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Abstract—Laser surface texturing has become an important 
technology to improve the tribological properties of surfaces 
under lubricated friction. While several studies have 
analyzed how different micro-textures affect hydrodynamic 
pressure generation, further study of how distinct 
characteristics of the micro-texture geometry affect pressure 
generation remains needed. This study aims at conducting a 
comparative analysis of an optimized and modified chevron 
micro-texture with other conventional micro-textures used in 
literature using computational fluid dynamic simulations. 
The study showed that the modified chevron micro-texture 
with a large leg-width ratio outperformed other conventional 
micro-texture shapes such as the circle and rectangle by 
generating an asymmetric pressure distribution. Notably, the 
modified chevron configuration achieved a hydrodynamic 
pressure build-up approximately 44.1% greater than the 
rectangle geometry and 100.8% greater than that of the 
circular geometry. The experimental analysis conducted 
confirms the modified chevron micro-texture’s expected 
frictional performance observed in the Computational Fluid 
Dynamic (CFD) simulations, where the modified chevron 
decreased the friction coefficient by 9.25% compared to the 
untextured case. The results of this study can be significant 
for various sliding applications in the automotive and 
aerospace industries. 
 
Keywords—micro-texture, computational fluid dynamics, 
friction reduction, pressure build-up 
 

I. INTRODUCTION 

Micro-textured surfaces have become a notable method 
used to improve the tribological properties of surfaces by 
reducing friction and wear under various contact 
conditions. With the adoption of various methods to 
engrave micro-textures on different surfaces, Laser 
Surface Texturing (LST) demonstrated various advantages 
over other technologies which includes its high versatility, 
accuracy, and stability [1]. Laser beams are made out of 
light particles called photons, which, when directed 
towards a surface inside a focus and minuscule area, will 
initiate a process called laser ablation [2]. Laser ablation 
consists of a transfer of energy occurring between the 
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incoming high-energy laser photons with the electrons 
present on the surface of the targeted workpiece. The  
high-energy transfer will excite the electrons on the 
surface, which will generate heat, removing the material at 
the micro-scale by melting followed by vaporization of the 
material [2]. The laser ablation phenomenon is dependent 
on Beer Lambert’s Law, which states that the quantity of 
light absorbed by the material is affected by the thickness 
of the material as well as by the intensity of the light  
source [2].  

An important parameter of LST is the pulse duration of 
the laser. Laser machines used in literature to engrave 
micro-textures on surfaces can be characterized into  
long-pulsed lasers and ultra-short, pulsed lasers. The 
duration of a single laser pulse heavily affects the quality 
of the engraved micro-textures, for example, a pulse 
duration greater than a few picoseconds can lead to  
Heat-Affected Zones (HAZ) on the surface, because the 
electrons transfer energy to the lattice on nanoseconds 
timescales, raising the material’s temperature. This can 
lead to the formation of molten material around holes 
engraved on surfaces using a nanosecond laser, decreasing 
the surface quality of the textures, however, when using an 
ultra-short pulsed laser, such as the femtosecond laser, the 
formation of molten material and HAZs around the  
micro-textures was avoided [3]. In such a case, there is not 
enough time for the transfer of energy from the electrons 
to the lattice to take place, leading to the engravement of 
more precise micro-textures with improved surface 
roughness and properties.  

II. LITERATURE REVIEW 

Laser-induced micro-textures can play a vital role in 
enhancing the tribological properties of surfaces, with 
different friction mechanisms depending on the state of the 
contact conditions. Under dry friction conditions,  
micro-textures can decrease friction by reducing the 
contact area and trapping wear debris, while under 
lubricated friction, micro-textures play the role of 
secondary lubricant reservoirs, at the same time increasing 
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the load-carrying capacity of the fluid, due to the 
generation of hydrodynamic pressure inside the lubricant, 
reducing the friction coefficient [1]. Surface  
micro-textures can be applied in various applications in 
order to improve the tribological and mechanical 
properties of surfaces, such as cylinder-liner piston  
rings [4], journal bearings [5], cutting tools [6], and 
mechanical seals [7]. In order to study how micro-textures 
can generate hydrodynamic pressure under lubricated 
contact, current research has utilized Computational Fluid 
Dynamic (CFD) numerical analysis by simulating 
hydrodynamic lubricated friction between two a  
micro-textured and an untextured surface, which also 
involves the process of understanding the effects of the 
geometrical parameters of the texture on hydrodynamic 
pressure generation, while also aiming at optimizing these 
parameters for better experimental friction reduction 
performance through the use of tribometers.  

