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Abstract 
A progressive interest is granted to the textured surfaces in a journal bearing. The use of 
surfaces with certain shapes and dispositions of textures can be an effective approach 
to improve the performance of hydrodynamic bearings. This paper presents the 
numerical approach used to analyze the effect of cylindrical texture form on the 
characteristics of a hydrodynamic contact. The results obtained show that the most 
important characteristics of the contact like minimal film thickness, maximal pressure, 
axial fluid flow and friction torque can be improved through an appropriate choice of 
textures distribution on the contact surface. 
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1 INTRODUCTION 
 
The hydrodynamic bearings are frequently used in wide range of applications and 

mechanisms since long. Actually, little is understood about the subtle effects of 
variations of a journal bearing’s profile upon its performance. The surface texturing is 
expected to make an important contribution to future technologies of bearing. Surface 
texturing is claiming progressively more attention and is expected to be an important 
component in future bearing structure design 
Many works(1-8) were dedicated to the study of the random influence roughness on the 
hydrodynamic journal bearing performance; the conclusion was that the roughness 
influences the bearing performance. The random roughness in hydrodynamic bearings 
may be introduced due to the presence of dust, additives in the lubricant and wear while 
the roughness may be random or deterministic nature.   
As demonstrated by the authors,(9,10) the deterministic roughness which is known as 
surface texture was introduced deliberately on the bearings with the help of micro 
fabrication techniques. By means of new technology like laser surface texturing,(11) it is 
now possible to produce controlled microgeometries (textures) on journal bearing 
surfaces to improve the overall tribological performance including the friction reduction, 
the reliability improvement, the severity conditions increase and the energy consumption 
lowering.  
Tonder(12) pointed out that by introducing a series of dimples or roughness at inlet of a 
sliding surface we can generate extra pressure and thus support higher load, this has 
also been confirmed by Cupillard, Glavatskih, and Cervantes.(13) Kovalchenko et al.(14) 
showed that laser texturing expanded the contact parameters in terms of load and speed 
for hydrodynamic lubrication. Siripuram and Stephens(15) presents a numerical study of 
micro-asperities effects with different shapes in sliding surface lubrication when 
hydrodynamic films are found. The minimum coefficient of friction for all shapes is found 
to occur at an asperity area fraction of 0.2 for positive asperities and 0.7 for negative 
asperities. Some other and recent studies(16-20) have established that the surface texture 
geometry such as texture depth, width, number of textures and location of textures 
influence the bearing performance. 
In others studies, Navier-Stokes equations have been solved for the flow between two 
parallel surfaces, one smooth and one having a single surface pocket. They showed that 
the pressure generating effect of surface texture in full film operation might result from 
convective inertia. Piezo-viscosity may play a role in heavily loaded lubricated contacts. 
Thus, in local converging regions the pressure rise may be larger than the pressure drop 
in diverging regions. According to De Kraker et al.,(21) the use of a Reynolds equation to 
study the effects of texture will be valid if dimple depth is greater than minimum film 
thickness of the lubricant in the fluid film lubrication. Cupillard,  Glavatskih and 
Cervantes(22) have found that the mechanism of pressure build up in a convergent gap 
between two sliding surfaces due to texture is similar to that obtained with convergence 
ratio variation for smooth surfaces. The same author(23) found that there is an optimal 
texture depth, greater than the critical depth, which gives the maximum load carrying 
capacity. Above this depth, a global recirculation zone occurs in each dimple, leading to 
a loss in the load-carrying capacity. In non-cavitated hydrodynamic contacts where 
Reynolds assumptions hold true, Buscaglia,  Ciuperca and Jai(24) shown that full 
texturing has a negative impact on both hydrodynamic lift and viscous friction. The 

ISSN 2179-3956

127



  

positive texture effects observed in fully textured parallel sliders is explained by two 
theories. The first one considers the cavitation phenomena as the source of these 
positive effects. Accordingly, the presence of dimples creates an alternation of 
converging and diverging film regions, in which the pressure varies between a positive 
value in the lubricated regions and the vaporization pressure in the cavitated regions.  
Consequently, an overall positive resultant is obtained.(25) A second theory suggests that 
the load capacity generated in fully textured parallel sliders is caused by inertia effects 
(convective inertia). It was recently shown that this theory is inaccurate and that inertia 
effects have, in general, a negative influence over the hydrodynamic performance.(26) 
Consequently, cavitation emerges as the main mechanism leading to the observed 
increased lift and reduced friction in fully textured parallel sliders. Recently, Dobrica et 
al.(27) conclude that:   
 Full texturing is unable to generate hydrodynamic lift in parallel sliders, except when 

the dimples are placed at the slider inlet (the generated lift is minimal). In convergent 
plane-inclined sliders, full texturing has negative effects.  

