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The aim of the present optimization study is to propose 
an innovative surface profile design by implementing 
a wavy form on the upper surface, without varying the 
physical limits of the complete slider-bearing struc-
ture. Differential equations governing the fluid-film 
mass, Reynolds and energy equations, are solved simul-
taneously by the iterative transfer matrix approach, 
which also takes into account the streamwise decrease 
of lubricant viscosity. Computations indicated that 
friction coefficient values decrease with wave amplitude 
in pad inclination ranges of 0–3.77°°, 3.3–4.17°° and 
3.9–4.22°° for inlet/exit pressure ratios of 1.01, 3.01 and 
5.01 respectively. Wave number is determined to 
augment the complete pressure distribution inside the 
bearing and optimum wave number is evaluated as 25 
for pressure management. 
 
Keywords: Performance optimization, slider-bearing, 
waviness. 
 
WITH extensive applications of slider-bearings in mechani-
cal devices, investigations associated with their design 
and performance optimization have been given privilege. 
The present industrial needs cover increased load capacity, 
lowered friction and power consumption and creative de-
signs, which in return contribute to considerable progress 
in computer-aided modelling1 of slider-bearing lubrica-
tion. Analysis on sliding surface definitions is important 
in predicting the system responses, where application of a 
wavy pattern to the flow surfaces is a new approach and 
complicates the numerical-lubrication simulations, as the 
waviness is defined by two independent variables: ampli-
tude and wavelength. A few studies have concentrated on 
the effects of surface waviness on the lubrication process 
numerically. A numerical model that takes the sources of 
nonlinearities, such as surface waviness into account for 
ball-bearing applications, was developed by Harsha et al.2. 
Rasheed3 considered the influence of waviness on cylindrical 
sliding element and proposed a critical wave number range 
of 1–9 for improved operating conditions. Sottomayor et al.4 
studied roller bearings for various waviness amplitude 
values and recorded augmented friction coefficients in 

