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 A B S T R A C T 

The impact of cavitation on bearing performance is frequently overlooked 
in the scant research on textured bearings. This study investigates the load-
carrying capacity of a thrust bearing under cavitation conditions with 
lubricant film thickness variations and circumferential pocket surface 
textures. This research's novelty consists on integrating texturing, 
cavitation, and slip engineering to evaluate load-carrying capacity. The 
slip conditions were implemented at various locations, including before the 
pocket, on the pocket, both before and on the pocket (combined), and 
without a slip as a reference. Computational fluid dynamics was used for 
the analysis in both cavitation and no cavitation scenarios. The results 
show that the highest maximum pressure, 5.09 MPa, was achieved with a 
15 μm film thickness with slip applied prior to the pocket. When there was 
no slip, the lowest pressure was recorded at 80 μm film thickness. With the 
maximum load-carrying capacity of 1744.61 N, the slip-before-pocket 
arrangement continuously demonstrated superior performance across all 
configurations. In comparison to the cavitation scenarios, the no cavitation 
simulations produced superior pressure and load bearing capacities across 
all film thickness and slip changes. 
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1. INTRODUCTION 
 
Hydrodynamic thrust bearings are a type of 
fluid film bearing crucial for sustaining axial 
loads in rotating machinery. The fundamental 

operational concept involves establishing a thin 
lubricating layer that separates the stationary 
(stator) and rotating (rotor) components, 
thereby preventing direct metal-to-metal 
contact. The lubrication layer is produced by 
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hydrodynamic pressure, which occurs as the 
lubricant is pulled into a narrowing gap formed 
by the relative motion of surfaces. When 
sufficient velocity and lubricant availability are 
present, a pressure field is created that can 
support significant loads, significantly reduce 
friction, and reduce surface wear [1]. These 
bearings are crucial in high-load applications, 
such as power generation turbines, marine 
propulsion systems, and large-scale pumps 
employed in offshore and energy industries. 
Their reliability directly affects the overall 
effectiveness and durability of machinery. The 
load-carrying capacity (LCC) is a vital indicator 
of the performance of thrust bearings, 
intricately associated with the pressure 
distribution inside the lubricating film. 
Comprehensive studies have concentrated on 
innovations in surface design, lubricant 
management, and material selection to enhance 
efficiency and durability while reducing 
maintenance costs. 
 
Surface texturing has emerged as a highly 
effective tribological technique for enhancing 
the performance of thrust bearings. 
Incorporating micro- or nano-scale features, 
such as dimples, grooves, or pockets, on the 
bearing surface helps control lubricant flow, 
improve hydrodynamic pressure accumulation, 
and reduce frictional resistance [2]. The textured 
regions serve as micro-reservoirs that preserve 
and disperse lubricant during operation, hence 
augmenting load capacity and reducing the 
likelihood of lubricant depletion. A large number 
of studies have demonstrated the effectiveness 
of surface texturing in improving tribological 
performance. Huang and Zhang [3] performed a 
computational analysis of inclined pad thrust 
bearing and discovered that surface roughness 
significantly influences hydrodynamic pressure 
and LCC, particularly with reduced lubricant 
clearances. Similarly, Yu et al. [4] developed a 
computational model that integrated square 
textures and cavitation events. Their findings 
revealed that modified texture dimensions 
enhanced LCC by over 19%, illustrating the 
considerable potential of engineered surface 
attributes to augment bearing reliability. 
 
Experimental and numerical investigations [5-
11] consistently indicate that texturing reduces 
friction and improves load support, especially 
under mixed or boundary lubrication conditions. 

The texturing design necessitates optimization. 
Shallow pockets or grooves can promote 
pressure buildup, whereas excessively deep 
texturing may trap cavitation bubbles or disrupt 
lubricant continuity, leading to reduced 
performance [12]. The form, distribution, and 
depth of textures require careful assessment to 
achieve the ideal balance between friction 
reduction and pressure increase.  
 
In addition to conventional designs, 
contemporary techniques like as laser surface 
texturing have enabled the precise fabrication of 
micro-scale textures, allowing researchers to 
systematically investigate their impacts [13]. 
The results confirm that proper texturing 
enhances film thickness, stabilizes lubricant 
flow, and prolongs bearing lifespan. 
Nonetheless, a persistent limitation associated 
with texturing is the occurrence of cavitation, 
which may compromise the intended benefits. 
 
Cavitation poses a significant issue in the 
functioning of lubricated thrust bearings, 
especially those featuring surface texturing. This 
phenomenon transpires when the local lubricant 
pressure diminishes beneath the vapor pressure, 
leading to the creation of vapor cavities or bubbles 
[14]. The bubbles may collapse violently when 
moved into regions of higher pressure, resulting 
in pressure fluctuations, noise, vibration, and 
possible surface damage. Cavitation substantially 
modifies the pressure distribution in the fluid 
layer of hydrodynamic thrust bearings and 
diminishes the effective LCC. Abass et al. [15] 
utilized computational fluid dynamics (CFD) – 
fluid-structure interaction (FSI) simulations to 
examine cavitation in journal bearing, revealing a 
reduction in maximum oil film pressure of roughly 
17%. Comparable phenomena have been noted in 
thrust bearing, where closed-type patterns 
generate localized low-pressure regions that 
induce cavitation [16]. Such effects diminish the 
dependability and efficiency of bearings, 
compromising the advantages of texturing. While 
cavitation is typically harmful, certain studies 
indicate that under particular conditions, it may 
diminish friction by producing micro-lubrication 
effects at elevated eccentricity ratios [17]. 
Nonetheless, the overall effect is detrimental, as 
the instability and unpredictability of cavitation 
surpass any potential advantages. Consequently, 
cavitation control has emerged as a pivotal focus 
in thrust bearing design. 
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Mitigation strategies include optimizing pocket 
geometry, modifying texture distribution, and 
controlling lubricant properties. However, these 
solutions are not consistently sufficient, requiring 
the creation of innovative techniques to efficiently 
reduce cavitation while maintaining the 
tribological advantages of texturing. This challenge 
has led to an increased emphasis on slip 
engineering as an adjunct or alternative method. 
Slip engineering introduces the concept of partial 
slip at the lubricant-solid interface, which may be 
strategically utilized to regulate fluid flow and 
pressure distribution. In contrast to traditional 
surfaces that adhere to no-slip boundary 
conditions, slip surfaces provide enhanced 
lubricant mobility, thus diminishing shear 
resistance and altering pressure accumulation 
[18]. Slip can be improved via surface coatings, 
including hydrophobic or superhydrophobic films, 
or by engineering nanoscale structures that 
produce an apparent slip effect. 
 