A. Non-Converging Textures

A notable micro-texture studied extensively in literature
is the circular micro-texture, where CFD hydrodynamic 
simulations found that increasing the texture’s depth from 
25 µm to 35 µm enhanced the load-carrying capacity of the 
fluid, consequently decreasing the friction coefficient [8]. 
It was noted that increasing the depth, up to a certain limit, 
is beneficial, since a big enough micro-texture depth could 
prompt the formation of micro-vortex regions, which 
consume kinetic energy coming from the sliding upper 
surface, decreasing the amount of energy available to 
generate hydrodynamic pressure, leading to a decrease in 
the load-carrying capacity [8]. Two-dimensional fluid 
simulations on a cylindrically shaped micro-texture 
demonstrated that increasing the texture’s depth beyond a 
certain threshold will also enhance micro-vortex formation 
inside the texture, which is detrimental to the lubricant’s 
load carrying capacity [9]. Ring-on-ring numerical 
simulations employing a variety of micro-textures such as 
circular textures, linear and wavy grooves showed that 
these micro-textures can act as secondary lubricant 
reservoirs under mixed or boundary lubrication regimes, 
while also increase the pressure of the lubricant due to the 
squeezing effect of the lubricant by the converging-wedge, 
inertial flow effects, and cavitation, which collectively 
enhanced the load-carrying capacity of the fluid [10]. 
Sector-shaped textures, obtained by cutting a circular 
dimple into a circular sector using two intersection chord 
lines, were tested using CFD simulations, where it was 
shown that such a shape can generate more hydrodynamic 
pressure compared to the regular circular, rectangle and 
triangle textures, leading to a pin-on-disk friction 
reduction test of 60% compared to the circular texture [11]. 
Another significant parameter is the area density of the 
micro-textures, where an increase in the area density of 
circular micro-textures from 3% to 50% increased the lift 
coefficient by 2272.5%, which indicates an increase in the 
load-carrying capacity of the lubricant [8].  

B. Converging Textures

Micro-textures with a converging geometry such as the
triangle and chevron or V-shaped micro-texture have also 

been extensively studied for their friction reduction 
abilities. For example, the triangular texture engraved on 
stainless steel specimens outperformed the circular texture 
under lubricated ball-on-ring friction tests due to its 
increased ability in generating hydrodynamic lift and thus 
reducing friction [12]. A numerical fluid simulation study 
revealed that the chevron micro-texture, due to its 
converging geometrical shape, is able to form an 
asymmetric pressure distribution which gives the lubricant 
a load-carrying capacity, separating the two surfaces away 
from each other, reducing friction [13]. The influence of 
the chevron’s geometrical parameters such as the depth, 
leg width, leg length, opening angle, as well as the 
arrangement and area density, on the load-carrying 
capacity of the fluid was investigated. For example, an 
increase in the depth of the chevron texture from 17% to 
167% of the film’s thickness increased the load-carrying 
capacity, with the optimal value of the depth equal to the 
lubricant film’s thickness [14]. When increasing the leg 
width of the chevron, the outflow at the converging wedge 
of the chevron increased, enhancing the generated pressure 
inside the lubricant. The chevron micro-texture 
outperformed other textures such as well such the 
triangular texture by a better increase in load-carrying 
capacity [15]. The scale of the chevron micro-texture is 
also an important factor, as small-scaled chevrons with a 
leg width of 5 µm decreased friction by 89%, while large 
scale chevron with a leg width range of 200–400 µm led to 
no noticeable friction reduction [16]. The chevron’s 
geometrical characteristics of two converging legs offer 
greater hydrodynamic pressure generation and  
load-carrying capacity when the chevron texture is 
directed along the sliding direction, outpacing 
non-converging textures such as circular and linear 
grooves [17]. Other converging-shaped textures were also 
shown to outperform non-converging ones, such as a 
kite-shaped texture, which was shown to generate higher 
hydrodynamic pressure values than the circle, square, and 
triangular textures at an area density of 30% [18].  

C. Bio-Inspired Textures

Several studies have analyzed micro-textures inspired
by geometries found in nature. For example, a study [19] 
of micro-texture inspired by the body shape of a falcon 
bird was evaluated using CFD numerical simulations; 
acute and converging wedge-shaped outlets were found to 
be more effective at directing the lubricant’s flow and 
promoting lubricant accumulation compared to texture 
with a linear outlet. Furthermore, the leading edge 
geometry expanded the regions of negative pressure and 
cavitation, thereby decreasing the real contact area 
between the surfaces. A fluid numerical simulation was 
carried on a parabolic, fish skin-inspired micro-texture, 
where it was noted that increasing the parabolic 
length-to-width ratio, which essentially elongates the 
parabolic texture laterally, decreased the hydrodynamic 
pressure generated since a stretched-out geometry 
weakened the converging-effect [20]. Another study [21] 
on bio-inspired teardrop micro-texture demonstrated 
increases in the load-carrying capacity by 45%, 43%, and 
30% compared to circular, square, and elliptical  
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micro-textures, respectively. It was also noted that beyond 
an area density of 29%, no significant gains in 
hydrodynamic pressure generated was observed, agreeing 
with the current literature reporting an optimal area density 
of 20–40%. 