higher amplitude cases. van Ostayen et al.5 investigated the 
performance of a hydro-support with random waviness and 
Honchi et al.6 applied a micro-waviness model to an air 
slider-bearing. Kwan and Post7 evaluated augmented load 
values of aerostatic bearings with higher wave amplitudes, 
whereas Ai et al.8 showed that the lubricant film thick-
ness decreased with waviness in journal-bearings. Journal 
bearings were also studied by Mehenny and Taylor9, who 
found that the maximum pressure increased with wave num-
ber, whereas the numerical model for journal-bearing sys-
tems of Liu et al.10 did not converge efficiently for waviness 
amplitudes above 6 µm. 
 Performance predictions of the lubrication process under 
various boundary and geometric conditions have also 
been considered. Naduvinamani et al.11 investigated sur-
face roughness effects on the load carrying capacity. Lin12, 
and Karkoub and Elkamel13 inspected the geometric in-
fluences on the load values. Effects of input pressure on the 
work and friction characteristics have been numerically 
evaluated14,15. Kumar et al.16 performed a numerical study 
on the surface roughness effects on elastohydrodynamic 
lubrication of rolling line contacts. Watanabe et al.17 pre-
dicted the influence of structural design features on the 
frictional characteristics of microgrooved bearings. Lu-
bricant flow rate is a major design consideration studied 
by Luong et al.18, both numerically and experimentally for 
thrust-bearing applications, and by Tian19, numerically 
for porous bearings. Hargreaves and Elgezawy20 worked on 
the upper surface discontinuities and so occurring pressure 
variations in slider-bearings. Non-Newtonian character of the 
lubricant has a considerable contribution in the lubrication 
systems; and specifically concentric and eccentric cases 
have been experimentally investigated21,22. 
 Optimization of slider-bearing lubrication is also included 
in the scope of numerical studies. Stokes and Symmons23 
performed a multi-dimensional optimization on the plasto-
hydrodynamic drawing of wires. Lin24 tried to get an optimum 
flow cavity for one-dimensional porous curved slider-
bearing. Stability is a chief concern for system durability 
and safety. Instabilities based on pressure perturbations 
and geometric definitions have been investigated25–27. 
 Lubricant viscosity is known to vary significantly with 
temperature. However, numerical studies on waviness and 
performance predictions presented above, disregarded 
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this fact due to the complexity of the numerical structure, 
and performed their computations with a fixed viscosity 
value for the complete flow domain. Indeed there are also 
studies that focus on the effects of temperature and lubri-
cant properties on the performance of bearings. A linearly 
narrowing slider-bearing, with heat conduction to the sta-
tionary lower surface has been investigated28. Temperature 
dependency of lubricant viscosity was handled by imposing 
the temperature distribution of the previous solution set on 
the nodal viscosity values, until a convergence of 0.05% 
was achieved for each node between two successive solu-
tions. A similar approach was used by Pandey and Ghosh29 
on both sliding and rolling contacts. Their convergence 
criterion for temperature distribution was less sensitive 
(0.1%) and a unique viscosity value, which corresponds to 
the average lubricant temperature, was used for the complete 
flow volume. On the other hand, Yoo and Kim30 took 
temperature-dependent viscosity into consideration more 
precisely with a convergence criterion of 0.001%. However, 
in their study to decrease the computation run time, con-
vergence was not applied to each individual temperature 
value in the flow direction, but for the sum of the com-
plete temperature set. 
 Although there have been considerable efforts to determine 
the boundary condition – cavity structure interactions and 
their contributions on the performance values of slider-
bearings, there is still a gap in this subject matter from 
the point of upper surface design. The present optimiza-
tion study aims to define an innovative design, with the 
implementation of a wavy form on the upper surface, by 
keeping the volume of the flow cavity fixed, without 
varying the physical limits of the complete lubrication 
structure. To produce a complete overview, computations 
are performed with three inlet/exit pressure values (β), for 
six amplitudes (ϕ) and 11 wave numbers (λ) in the pad in-
clination (θ) range of 3–5°. Performance optimization 
outputs are discussed through streamwise pressure (P) 
variations and with lubricant flow rate (m⋅ ), friction coef-
ficient ( f ) and load capacity (W) data for various β, ϕ, λ 
and θ cases. 

Governing equations 

Plane slider-bearing performance analysis covers the investi-
gation of both momentum and energy transfer in the flow 
volume. Thus velocity (u), pressure (P) and temperature (T) 
distributions are the primary concern of the fundamental 
theory. The outputs of the continuity, momentum and energy 
equations can be the focused items of the work, but gen-
erally the results of the former in the calculation order 
generate the input set for the following, which puts forth 
the simultaneous handling of the three equations. As the 
momentum equation in the –x direction (eq. (1)) inter-
prets the relation of viscous shear stress and thermody-
namic pressure, the Reynolds equation for one-dimensional 

lubricant flows of slider-bearings is given by eq. (2), 
where Vu, Vl and h stand for the upper and lower surface 
velocities and pad height respectively31. 
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The amount of energy transferred within the lubricant 
flow is mainly designated by the streamwise temperature 
variation, but the volumetric flow rate (qx), the terms re-
lated to the momentum loss and the friction loss, which 
are interconnected with the shear stress (τ), lubricant den-
sity (ρ) and specific heat (Cp) are also encountered in eq. 
(3). Lubricant viscosity (µ) appears in either of the three-
main flow and energy equations. Thus the Newtonian vis-
cosity–temperature relation is characterized by Vogel’s 
rule32 of eq. (4), where b, k and ζ are the� viscosity param e-
ters. 
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Although the general form of the momentum, Reynolds 
and energy equations are as given above, calculations on 
slider-bearing lubrication are frequently performed in non-
dimensional form24,28,33. According to Hwang et al.34, eqs 
(1)–(3) can be converted into eqs (5)–(7) by using the 
non-dimensional parameters given in Appendix 1 (A), 
with the relevant boundary conditions. 
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The non-dimensional velocity profile (eq. (8)) can be ob-
tained by imposing the boundary conditions in eq. (5). 
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Integration of the velocity profile gives the lubricant flow 
rate per unit width (eq. (9)). 
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The streamwise pressure distribution can be evaluated by 
integrating the Reynolds equation twice: 
 

