be expressed as:

p(v.V)v=-Vp+V.(uVv) (8)

The pressure distribution of lubricant between sliding pairs
was estimated using the commercial CFD software FLUENT. The
process for improving performance in creating hydrodynamic
pressure in textured sliding surfaces is assumed to be connected
to cavitation generation inside the dimples. In this case, the lubri-
cant pressure may fall below the gas saturation pressure at the
diverging zone, resulting in cavitation. The Rayleigh—Plesset multi-
phase cavitation model [30], which has been successfully evaluat-
ed in references [31, 32], is employed. This is a multi-phase model
in which lubricant vapour is created when the pressure drops
below saturation. The results are obtained in dimensional form but
given in nondimensional form to allow for easy comparison of
different outcomes.

4. EXPERIMENTAL SET-UP

All of the experiments were carried out on a pin on disc wear
testing machine, as indicated schematically in Fig. 4.

Load
Track Radius

-

=TT

Wear Track

Pin

(b) Microdimpled pin

Disc

c Rotating
7 Direction

(a) Schematic diag‘ani of pin on disc testing ~ (¢) Micrograph

Fig. 4. Experimental set-up and specimen preparation (a) Schematic
diagram of pin on disc testing (b) Microdimpled pin (c) Micrograph

The lower disc is fixed and can be rotated at any speed be-
tween 100 rpm and 2,000 rpm using a motor. The EN31 disc
measures 165 mm in diameter and 8 mm in thickness. The tex-
tured pin is attached to a metallic holder that allows for vertical
loading and self-alignment. SAE 30 oil is used as lubricating fluid.
The mechanical assembly, base plate, guide base, AC motor, AC
drive, spindle assembly, loading arrangement with pulley and 1:1
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leverage ratio, loading pan with dead weights, wear disc holder,
scale to set the track radius, LVDT for displacement and load cell
for frictional force are the main components of the pin-on-disc
wear testing apparatus. Sliding takes place between a rotating
disc and a fixed pin. To fit the test conditions, the normal load and
rotating speed can be changed. With the use of electronic sen-
sors, frictional force and wear (displacement) are measured and
recorded into a PC using Mag-view 2015 software. Software on
the computer directly displays the value of the friction coefficient,
which was calculated based on the magnitude of the frictional
force. The sensor is affixed to the textured pin, which can meas-
ure the coefficient of friction. Data from sensors are acquired on a
computer using an acquisition system.

4.1. Specimen preparation

The cylindrical textured pin measures 10 mm x 30 mm and
78.5 mm? in contact area with the disc. Cylindrical textured pins
are made of EN31 steel with hardness of 45-50 HRC. Each pin
was then polished and optically flattened before being examined
for flatness with a monochromatic check light. A laser marking
machine is used to texture the pins. A dimple drawing that meets
the necessary dimensions is created and imported into the laser
marking machine. The loop count is adjusted in accordance with
the required depth, speed is set to 150 mm/s, power is set to
100% and frequency is set to 20 KHz. As illustrated in Fig. 4(b),
micro-dimples are distributed evenly across the pin. Each trial
began with the pins being cleaned with a cleaner and the weight
of each pin being measured with a digital electronic weighing
machine.

4.2. Test procedure

For the test first the textured pin was installed with a metallic
holder and the flow of lubricant was started. Track radius is kept
at 40 mm. After reaching a certain level of lubricant, the motor is
started. The force sensor measures the friction force between the
two samples by means of a piezoelectric (load cell) sensor as an
acquisition mechanism. By dividing the normal force by the fric-
tion force produced in direct contact between the two surfaces as
determined by a data collecting device, one can get the friction
coefficient. Then the values of coefficient of friction were recorded
for different speeds and loading conditions. When the test is over,
the textured pin is replaced by a new one.

5. RESULTS AND DISCUSSION

More hydrodynamic pressure between the sliding surfaces
results in a larger separation being maintained between them,
which reduces friction. Greater tribological advantage and less
friction are associated with increased hydrodynamic pressure.
While the results of the experiments will be converted directly into
a friction coefficient, the simulations will yield pressure as their
output.

5.1. Effect of dimple shape

Fig. 5 illustrates the pressure distributions for a circular dim-
ple, a cross dimple and a cross dimple positioned at 45°. All vari-
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ables, such as sliding speed (U) = 6 m/s, dimple depth (hp) = 15
m, dimple area density = 30% and fluid film thickness (c) = 2 um,
are held constant during the simulation for each shape to enable
simple comparison. Fig. 5 shows that when the fluid flows along
the x-axis and enters the dimple, the pressure drops owing to
divergence initially. As the fluid travels forward, the pressure
builds up due to the dimple’s convergence, and this generated
pressure is greater than the pressure decrease during diver-
gence, resulting in a net positive pressure. Because all other
geometric and operational parameters remain constant, the varia-
tion in net pressure is related solely to differences in dimple geo-
metric shapes. However, geometric parameters such as dimple
depth and area density, as well as operational parameters such
as sliding speed, have a considerable role in the formation of
hydrodynamic pressure.