As previously mentioned, the chevron micro-texture, 
due to its geometrical converging shape, demonstrates 
improved friction reduction performance compared to 
other textures. The chevron micro-texture could be further 
improved by better understanding how its geometrical 
parameters affect hydrodynamic pressure, while proposing 
a new geometrical modification to enhance its 
hydrodynamic pressure generation performance. The 
purpose of the present study is to better understand how 
the different geometrical parameters of the chevron  
micro-texture affect hydrodynamic pressure build-up, 
including its depth, leg length, opening angle, and a newly 
defined parameter, the leg width ratio. While a univariate 
analysis does not capture the interaction effects between 
the different parameters, it can be useful to understand the 
individual effect of varying each geometrical parameter on 
the friction performance. Moreover, the study aims to 
perform a comparative analysis between the modified 
chevron with the circular and rectangular micro-textures 
on their hydrodynamic pressure generation to better 
understand the effect of the shape of the texture on the fluid 
behavior difference. The fluid behavior inside the  
micro-textures, as well as the hydrodynamic pressure 
generated will be investigated. The friction performance of 
the modified chevron texture will be validated 
experimentally. These results can be beneficial through the 
application of the chevron micro-texture in several real-life 
applications to decrease friction such as hydrodynamic 
journal bearings [5], hydraulic components such as pumps 
and valves [22], and cutting tools [6, 23].  

III. MATERIALS AND METHODS 

A. Governing Fluid Equations 

Computational fluid dynamic simulations were 
performed using the Ansys Fluent in Ansys 2024 R2. The 
governing fluid equations include the Navier-Stocks 
momentum and continuity equations, expressed in vector 
form as per Eqs. (1) and (2), respectively: 

 𝜌ሺ𝑢ሬ⃗ . ∇ሻ𝑢ሬ⃗ ൌ െ∇𝑝 ൅ ∇ ∙ ሺ𝜇∇𝑢ሬ⃗ ሻ (1) 

 ∇ ∙ 𝑢ሬ⃗ ൌ 0 (2) 

where ρ is the lubricant density, 𝑢ሬ⃗  is the velocity vector, 
along with its velocity components, u, v, and w in the x, y, 
and z directions, respectively, p is the static pressure and μ 
is the lubricant’s dynamic viscosity. 

The parameters that will be used to determine the 
tribological performance of the different micro-textures 
will include the hydrodynamic friction coefficient and the 
average static pressure build-up at the upper sliding 
surface of the friction pair, which is directly proportional 
to the load-carrying capacity force. 

The load carrying capacity force 𝐹௬  and the friction 
force 𝐹௭ are calculated as per Eqs. (3) and (4), respectively: 

 𝐹௬ ൌ ∬𝑝ሺ𝑥, 𝑧ሻ𝑑𝑥𝑑𝑧 (3) 

 𝐹௭ ൌ ∬𝜏ሺ𝑥, 𝑧ሻ𝑑𝑥𝑑𝑧 (4) 

where 𝑝ሺ𝑥, 𝑧ሻ and 𝜏ሺ𝑥, 𝑧ሻ are the pressure and shear stress 
at position ሺ𝑥, 𝑧ሻ  on the surface of the lubricant, 
respectively. Thus, the “hydrodynamic” coefficient of 
friction can be calculated as per Eq. (5): 

 𝐶𝑂𝐹 ൌ
ி೥
ி೤

  (5) 

The defined friction coefficient f differs from the 
conventional friction coefficient used in mechanics which 
is defined as the applied normal force over the friction 
force. In this case, f  represents a “hydrodynamic” friction 
coefficient, used by various other studies in the  
Refs [8, 14], which is defined as the load-carrying capacity 
lift force, acting on the upper sliding surface, and 
generated inside the lubricant by the micro-texture, over 
the friction force acting on that same surface. This friction 
coefficient is used to measure the hydrodynamic efficiency 
of a micro-texture, where a low friction coefficient 
indicates a large load-carrying capacity force with a low 
friction force [24]. The pressure build-up as well as the 
friction coefficient are calculated at the upper sliding 
surface of the domain. 

B. Simulation Process 

1) Simulated friction model and boundary conditions 

The fluid domain shown Fig. 1 was designed using 
SolidWorks 2023 to be imported into Ansys Workbench 
2024 R2. The inlet and outlet boundary conditions of the 
domain are considered as periodic boundaries, which 
simulates the repetition of the domain, while the lateral 
boundary conditions are set to be symmetric. 

 

 
 

Fig. 1. Fluid domain. 