 
* *

u
1 in3 3

0 0

*6( 1) d * d * ** d * ,
* *

x xV h x
P x c P

h h

+
= − +∫∫ ∫  (10) 

 
where the integration constant c1 is given in Appendix 1 
(B). 
 The load-carrying capacity (W*) and friction force 
(Ff*) values are obtained by streamwise integration of the 
film pressure and shear stress distributions respectively, 
and the ratio gives the friction coefficient ( f * ). Expressing 
in terms of dimensionless quantities yields eqs (11)–(13). 
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Theoretical model 

To generate a realistic overview and to involve the com-
bined definitional necessities of both the physical and the 
thermo-fluid structural information of the complete lubri-
cation environment, necessary compounds are chosen 
from the available recent numerical studies. The slider-
bearing in concern here is narrowing in linear style (Fig-
ure 1), similar to that of van Ostayen et al.5 and Kwan 
and Post7. As in the study of Honchi et al.6, the upper 
bearing surface is kept stationary (Vu = 0 m/s). On the other 
hand, the lower surface velocity is chosen as Vl = 5 m/s, 
which is the mean value of the corresponding data of Liu 
et al.10 (2.55–10.21 m/s) and of Ai et al.8 (8.79 m/s). 
Bearing length (L) is selected as 10 mm, lying between the 
choices of Honchi et al.6 (1.25 mm) and Ai et al.8 (14.5 mm). 
As the inlet height (hin) is fixed as 1 mm, the exit height 
(hex) range is selected as 0.475–0.125 mm, where these 
values are within the most frequently applied bearing pad 

height and journal-bearing clearance data range of 1–
0.0175 mm10,12. The employed inlet and exit heights re-
sult in the hin/hex ratio range of 2.1–8 and the mean pad 
inclination range (θ) of 3–5° (Figure 1). As the resulting 
hin/hex ratio range is compatible with those of Das35 and 
Kumar et al.28, where the upper limit of their correspond-
ing hin/hex ratio ranges was 6 and 10 respectively, the 
consequential pad inclination range also suits the applied 
values of Watanabe et al.17 (θ = 1.78°), Honchi et al.6 
(θ = 6.8°) and Dadouche et al.36 (θ = 12°). Investigations 
have been carried out with SAE 20-type lubricant that has 
comparable viscosity values with the application of Me-
henny and Taylor9 and with the inlet temperature (Tin) of 
20°C, which is close to that of Sottomayor et al.4 (24°C). 
The analysis is based on the fact that unused lubricant is 
pumped in and emerges to the atmosphere. Therefore inlet 
(Pin) and exit (Pex) oil pressure values are fixed at 101–501 
and 100 kPa respectively, with β = Pin/Pex of 1.01–5.01. The 
upper surface of the bearing is defined in a convenient way 
to fit the main aim of the work, by eq. (14), where the 
wave amplitude and the number of waves are indicated 
by ϕ and λ respectively. The cosine curve is implemented 
to the streamwise-structure, where the relative positions of 
nodes (i) are integrated, in comparison to the total meshing 
scale (n + 1). 
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2 1

i
h x h x
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ϕ
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To visualize the effects of ϕ and λ on the bearing perform-
ance, wave amplitude data are rated in the range 0–
200 µm, covering those of Harsha et al.2, Rasheed3, and 
Liu et al.10. The imposed number of waves is kept within 
the limits of 5–105, including the most recurrent values 
in the literature4,6,7. 

