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BSTRACT 
Partially textured slider generates load carrying capacity in a similar manner with stepped 

earing. The present paper presents a theoretical investigation of a partially textured slider 
sing both analytical and numerical approaches. The pressure distribution is calculated 
nalytically and numerically and the performance of the bearing is evaluated varying different 
arameters: number of dimples, texture density, dimple depth and textured fraction of the slider. 
he optimal configuration for the slider is determined in order to produce the highest maximum 
ressure and thus maximal load carrying capacity. 

 
OMENCLATURE 
  “active” length of textured zone 
  length of untextured zone 
 film thickness on the land 

 dimensionless film thickness,
h

sh +  

 dimple side length 
 cell side length 
t textured length 
tot total length of the slider 
 number of dimples on one row 
  manometric pressure 
b pressure gain on each cell 
c cavitation pressure 
i pressure at the frontier between two 

adjacent rows 
m local maximum pressure 

m
m  mean local pressure 

pmax slider maximum pressure 
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s  dimple depth 
U sliding velocity 
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η viscosity of the lubricant 
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1. INTRODUCTION 

The idea of surface texturing began around 1965 when a solution for generating a self-
sustaining film between parallel surfaces was proposed for mechanical seals [8]. 

This concept was developed after 1990 using primarily the laser technology. Surface 
texturing found a large number of industrial applications. In the case of mechanical seals this 
technology enhances the axial stiffness [2, 3, 4, 6]. By texturing the piston rings or the cylinder 
liner of internal combustion engines, the friction force can be diminished up to 30% [7, 9, 11]. 

Partially textured thrust bearings have been also manufactured by laser techniques. The 
pressure distribution of these bearings was theoretically and experimentally investigated for 
spherical dimples [1, 5].  

In the present paper a partially textured slider having dimples of square shape is 
investigated. The slider can be textured by lithography; the advantage of this technique consists 
in a reduction of the time needed for texturing. 
2. ANALYTICAL MODEL 
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Figure 1 – The geometry of the model 
For the sake of simplicity the slider is considered infinitely wide, so only one row will be 

analyzed with zero flow in z direction (see Figure 1). The manometric pressure at the inlet and 
outlet of the slider is considered to be zero. 

The following main assumptions are considered:  
• The lubricant is a Newtonian liquid in laminar and isothermal flow; 
• Only one row of dimples is analyzed with zero flow on the sides; 
• The pressure distribution on the longitudinal direction on each land and dimple is 

linear; 
• All usual assumptions for thin film lubrication are valid. 
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The geometry of the model and the assumed pressure distribution is presented in Figure 
2. If the textured zone begins with a land, then, according to the conservation of longitudinal rate 
of flow (Qx) the pressure gradient must be negative on the first dimple. In other words the 
Poisseuille rate of flow must introduce lubricant in the first cell. Thus, the cavitation is implicitly 
considered. However, the cavitation pressure, pc is relatively small in comparison with the other 
pressure components (pb, pi, pm, pmax, see Figure 2) and for reasons of simplicity of the 
computation a “shifted” pressure distribution (plotted with dashed line) will be considered. This 
pressure distribution is similar with that one encountered for spiral groove thrust bearings. In the 
present case on the first land (the OO′ segment in Figure2), the pressure will be considered zero, 
assumption used for the divergent zone in other lubrication problems such as journal bearings. 
The results obtained using this approximation will be subsequently rectified by identifying the 
cavitation pressure, pc, leading, thus, to the “real” pressure distribution (plotted with continuous 
line in Figure 2). 

Using the pressure distribution sketched in Figure 2 and the similitude of the triangles 
∆O`CD ~ ∆O`FB` we have: 

L
a

p
pp

b

mmax =
−

 (1) 

The similitude of triangles ∆ABC and ∆A`B`C gives: 

λ−
=

− L
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Λpp
p
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Combining equations (1) and (2) and introducing dimensionless parameters, we obtain: 

( )Λ−+Λ
=

βN
Nβpp mmax  (3) 

and  

( )Λ−+Λ
Λ−

=
βN
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A virtual flow rate balance at the cell level in the local maximum pressure area will be 
considered for taking in consideration the recirculated flow: 

Qz/2 = Q′x/2 + Q″x/2=0 (5) 
Assuming parabolic pressure distribution in z direction and remembering the condition of 

zero side flow at the boundary between two adjacent rows of dimples, results: 
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Figure 2 – Geometry and assumed pressure distribution 

Between the mean pressure  and, the pressure at the extremities of parabolic 
distribution (see Figure 2), p

m
mp

m and pi, we have the following relationship: 

2
3

  
m
m m

i
pp

p
−

=   (7) 

Finally we obtain the key relationship between mean and maximum local pressures: 

Λ−
Λ−

=
56

)1(6
m

m
m pp   (8) 

Recently, a number of researchers [9,12,13] have found that slip can occur with special 
engineered surfaces.  