The advantages of slip surfaces in tribological 
systems are considerable. Initially, slip 
diminishes friction by lowering viscous drag. 
Furthermore, it can mitigate cavitation by 
modulating pressure gradients and averting 
sudden local pressure declines [19]. Third, when 
integrated with surface texturing, slip surfaces 
may augment load capacity beyond the 
constraints of texturing alone. Zhang [20] shown 
that the incorporation of boundary slippage at 
both the fixed inlet and the dynamic outlet 
regions of a step bearing could enhance the LCC 
by several hundred percent, concurrently 
diminishing friction. Zhang [21] subsequently 
expanded this concept to slanted pad thrust 
slider bearing, demonstrating that when 
slippage encompasses around 80% of the 
lubricated area, the load capacity increases by as 
much as 30% and the friction coefficient 
diminishes by over 40%. The results underscore 
that the position and magnitude of slip zones are 
essential design factors for enhancing 
hydrodynamic lubrication efficacy. 
 
Nonetheless, slip engineering must be conducted 
with caution. Improper positioning of slip 
boundaries may lead to inadequate 
hydrodynamic pressure generation, 
undermining lubrication efficacy. When slip is 
assigned to regions chiefly accountable for load 
support, the decrease in viscous shear may 
result in reduced pressure rather of an increase. 

Thus, hybrid approaches that include slip and 
texturing at precisely chosen locations are 
considered the most efficacious.  
 
Research in this field is still in its infancy, and 
comprehensive researches on slip-texture-
cavitation relationships are limited. This requires 
comprehensive modeling techniques that include 
these factors to guide the logical design of thrust 
bearings. Due to the complex interactions among 
texturing, cavitation, and slip, experimental 
methods alone are insufficient to clarify their 
interconnected effects. CFD has thus become a 
crucial tool for the analysis of thrust bearings. CFD 
enables detailed simulation of lubricant flow, 
pressure distribution, cavitation phenomena, and 
slip boundary conditions in controlled virtual 
settings [12], [22]. The effectiveness of CFD lies in 
its ability to systematically adjust parameters like 
texture depth, slip distribution, and film thickness, 
allowing researchers to identify their effects 
without the costs and limitations of experimental 
setups. Additionally, advanced cavitation models 
and multiphase flow solvers have been integrated 
into CFD frameworks, enabling precise forecasts of 
vapor formation and collapse. 
 
Many studies [4,15,22] have successfully 
employed CFD to predict the effects of texturing 
and cavitation on bearing performance, while 
more recent investigations [23,24] incorporate 
slip conditions into the models. These efforts 
produce substantial insights into the combined 
effects of different design components. 
Nonetheless, comprehensive CFD evaluations 
that simultaneously evaluate texturing, 
cavitation, and slip engineering in thrust 
bearings remain scarce. The prior description 
unequivocally demonstrates that thrust bearings 
are essential elements in various industrial 
applications, where LCC is a critical performance 
metric. Surface texturing significantly enhances 
lubrication effectiveness but may induce 
cavitation under unfavorable conditions. 
Cavitation negatively impacts bearing reliability 
and efficiency, requiring suitable management 
techniques. Slip engineering has tremendous 
promise to decrease cavitation and optimize 
pressure distribution; yet, its fusion with 
texturing remains underexplored. CFD provides 
a comprehensive approach to analyze these 
interrelated processes; nevertheless, extensive 
studies incorporating all three—texturing, 
cavitation, and slip—are few. 



Imam Syafaat et al., Tribology in Industry Vol. 47, No. 4 (2025) 673-691 

 676 

The novelty of this work lies in the integration of 
slip boundary conditions, surface texturing, and 
cavitation modeling within a single CFD 
framework for thrust bearings. Unlike previous 
studies that treated these mechanisms 
individually, this research systematically 
investigates their combined influence on 
hydrodynamic pressure distribution, cavitation 
behavior, and LCC under varying lubricant film 
thicknesses. Furthermore, the study identifies 
the optimal placement of slip zones on the stator 
surface that enhances load support while 
suppressing cavitation onset. These 
contributions provide new insights into the 
coupled effects of slip and texture engineering, 
establishing a foundation for advanced CFD-
based optimization of thrust bearing 
performance. 
 
 
2. METHODOLOGY 
 
2.1. Governor equations 
 
The hydrodynamic thrust bearing model 
requires the solution of fundamental 
conservation equations subject to appropriate 
boundary conditions. In this study, the 
governing equations consist of the continuity, 
momentum, and energy equations, which are 
expressed explicitly as follows [25]: 
 
Continuity equation: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0  (1) 

Momentum equation: 

 (𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑥
+

𝜇 (
𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑧2
)  

(2) 

Energy equation: 

𝜌𝐶𝑝 (𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+ 𝑤

𝜕𝑇

𝜕𝑧
) =

𝜆𝑓 (
𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
+

𝜕2𝑇

𝜕𝑧2
) − 𝜏: 𝛻𝑉  

(3) 

 

where u, v, and w are the velocity components in 
the x, y, and z directions, respectively; V is the 
velocity vector (m/s); p is the static pressure 
(Pa); T is temperature (K); τ is the shear stress 
tensor; ρ is lubricant density (kg/m³), μ is 

dynamic viscosity (Pa.s); Cp is specific heat 
(J/kg.K); and λf is thermal conductivity (W/m.K). 
 
The Schnerr–Sauer model was employed for 
cavitation modeling. Equation (4) delineates the 
notion of vapor generation, with R denoting the 
rate of vapor generation, α signifying the vapor 
volume percentage, and ρv indicating the vapor 
density [26]. 

𝑅 =
𝜕

𝜕𝑡
(𝛼𝜌𝑣) +

𝜕

𝜕𝑥𝑗
(𝛼𝜌𝑣𝑈𝑗) (4) 

This model is based on the Rayleigh–Plesset 
equation, which delineates the dynamics of 
vapor bubble formation and collapse in a liquid 
medium. Cavitation is seen as a mass transfer 
process between liquid and vapor phases, 
characterized by two source elements in the 
vapor transport equation that correspond to 
bubble development (evaporation) and collapse 
(condensation). 
 