Computational procedure 

To solve the continuity, momentum and energy equations 
in harmony, the geometric domain of Figure 1 is divided into 
1000 sequential cells, where higher numbers, in the early 
 

 
Figure 1. Schematic layout of slider-bearing with/without wavy 
structure at the upper surface. 
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stages of code development, appeared to increase only the 
run times and not the accuracy of the streamwise conver-
gence. Second-order finite difference marching proce-
dure37 in the streamwise direction with a constant cell 
width (∆x) of L/n, where for the sake of generality the 
number of cells is denoted by n, is applied for the simula-
tion of one-dimensional incompressible lubricant flow. 
Since the lubricant flow rate (m⋅ ) is constant in the flow 
direction, equating the derivative of eq. (9) to zero forms a 
system of n – 1 linear equations, which completely repre-
sent the relation of geometric structure, static pressure 
and velocity distributions. The new implementation (eq. 
(15)), which can be designated in sigma notation, consists 
of two coefficient matrices (γ, ϖ) whose elements are mainly 
defined by the groove geometry and the upper and lower 
surface velocities of the bearing and can be calculated as 
given in Appendix 1 (B). As the nodes i = 1 and i = n + 1 
represent the inlet and exit planes, the explicit form of the 
n – 1 equations constitutes the ‘transfer matrix’ (eq. (16)) 
of the system. Since the left-hand side of eq. (16) is a 
banded matrix with a bandwidth of three, Thomas algo-
rithm37 is used in the evaluation procedure, where the 
outputs are the scope of continuity and Reynolds equa-
tions for nodes i = 2 to n. 
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In addition to the inlet conditions and surface velocities, 
results of the transfer matrix, especially the lubricant flow 
rate and streamwise pressure gradient also participate as 
inputs when the temperature variation is under inspection. 
Superimposing the finite difference sense into the energy 
equation and rearranging the terms brings up a thermal 

relation (eq. (17)) within two consecutive nodes in the 
mesh, which in return displays the lubricant temperature 
distribution in the flow direction. 
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Evaluation of the temperature-dependent nature of viscosity 
covers both the traditional isotropic2–14,16–20 method and 
the present iterative transfer matrix approach, where the 
classical solution generates the initial set of guesses for 
the first iteration step. As shown in Figure 2, lubricant 
viscosity is kept constant in the complete flow volume, 
being equal to the inlet value, for the isotropic approach. 
In the first step of the iterative method, the temperature-
dependent nodal viscosity variation is calculated by using 
the temperature distribution of the isotropic approach, to-
gether with the viscosity parameters of k, b and ζ. Solv-
ing the transfer matrix of eq. (16), with the obtained 
viscosity distribution, gives the initial temperature set of 
the iterative method. The computations continue until two 
consecutive temperature distributions are not more than 
0.01% distant at each node within the mesh. The applied 
convergence criterion (0.01%) is more sensitive than that 
of Kumar et al.28, and Pandey and Ghosh29. On the other 
hand, although the criterion (0.001%) of Yoo and Kim30 
appears to be more precise, the present method differs 
from the former by imposing the convergence on each nodal 
temperature, not on the sum of the complete set. This ap-
plication makes the streamwise temperature determinations 
more reliable, since n + 1 times more control loops for 
every iteration step exist in the current approach. 

Results and discussion 

Numerical investigations are performed with wave num-
bers (λ) of 5–105, wave amplitude (ϕ) values are in the 
range of 0–200 µm, slider-bearing pad inclination (θ) is 
varied between 3 and 5°, and the inlet pressures (β) are 
1.01–5.01 times the exit value. Results of various struc-
tural-design and boundary condition cases are discussed 
through lubricant flow rate (m⋅ *), friction factor ( f * ), 
bearing load (W*) and streamwise variations of lubricant 
pressure (P*), and displayed in non-dimensional form (*) 
for the sake of generality. 
 Variations in m⋅ * are given in terms of θ, ϕ and λ–β in 
Figure 3 a–b respectively. It can be seen from Figure 3 a 
that, for β = 1.01, lubrication systems with higher ϕ result 
in lower lubricant flow rate for all slider pad inclinations 
(θ = 3–5°). Moreover the influence of ϕ on m⋅ * becomes 
more apparent in cavities with θcr ≥ 3.77° for the λ range 
of 5–25. Mass flow rate appeared not to be influenced by 
wave number for small θ; however, as in the case of wave 
amplitude, above the pad inclination of 3.77° lubricant
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Figure 2. Flow chart of applied computational procedure. 