The bottom textured surface of the domain is a fixed 
wall, while the upper untextured sliding surface is sliding 
in the z-direction at a fixed speed U equal to 1 m/s, as 
shown in Fig. 2. The lubricant’s film thickness H will be 
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set to 30 µm, while d is the depth of the micro-texture in 
µm as well, as portrayed in Fig. 2. 

 

 
Fig. 2. Simulated friction model. 

2) Lubricant properties 

The lubricant was modeled as a single-phase, 
incompressible fluid. The flow was solved in steady state, 
without physical time integration. The lubricant properties 
were set to the following, matching a low viscosity mineral 
oil fluid: 
 Density:  = 853 kg/m3; 
 Dynamic viscosity:  = 0.0027 Pa.s. 

3) Texture geometry definitions and parameter 
variations  

The geometrical parameters of the chevron or V-shaped 
texture are shown in Fig. 3, where l is the length of the 

chevron’s leg, α is the opening angle, w1 and w2 are the 
initial and final width of the chevron’s leg, forming the leg 
width ratio parameter wr defined as per Eq. (6): 

 𝑤௥ ൌ 𝑤ଶ 𝑤ଵ⁄  (6) 

 
Fig. 3. Geometrical parameters of the chevron micro-texture. 

The ranges and baselines “fixed” values of the chevron 
geometrical parameters are summarized in Table I. In the 
analysis of the parameters, a single parameter was varied 
at a time while the remaining parameters were held at their 
fixed values, allowing the influence of each geometrical 
parameters on the hydrodynamic fluid behavior to be 
assessed independently. 

TABLE I. SUMMARY OF THE CHEVRON PARAMETER VARIATIONS WITH THE FIXED VALUES 

Parameter Variation 1 Variation 2 Variation 3 Fixed Value 
Depth (d-µm) 15 30 60 30 
Angle (α-deg) 30 60 - 30 
Length (l-µm) 300 400 500 400 

Leg width ratio (wr) 0.36 1 1.25 1 
[w2/w1] [37.77/60] [60/60] [75.29/60] [60/60] 

 
Fig. 4. Geometrical parameters of the circular and rectangular micro-

textures. 

As previously mentioned, the proposed chevron  
micro-texture will be compared with the friction reduction 
performance of the circular texture and the rectangular 
textures of similar scale and size. The diameter of the 
circular texture D will be fixed at 414 µm, while the length 
L and width W of the rectangular micro-texture will be set 
to 402 µm and 207 µm, respectively, as shown in Fig. 4. 
The depth of both micro-textures is fixed at 30 µm as well. 

The geometrical parameters of the rectangular and circular 
textures were chosen so that these textures would occupy 
the same space when engraved on a surface. This can be 
visualized in Fig. 5, where it can be observed that the three 
micro-textures that will be compared will occupy the same 
space, ensuring a valid comparison. 

 

 
Fig. 5. Superposition of the micro-texture shapes. 
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4) Meshing procedure 

The computational fluid domain was discretized with 
hex8 elements, as shown in Fig. 6. The mesh is finer inside 
of the micro-texture volume, where Cell size 1 represents 
the cell size of the lubricant film volume, while Cell size 2 
represents the cell size of the micro-texture volume. 

 

 
Fig. 6. Mesh grid. 

In order to ensure that the mesh used is independent 
from further refinement, a mesh independence study was 
conducted using the Grid Convergence Index (GCI) 
method, for both of the hydrodynamic Coefficient of 
Friction (COF) and the pressure build-up. Table II shows 
the results of the mesh independence study. The mesh cell 
refinement ratio is equal to 1.5 for both cell sizes.  

TABLE II. MESHING RESULTS 

Mesh 
Cell size 1 

(µm) 
Cell size 2 

(µm) 
Pressure Build-Up 

(Pa) 
COF 

Coarse 4.5 3 37.29 2.356 
Medium 3 2 38.637 2.271 

Fine 2 1.3333 38.907 2.255 

TABLE III. GCI RESULTS FOR THE PRESSURE BUILD-UP 

GCI Results Value 

Order of accuracy 3.96 
Refinement ratio 1.5 
Finest mesh error 0.0676 
Safety Factor (Fs) 1.25 

GCI 0.0846 
GCI (%) 0.217 

 
The GCI results for the pressure build-up, shown in 

Table III, indicate a positive order of accuracy value and 
thus a converging mesh with refinement. The finest mesh 
error can be estimated to be equal to 0.0676. Taking into 
consideration a safety factor of 1.25, the GCI (%), which 
also represents the discretization error, is thus equal to 
0.217%. Therefore, the reported results for the pressure 
build-up are considered grid-independent within the stated 
numerical uncertainty. 

A similar procedure was conducted for the COF, as 
shown in Table IV, to ensure that the grid is independent 
from further refinement for the tribological properties used 
to measure performance. The order of accuracy is positive 
as well, with a final GCI (%) equal to 0.191%.  