 The condition for bubble rupture or collapse is 
determined by the local pressure field. When the 
local static pressure p surpasses the vapor 
pressure pv. The vapor bubbles destabilize and 
implode, transferring mass from the vapor phase 
to the liquid phase [26]. The rate of mass 
transfer during condensation is represented by 
Equation (5). 

𝑚̇𝑐𝑜𝑛𝑑 =
3𝛼𝑣𝜌𝑙

𝑅𝑏
√
2

3

𝑝 − 𝑝𝑣
𝑝𝑙

 (5) 

where v denotes the vapor volume fraction, l 
is the liquid density, and Rb represents the 
bubble radius. The pressure difference (p-pv) 
serves as the driving force for bubble collapse. 
 
The rupture process physically entails the 
condensation of vapor cavities as the pressure 
rises above the vapor pressure. This collapse 
may produce localized pressure surges, micro-
jets, and shock waves within the lubricant film, 
potentially leading to surface erosion or 
instability in the bearing's load-bearing layer. 
In hydrodynamic thrust bearings, vapor 
bubbles generally develop in low-pressure 
areas adjacent to the trailing edge of the pad 
and then collapse in regions of pressure 
recovery. The Schnerr–Sauer model accurately 
represents this dynamic cavitation activity 
inside the lubricant film. 
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This work includes slip boundary conditions and 
surface texturing effects. The interaction among 
cavitation, texturing, and slip strongly influences 
the pressure distribution and LCC of the bearing. 
The implementation of partial slip modifies the 
near-wall velocity gradient, potentially 
decreasing shear stress and altering local 
pressure recovery characteristics, particularly in 
cavitating areas. The existence of micro-textures, 
like dimples or grooves, facilitates localized 
pressure fluctuations and bubble nucleation, 
hence affecting the initiation and collapse of 
cavitation. The integration of these three 
elements—texture, cavitation, and slip—
facilitates a more precise forecast of lubrication 
efficacy and provides critical understanding of 
how micro-scale surface engineering can be 
employed to regulate cavitation dynamics and 
improve the operational efficiency of 
hydrodynamic thrust bearings. 
 
The interfacial limiting shear strength model, 
also known as the critical shear stress model, 
as proposed by Zhang [27], is utilized for 
modeling the boundary slip effect. In this 
model, slip occurs exclusively when the wall 
shear stress surpasses a critical threshold, τoc, 
which denotes the interfacial shear strength 
between the lubricant and the solid surface. 
Upon reaching this threshold, slip occurs with 
a consistent characteristic length b’ that 
remains unchanged during the process. The 
governing relationship is represented by the 
Equation (6). 
 

𝜏𝑐 = 𝜏𝑜𝑐
𝑢𝑠
𝑏′
𝜂 (6) 

 
where τc, is the total interfacial shear stress, us is 
the slip velocity,  is the dynamic viscosity of the 
lubricant, and b’ denotes the equivalent slip 
length. This model delineates the transition from 
the no-slip condition to the slip condition when 
the interfacial shear stress surpasses its critical 
threshold, in accordance with the framework 
outlined in Zhang’s review on hydrodynamic 
lubrication featuring interfacial slippage [27].  
 
Based on the findings of the present study, the 
LCC is determined by integrating the pressure 
throughout the surface area of the rotor. When 
these equations were solved with Ansys Fluent, 
a numerical solution was generated as a result. 
 

2.2. CFD Modeling 
 
The geometry modeled represents a 
hydrodynamic thrust bearing featuring 
circumferential pocket surface texturing and 
eight stator pads. The circumferential pocket 
geometry consists of four surrounding 
channels that direct fluid flow in accordance 
with the rotation of the stator. The pocket or 
surface texture geometry pertains to the 
design proposed in [28], while the lubricant 
film thickness and groove geometry conform 
to the standards utilized by [29]. Further 
modifications were implemented to the 
geometry utilized in this work to 
accommodate a range of pocket depths. The 
geometry presented here is based on findings 
from prior research [12]. 
 

 
(a) 

 

 
(b) 

Fig. 1. The circumferential hydrodynamic thrust 
bearing, (a) rotor, fluid, and textured stator and (b) 
the fluid domain and its nomenclature. 

 
Figure 1 presents the geometric configuration 
and dimensions used in this study, while Table 1 
outlines these parameters in detail, including the 
minimum film thickness (Hmin), which represents 
the lubricated gap between the stator and rotor. 
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Table 1. Dimensions of the circumferential pocket of 
thrust bearing. 

Parameters Value Unit 

Length of stator (L) 45 deg 

Width of stator (B) 20 mm 

Length of groove (Lg) 2.46 deg 

Depth of groove (Hg) 4 mm 

Outside diameter (Do) 90 mm 

Inside diameter (Di) 50 mm 

Length of pocket (Bd) 56.20%L deg 

Width of pocket (Ld) 84.70%B mm 

Depth of pocket(Hd) 30 µm 

Minimum film thickness (Hmin) 
15, 20, 25, 30, 

40, 50, 80 
µm 

 
Boundary conditions were applied to all of the 
key geometrical surfaces, such as the inlet and 
outlet surfaces, the faces of the rotor and stator, 
two periodic surfaces, and a no-slip condition 
with a rotational speed of 6000 rpm. The 
Schnerr–Sauer model was utilized for the 
purpose of modeling cavitation. In Figure 2, the 
boundary conditions are depicted, and Table 2 
contains the parameters. The outlet (Fluid Outer 
Surface) is defined as an opening boundary with 
static relative pressure = 0 bar and temperature 
= 20 °C, following the validation setup of 
Chalkiopoulos et al. [29]. These values are 
applied as environmental reference boundary 
conditions in the CFD model; although the 
energy equation is included in the governing 
system, detailed thermal results are not 
reported in this study as the focus is on 
hydrodynamic pressure and LCC. 
 

 
Fig. 2. The boundary condition of the CFD. 