 In parallel sliders, starting partial texturing at the inlet generates significant 
hydrodynamic lift. In plane-inclined sliders with low global film convergence, partial 
texturing provides soft performance improvements. In highly convergent sliders, 
texturing has minimal effects. 

Endeavours were made in several studies to determine the optimal texturing parameters 
that would minimize friction or maximize the fluid film thickness. One emerging 
conclusion of these studies is that partial texturing leads to better performance than full 
texturing. 
In the present work therefore, deterministic surface texture is used to study the influence 
of textures location on the bearing surface. The surface analysis, used in hydrodynamic 
lubrication, requires detailed statements of surface; a grid refined of this one and an 
important computing power. A numerical approach is used in order to give a description 
of the textures location effect on the most important characteristics in a hydrodynamic 
bearing. Through a wise choice of the textures arrangement on one of the bearing 
surfaces, its performance can be improved. The bearing surface is textured with 
cylindrical dimples. 
 
2 PROBLEM FORMULATIONS 

 
In a hydrodynamic lubrication problem, the governing equations in a full 

hydrodynamic lubrication region can be described by the well-known Reynolds’ 
equation. For Cartesian coordinates, when the thickness of the lubricant film h is in the 
direction of the y axis (figure 1), the pressure in the lubricating film for a journal 
operating at steady state, is governed by the following equation:(28) 
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In equation (1), P is the lubricant pressure, h is the film thickness. Equation (2) 
describes the film thickness h which can be written as follows. 

Δh (θ,Z)smoothhh  )(         (2) 
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It is a known fact that the lubricant film thickness hsmooth=C(1+.cos) for smooth bearing 
(without textures) is dependent upon radial clearance C, eccentricity ratio ε and the 
angular position θ. In the equation above, h(,Z) is the film thickness variation due to 
the textured surface (Figure 1b). 

 
Figure 1.  System of journal bearing; (a) a cross section of the journal-bearing; (b) texture form. 

 
The boundary conditions, known as Reynolds boundary conditions, are used to 
determine the rupture zone of the film. They consist in ensuring that P/=P/Z=0 and 
P=0 at the rupture limits of the film lubricant. 
In the case of the present study, the bearing is operating under steady state conditions; 
the applied load F is constant and its direction is vertical. The total load W (supported by 
the contact) is calculated by integrating the pressure field along the surface contact of 
the journal bearing, then the attitude angle  is obtained (Figure 1a). 
The friction torques, 1 on the journal and2 on the bearing, are respectively obtained by 
integrating the shearing stresses  along the journal surface (y=h) and along the bearing 
surface (y=0). The axial fluid flow is obtained by integration of the speed component of 
the fluid in the axial direction z, and through the film section ds=dxdy. 
All these characteristics are calculated numerically. The details of the calculations are 
reported in Frêne et al.(28) 
 
2.1 Texture Shape 
 

The texture shape used in this study is cylindrical. As shown on Figure 2, rx, ry 
and rz are the dimensions of the texture, respectively in the x, y and z directions.  
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Figure 2. Cylindrical shape. 

 
In the case of cylindrical dimple geometry, we have rx=rz=r and the equation of geometry 
is defined by, 
 

    222 r
c

z-z
c

x-x 
         

(3) 

 
The coordinates of the texture centre Oc are noted (xc,yc,zc). This centre is located on 
the bearing surface, making yc=0. The depth at point M(,Z) on the textured surface is 
defined by h (Figure 1b). 

y
rΔh             (4) 

2.2 Resolution of the Reynolds Equation 
 
The determination of the pressure in the lubricant film requires the numerical 

resolution of equation (1) using the Finite Difference Method. The most usual resolution 
method, used here, is that of Christopherson.(29) The resolution of linear systems 
obtained after discretisation is done by the iterative method of Gauss-Seidel. The use of 
an iterative method for the resolution is justified by the application of the Reynolds 
boundary conditions. The pressure is the only unknown, while the eccentricity is given 
(e.g. according to the difference between the given force F and that computated W, at 
the previous iteration step). This implies that equation (1) is the only one used to form 
the final equation system for obtaining P. The cavitation conditions must also be 
satisfied. For a steady-state regime, the computational procedure consists of giving 
initial values to the eccentricity =e/C. The pressure field is obtained verifying the 
pressure convergence condition 

Pi
P

i
P  / at each nodal point i of the bearing surface. 