Inflation layers are placed on the upper moving wall and 
the bottom textured walls. 

TABLE IV. GCI RESULTS FOR THE COF 

GCI Results Value 

Order of accuracy 4.18 
Refinement ratio 1.5 

Finest mesh error –0.00347 

Safety Factor (Fs) 1.25 

GCI 0.00433 
GCI (%) 0.191 

 

5) Solver settings 

The simulations were solved in ANSYS Fluent using a 
pressure-based steady-state formulation with a coupled 
pressure-velocity scheme. PRESTO! (PREssure 
STaggeting Option) scheme was used for the pressure 
interpolation, which computes face pressure using a 
staggered-control-volume formulation based on discrete 
continuity. This choice is compatible with periodic 
domains and was adopted to improve the accuracy of 
pressure interpolation in the presence of localized pressure 
gradients induced by the micro-texture geometry.  
Second-order upwind was used for the momentum 
discretization. The residuals for the continuity were set at 
1e−3, while the velocity residuals in the x, y, and z 
directions were set at 1e−6. Since the solution was steady 
state, no physical time step was set. The under-relaxation 
parameters for the pressure, momentum, and density were 
set to 0.5, 0.5, and 1, respectively. The required number of 
iterations was around 100 iterations. 

The flow was set to laminar. It is important to note that 
any negative pressure values observed in the simulation 
results do not indicate pressures below the vapor pressure 
or vacuum conditions. The minimum absolute pressure 
within the fluid domain is 100.7 kPa, while the vapor 
pressure of the lubricant is 0.66 kPa. Therefore, cavitation 
conditions are not reached, and the implementation of a 
cavitation model was not necessary to capture the overall 
trends. This approach is consistent with previous studies 
reported in the literature, where a cavitation model was 
also deemed unnecessary for observing general  
trends [25, 26]. 

C. Lazer Texturing Process 

A femtosecond laser machine will be used to engrave 
the modified chevron micro-texture on the surface. The 
laser parameters such as frequency, power, jumping speed, 
jumping delay, marking speed, laser path, and gap distance 
between hatch lines all affect the quality of the  
micro-textures and thus should be optimized. For example, 
a large hatch distance of 10 µm made it so that the 
engraved lines are visible, which means that the texture 
was not engraved well, while a smaller hatch distance of  
2 µm is more suitable, as shown in Fig. 7. 

Ongoing research is taking place to validate the friction 
performance results of the proposed chevron micro-texture 
using a tribometer. The present research will provide key 
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insights into effective micro-texture design in the aim of 
improving the friction performance of the texture by 
generating hydrodynamic pressure. This understanding 
will be used in order to better propose novel micro-texture 
designs that can further decrease friction under lubricated 
contact compared to other conventional textures used in 
current literature. 

 

 
(a) 

 
(b) 

 
(c) 

Fig 7. Effect of the gap distance between hatching lines on the chevron 
micro-texture, with gap distances of (a) 1 µm; (b) 2 µm; and  
(c) 10 µm. 

 
Fig. 8. Experimental setup. 

D. Experimental Setup and Materials 

The experimental setup used was developed in prior 
work [27]. P25-grade carbide samples were engraved 

using laser surface texturing, while the workpiece is made 
of ST-37 steel, which was cut using waterjet cutting into a 
ring shape, grinded using a horizontal surface grinder 
machine, and polished with #2000 abrasive paper. The 
detailed experimental setup, with front and side views, are 
shown in Fig. 8. The textured tribo-sample is fixed onto 
the tribometer, while the steel workpiece is mounted on a 
Siemens Sinumerik 808D CNC lathe. The steel workpiece 
is rotating in the counterclockwise direction, with the 
textured tribo-sample oriented downwards, which is along 
the sliding direction. The normal FN and tangential force 
FT are monitored using two separate load cells. The 
experimental friction coefficient was calculated by 
dividing the average tangential force over the average 
normal force, as shown in Eq. (7): 

 𝜇 ൌ 𝐹்തതത
𝐹ேതതത
൘  (7) 

It is relevant to note that the setup was modified in order 
to test the micro-textures under surface-to-surface contact. 
This was conducted by using the frontal annular face of a 
ring-shaped workpiece as the contact interface, instead of 
using the curved circumferential surface of a solid 
cylindrical bar. The lubricant used for experiments is 
mineral oil.  