 
The lubricant utilized in the simulations was 
ISO VG 46 oil, which is defined by laminar flow 

and a no-slip condition at 6000 rpm. The 
lubricant parameters were extracted from the 
data presented in reference [9], and the 
cavitation pressure settings were sourced 
from the research conducted by Koutsoumpas 
et al. [30]. Table 3 presents the lubricant 
parameters utilized in the simulation. 
 
Table 2. Boundary condition. 

Conditions Remarks 

Periodic Rotational 

Inlet Relative static pressure: 1 bar 

Temperature: 40 C 

Outlet Relative static pressure: 0 bar 

Temperature: 20 C 

Rotational speed 6000 rpm 

 
Meshing was performed using Ansys ICEM 
CFD. The structured mesh was developed by 
dividing the geometry into multiple blocks, 
which aids in grid alignment and improves 
mesh quality. The Pre-Mesh quality tool was 
utilized for mesh validation, evaluating the 
determinant of each mesh element to ensure 
compliance with established quality criteria. A 
minimal determinant value exceeding 0.3 is 
considered acceptable for accurate results 
[31]. The completed mesh for the geometry 
consisted of approximately 250,000 elements, 
as depicted in Figure 3. 
 
Table 3. Lubricant parameters utilized in the 
simulation. 

Parameters Value Unit 

Density (ρ) 870 kg/m3 

Specific heat capacity (Cp) 2100 J/kg.K 

Thermal conductivity (f) 0.13 W/m.K 

Dynamic viscosity at 40C (40) 0.0416 Pa.s 

Dynamic viscosity at 80C (80) 0.0105 Pa.s 

Density of gas (ρg) 1.185 kg/m³ 

Thermal conductivity of gas (fg) 0.0261 W/m.K 

Specific heat capacity of gas (cpf) 1004.4 J/kg.K 

Dynamic viscosity of gas (g) 0.00021 N∙s/m² 

Cavitation pressure (Pc) 50 kPa 
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Figure 3 illustrates the mesh configuration for a 
model with a film thickness of 15 µm. The film 
region consists of three layers, while the pocket 
depth of 30 µm contains twelve layers, leading to 
a cumulative total of fifteen layers within the 
combined depth. The quantity of pocket layers 
varies based on the thickness of the lubricant 
film, while the depth of the pockets remains 
constant. The minimal film thickness (Hmin) of 15 
to 30 µm is composed of 3 layers, while the 
thickness of 40 to 80 µm is made up of 4 layers. 
The cumulative count of layers, specifically Hd 
and Hmin, across all variations of the minimum 
film thickness is 15 layers. The meshing 
procedure involves the utilization of around 
250,000 hexahedral elements. 
 

 
Fig. 3. Meshing in fluid domain. 

 
The simulation is conducted using a laminar 
model, with the Energy option enabled. The 
fluid’s viscosity parameters are configured 
using the Piecewise-Linear model, with the 
lubricant’s specifications being inputted into 
the Ansys Fluent software. This software was 
selected because to its inclusion of the slip 
setting menu. Ansys Fluent is employed in this 
CFD modeling. The convergence criterion for 
this simulation, as determined by the root 
mean square residual value, is 1E-5. The 
solution method is specified as SIMPLEC and 
the pressure is chosen to be Second Order. 
Both the Momentum and Energy schemes are 
configured to use Second Order Upwind. The 
work utilizes a 3.20 GHz central processing 
unit (CPU) of 16 CPUs. The RAM has a capacity 
of 32 gigabytes. Each simulation necessitates 
an approximate time 30 min.  

Figure 4 demonstrates the slip locations 
identified in this study. Slip conditions were 
implemented in four configurations: (a) no-
slip [NS], (b) slip-before-pocket [SBP], (c) slip-
on- pocket [SOP], and (d) combined-slip, both 
before and on pocket [SBPP]. No-slip pertains 
to a stator operating under conditions of 
absence of slip, while slip-before-pocket 
indicates the application of slip boundary 
conditions prior to the placement of the 
pocket. The slip-on-pocket denotes the 
implementation of slip boundary conditions at 
the location of the pocket or its texture. The 
slip-before-pocket and on pocket, or 
combined-slip, pertains to the distribution of 
slip locations in the area preceding and within 
the pocket region. The relatively small slip 
area was inspired by the geometry proposed 
by Chalkiopoulos et al. [29] and is justified by 
the ratio between the textured and smooth 
regions—commonly referred to as a 
heterogeneous surface. This proportion aims 
to achieve an optimal balance between slip-
induced pressure enhancement and surface 
stability. 
 

 
Fig. 4. The slip locations are marked in blue, (a) no-
slip [NS], (b) slip-before-pocket [SBP], (c) slip-on-
pocket [SOP], and (d) combined-slip, before and on 
pocket [SBPP]. 

 
Prior to simulations, model validation was 
performed. The verified case utilized a multi-
texture thrust bearing configuration with a 
lubrication layer of 40 µm, a multitexture pocket 
depth of 20 µm, a rotational speed of 6000 rpm, 
ISO VG 46 oil, and laminar flow conditions. The 
comparison of maximum pressure in this study 
with that of [29] showed a variation of only 
0.55%, indicating strong agreement and 
supporting the validity of the current simulation 
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methodology. Figure 5(a) illustrates that the 
pressure profile from the present study is in 
close agreement with previous simulation 
results. The data used for plotting pressure 
profiles were obtained along the midline of an 
individual bearing pad. Reference [29] utilized 
radial plot R34; however, this study employed 
R36, which is associated with the midpoint of 
the pocket and the maximum pressure zone in a 
circumferential pocket thrust bearing with Hd = 
30 µm. The rationale for this decision is 
supported by the pressure distribution depicted 
in Figure 5(b). 
 

 
(a) 

 
(b) 

Fig. 5. (a) Validation of the current research with the 
previous investigation [29] and (b) the pressure 
profile of circumferential pocket at various radial 
positions, with R36 selected in this study. 
 
Mesh independence tests verified that the 
simulation results were not significantly affected 
by the number of mesh elements. Figure 6 
depicts the test outcomes with nearly 250,000 
elements, where the maximum pressure reached 
was 1.709 MPa, yielding only a 1% variance. 

This verifies that the employed mesh size, which 
is below the 300,000 elements indicated in [29], 
reduces computing costs while preserving 
accuracy. This study focuses on the 
hydrodynamic pressure generated as the basis 
for calculating the LCC. It excludes any discourse 
about temperature. 
 