 
flow rate decreases with higher wave numbers, regardless 
of the level of ϕ. Figure 3 a additionally indicates that lu-
bricant flow rate increases linearly with higher θ in the ϕ 
range of 0–80 µm (ϕ1 – ϕ3) for 5 ≤ λ ≤ 25. On the other 
hand, as the wave amplitude is further increased to ϕ4 – ϕ6 
(120–200 µm), similar trends of the ϕ1 – ϕ3 cases are dis-
played for the θ range of 0–3.77°. Whereas the curves of 
Figure 3 a imply that beyond θcr = 3.77°, surface designs 
with ϕ ≥ 120 µm create a counter effect on lubricant flow 
rate and the outcomes become more remarkable in cases 
with higher ϕ, λ and θ. 
 Influence of inlet pressure (β), with the combined han-
dling of various pad styles for the complete set of ϕ and θ 
values on lubricant flow rate for the maximum wave number 
of λ = 105 is displayed in Figure 3 b. The m⋅ * curves for 
β = 1.01 and λ = 105 are quite similar from the point of 
both the values attained and the variation styles, to those 
for β = 1.01 and λ = 25 (Figure 3 a). Thus increasing 
wave number from 25 to 105 does not create any notice-
able change in the lubricant flow rate. On the other hand, 
increasing β augmented the flow rate values considerably 
for the complete pad inclinations. However, the increase 
is more remarkable in the pad structures, particularly with 
lower inclinations (θ = 3–3.5°), which can be attributed to 
the resistive character of higher pad inclinations (θ = 4.5–5°) 
on lubricant flow rate. The maximum ϕ of 200 µm results 
in a decrease in m⋅ * values of the θ = 5° case by 61, 68 
and 71% for β of 1.01, 3.01 and 5.01 respectively. This 
denotes that the influence of ϕ on m⋅ * increases with β. 
Moreover, the curves for ϕ = 0–80 µm of the β = 3.01 and 
5.01 cases differ from those of β = 1.01 by showing con-
tinuous decreasing trends with higher θ, demonstrating 
increasing slopes with the ascend of inlet pressure. Wata-
nabe et al.17 (for journal-bearing lubrication), Tian19 (for 

linear porous thrust pad application) and van Ostayen et al.5 
(for hydro-support design) also determined the flow rate 
values to decrease with higher cavity clearance, height and 
pad inclination. Since the power demand of the system is 
related with lubricant flow rate, it can directly be con-
trolled/lowered by θ and ϕ, especially in cases with 
higher β. Although the complete curves of β = 3.01 and 
5.01 exhibit decreasing character with θ, the decline rates 
become sharper at θ l 3.77° for the complete ϕ set, putting 
forth that the pad structure exhibits a critical character at 
θ = 3.77°, also at β = 3.01–5.01 and λ = 105 cases, similar 
to the findings with β = 1.01 and λ = 5–25. 
 Combined effects of θ, λ, ϕ and β on friction factor 
( f * ) of slider-bearings are presented in Figure 4. Up to 
θcr = 3.77°, implementation of higher wave number (λ = 5 → 
25) or amplitude (ϕ = 0 → 200 µm) did not have any con-
tribution on f * for the specific case of β = 1.01 (Figure 4 a). 
For the pad inclinations of θ < θcr, f

