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ABSTRACT – This paper presents hydrodynamic 

characteristics of textured parallel sliding contact. The 

numerical method is employed to study the effect of 

square texture with different bottom profiles (square, U, 

triangle T1 and triangle T2) on load capacity and friction 

coefficient. This investigation is done by varying texture 

density, while aspect ratio, flow speed and fluid film 

properties are kept constant. For each of the texture 

bottom profiles considered, an optimum texture density 

for maximum load capacity and minimum friction 

coefficient is found in the range of 0.5-0.6. For this range, 

square bottom profile shows best results compared to 

other profiles. 

 

1. INTRODUCTION 

Surface texturing is a feasible method for 

enhancement in terms of friction, wear, load carrying 

capacity and minimum film thickness [1]. By considering 

surface texturing, particularly laser surface texturing 

technology, a favourable effect on tribological 

performance of mechanical components is obtained [2]. 

Texture parameters like texture shapes, aspect ratio, 

texture density and texture depth are highly influence the 

output characteristics [1, 3]. Texture position also plays 

vital role on hydrodynamic components [4]. Thus, 

surface texturing gives promising result over a wide 

range of different operating conditions. Siripuram and 

Stephens [5] have numerically studied different texture 

shapes on the surface of parallel slider; by keeping a 

constant texture height, they found that friction 

coefficient is not much dependent on texture shape but 

fairly sensitive to texture density. Nanbu et al. [6] found 

that surface textures with bottom profiles containing 

micro-steps and micro-wedges are capable of further 

increase in film thicknesses. While Shen and Khonsari 

[7] have obtained contrasting results regarding texture 

internal structure.  

An extensive work is done on different texture 

shapes and their parameters while little consideration is 

done on influence of texture on bottom profiles. 

Therefore, in the present study, hydrodynamic 

characteristics of different bottom profiles of square 

texture are compared by varying texture density. Four 

different texture bottoms profiles shown in Figure 2 (a) 

square profile (b) U shaped profile (c) triangle T1 profile 

and (d) triangle T2 profile are examined. 

 

2. METHODOLOGY 

In this analysis, parallel sliding contact is 

considered for study. The focus of this paper is the effect 

of texture bottom profile on hydrodynamic components. 

Numerical formulation is done by means of [5]. Single 

unit cell approach is considered, texture is positioned at 

the centre. Square texture shape is considered for study 

as shown in Figure 1. Texture size is measured by texture 

density, defined as the ratio of textured area to the cell 

area. Figure 2 shows the geometry of single unit cell with 

different bottom profiles. Texture depth a=5 µm, film 

thickness b=8.7 µm, slider velocity U=2.66 m/s in x-

direction are kept constant. 

 

 
Figure 1 Square texture unit cell. 

 

Fluid film is assumed to be Newtonian and 

incompressible and flow is considered to be laminar. By 

neglecting inertia, temperature and squeeze film effects, 

Reynolds equation can be written as 
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Assuming no pressure variation across the film 

thickness and no slip at the film boundaries. For equal 

distribution of textures on the surface, it is assumed that 

pressure distribution is periodic in x-direction with 

period equal to unit cell L. 
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Figure 2 Different bottom profiles of square texture. 
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The Reynolds boundary condition is used at cavitation 

boundary.
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Reynolds equation (1) is solved using finite 

difference numerical formulation technique. A set of 

simultaneous linear algebraic equations solved using 

Gauss Seidal iterative scheme. The converged pressure is 

integrated using Simpson 1/3 numerical integration 

method. Load capacity and frictional force are obtained 

as follows: 
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From this, friction coefficient is evaluated as
F

f
W

= .  

 

3. RESULTS AND DISCUSSION 

To validate the accuracy of developed MATLAB 

code, comparison of friction coefficient of square texture 

with square bottom profile is carried out [5]. Good 

correlation between the results is obtained.  

Figure 3 shows the influence of different texture 

bottom profiles on load capacity with varying texture 

density. It is observed that influence of texture bottom 

profile is significant. Load capacity increases with 

increasing texture density up to 0.5-0.6 and then it 

decreases with further increasing in texture density.  At 

low and medium texture density, square bottom profile 

performs best whereas, triangle T2 profile performs 

worst for the entire texture density range. At high texture 

density, triangle T1 profile shows better result than other 

profiles. 

 

  
Figure 3 Effect of texture bottom profile on load 

capacity with varying texture density. 

 

Influence of different texture bottom profiles on 

friction coefficient with varying texture density is shown 

in Figure 4. Triangle T2 profile shows highest friction 

coefficient in the entire range of texture density among 

all bottom profiles. At low and medium texture density 

square bottom profile performs best, while at high texture 

density triangle T1 and U-shaped profiles show better 

result. The optimum texture density range to maximize 

the load capacity and minimize the friction coefficient is 

observed to be 0.5 to 0.6. 

 

 
Figure 4 Effect of texture bottom profile on friction 

coefficient with varying texture density. 

 

4. CONCLUSIONS  

From the results it is be concluded that, 

hydrodynamic characteristics such as load capacity and 

friction coefficient are largely dependent on texture 

bottom profile and texture density.  

For each of the texture bottom profiles considered 

an optimum texture density for maximum load capacity 

and minimum friction coefficient is found to be in the 

range of 0.5-0.6.  

The square texture shape with square bottom profile 

provides maximum load capacity and minimum frictional 

coefficient of all shapes considered in optimum range of 

texture density. However, at high texture density, U and 

triangle T1 profiles show better result than square and 

triangle T2 profiles. 
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