 
Fig. 6. Grid independence test. 

 
 
3. RESULTS AND DISCUSSION 
 
This study performed a simulation analysis on a 
circumferential pocket-type hydrodynamic 
thrust bearing with a pocket depth of 30 µm. 
Variations in lubricant film thickness measured 
15 to 80 µm. The slip conditions implemented on 
the stator surface were categorized into four 
distinct types: no-slip, slip-before-pocket, slip-
on-pocket, and a combination of slip-before-
pocket and slip-on-pocket. The simulations 
incorporated cavitation conditions, employing 
laminar flow at a rotational speed of 6000 rpm. 
The discussion will encompass both cavitation 
analysis and modeling in the absence of 
cavitation conditions. This analysis seeks to 
clarify the distinctions between the two models. 
 
3.1. Effect of slip formations on the pressure 

 distribution 
 
Figure 7 demonstrates that the maximum 
pressure across all lubricant film thicknesses 
was consistently highest in the slip-before-
pocket configuration, while the lowest pressure 
values were recorded in the slip-on-pocket 
configuration. The maximum pressure values 
under combined slip conditions for film 
thicknesses of 15 to 50 µm were lower than 
those recorded in the no-slip scenario.  
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(a)  (b)  

(c)  (d)  

(e)  (f)  

(g)  

Fig. 7. The hydrodynamic pressure profiles of the varied slip formations at the different minimum film 
thicknesses in cavitation condition. 
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At a film thickness of 80 µm, the maximum 
pressure under combined-slip conditions 
exceeded that of the no-slip configuration. The 
results indicate that applying slip on the stator 
surface enhances pressure performance in 
hydrodynamic thrust bearing. The application of 
slip before the pocket led to a significant 
increase in pressure compared to the no-slip 
condition. The improper placement of slip, 
specifically the combined-slip condition of 15 to 
50 µm and slip directly on the pocket, negatively 

affected pressure performance, resulting in 
lower maximum pressures relative to the no-slip 
configuration. The cavitation modeling indicates 
that if the lubricant pressure falls below the 
established cavitation pressure of 0.05 MPa, the 
pressure will remain constant at that level until 
an increase occurs. This event occurs at the 
leading edge, the site of the cavitation 
phenomenon. The stable pressure observed in 
the cavitation area in this investigation aligns 
with findings from previous studies [32-34]. 

 

(a)  (b)  

(c)  (d)  

Fig. 8. Comparing the pressure distribution under four different slip situations to the differences in the minimum 
film thickness. 

 
Figure 8 illustrates that for each slip scenario, 
the maximum pressure occurred at a lubricant 
film thickness of 15 µm, whereas the minimum 
pressure was consistently observed at 80 µm. 
This supports the notion that thinner lubricant 
films result in higher pressure, aligning with the 
findings of [8], which demonstrate that bearing 
load is notably affected by the separation 
between two solid surfaces. As film thickness 
increases, the LCC decreases in a nonlinear 
manner. The maximum pressure recorded was 
5.09 MPa at a film thickness of 15 µm under the 
slip-before-pocket condition, whereas the 

minimum pressure observed was 0.305 MPa 
with an 80 µm film thickness in the no-slip 
condition. The formation of slip at the location 
prior to the pocket enhances fluid flow, 
accelerating the movement of lubricant from this 
area into the pocket. The lubricant pressure 
increases upon the fluid's arrival at the pocket 
due to the residual slip effect originating from 
the upstream region. However, as the flow 
continues, the momentum gained in the slip 
zone reduces the viscous shear contribution to 
pressure generation, causing a small pressure 
drop below the inlet level. 
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Fig. 9. Contour plots of pressure distribution in circumferential thrust bearing under cavitation conditions, 
evaluated at various minimum film thicknesses for four slip configurations: no-slip (NS), slip-before-pocket 
(SBP), slip-on-pocket (SOP), and combined-slip (SBPP: before and on pocket). 
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Figure 9 presents that the minimum pressure for 
both no-slip and slip conditions at a film 
thickness of 15 to 30 µm reached the cavitation 
threshold of 0.05 MPa. This indicates a 
significant likelihood of cavitation formation in 
specific regions. The implementation of slip-
before-pocket and combined-slip arrangements 
significantly improved the minimum pressure, 
suggesting enhanced lubrication conditions and 
a reduced risk of cavitation. The application of 
slip is observed to reduce the cavitation region, 
as shown in Figure 9(b). This finding aligns with 
the results documented in [32,33]. A reduced 
cavitation zone positively influences the 
enhancement of hydrodynamic pressure 
produced by the lubricant. The placement of slip 
regions significantly influences the resulting 
pressure. Strategically positioned slips can 
enhance pressure accumulation and reduce 
cavitation effects. These findings are consistent 
with [35], which demonstrated that the 
application of slip can reduce areas prone to 
cavitation, thereby mitigating its occurrence. 
 
Figure 9 illustrates the pressure distribution 
contours of circumferential thrust bearing under 
cavitation conditions, indicating variations in 
minimum film thickness ranging from 15 to 80 μm 
across four slip configurations: no-slip (NS), slip-
before-pocket (SBP), slip-on-pocket (SOP), and 
combined-slip (SBPP – before and on pocket). The 
SBP configuration consistently produces higher 
hydrodynamic pressure compared to the other 
three slip conditions across all variations of 
minimum film thickness (Hmin). The maximum 
pressure is recorded at Hmin 15 µm (approximately 
5 MPa), whereas the minimum is noted at Hmin 80 
µm (approximately 0.3 MPa). The observation 
reveals that pressure concentration is 
predominantly localized at the end region of the 
pocket situated in the middle part of the bearing. It 
subsequently dissipates, decreasing towards the 
periphery of the pocket and the adjacent no pocket 
region. At a minimum film thickness of 15 μm, the 
slip state preceding the pocket exhibits a dark blue 
color, signifying the occurrence of cavitation. This 
observation indicates that the pressure at the 
specified location, including the leading edge, is 
below 0.05 MPa. This work examines a variation in 
pressure concentration at the center of the bearing 
(see SBP in Hmin 15) in contrast to the findings of 
Syafaat et al. [12], who indicated that with a pocket 
depth of Hd 20 μm, slip engineering successfully 
shifted the center of pressure outward from the 

bearing. This study's findings demonstrate that the 
Hd 30 μm pocket depth does not displace the 
pressure concentration outward from the bearing, 
which contrasts with the results of prior research. 
The bearing pressure exhibits greater stability at a 
pocket depth of 30 μm in comparison to a depth of 
20 μm. The research indicated that a rise in 
minimum film thickness is associated with a 
decreased probability of cavitation events.  
 