 * values appear to in-
crease slightly with θ, especially for wave numbers of 
λ = 5–15, depending on the ϕ level, by 4.8–10.1% in the 
similar inclination range. However, higher pad inclinations 
cause significant augmentations in friction factors, where 
the variations are rather linear with wave amplitude-
dependent slopes. Watanabe et al.17 reported enhanced 
frictional behaviours with lower clearance in journal-
bearings, which is similar, from the structural point, with 
the higher pad inclinations of slider-bearings. On the other 
hand, Kumar et al.16 modelled the surface roughness dis-
tribution for a rolling line contact simulation in surface 
waviness form and evaluated a direct relation of friction 
coefficient with roughness amplitude. The current nu-
merical results present similar variations in f * with wave 
amplitude, where the influence of ϕ on the frictional be-
haviours of slider-bearings becomes apparent at higher
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pad inclinations; the effects are more remarkable in higher 
λ cases. The growth of f * with ϕ can be cross-correlated 
both with the pad inclination and the hydrodynamic char-
acter of lubricant flow. Sharp narrowing cavities result 
not only in resistive forces on the friction-dominated sec-
ondary flows, especially on the solid boundaries, but also 
cause lower lubricant flow rates, especially at higher ϕ 
cases with fuller velocity profiles, which in return pro-
duce higher shear stress rates on the lower and upper flow 
surfaces. 
 Variation of friction coefficient values in various inlet 
pressure cases is presented for λ = 105 in Figure 4 b. The 
results for β = 1.01 are similar to those in Figure 4 a, im-
plying that increasing wave number above 25 caused no 
sensible effect on f *. Thus λ ≈ 25 can be considered as 
the design criterion from the point of friction factor. 
However, the curves for β = 3.01 and 5.01 illustrate addi-
tional information both for system design fundamentals 
and also for the nature of variation style. It can be seen 
from Figure 4 b that the friction coefficient values of 
lower pad inclination (θ = 3°) cases rise with higher inlet 
pressures. However, as the cavities become narrower, the 
opposite outcome arises in the identical β range. Wong et al.15 
also reported augmented friction values with higher β in a 
high pressure sleeve seal with θ ≤ 3°. As described in 
Figure 3 b, higher m⋅ * values are a consequence of both 
higher β and lower θ, which result in augmented momen-
tum transfer in the flow direction where the complete 
flow domain is subjected to significant counter frictional 
forces. It can also be seen from Figure 4 b that the friction 
factor values for the β = 1.01 and 3.01, and β = 1.01 and 
5.01 cases coincide at the pad inclinations of θ �  3.3 and 
3.9° respectively. This implies that as the lubrication sys-
tem is to be operated at high inlet pressures, the pad in-
clination must also be increased in order to avoid 
additional power losses due to frictional behaviour. 
Moreover, at θ �  3.77°, there exist local maxima and minima 
values both for β = 3.01 and 5.01, which coincide with the 
slope change location of lubricant flow rate (Figure 3). 
Figure 4 b also suggests an upper critical θ value, where 
the friction coefficient values overlap, being independent 
of ϕ. Indeed, below this upper critical θ value, designs 
with higher wave amplitudes oppose lower friction 
forces, where this outcome is contrary to the findings of 
Figure 4 a and also in converse with the curve portions of 
the above critical θ cases. It can be said for the critical 
inclination that the augmented shear rates of fuller velocity 
due to higher ϕ are exactly equal to the resistive forces of 
the narrowing cavities with/without waves, where these 
upper critical values for θ are evaluated as θ ≈ 4.17° and 
4.22° for β = 3.01 and 5.01 respectively. Thus there exist 
suitable pad inclination ranges that become contracted at 
higher inlet pressures, for optimum frictional character in 
the slider pad lubrication, where the limits can be ex-
pressed as θ ≈ 0–3.77°, θ ≈ 3.3–4.17° and θ ≈ 3.9–4.22° 
for β = 1.01, 3.01 and 5.01 respectively. 