IV. RESULT AND DISCUSSION 

A. Effect of Chevron Opening Angle 

The opening angle of the chevron micro-texture was 
shown to have a notable impact on the hydrodynamic 
pressure generated. The hydrodynamic pressure and COF 
results are shown in Fig. 9. The opening angle was set to a 
low value of 30º and a relatively high value of 60º. It can 
be seen from Fig. 9 that a small opening angle of 30º led 
to a pressure build-up of 33.42 Pa and a resulting friction 
coefficient of 2.63. Doubling the angle to 60º reduced the 
hydrodynamic pressure generated by a large margin, to a 
value of 3.30 Pa, along with a friction coefficient of 26.74. 
Such a drastic difference can be explained by analyzing the 
flow vectors in Fig. 10. In this case, the flow direction 
plays a key role. At a small angle of 30º, the flow does not 
deviate much from the general flow direction, however, at 
an opening angle of 60º, the flow deviates from the general 
flow direction, with the formation of significant  
micro-vortices inside the texture. This significant flow 
deviation, which results in micro-vortex formation, 
dissipates kinetic energy and decreases its availability to 
generate enough hydrodynamic pressure. Thus, the lesser 
the flow deviates from the general flow direction of the 
sliding surface, the more energy is available to build-up 
pressure inside the lubricant. This flow behavior affected 
by the increase in the chevron opening angle is also 
observed in current literature by Shen et al. [14], where it 
was demonstrated that small angles do not deviate the flow, 
while higher angles can lead to flow deviation and  
micro-vortex regions, which in turn consume kinetic 
energy and decreases hydrodynamic pressure.  
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Fig. 9. Effect of opening angle of pressure build-up and COF. 

 

 
Fig. 10. Velocity vectors cross-section through section A at opening angles 30 and 60 degrees. 

B. Effect of Chevron Depth 

The depth of the chevron micro-texture was also 
observed to affect greatly the hydrodynamic pressure 
build-up. The depth of the texture was changed three times. 
For a depth of 15 µm, the pressure build-up generated was 
29.38 Pa, with a friction coefficient of 2.99, as shown in 
Fig. 11. Increasing the depth to 30 µm increased the 

pressure build-up to 33.42 Pa. However, further increasing 
the depth to a value of 60 µm significantly reduced the 
generated pressure to 27.24 Pa, with an increased friction 
coefficient value of 3.22. The velocity vectors for each 
depth are included in Fig. 12, where it can be seen that a 
low depth of 15 µm resulted in a small micro-vortex region 
at the inlet of the texture while the lubricant is entering the 
texture. 
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Fig. 11. Effect of depth on the pressure build-up and COF. 

While increasing the depth of the chevron micro-texture 
to 30 µm increased the size of the micro-vortex region at 
the inlet of the texture, the pressure build-up has increased, 
that is because a low micro-texture depth does not let 
enough fluid to enter and exit the texture to generate 

enough hydrodynamic pressure build-up. At a depth of  
60 µm, significant micro-vortex regions were formed 
throughout the texture, along with backflow at the bottom, 
which both consume kinetic energy, diminishing the 
generation of hydrodynamic pressure [9]. A depth of  
30 µm, which is equal to the lubricant’s film thickness, was 
found to be the most optimal in enhancing tribological 
performance, which is supported by current literature as 
well [9]. The fluid behavior, as well as the hydrodynamic 
pressure trend observed when the depth is increased is 
comparable to the results of Shen et al. [14], where as the 
depth of the chevron texture increased, more fluid can go 
into the texture, increasing the load-carrying capacity. 
However, as the depth continues to be increased from  
30 µm to 50 µm, micro-vortex regions start to form, which 
consume kinetic energy and reduce the hydrodynamic 
pressure generation, followed by an increase in the COF 
by 15.38%. This aligns with the increase of the COF by 
22.43% when the texture depth increased from 30 µm to 
60 µm in this study. 

 

 
Fig. 12. Velocity vectors cross-section through section A at depths of 15, 30, and 60 µm.

C. Effect of Chevron Length 

The length of the chevron’s leg is also an important 
parameters that affected the hydrodynamic pressure  
build-up of the fluid. At a length of 300 µm, the 
hydrodynamic pressure build-up generated at this length is 
24.86 Pa, the lowest amongst the three, with a relatively 
high friction coefficient of 3.55, as shown in Fig. 13, 
leading to the highest. The velocity vectors cross-section 

shown in Fig. 14 showcases a notable micro-vortex region 
as the fluid is entering the texture at a length of 300 µm. 
Increasing the length of the chevron’s leg to 500 µm 
decreased the micro-vortex region and thus led to a higher 
pressure build-up equal to 38.75 Pa, with the lowest 
friction coefficient amongst to the other lengths equal to 
2.26. Literature mentions that a small chevron  
micro-texture length increased the micro-vortex formation, 
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which increased kinetic energy consumption and thus 
diminished the micro-texture’s ability to generate 
hydrodynamic pressure build-up inside the lubricant, 
leading to a high COF [14]. The second length variation, 
which increased the leg length of the chevron from 400 µm 
to 500 µm, decreased the COF by 14.06%. Shen et al. [14] 
varied the chevron’s leg length between around 400 µm 
and 500 µm as well, leading to a decrease in the COF by 
16.36%, showing a similar trend, who noted that small 
chevron lengths led to significant micro-vortex regions 
compared to higher lengths, noting that increasing the 
length increased the load-carrying capacity and thus 
reduced the friction coefficient. The small percentage 
difference can be explained by inconsistent area densities, 
and thus periodic distances between the micro-textures. 