M

Circular Cross

Oriented Cross

Fig. 5. Pressure distribution in the fluid domain for different shapes
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Fig. 6. Comparison of dimensionless average pressure

Fig. 6 compares dimensionless average pressures for the
dimple shapes discussed in this paper. The graphic clearly shows
a significant correlation between the results of the analytical in-
vestigation and the CFD study. Because of the significant conver-
gence around the dimple’s periphery, the cross-shaped dimple
generates approximately 10% more hydrodynamic pressure than
the circular-shaped dimple for the values of geometric and operat-
ing parameters mentioned above. In the case of an orientated
cross-shaped dimple, pressure build-up is also high.

5.2. Effect of dimple depth

Fig. 7 depicts pressure distributions for minimum and maxi-
mum depth for cross dimples and oriented cross dimples. To
conveniently capture the hydrodynamic effect of depth for cross
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and oriented cross dimples, all other variables are maintained
identical. Fig. 7 clearly shows that as dimple depth increases, the
convergence becomes more concentrated in the case of both
cross and orientated cross-shaped dimples.
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Fig. 7. Pressure distribution in the fluid domain for different depths
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Fig. 8. Dimensionless pressure as a function of dimple depth

Fig. 8 shows the dimensionless pressure as a function of
dimple depth for two different loading conditions and dimple
forms. In the case of circular dimples, the dimensionless pressure
increases as the dimple depth grows. One way to think about it is
that when the dimple depth increases, more lubricant gets
trapped, which lubricates the sliding surfaces even more. Con-
versely, when the dimple depth increases, the lubricant under-
goes a greater shear force, leading to the formation of micro-
vortices. By narrowing the gap between the sliding surfaces and
raising friction, these vortices may cause the lubricant to be
sucked inward. In the case of cross and oriented cross dimples,
dimensionless pressure increases as dimple depth grows from 10
pm to 20 ym and then drops as dimple depth climbs further. It is
also discovered that cross dimples generate more pressure than
circular dimples in the 15-20 um dimple depth range. It is clear
that dimple depth has an effect on the generation of hydrodynam-
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ic pressure.

To understand the effects of dimple depth on tribological
performance, the pressure distribution of the lubricant is ana-
lysed. Figs. 9-11 depict the pressure distribution of various dim-
ple shapes along the x-direction at various depths, while Figs.
12-14 depict the pressure distribution of various dimple shapes
along the y-direction at various depths. As the liquid enters the
dimple, the pressure decreases and rises owing to convergence
going in the x-direction.

Dimensionless Pressure

-200 -100 0 100 200
X - Direction Position [ pm ]

Fig. 9. Effect of dimple depth on pressure distribution along x-direction
(for circular dimple)

The maximum magnitude of positive pressure is probably
larger than the maximum magnitude of negative pressure. As a
result of the net pressure rises, load-carrying capacity increases
and friction reduces. The sliding surface’s stability is dependent
on how evenly the pressure is distributed. The stability of the
sliding surface and the homogeneity of the pressure distribution
increase with decreasing negative and positive pressure differen-
tial. Figs. 9-11 show that as the dimple depth increases, the
difference between negative and positive pressure in the x-
direction reduces and stability increases. It can also be seen that
the pressure distribution in the x-direction is smoother in the case
of oriented cross-shaped dimples, resulting in improved stability
between the sliding surfaces. When discussing pressure distribu-
tion in the Y-direction, it can be seen in Figs. 12-14 that for each
depth considered, approximate straight line of pressure distribu-
tion is observed in the case of cross-shaped dimples and two
peaks of same level are seen in pressure distribution lines in the
case of oriented cross-shaped dimples, and thus cross-shaped
dimples and oriented cross-shaped dimples offer better stability
than circular-shaped dimples between the sliding surfaces.
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Fig. 10. Effect of dimple depth on pressure distribution along x-direction
(for cross dimple)
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Fig. 11. Effect of dimple depth on pressure distribution along x-direction
(for oriented cross dimple)
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Fig. 12. Effect of dimple depth on pressure distribution along y-direction
(for circular dimple)
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Fig. 13. Effect of dimple depth on pressure distribution along y-direction
(for cross dimple)
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Fig. 14. Effect of dimple depth on pressure distribution along y-direction
(for oriented cross dimple)