 Pressure variation inside the flow cavity is one of the 
major concerns of the design procedure not only due to 
its direct relation (eq. (11)) with the load-carrying capac-
ity, but also being a possible cause for system damage in 
cases where the maximum value (P max*  ) attains values 
comparable with the upper boundary of the safety limits. 
Figure 5 a demonstrates the effects of λ and ϕ on P* dis-
tribution for the downstream section (0.6 ≤ x* ≤ 1.0) of the 
flow cavity for the case with β = 1.01. It can be seen from 
Figure 5 a that systems with higher number of waves cause 
the pressure values to rise especially towards the exit plane 
of the cavity, where points for the maximum values are 
located. Increasing λ from 5 to 15 resulted in an increase 
in the P max*   value by 42.5% for the specific case with 
ϕ = 200 µm. Moreover, for the same wave amplitude, 
raising λ to 25 produced a rise of 6.9% above the P max*   
value for the λ = 15 case. On the other hand, as the location 
of the P max*   is x* = 0.87 for λ = 5, it is shifted to x* = 
0.98 for the system with λ = 25. Thus critical regions for 
surface failure are more likely to appear in the far down-
stream sections of the lubrication volume. Similar to 
wave number, amplitude values also give rise to pressure; 
however, this outcome is valid up to the maximum loca-
tion, which covers more than 87% of the streamwise length. 
In the rest of the section, wave amplitude creates a 
counter effect on the pressure values, and nearly vanishes 
not only for the portion concerned but also on impact basis 
with the increase of λ from 5 to 25 (Figure 5 a). Karkoub and 
Elkamel13 also recorded higher pressure distributions in 
rectangular gas bearings with higher plate gaps. Figure 
5 a further shows that pressure values fluctuate around 
the neighbourhood of the maximum pressure location, 
which may cause instabilities and vibration influencing the 
complete lubrication system, as also described for systems 
with journal-bearings involving perturbed pressures within 
the flow cavity26. Hargreaves and Elgezawy20 also reported 
sudden jumps in pressure values at the pad locations, 
where either discontinuities or instant cavity enlargements 
exist. 
 Influence of inlet pressure on the pressure distribution 
for the specific case of λ = 105 is shown in Figure 5 b. 
Comparing the β = 1.01 plot with the λ = 25 case of Fig-
ure 5 a, implies that increasing the wave number from 25 
to 105 results in an augmentation in P max*   by just 6.6%. 
Thus λ �  25 can be considered as an optimum design pa-
rameter for the surface definition. Figure 5 b further shows 
that wave amplitude creates an ascending effect on pressure 
values for the complete flow volume. Computations point 
out the critical wave number of λ ≈ 28 for optimum influence 
of ϕ on the streamwise P* distribution. Moreover, it can also 
be seen from Figure 5 b that higher inlet pressures shift 
the complete set of pressure curves up, which, as a conse-
quence, will also force the solid boundaries of the lubrica-
tion cavities with higher demands. As the pressure 
fluctuations are limited in the neighbourhood of P max*   for 
5 ≤ λ ≤ 25 (Figure 5 a), they become more noticeable and
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cover wider sectors in the flow volume, downstream of 
the maximum pressure locations for λ = 105 with 1.01 ≤ 
β �  5.01, which is good from the point of system stability 
and durability. 
 Figure 6 a demonstrates the influence of wave number 
on load carrying capacity (W*) for systems with various 
ϕ and θ combinations for the specific case of β = 1.01. It 
can be seen that load values increase with higher wave 
amplitudes and with lower pad inclinations. However, es-
pecially from the geometric structure point of view, λ creates 
an exceptional impact on W*, where substantial augmen-
tations are recorded principally for the range of 5 ≤ λ ≤ 
25. In the θ = 3° pad, load values are evaluated to fluctuate 
for wave numbers of λ > 25 in the complete ϕ set, where 
the fluctuations become more recognizable in higher ϕ 
cases. Although comparably smaller than those of the θ = 3° 
cavity, the instable nature of the load values is still identi-
fiable for the cavity with θ = 4°. However, continuously 
increasing stable style curves are the outcome of further 
narrowing the flow domain to θ = 5°. Computations indi-
cate the critical pad inclinations of θcr = 3.77, 4.17 and 
4.22° (for β = 1.01 → 5.01) as the limiting values, where 
designs with higher pad inclinations are free of fluctuat-
ing load values. These determinations also coincide with 
the upper margins of the lubrication cavity inclinations 
for optimum frictional character (Figure 4 a). Su and Lie25 
also recognized instabilities owing to load fluctuations in 
air journal-bearings and proposed a multi-orifice assembly 
to create system damping. Managing the design condition 
for load management with wave number in the complete set 
of wave amplitudes considered (ϕ = 40 → 200 µm) and with 
the design condition for optimal load capacity of W opt*   = 0.99 
Wλ=105*  , generates the optimum λ ranges as 10 → 45, 
7 → 11 and 5 → 8 for pad inclinations of 5, 4 and 3° re-
spectively. Thus the λ range expands with higher θ, and 
the upper λ limit is attributed to the top wave amplitude 
value (ϕ = 200 µm) and decreases with lower ϕ. 
 Variation of load values with θ and ϕ for various β 
cases is shown in Figure 6 b. The complete set of curves 
implies that the load values increase considerably with inlet 
pressure, which is in agreement with the numerical findings 
of Su and Lie14 on hydrodynamic lubrication of journal-
bearings, and those of Karkoub and Elkamel13 on gas lu-
bricated rectangular bearings. On the other hand, similar to 
the determinations of Lin12 and van Ostayen et al.5 for 
plain slider-bearings, W* decreases significantly with pad 
inclination. Moreover, the impact of θ becomes more 
pronounced in cases with higher β, such that the W* values 
of the θ = 5° pads are 10.81, 10.18 and 10.02% of the 
corresponding values of the systems with θ = 3° for β of 
1.01, 3.01 and 5.01 respectively. Since load has direct re-
lationship with pressure distribution (eq. (11)), showing 
parallelism with discussions on the interactions of wave 
amplitude and pressure, W* values can also be augmented 
with ϕ. Wave amplitude-driven load-carrying capacity 
studies were also carried out by Rasheed3 for cylindrical slid-