The incorporation of slip in the area preceding 
the pocket facilitates fluid flow, enabling the 
fluid to exit the slip region and enter the pocket 
with more ease. Slip designed to enable the 
lubricant's release from this region and its 
subsequent ingress into the pocket. As the fluid 
enters the pocket, the residual slip effect from 
the upstream region elevates the lubricant 
pressure. The dynamics of lubricant velocity 
contours were previously documented by 
Syafaat et al. [12]. 
 
3.2. Effect of Slip Formations on the LCC 
 
Figure 10 shows the LCC performance obtained 
from CFD simulations of the circumferential 
pocket hydrodynamic thrust bearing under 
cavitating flow conditions. The investigation 
employed a fixed pocket depth (Hd) of 30 µm and 
variations in lubricating film thickness ranging 
from 15 to 80 µm. The slip configurations included 
NS, SBP, SOP, and SBPP. The findings demonstrate 
that for all slide configurations, the peak LCC value 
consistently appeared at Hmin 15 µm, whilst the 
lowest LCC was noted at Hmin 80 µm.  
 

 
Fig. 10. Comparison of the LCC in cavitation modeling 
under varied slip locations and minimum film 
thicknesses. 
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The slip before pocket arrangement exhibited 
superior LCC performance across all film 
thicknesses, while the SOP structure yielded the 
lowest LCC values in every case. The maximum 
LCC recorded across all combinations of slip and 
film thickness was 1744.61 N, seen at a film 
thickness of 15 µm with slip before the pocket. 
The minimum LCC was 204.52 N at a film 
thickness of 80 µm under SOP formation. 
 

 
Fig. 11. Change in the LCC from no-slip condition to 
slip conditions in cavitation modeling. 

 
Figure 11 illustrates the percentage change in LCC 
from the no-slip condition to the three slip setting 
conditions examined in this study. Among the 
three slip applications (SBP, SOP, SBPP), the most 
notable improvement compared to no slip was 
found with slip-before-pocket at Hmin 15 µm, 
yielding a 47.76% increase. The most notable 
decline was observed in the slip-on-pocket at the 
same film thickness, with a reduction of -33.79%. 
The percentage increase in LCC for slip before 
pocket compared to no-slip generally decreased 
with greater film thickness, except at Hmin 25 µm, 
which was slightly lower than the result at 30 µm. 
The slip-on-pocket demonstrated a gradual 
increase in LCC % change with increasing film 
thickness, yet consistently remained below the no-
slip baseline. The data underscore the importance 
of slip location. The slip-before-pocket method 
significantly enhances load support, particularly 
with thinner lubricant films, while the slip-on-
pocket approach tends to reduce LCC especially in 
thin-film conditions. 
 
Figure 11 is derived from the data presented in 
Figure 10, where the LCC values for each slip 
configuration are plotted. While Figure 10 focuses 
on the trend of LCC variation as a function of 

minimum film thickness, Figure 11 expresses the 
percentage change in LCC relative to the no-slip 
condition. A negative LCC value represents a 
reduction in LCC compared with the no-slip 
condition, rather than an actual loss of lubrication. 
This means that slip engineering does not always 
yield beneficial effects. A positive LCC percentage 
indicates performance improvement, whereas a 
negative value signifies performance deterioration 
relative to the baseline case. Nevertheless, 
hydrodynamic lubrication is still maintained under 
all simulated conditions—the entire load is 
supported by the lubricant film, ensuring that no 
direct contact occurs between the rotor and stator 
surfaces. Therefore, the negative LCC value 
observed for the SBPP configuration at a minimum 
film thickness of 25 µm represents a local decrease 
compared to the baseline, not an actual loss of load 
support. The negative % change in LCC at Hmin 25 
µm occurs because this thickness represents a 
transition zone between thin-film and thicker-film 
regimes. In this range, the accelerated flow caused 
by slip before or on the pocket reduces the local 
shear and pressure recovery, leading to a relative 
decrease in LCC under cavitation. 
 
3.3. Effect of no cavitation modeling on the

 pressure distribution 
 
Figure 12 indicates that, under the no-slip 
condition with a film thickness of 15 µm, the 
maximum pressure in the no cavitation 
simulation reached 4.63 MPa. Under cavitation, 
the same condition resulted in 3.86 MPa, 
indicating a decrease of 16.63%. The maximum 
pressure in the slip-before-pocket arrangement 
under no cavitation conditions was 5.60 MPa, 
while with cavitation it decreased to 5.09 MPa, 
indicating a reduction of 9.10%. The maximum 
pressure under the slip-on-pocket configuration 
decreased from 2.91 MPa in the absence of 
cavitation to 2.56 MPa with cavitation, reflecting a 
reduction of 12.02%. In the combined slip 
configuration, the maximum pressure decreased 
from 4.13 MPa under non-cavitating conditions to 
3.64 MPa with cavitation, indicating a reduction 
of 11.86%. The findings validate that cavitation 
adversely impacts the maximum pressure in 
thrust bearing, aligning with the observations 
noted by Chen et al. [14]. This outcome, however, 
contrasts with earlier findings, such as those by 
Muchammad et al. [36], which indicated that 
simulations including cavitation produced higher 
pressure levels than those without cavitation. 
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3.4. Effect of No Cavitation Modeling on the
 LCC 

 
The comparisons of LCC between simulations 
with and without cavitation closely mirrored 
the trends observed in maximum pressure. 
Under the no-slip condition, the LCC attained a 
peak value of 1493.62 N for Hmin 15 µm in the 
absence of cavitation, which decreased to 

1180.64 N when cavitation was present, 
indicating a reduction of 20.95%. The LCC 
decreased from 2049.45 N (no cavitation) to 
1744.61 N (cavitation), reflecting a reduction 
of 14.87%. The slip-on-pocket configuration 
exhibited a decrease in LCC from 941.61 N 
under no cavitation conditions to 781.59 N 
with cavitation, indicating a reduction of 
16.99%.  