For this reason, in the present paper, two different boundary conditions will be considered 
for the flow modeling: 

 In the first case - case A- we assume that the fluid adheres to the surfaces of the slider on 
the entire extent of the film (no-slip condition, typical assumption in fluid dynamics). 

 In the second case- case B- we assume that the fluid slips on the bottom of the dimples 
due to special surface treatments (physical or chemical). However, the no-slip condition 
remains valid on the lands of the stationary surface and on the runner surface (Figure 3). 
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Figure 3 – Location of the slip/no-slip zones 

For case B, total slip on the bottom surface of the dimples, requires the following 
boundary condition: 

0
d
d

=
+= shyy

u   (9) 

Consequently, flow rate in x direction in the slip zone will be: 

x
pshshUQs d

d
3

)()(
3

η
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−+=
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λ   (10) 

Flow rate conservation (of Couette and Poiseuille components) for an entire cell can be 
written in a condensed manner introducing the variable γ that counts for slip condition: 

γ = 1 no-slip condition - case A, respectively 
γ = 2 total-slip condition - case B. 
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Now, introducing equations (3), (4) and (8) into equation (11) we obtain the raw 
maximum pressure (without cavitation effects): 
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The correction necessary to reach the maximum pressure  is found from the similitude 
of the triangles ∆OO`G and ∆A``BC (see Figure 2): 

rpmax

β2max
Λpp r

c =  (13)

As pmax= + prpmax c, results: 
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Consequently: 

32
32

1
2

max
max

)1(
CCH

HC
UL

hpp
tot

r
r

+
−

==
γ

γ
η

 (15) 

where: 
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( )( )Λ+Λ−+

Λ−
=

β250
12

.βN
1NβC

2

1 ;  ( ) βNC2 +−Λ= 1    and 
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The ratio of the two values of the maximum pressure corresponding to the two cases (with 
total slip on the bottom of the dimples and without slip) is: 

)4()1(
))(12(

32
3

32
3

CCHH
CCHH-

+−

+
=R   (16) 

Analyzing equation (16), we may conclude that for H → 1, R → ∞, respectively that in 
the case with slip on the bottom of the dimples, the maximum pressure is strictly positive, while 
in the no-slip case there is no hydrodynamic pressure generated for H = 1 (flat and parallel 
surfaces). The variation of the maximum dimensionless pressure, maxp , as function of the 
dimensionless film thickness, H, for the two different sets of boundary conditions (slip and no-
slip) will be discussed in Chapter 4. 

3. NUMERICAL SOLUTION 

A 2-D finite difference flow model was developed in order to validate the analytical 
solution.  

The equations solved are the Reynolds equation, which for parallel surfaces becomes 
Laplace equation, and the continuity of the flow at the discontinuities. Boundary conditions are 
zero-pressure at slider front and rear edges and zero pressure gradients on each side. 

The system of equations was solved using the Gauss-Seidel method with over-relaxation. 
All sub-ambient pressures are set to zero at every iteration, so the Reynolds continuity condition 
is preserved.  

In order to verify the convergence of the solution, several sets of meshing were tested. 
Finally, a number of 20 mesh point for each cell were used, a good compromise between 
computation time and numerical accuracy.  

In order to have alternative numerical results a 3D flow model was solved using a 
commercially available software (FLUENT). The validation was performed on sliders with a 
small number of dimples, N. Despite some limitations, we have also included FLUENT 
cavitation algorithm to qualitatively study the influence of this phenomenon on the main 
performance characteristics.  