ing elements, and by Naduvinamani et al.11 for porous 
rectangular plates, where W* values were recorded to rise 
with ϕ. It can be seen from the graph that the influence of 
ϕ on W* grows in cases with higher θ and lower β, where 
variations in load values for cavities with θ = 5° among 
designs with ϕ = 0 and 200 µm are 20.83, 13.48 and 
11.42% for β = 1.01, 3.01 and 5.01 respectively; whereas 
the corresponding variations for the pad inclination of θ = 3° 
are minor and remained in the range of 0.94–0.66%. 

Conclusion 

Computational results for performance optimization of 
inclined slider-bearings, by applying a wavy form on the 
upper surface, are presented for various inlet/exit pres-
sure ratios, wave amplitudes, wave numbers and pad in-
clinations. The maximum ϕ = 200 µm results in a decrease 
in lubricant flow rate values by 61, 68 and 71% for β of 
1.01, 3.01 and 5.01 respectively, which denotes that the 
influence of ϕ on m⋅ * raises with β. On the other hand, 
waviness caused pressure perturbations around the 
neighbourhood of the maximum pressure location, which 
may cause instabilities and vibration. Numerical investi-
gations indicate the critical pad inclinations of θcr = 3.77, 
4.17 and 4.22°, for β = 1.01, 3.01 and 5.01 respectively, as 
the limiting values for designs without load fluctuations. 
Considering the design condition for load management with 
wave number, optimum λ ranges are determined as 10 → 45, 
7 → 11 and 5 → 8 for pad inclinations of 5, 4 and 3° respec-
tively, in the complete wave amplitude set considered. 

Appendix 1. 

A. Non-dimensional parameters 
 
Geometric domain is non-dimensionalized by 
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Design considerations are non-dimensionalized by 
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Primary flow data are non-dimensionalized by 
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Secondary flow data are non-dimensionalized by 
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B. Supplementary functions 

The integrating constant c1, in eq. (10), can be determined us-
ing a manometric pressure boundary condition: P* (x* = 1) = 0, 
together with the two new functions as given below: 
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The elements of the transfer matrix, given by eq. (16), are 
defined by two single-row sub-matrices (γ1…n+1, ϖ1…n+1), 
whose elements can be computed as follows: 

 3*
i ihγ = , 3 3

1 1
* *[ ],i i ih hγ + += − +  

 3
2 1

*
i ihγ + += , u 1* **6( 1) *( )i i iV x h hϖ += + ∆ − , (B2) 

where i defines the successive node numbers in the 
streamwise direction. 
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