 

(a)  (b)  

(c)  (d)  

Fig. 12. Comparison of the pressure distribution under both no cavitation (NC) and cavitation (C) modeling in 
variations of Hmin for conditions: (a) no-slip, (b) slip-before-pocket, (c) slip-on-pocket, and (d) slip-before-pocket 
and on pocket. The horizontal line represents the cavitation pressure of 0.05 MPa. 
 

The cavitation LCC value was notably lower than 
the no cavitation values for Hmin values between 
20 and 40 µm. In the combined-slip 
configuration, the LCC decreased from 1562.15 
N (no cavitation) to 1297.91 N (cavitation), 
indicating a reduction of 16.91%. Additionally, 
this value was lower than the LCC at Hmin 20 µm 
(1354.46 N) under no cavitation conditions. 
 
Figure 13 presents a comparison of the LCC for 
circumferential thrust bearing with a pocket 
depth of 30 µm under both cavitation and non-
cavitation conditions across various minimum 
film thicknesses. The results demonstrate that 

LCC consistently decreases with increasing film 
thickness across all configurations, supporting 
hydrodynamic lubrication theory—thinner 
lubricant films promote greater pressure 
accumulation and support larger loads. 
Cavitation consistently reduces LCC, as 
evidenced by the lower values of C relative to 
their NC counterparts. The effect is most 
significant for diminished film thicknesses, 
notably Hmin 15 µm. Among several slip designs, 
the slip preceding the pocket configuration in 
conditions devoid of cavitation exhibits the 
highest LCC, reaching 2049.45 N at Hmin 15 µm. 
In contrast, the slip-on-pocket condition during 
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cavitation yields the least effective performance, 
particularly at increased film thicknesses, where 
LCC diminishes to roughly 200–300 N. The 
results demonstrate that inhibiting cavitation 
and properly placing slip—especially before to 
the pocket—can significantly enhance bearing 
performance, while slip on the pocket surface 
may be detrimental in cavitating flow conditions. 
 

 
Fig. 13. The comparison of LCC both no cavitation 
(NC) and cavitation (C) modeling under varied slip 
locations and minimum film thicknesses. 

 
Figure 14 displays the LCC comparison between 
the study and previous research [12], particularly 
for changes in pocket depth. Both research 
findings demonstrate a decrease in LCC associated 
with an increase in the thickness of the lubrication 
layer between the stator and rotor. 
 

 
Fig. 14. Comparison of LCC results from the present 
study and prior research [12] conducted under 
cavitation flow condition. 

 

This result is consistent with the current 
literature [1]. The second conclusion derived 
from the study's data is that an increase in pocket 
depth is associated with a reduction in LCC. Both 
research points are logically justified: to achieve a 
significant LCC, the minimal distance between the 
stator and rotor (Hmin or Hd) is crucial, enabling 
the fluid to function as a barrier for transmitting 
force from the solid surface (rotor) to the fluid, 
which then transfers it to the adjacent solid 
surface (stator). 
 

 
Fig. 15. Change in the LCC from no-slip condition to 
slip conditions under both no cavitation (NC) and 
cavitation (C) modeling. 

 
Figure 15 depicts the percentage change in LCC 
compared to the no-slip baseline in both cavitation 
and non-cavitation scenarios. The most notable 
improvement was observed with the combined-
slip configuration at a lubricant thickness of 50 µm 
under conditions devoid of cavitation, leading to 
an increase of 80.85%. The most notable reduction 
occurred in the slip-on-pocket configuration with a 
film thickness of 15 µm under the no cavitation 
condition, registering at -36.96%. In both 
cavitation and no cavitation scenarios, the 
percentage improvement in slip prior to pocket 
formation decreased as film thickness increased. 
In contrast, under no cavitation conditions, both 
the slip-on-pocket and combined-slip scenarios 
demonstrated increasing percentage gains up to a 
film thickness of 50 µm, followed by significant 
reductions at 80 µm. In the context of cavitation, all 
slip-on-pocket configurations demonstrated 
reductions in LCC compared to the no-slip 
scenario, with losses diminishing as film thickness 
increased. The maximum LCC gain observed under 
cavitation was 47.76%, achieved with slip-before-
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pocket at a film thickness of 15 µm. The most 
notable reduction was -33.79% for the slip-on-
pocket at the same thickness. The data further 
substantiate that cavitation negatively affects LCC 
performance; supporting the claim in [14] that 
cavitation reduces the efficiency of hydrodynamic 
thrust bearing. 
 
Figure 15 is based on the data shown in Figure 14, 
illustrating the LCC values for each slip 
arrangement. Figure 14 illustrates the trend of LCC 
variation as a function of minimum film thickness, 
whereas Figure 15 shows the percentage change 
in LCC in relation to the no-slip condition. A 
negative LCC number indicates a decrease in LCC 
relative to the no-slip condition, rather than a 
genuine loss of lubrication. This indicates that slip 
engineering does not consistently produce 
advantageous outcomes. A positive LCC 
percentage denotes performance enhancement, 
whereas a negative figure shows performance 
decline in comparison to the baseline scenario. 
Nonetheless, hydrodynamic lubrication is 
preserved under all simulated situations, with the 
lubricant film entirely supporting the load, so 
preventing direct contact between the rotor and 
stator surfaces. 
 
Interestingly, at Hmin 25 µm in the cavitation 
scenario, both the slip-before-pocket and slip-
on-pocket designs resulted in a negative 
percentage change in LCC relative to the no-slip 
baseline (Figure 15). This behavior can be 
explained by analyzing the transition from an 
optimally thin (15-20 µm) to a thicker (30 µm 
and above) film regime. At this intermediate film 
thickness, the advantages of slip are 
counterbalanced by the modified hydrodynamic 
pressure accumulation and heightened 
cavitation risk: the pre-pocket slip hastens 
lubricant egress excessively, leading to a 
reduction in sustaining shear stress and a 
decline in pocket pressure recovery, while the 
pocket-slip condition fosters locally increased 
cavitation inception due to altered near-wall 
gradients. Prior research by Syafaat et al. [12] on 
pocket geometries with slip similarly shown that 
deviations from the optimal film-thickness range 
may result in performance deterioration due to 
texture or slippage. Consequently, the negative 
value at 25 µm underscores the necessity of 
concurrently adjusting film thickness, 
texture/slip zone dimensions, and positioning to 
stay within the advantageous range. 