398

5.3. Effect of dimple area density

84=10% ; Sd‘mi

Fig. 15. Pressure distribution in the fluid domain for different dimple area
density

Fig. 15 shows pressure distributions for minimum and max-
imum dimple area density for cross dimple and oriented cross
dimple. To conveniently capture the hydrodynamic effect of dim-
ple area density for cross and oriented cross dimples, all other
variables are held constant. The graphic clearly shows that when
dimple area density increases, the amount of generating pressure
decreases due to weaker convergence.
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Fig. 16. Dimensionless pressure as a function of dimple area density

Fig. 16 depicts dimensionless pressure as a function of
dimple area density for several dimple shapes under two different
loading conditions. When the dimple area density is increased
from 10% to 40%, the pressure declines steadily. Increasing the
dimple area density could have a negative effect on the genera-
tion of hydrodynamic pressure. The shape of the dimple resem-
bles a plane plate where micro hydrodynamic pressure is less
likely to be generated when the dimple size is raised while the cell
size stays constant. For a dimple area density of 10%, the pres-
sure generated by a cross dimple is greater than the pressure
generated by a circular dimple. The pressure generated by 20%
and 30% dimple area density is greater than the pressure gener-
ated by circular dimple in both cross-shaped dimple and oriented
cross-shaped dimple. When the dimple area density is increased



§ sciendo

DOI 10.2478/ama-2024-0043

to 40%, circular dimples provide maximum pressure for both 10N
and 30N loading conditions. It is obvious from this that modifying
the dimple area density has a direct effect on the creation of
hydrodynamic pressure.

Dimensionless Pressure

T T T T T
-200 -100 0 100 200

X - Direction Position [ pm ]

Fig. 17. Effect of dimple area density on pressure distribution along
x-direction (for circular dimple)
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Fig. 18. Effect of dimple area density on pressure distribution along
x-direction (for cross dimple)
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Fig. 19. Effect of dimple area density on pressure distribution along
x-direction (for oriented cross dimple)

The lubricant's pressure distribution is studied in order to in-
vestigate the effects of dimple area density on tribological perfor-
mance. Figs. 17-19 depict the pressure distribution of various
dimple forms along the x-direction at various dimple area densi-
ties, while Figs. 20-22 depict the pressure distribution of various
dimple shapes along the y-direction at various dimple area densi-
ties. As previously stated, as the liquid enters the dimple, the
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pressure decreases and the pressure rises owing to convergence
going in the x-direction.
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Fig. 20. Effect of dimple area density on pressure distribution along
y-direction (for circular dimple)
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Fig. 21. Effect of dimple area density on pressure distribution along
y-direction (for cross dimple)
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Fig. 22. Effect of dimple area density on pressure distribution along
y-direction (for oriented cross dimple)

The increase in net pressure can also be noticed here since
the maximum magnitude of positive pressure is greater than the
maximum magnitude of negative pressure. As a result, there is a
tribological advantage between the sliding surfaces. Figs. 17-19
show that as dimple area density grows, so does the difference
between negative and positive pressure in the x-direction. There
is uniformity in the behaviour of circular dimples and cross-
shaped dimples. However, when we talk about oriented cross
dimples, the pressure distribution is more smooth and stable.
When we look at the pressure distribution in the Y-direction, we
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can see that as the dimple area density grows from 10% to 40%,
there is a little decrease in pressure for each form of dimple. The
pressure distribution is more stable in the case of cross-shaped
dimples than in the case of circular-shaped dimples and oriented
cross dimples. Comparing Figs. 20 and 21, it is evident that the
cross-shaped dimple improves the stability between the sliding
surfaces by providing a more uniform pressure distribution at the
centre than the circular dimple does. Over all the other scenarios
evaluated, a cross-shaped dimple with 40% density provides the
most stability.

5.4. Effect of speed

It has been demonstrated numerous times that the hydrody-
namic pressure between sliding surfaces increases with increas-
ing speed. However, if one of the sliding surfaces is textured, the
hydrodynamic effects of speed on dimples of various shapes may
differ. Fig. 23 illustrates the dimensionless pressure as a function
of sliding speed for three different dimple shapes. Fig. 23 clearly
shows that under both loading situations, there is little variation in
the generated hydrodynamic pressure for all dimple forms ana-
lysed at a speed of 3 m/s, but this disparity grows as the speed
increases.
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Fig. 23. Dimensionless pressure as a function of sliding speeds

Cross dimples and oriented cross dimples generate higher
hydrodynamic pressure than circular dimples at 6 m/s, but the
difference grows significantly larger at 9 m/s. The pressure creat-
ed in the cross dimple is approximately 100% larger than the
pressure generated in the circular dimple at a sliding speed of 9
m/s. Thus, using cross dimples as texturing rather than traditional
circular dimples leads to a significant boost in hydrodynamic
pressure generation and thus tribological benefits.