Even though the highest leg lengths brought better 
results, increasing the length when the area density of the 
micro-texture on the surface remains unchanged does not 
increase the quantity of lubricant flowing inside the  
micro-texture [14]. Moreover, increasing the leg lengths 

with the rest of the geometrical parameters remaining 
unchanged would decrease the area density, negatively 
affecting the hydrodynamic pressure build-up inside the 
lubricant. 
 

 
Fig. 13. Effect of chevron leg length on the pressure build-up and COF. 

 

 
Fig. 14. Velocity vectors cross-section through section A with the leg lengths of 300, 400, and 500 µm. 

D. Effect of Chevron Leg Width Ratio 

This parameter was proposed in order to study the 
effects of narrowing or enlarging the path of the lubricant 
inside the chevron’s legs on the resultant hydrodynamic 
pressure build-up. The conventional micro-texture with a 
leg width ratio equal to 1 resulted in a hydrodynamic 
pressure build-up of 33.42 Pa, with a COF of 2.63, as 
shown in Fig. 15. Decreasing the leg width ratio to 0.36, 

which essentially narrows the lubricant’s path inside the 
micro-texture, decreased the hydrodynamic pressure 
generated to 26.97 Pa, and thus increased the COF to a 
value of 3.28. 

Based on the pressure curves in Fig. 16, while the 
chevron with a leg width ratio of 0.36 led to lower negative 
pressure values than the conventional chevron, the 
narrowed chevron had lower positive pressure build-up 
values than the conventional chevron. The narrow legs 
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reduced the area of the converging outlet in that case, 
which affected the pressure generated. Increasing the leg 
width ratio to 1.25 increased the hydrodynamic pressure to 
38.9 Pa, outperforming the conventional chevron, with a 
lower COF of 2.25. A larger width ratio led to a larger 
outlet converging area, which led to higher pressure  
build-up values at the upper surface as shown in the 
pressure curves of Fig. 16. 

 

 
Fig. 15. Effect of chevron leg width ratio on pressure build-up and COF. 

 
Fig. 16. Pressure build-up curve over the line coincident with section A 
on the upper sliding surface for the chevron micro-textures of leg width 
ratio equal to 1, 1.25 and 0.36. 

Thus, it can be concluded that the outlet converging area 
of the texture, which is affected by the leg width ratio in 
this case, is a significant geometrical parameter in 
generating pressure. A smaller and narrowed down outlet 
area decreased the pressure build-up generated, since not 

enough lubricant flowed inside the texture, while a larger 
outlet area increased the amount of fluid going into the 
texture, which increased the hydrodynamic pressure 
generated. The modified chevron micro-texture with a 
higher leg width ratio thus provides better friction 
reduction performance compared to the conventional 
chevron. 

The effects of the studied chevron parameters on the 
hydrodynamic COF are summarized in Table V. 

TABLE V. SUMMARY OF THE PERCENTAGE CHANGES OF THE 

PARAMETER VARIATIONS 

Parameter Angle Depth Length Leg Width 
1st % COF Change 917.7% −12.04 −25.9 −19.81 
2nd % COF Change - 22.43 −14.06 −14.44 

E. Micro-Texture Comparison Analysis 

The modified chevron micro-texture with an increased 
leg width ratio was compared with other non-converging 
conventional micro-texture shapes such as the circular and 
rectangular micro-textures. Fig. 17 shows the pressure 
build-up curves at the upper sliding surface for each of the 
three different micro-textures. It can be noticed that both 
the circular and rectangular textures have higher peak 
values of positive pressure build-up. However, both 
achieved hydrodynamic pressure build-up values of  
19.37 Pa for the circle and 27.00 Pa for the rectangle, both 
being lower than the pressure generated by the modified 
chevron, with higher COFs as well, as listed in Table VI. 
Even though the modified chevron had lower positive 
pressure peak values, the pressure distribution is more 
asymmetric, in favor of the positive area below the curve, 
than the other two textures. This means that the negative 
pressure area at the upper surface is much smaller in size 
and value than the positive pressure area, since the 
negative area below the curve is smaller than the positive 
pressure area. The pressure distribution of the circular and 
rectangular texture is thus less asymmetric. This shows 
that converging micro-textures, such as the modified 
chevron micro-texture, are superior to non-converging 
textures in generating an asymmetric pressure distribution 
where the positive pressure area is larger than that of the 
negative pressure, due to the wedge effect and squeezing 
of the fluid, and are recommended when the sliding 
direction is unidirectional. 