3.5. Comparison with the Zhang model 
 

The impact of slip placement identified in this 
study aligns closely with the processes suggested 
by Zhang [20] and Zhang [21]. Zhang [20] 
analytically established that the incorporation of 
boundary slippage at the stationary inlet and 
dynamic outlet of a step bearing elevates 
hydrodynamic pressure by augmenting fluid 
entrainment and alleviating detrimental shear 
near the film peripheries. The slip-before-pocket 
arrangement in the current simulation generated 
the maximum pressure across all minimum film 
thicknesses, demonstrating that inlet-side slip 
significantly enhances Couette-driven flow and 
facilitates pressure accumulation in the pocket 
region. Zhang [21] demonstrated that a tilted-pad 
thrust bearing with regulated slip zones attained a 
LCC increase of up to 30% and a friction reduction 
above 40% when the slip region covered 
approximately 80% of the pad surface. Our 
findings align with this trend: excessive or 
misaligned slip (e.g., slipping directly on the 
pocket) undermines local shear support and 
decreases pressure, corroborating Zhang’s 
assertion that poor slip positioning can diminish 
hydrodynamic pressure rather than augment it. 
 

Zhang [27] asserted that interfacial slippage can 
enhance bearing performance only if the slip zone 
is meticulously managed to avert film 
disintegration. He also observed that slippage 
alters pressure gradients, therefore influencing the 
onset of cavitation. The current findings—where 
slip-before-pocket diminished the cavitation 
region but slip on the pocket exacerbated it—
validate this theoretical understanding. Consistent 
with Zhang [27], the enhanced minimum pressure 
and reduced cavitation zone found herein validate 
that appropriately positioned slip mitigates 
cavitation by refining the pressure gradient at the 
leading edge. This substantiates the idea that 
interface engineering is an effective approach for 
managing cavitation-induced instabilities in thin-
film lubrication. 
 

Zhang [37] examined the material characteristics 
of wall slippage, emphasizing that successful slip 
necessitates surfaces exhibiting minimal fluid 
adhesion and strong compressive strength. The 
current simulation presupposes an ideal slip 
boundary; in reality, achieving such performance 
would rely on coating materials or surface 
patterns that can sustain this equilibrium, as 
suggested by Zhang [37]. 
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The LCC behavior shown herein reinforces Zhang's 
theoretical and empirical findings. Zhang [20] 
forecasted that boundary slip may significantly 
enhance bearing load when implemented in areas 
conducive to fluid entrainment, however Zhang 
[21] illustrated that load augmentation is 
optimized when slip encompasses a considerable 
portion of the inlet region, excluding the entire 
contact zone. The slip-before-pocket design in the 
present investigation resulted in a maximum LCC 
increase of 47.76% at Hmin 15 µm, closely aligning 
with Zhang's stated enhancement range. In 
contrast, the slip-on-pocket arrangement 
consistently diminished LCC; corroborating 
Zhang’s finding that slip in the primary load-
supporting region undermines Poiseuille pressure 
generation. This suggests that the positioning of 
the slip, rather than its amount, predominantly 
influences bearing efficiency. 
 

Zhang [27] also noted that slippage, although 
advantageous for minimizing friction, may 
compromise the stability of the hydrodynamic film 
if the shear strength at the interface is insufficient. 
Our findings corroborate that analysis: the 
combined-slip configuration enhanced 
performance solely within specific film thickness 
ranges, indicating that an excessively broad slip 
zone undermines film stiffness. The findings 
generally indicate that regulated partial slip, 
particularly at the inlet, enhances both load and 
film stability, while excessive slip coverage results 
in declining or negative benefits. 
 

Zhang [37] emphasized the necessity of creating 
surface materials capable of modulating wall 
slippage from a design perspective. The present 
findings corroborate that recommendation: the 
application of slip coatings or hydrophobic micro-
textures in specific areas (prior to the pocket) may 
replicate the predicted performance 
enhancements in actual systems in industries. 
Inappropriate or non-uniform coatings may result 
in uneven pressure and localized film failure. 
Consequently, subsequent research should 
empirically assess potential materials with 
quantifiable interfacial shear strength to realize 
the controllable slippage proposed by Zhang. 
 
 

4. CONCLUSION 
 

The CFD modeling has been performed for 
hydrodynamic circumferential pocket bearing, 
which are defined by a constant pocket depth of 

30 µm and varying minimum lubricant film 
thicknesses between 15 and 80 µm. Four distinct 
slip designs were utilized to evaluate the 
pressure distribution and load-carrying capacity 
(LCC) in both cavitation and non-cavitation 
conditions. The following are the conclusions. 

1. The maximum pressure across all slip 
configurations (no-slip, slip-before-pocket, 
slip-on-pocket, and combined-slip) occurred 
at Hmin 15 µm, while the minimum pressures 
were observed at Hmin 80 µm. The slip-before-
pocket arrangement consistently generated 
the highest pressure across all thickness 
levels. The peak pressure attained was 5.09 
MPa, noted at Hmin 15 µm prior to pocket 
conditions under slip. 

2. The LCC exhibited a close alignment with the 
pressure distribution. The highest LCC values 
for all slip configurations were recorded at Hmin 
15 µm, whereas the lowest values were noted 
at Hmin 80 µm. The slip-before-pocket 
configuration demonstrated consistently 
superior performance across all configurations, 
achieving the highest LCC of 1744.61 N. 

3. Comparing cavitation and no cavitation 
simulations reveals that the no cavitation 
condition produced higher pressure and LCC 
values for all slip configurations, unlike the 
cavitation condition. Cavitation disrupts the 
continuity of lubricant flow and reduces 
pressure accumulation, thereby negatively 
impacting thrust bearing performance. 

 
Future simulations should incorporate many 
pocket depths for comparative analysis, as this 
article exclusively investigates a singular pocket 
depth value from previous research. Experiments 
are crucial for the accurate validation of research, 
including the implementation of surface coatings 
to establish slip conditions. 
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