6. EXPERIMENTAL RESULTS

Fig. 24 represents the variation of the friction coefficient
throughout several testing for circular, cross and orientated cross-
shaped dimples. For each dimple shape, the dimple depth is set to
30 pm, the dimple area density is set to 40% and the RPM of the
disc is set to 6 m/s sliding speed. The graph shows that the friction

400

coefficient for cross-shaped dimples and oriented cross-shaped
dimples is substantially lower than the friction coefficient for circu-
lar-shaped dimples. As a result, cross-shaped and oriented cross-
shaped dimples give better tribological advantages in sliding
textured surfaces than traditional circular-shaped dimples.

Figs. 25-27 show the influence of dimple depth and density on
average friction coefficient under uniform loading conditions for
various dimple forms. Dimple depth is assumed to be 10 um and
30 pum, and dimple area density is assumed to be 10% and 40%.
As a result, four findings for three distinct speeds for each dimple
shape are compared. As it can be seen, when rotational speed
increases, the average friction coefficient drops. The lubricant film
is created as a result of the rough surface, and film formation is
easier at greater rotational speeds. The effect of dimple depth and
dimple area density on tribological performance, on the other
hand, appears to be significant.
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Fig. 24. Variation of friction coefficient during different tests for different
dimple shapes
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Fig. 25. Friction coefficient as a function of sliding velocity for circular
shaped dimple
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Maximum friction coefficient is found for a combination of 10
um dimple depth and 40% dimple area density at each speed and
for each shaped dimple, and minimum friction coefficient is found
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for a combination of 10 um dimple depth and 10% dimple area
density. Cross-shaped dimples have the lowest friction coefficient
of all the shapes studied, with a velocity of 9 m/s for a combination
of 10 um dimple depth and 10% dimple area density. These ex-
perimental findings indicate a strong connection with the CFD and
numerical model results.
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Fig. 26. Friction coefficient as a function of sliding velocity
for cross-shaped dimple
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Fig. 27. Friction coefficient as a function of sliding velocity for oriented
cross-shaped dimple

7. CONCLUSIONS

Using CFD and numerical models, it was found how cross and
oriented cross dimple shapes affected the generation of hydrody-
namic pressure between two parallel sliding surfaces. The tribo-
logical performance of textured samples with various types of
dimples was then evaluated using pin on disc testing. The out-
comes are listed below.

1. The cross-shaped dimple provides the most hydrodynamic
pressure of the three dimple types when the dimple depth,
dimple area density and sliding speed are all identical.

2. Dimple depth and area density have an effect on tribological
behaviour and hydrodynamic pressure generation. Cross-
shaped dimples and orientated cross-shaped dimples produce
hydrodynamic pressure more effectively than circular dimples

acta mechanica et automatica, vol.18 no.3 (2024)

for each dimple depth and dimple area density considered in

the analysis.

3. The generated hydrodynamic pressure for all of the analysed
dimple forms is about the same for all loading conditions at a
speed of 3 m/s, but the discrepancies become more obvious
as the speed increases. Cross-shaped dimples and oriented
cross-shaped dimples produce greater hydrodynamic pres-
sure than circular dimples at 6 m/s, but the difference be-
comes substantial at 9 m/s.

4. Cross-shaped dimples and oriented cross-shaped dimples
provide more stability as pressure is distributed more evenly
both in the x-direction and y-direction in the case of cross-
shaped dimples and oriented cross-shaped dimples than it is
in the case of circular-shaped dimples.

5. The shape of the dimple also has an effect on the friction
coefficient. The test results accord well with those from the
numerical and CFD models. The experimental findings indi-
cate that, for the same geometric and operating parameters,
cross- and orientated cross-shaped dimples have a 20%-25%
lower friction coefficient between the sliding surfaces than cir-
cular dimples. The density and depth of dimples appear to
have a substantial impact on tribological performance.

6. When used to obtain a tribological advantage on sliding sur-
faces under a variety of test load, dimple depth, dimple area
density and rotational speed conditions, unconventional (cross
or orientated cross)-shaped texturing outperforms traditional
circular texturing.

It should be mentioned that there can be slight variations in the
outcomes if the surface-to-surface contact is significant. To
achieve the best response, surface textures’ shape, orientation
and geometric parameters can be optimised for particular applica-
tions and mechanical components.
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