A typical comparison of the analytical model and both numerical models, in terms of 
longitudinal pressure distribution in the midplane, is presented in Figure 4. The partially textured 
slider analyzed had the following input data: Ltot=1.2mm, h=3µm, s=3µm, N=3, α=0.5, 
η=0.3Pa·s, U=1m/s. The results, only for case A (No-slip boundary condition), are presented 
considering two different texture densities (ρ=0.25 and ρ=0.64). 

As can be seen in Figure 4, there is a good agreement between the three sets of results, 
especially for high texture densities. 
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Figure 4 – Pressure distribution in the midplane of the slider (No-slip condition) 
It is interesting to remark that when texture density reaches its maximum limit (ρ→1) the 

pressure distribution becomes identical with that of a classical Rayleigh step bearing. For the 
particular case plotted in Figure 4 the maximum dimensionless pressure is 31max =p , which is 
the value obtained for corresponding stepped slider. This is explained by the fact that when the 
dimples occupy the entire surface, the slider becomes a stepped slider.  

4. RESULTS  

The encouraging results obtained after analytical vs. numerical model comparison allow 
the parametric analysis of the main performance characteristic of the slider, namely the 
maximum dimensionless pressure, maxp . In the following graphs are also included numerical 
results obtained with the finite differences model, in order to extend the validation of the 
analytical model.  

The parametric analysis is performed for slip (case A), respectively, no-slip (case B) 
conditions, in terms of the following four dimensionless parameters: N, ρ, H, α.  

For the sake of clarity two relationships are mentioned: 

ρ1Λ −=  and 
2

1 Λ
+

−
=

α
αβ N  
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Figure 6. 

In Figure 5, the influence of the number of dimples, N, on the maximum dimensionless 
pressure for two values of film ratio (H=1.1 and H=2), is presented. The texture density is 
ρ=0.64, and the textured fraction is α=0.5. One can remark that the maximum pressure decreases 
asymptotically with, N; however is practically constant for typical textured sliders where N > 5. 
This conclusion is valid for both boundary condition cases A and B. 

In Figure 6 the influence of the texture density, ρ, on the maximum dimensionless pressure 
is plotted for N=25, α=0.5, and two film ratios (H=1.1 and H=2). The pressure increases almost 
linearly with the density, ρ.  

The influence of the dimensionless film thickness on the maximum dimensionless pressure 
is presented in Figure 7, for three different densities: ρ=0.49, ρ=0.64, ρ=0.81. The same textured 
slider with N=25 and α=0.5 was considered for both boundary condition cases.  

One can remark the existence of a maximum for maximum pressure located around H=1.7 
for No-slip conditions (case A). This optimum film ratio is very similar to that of the Rayleigh 
step bearing. Analogously, the optimal film thickness ratio in case B (slip condition) is close to 
H=1.  
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Analyzing Figure 7, one can also conclude: 
• The overall maximum pressure and correspondingly, the maximum lift force for case B 

(with local slip) are substantially greater than that in case A (No-slip). 
• The decrease of the maximum pressure with H is sharper for case B and thus for H > 1.75 

the lift force generated is greater in case A (No-slip). 
• In case B (with local slip) the maximum lift force is obtained for a dimensionless film 

thickness H~1. This shows that heterogeneous surface treatment (“pseudotexturing”) 
ensures operation with optimum load capacity regardless film thickness value [9]. This is 
not the case for “real” textured slider. Obviously, the load capacity is proportional with the 
inverse of the square of the film thickness. 
Finally, in Figure 8 the influence of the textured fraction α on the maximum pressure is 

presented for N=25, ρ=0.81, and two distinct values of film thickness ratio: H=1.1 and H=2. One 
can remark the existence of an extreme value of the maximum pressure corresponding to α > 
0.5. 

5. CONCLUSIONS 

The original analytical model for pressure distribution calculation in a partially textured 
slider has been successfully compared with numerical 2D & 3D models. 

A parametric study of maximum pressure was performed and optimal texture parameters 
have been found. 

• The dimple density as large as possible. The maximal dimple density depends on 
the manufacturing technology adopted. 

• The textured fraction α~0.7. 
• The dimensionless film thickness H~1.7 for case A and H~1 for the second case 

(with local slip). The last value is very important: regardless of film thickness, 
operation occurs with optimal load capacity. 

The partially textured slider has lower load carrying capacity than a stepped slider, but can 
be more easily manufactured by various technologies (e.g. lithography). 
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