The supported load W and the bearing attitude angle  are calculated. The calculated 
load and the external fixed load F are compared; the process stops when the load 
convergence condition 

W
FWF  / is satisfied. If this error control is not satisfied, the 

eccentricity value is updated and the process of calculation is repeated. 
 

3 RESULTS AND DISCUSSIONS 
 
3.1. Computational Conditions  

 
The eccentricity ratio used here, is kept to 0.60 (corresponds to external applied 

load of 12600 N). One can remark that the pressure curves always stay under the 
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pressure curve of the smooth case. A 3D textured model is illustrated in Figure 2. The 
shape of the dimples is chosen to be circular as this would be relatively easy to. A 
dimple is characterized by its radius (r) and depth (ry) as shown in Figure 1(b). Bearing 
surfaces with cylindrical textures are analysed for the journal bearing shown in       
Figure 1a. The bearing surface is textured and stationary (2=0) while the journal 
surface is smooth and moving (10). Only one half of the journal bearing system is 
studied because of the symmetry of the bearing. Uniform meshes are used. The same 
geometrical parameters and operating conditions studied by Vincent, Maspeyrot and 
Frêne(30) are used here for the simulations.  

 
 Magnitude of the external force F: 12600 N 
 Angular speed of the shaft 1: 625.4 rad/s 
 Shaft radius R: 0.0315 m 
 Bearing length L: 0.063 m 
 Radial clearance C: 0.00003 m 
 Lubricant viscosity µ: 0.0035 Pa.s 
In order to get mesh independent results, the grid used should be of fine quality. The 
grid resolution used for the smooth case is similar to that used for the dimpled cases. 
For the results presented below, the tests convergence precisions used for calculations of 
pressure P and load W are P=10-4 and W=10-5 respectively. The mesh size used is 891 
nodes along circumferential direction and 142 nodes along axial direction. 
In a recent work,(31) we have found that for specific texture distributions on the bearing 
surface and at higher asperity density, the texture has more influence on the contact 
characteristics.  
 
Table 1. Characteristics of journal bearing without texture 
Characteristics (Unit) This study Vincent [31]
Eccentricity 0.601 0.600 
Amplitude of the external force F (N) 12600 12600 
Attitude angle (° ) 50.4 50.2 
Maximum pressure (Mpa) 7.7 7.0 
Minimum thickness 10-6 (m) 11.96 12.00 
Axial flow 10-5 (m3/s) 1.74 1.73 
Friction torque (N.m) 1.13 - 
Dissipated power (Watt) 708.6 - 
Film rupture angle (°) 203.5 - 
 
In relation to the journal bearing with smooth surfaces, the most important contact 
characteristics are computed. The results derived using the computational code of the 
authors,(31) was compared to those calculated by Vincent, Maspeyrot and Frêne.(30) Very 
good concordance between the results of the two studies is noted.  
 
3.2 Results 

 
Here, the cylindrical texture (r=1 mm and ry=0.015 mm) is used to investigate the 

texture distribution effect on the journal bearing characteristics. The eccentricity ratio is 
equal to 0.60 (Averagely loaded bearing). Circumferential coordinates 1, 2 and axial 
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coordinates Z1, Z2 delimit the textures zone on the bearing surface. 25 cases are 
considered according to the geometric arrangement of textures on the bearing surface. 
Table 2 summarized the most important characteristics calculated for all these cases 
(the minimum film thickness hmin, the friction torque , the fluid film flow Q, the attitude 
angle , the maximum pressure Pmax and its angular position m and finally the beginning 
of the cavitation zone e).  