 

 
Fig. 17. Pressure build-up curve over the line coincident with section A 
on the upper sliding surface for the circular and rectangular  
micro- textures. 

International Journal of Mechanical Engineering and Robotics Research, Vol. 15, No. 3, 2026

257



TABLE VI. PRESSURE BUILD-UP AND COF RESULTS OF THE 

RECTANGULAR, CIRCULAR, AND MODIFIED CHEVRON MICRO TEXTURES 

Micro-Texture Pressure Build-Up (Pa) COF 
Circle 19.37 4.35 

Rectangle 27.00 3.1 
Modified Chevron 38.90 2.25 

V. EXPERIMENTAL RESULTS 

The laser optimization process discussed in  
Section III.C was essential in order to obtain an accurate 
and precise geometry for the engraved micro-textures. The 
rectangular and modified chevron micro-textures were 
engraved on the surface of the carbide samples, as shown 
in Fig. 18(a) and (b), respectively, using the femtosecond 
laser. The laser optimization process consisted of 
obtaining straight and well-defined edges by setting 
optimal values for the marking speed and the jumping 
speed of the laser, while also avoiding focused laser spots 
at the end or beginning of hatching lines by optimizing the 
laser on and off delays. The distance between the hatching 
or engraving lines was also important as it dictated the 
consistency of the surface inside of the texture, where a 
small enough distance between the engraved lines was 
needed for a consistent engraved surface. The rectangle 
and modified chevron micro-textures were tested under 
lubricated friction, as well as a non-textured surface. 

The untextured surface led to a friction coefficient of 
0.1275, while the rectangular texture led to a friction 
coefficient of 0.1273. The friction reduction is very 
minimal. These results are expected, as it can be observed 
from the CFD simulations, that the rectangle micro-texture 
provides little benefit in increasing hydrodynamic 
pressure, as it leads to a nearly symmetric pressure 
distribution. The rectangle’s behavior of leading to a low 
hydrodynamic pressure generation, and thus low benefits 
or changes in friction is also supported by previous  
Ref. [28], as converging-shaped textures, such as the 
chevron texture, can lead to higher pressure generation due 
to the wedge effect and the squeezing of the fluid inside of 
the micro-texture. The experimental friction results of the 
rectangular micro-texture reinforce the CFD results, as it 
was expected from the rectangular micro-texture to 
provide minimal benefits in reducing friction due to the 
low hydrodynamic pressure it generated. On the other 
hand, the modified chevron micro-texture achieved a 
friction coefficient of 0.1157, corresponding to a 9.25% 
decrease relative to the untextured surface and a 9.11% 
reduction relative to the rectangular micro-texture. This 
improved friction performance aligns with the larger  
net-positive pressure build-up observed in the numerical 
simulations for the modified chevron relative to the 
rectangular texture. The higher pressure built-up by the 
modified chevron can be associated with its narrowing 
geometry along the sliding direction, where a pressure 
gradient develops due to the wedge effect and mass 
conversion, thereby producing a local pressure rise and 
enhanced load support. In contrast, the rectangular  
micro-texture does not include a converging path and thus 
exhibits a weaker hydrodynamic pressure build-up. 
 

 
(a) 

 
(b) 

Fig. 18. Microscopic pictures of (a) rectangle micro-textured carbide 
surface and (b) modified chevron micro-textured carbide surface. 

VI. CONCLUSION 

The study used CFD simulations in order to better 
understand how the different geometrical parameters of the 
chevron micro-texture affect fluid behavior and 
hydrodynamic pressure, while also proposing a new 
modified version of the chevron micro-texture. The 
modified chevron micro-texture with a high leg-width ratio 
featured a larger outlet converging area, which led to an 
asymmetric pressure distribution, leading to a net-positive 
average hydrodynamic pressure build-up, in contrast to the 
circle and rectangular geometries, who both led to a nearly 
symmetric pressure distribution due to their  
non-converging shapes. Experimentally, the modified 
chevron and rectangular micro-textures were engraved on 
a carbide surface using a femtosecond laser, and their 
frictional performance was evaluated. The rectangular 
micro-texture led to an expected friction reduction 
performance, as it provided minimal benefits, while the 
modified chevron micro-texture decreased the friction 
coefficient by 9.11% compared to the rectangular texture, 
due to its converging geometry and thus generating a 
higher net-positive hydrodynamic pressure, as shown by 
the numerical simulation results. The results of this study 
provide additional information with regards to the effect of 
the geometrical parameters of the chevron micro-texture 
on the fluid behavior, the effect of a newly defined chevron 
parameter, the leg width ratio, on the hydrodynamic 
pressure, while also understanding how different  
micro-texture shapes behave under lubricated friction. 
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