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ABSTRACT – Researches interest in investigating the 

effect of surface texturing has grown rapidly. The 

objective of the study was to investigate the 

hydrodynamic behavior on a different geometries of a 

curve surfaces. The simulation was run on different 

fluid curves with a single dimple having height of 0.045 

mm and 0.5 mm in diameter. The maximum pressure on 

the dimple was observed. The results showed that for a 

single dimple of the mentioned size, curve surface 

affected the maximum pressure with difference below 

than 10%. 

 

1. INTRODUCTION 

Surface texturing is defined as a well-defined 

identical feature of discrete dimples or grooves on a 

surface. It could reduce wear and friction by providing a 

micro-hydrodynamic bearing, enhancing load support 

and acting as a reservoir for a lubricant resulting in 

improvements of tribological properties. Hydrodynamic 

effect in which the flow approaching the asperity 

increases the pressure thus generating an additional 

load-carrying capacity [1]. Benefits of surface texturing 

towards the lubrications performance were discussed in 

[2,3]. In order to study the hydrodynamic behavior in a 

dimple surface, some researchers have conducted 

computational fluid dynamics (CFD) analyses in varied 

applications such as in journal bearing [4,5]. The 

periodic micro-dimples arranged in x and y direction 

caused a periodic flow thus focusing detail to the 

hydrodynamic on a flat surface with a single dimple [6]. 

This paper presents a premier investigation in 

hydrodynamic behavior in a curve fluid domain in order 

to observe how the fluid geometry could affect the 

hydrodynamic on the textured surface.  

 

2. METHODOLOGY 

In fluid mechanics, characteristics and prediction 

of fluid flow is determined using Reynold’ number as in 

Eq.1 and Navier-Stokes equation (NSE) is written as in 

Eq.2. 
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The CFD analyses were conducted using 

commercial software (STAR-CCM+) [7]. Fluid 

thickness was a constant value for all type of fluid 

domain which was 0.03 mm. For small flat surface, the 

length and width used were both 1 mm while for curve 

surface, the fluid domain used as in the Table 1. 

!

Table 1 Fluid domain dimensions. 

Fluid domain 
Arc 

length 
Width Radius 

Small curve 1 mm 1 mm 14mm 

180º curve surface 44 mm 1 mm 14mm 

Hemisphere 

surface 
- 14mm 

 

The fluid in this study was assumed to be 

Newtonian without body force, with constant viscosity 

and density; 0.0009 Pas and 1063 kg/m3 respectively. 

The dimple depth, H used was 0.045 mm and diameter, 

W 0.5 mm, also be a constant. The computational 

simulation was conducted on curve surface using the 

same fluid properties and boundary condition as [6] 

except for the hemisphere fluid domain. At the walls, 

the fluid was experiencing a no-slip conditions in which 

the velocity of the fluid was the same velocity of the 

wall. The upper wall was smooth and had relative 

velocity U0 along the x-direction while the bottom wall 

had zero velocity. The symmetry boundary condition 

was applied along the y-direction. Periodic boundary 

conditions were used on the both ends of the x-direction 

to make sure that all variables as well as coefficients 

had the same value at both ends of the fluid domain. For 

hemisphere fluid domain, outlet boundary condition was 

assumed on the edge of the fluid domain. Angular 

velocity used was 2 rad/s on the y-axis. In order to 

optimize the meshing, the domain at dimple area was 

specified using control volume to control the mesh size 

until 3.5e-6 m. Since the geometries used were different, 

convergence study was conducted on each model in this 

study. 

 

3. RESULTS AND DISCUSSION 

The result was observed on a pressure distribution 

and hydrodynamic behavior of a single dimple on 

different types of fluid domain. In order to validate the 

method, pressure on the dimple for the flat surface was 

compared with previous paper [6] with 0.02% of error. 

Then, the pressure distributions were observed.  

From the Figure 1, it was observed that on all fluid 

domains, for the same dimple diameter and depth there 

were pressure drop at the beginning and end of the 

domain and the pressure peaks occurred at the periphery 

of the dimple as illustrated in Figure 2 (a). The non-

symmetric pressure profile that occurred at the dimple 
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area will produce a positive net pressure built-up on the 

surface. It indicates that a steady dynamic lubrication 

film was formed on the textured surface [6].  Figure 2 

(b) compares the pressure along cross section at the top 

wall of the dimple area. It was determined that the 

difference of maximum pressure on a small surface for 

flat and curve was insignificant, 1%. 

 

 
 

                       
(a)                                  (b) 

 

                     

  (c)                              (d) 

Figure 1 Distribution of pressure for different fluid 

model with single dimple: (a) Small flat surface,  

(b) small curve surface, (c) 180º curve surface and  

(d) hemisphere surface. 

 

    

 

(a) 

 

 
(b) 

Figure 2 (a) Pressure of cross section at the dimple area 

and (b) pressure of cross section on top surface at 

dimple area. 

 

When the domain arc length was extended to form 

180º curve, the difference of maximum pressure 

increased about 9% from the small curve surface. When 

the fluid domain was expanded to hemisphere, it gave 

about just 2% different in maximum contact pressure in 

a small curve surface. The maximum pressure was 

slightly higher in 180º curve surface than hemisphere 

surface. Overall, the different maximum pressure was 

below than 10%. From NSE, it was found that Reynolds 

number could affect the maximum pressure [8], as it is 

depending on the viscosity, velocity, density and length 

of the fluid domain. It could become the main reason of 

the difference in maximum pressure on the different 

fluid surface in this study. 

 

4. CONCLUSION 

From the simulation, it can be seen that the 

textured surface increased the pressure on the dimple 

area which acts as hydrodynamic lift thus increasing the 

load bearing capacity. Fluid domain geometry gave 

effect on the maximum pressure for one dimple. The 

analyses can be more significant when the dimples are 

added with different size, depth and arrangement and 

also when there is a change of Reynolds number in the 

fluid domain.  
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