 
      Table 2. Textures distribution and calculated journal bearing characteristics 

Case 1 
(°) 

2 
(°) 

Z1 Z2 
hmin 
(µm) 

 
(N.m) 

Q 10-5 
(m3/s) 

  
(°) 

Pmax/m  
(Mpa / °) 

e  
(°) 

0 Untextured surface 11.97 1.2173 1.743 50.5 7.71/148.0 203.5 
1 0 360 0 0.500 8.71 1.3782 1.422 46.1 8.26/152.5 202.3 
2 0 360 0 0.250 11.03 1.2555 1.515 49.1 8.36/150.1 201.8 
3 0 360 0 0.125 11.70 1.2277 1.599 50.1 7.91/148.8 203.1 
4 0 180 0 0.500 8.49 1.3940 1.432 47.1 8.40/152.5 195.4 
5 0 180 0 0.250 10.99 1.2580 1.514 49.4 8.40/150.1 201.8 
6 0 180 0 0.125 11.69 1.2281 1.598 50.1 7.92/148.8 203.1
7 0 90 0 0.500 11.75 1.2235 1.558 48.5 7.89/149.3 203.5 
8 0 90 0 0.250 11.89 1.2194 1.627 49.8 7.77/ 148.4 203.5 
9 0 90 0 0.125 11.94 1.2179 1.675 50.2 7.73/148.4 203.5 
10 0 45 0 0.500 11.95 1.2175 1.700 50.2 7.72/148.4 203.5 
11 0 45 0 0.250 11.96 1.2173 1.714 50.4 7.71/148.4 203.5 
12 0 45 0 0.125 11.96 1.2173 1.725 50.4 7.71/148.4 203.5 
13 180 360 0 0.500 12.16 1.2081 1.733 49.3 7.58/148.8 211.6 
14 180 360 0 0.250 12.01 1.2152 1.742 50.2 7.67/ 148.4 203.9 
15 180 360 0 0.125 11.97 1.2168 1.744 50.4 7.70/148.4 203.5 
16 270 360 0 0.500 11.97 1.2173 1.743 50.5 7.70/148.4 203.5 
17 90 191 0.153 0.403 9.68 1.3242 1.721 49.2 8.53/151.7 198.6 
18 90 180 0.125 0.500 8.90 1.3708 1.737 49.3 7.74/151.2 195.8 
19 180 270 0 0.500 12.16 1.2082 1.733 49.3 7.58/148.8 211.6 
20 180 270 0.125 0.500 12.17 1.2081 1.731 49.3 7.58/148.8 212.0 
21 180 270 0.125 0.375 12.07 1.2122 1.737 49.8 7.63/148.4 204.7 
22 175 220 0.120 0.500 12.18 1.2067 1.729 49.0 7.56/148.8 215.2 
23 180 225 0.200 0.500 12.11 1.2104 1.733 49.6 7.62/148.8 209.9 
24 180 360 0.130 0.500 12.14 1.2091 1.732 49.4 7.60/148.8 211.6 
25 185 230 0.120 0.500 12.19 1.2067 1.729 49.0 7.56/148.8 214.8 

 
The Improvement of the journal bearing characteristics consists in increasing the 
minimum film thickness (have a better hydrodynamic load capacity), decreasing the 
friction torque (reduce the loss of energy by friction), improving the lubricant film 
presence region (have a better distribution of the pressure) and keeping the same value 
of the fluid film flow (maintain unchanged the value of the lubricant supply). The texture 
configuration 25 gives the best results compared with all the other cases, the minimum 
film thickness is increased by about 1.8%, the friction torque is reduce by about 1%. 
Figure 3 shows the evolution of the minimal film thickness, the friction torque, the axial 
flow and the angle of rupture of the fluid film for the 25 cases of arrangement. For some 
cases, where the textures are totally located at the falling part of the pressure (case 13 
to 16 and 19 to 25), the minimal film thickness increases, the friction torque decreases 
and the maximum pressure reduce fairly (max -1.9%). The pressure is sensibly 
diminished, however, the bearing performances are improved since the reduction of the 
cavitation zone (the limit of the rupture zone expands up to +5.6%) in the hydrodynamic 
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contact. These configurations contain a texture located in the second angular part of the 
bearing (beyond 180°), at the declining part of the pressure curve.  
 

 

 
Figure 3. Variation of static characteristics for different distributions of textures on the bearing surface. 

 
Texturing the outlet region of the contact located at the declining part of the pressure 
field, allows a better supply of the cavitation zone by film fluid. By consequence, a tiny 
decrease of the maximum pressure (until 1.9 %), of the fluid film flow (until 0.8 %) and of 
the friction torque in the contact (until 1 %) are noted. Expand the region of the fully film 
about 5.6% (corresponds to reduction of the cavitated zone) improve the pressure field 
distribution, the carrying-capacity are enhanced and the minimal film thickness is 
improved about 1.8%. The collective effect of the dimples in partial texturing gives an 
equivalent converging average film between the region of maximum pressure and the 
cavitation zone.   
For cases 17 and 18 (eccentricity ratio equal to 0.60 and S = 0.8), textures are located in 
the first angular half of the bearing (between 0 and 180°). They correspond to textures 
area arrangements in the region of maximum pressure. For these configurations, the 
friction torque increases about 12.6%, the minimum film thickness decreases about 
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25.6%, the maximum pressure rises about 10.6% and the zone of fully film fluid 
decreases about 3.8%. The configuration 17 gives a strong raise in maximum pressure 
(+10.6%), but a significant reduction in the film thickness (-19.1%) and a considerable 
augmentation in the friction torque (+8.8%) is observed. An increasing of the maximum 
hydrodynamic pressure (figure 6) does not lead automatically to an improvement of the 
journal bearing performances.    
For the other cases (case 1 to 12), the value of the minimal film thickness decreases, 
the friction torque increases, the maximum pressure raises and the zone of complete 
film remain relatively constant. These configurations contain a texture located in the first 
angular part of the bearing (within 180°). The textures are situated at the inlet of the 
contact (near fluid supply and before 45°) for the cases 10 to 12, at the rising part of the 
pressure field for cases 7 to 9, at the rising part and maximum pressure region for the 
cases 4 to 6 and occupied the totality of the bearing surface for the cases 1 to 3.             
Configurations 1 to 12 affect negatively the characteristics of the bearing. Texturing the 
contact inlet region (cases 10 to 12) has a modest and negative effect on the bearing 
performances; + 0.1% for the maximum pressure, -0.2% for the film thickness and no 
change is observed on the friction torque and the rupture angle.  On the other hand, the 
flow film fluid is perturbed negatively and it decreases about 2.5%, which disturbs the 
cavitation zone supply by film fluid. For the cases from 1 to 9, the same thing is 
observed, just variations are more prominent. The most important variation is observed 
in the cases 1 and 4, which correspond to meshing the totality of the bearing and the 
first half part of this one (within 180°), respectively. Texturing the totality of the bearing 
surface (case 1), a half of this one (case 4) or a part (case 7) can lead to a consequent 
reduction in the performances of the journal bearing (figure 5).  
The case 25 shows that it is possible to improve the performances. That confirms the 
importance of a good angular distribution of the textured zone on the bearing surface. 
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Figure 4. Variation of film thickness and pressure field for 3 cases of textures dispositions.  

 
Figure 4 shows the variation of the minimal film thickness and the pressure for three 
distributions cases of textures on the bearing developed surface. The 3D cylindrical 
texture shape, its distribution on the contact surface and the angular position of the 
minimum film thickness (corresponding to the peak of pressure) can be obviously 
observed (near 150°).  
 
4 CONCLUSIONS  

 
A numerical model based on finite difference method was developed to study the 

textures distribution influence on the bearing surface of a hydrodynamic journal bearing 
subjected to a stationary load. The shaft (journal) is supposed to be smooth and rigid 
while the bearing surface is partially or totally textured with cylindrical texture shape. 
Different arrangements of the textured area have been considered. The presence of a 
cavity (texture) increases locally the lubricant film thickness and decreases the friction 
force. 

Full texturing appears ineffective to generate hydrodynamic load capacity in the 
contact by the cavitation effects. Partial texturing can generate hydrodynamic lift in 
bearing, when the texture is located in the declining part of the contact pressure field. 
In the complex case of a journal bearing, with both convergent (hydrodynamic pressure) 
and divergent (cavitation) zones, partial texturing has a minimal positive effect and full 
texturing has a negative effect. The textured area optimum design depends strongly on 
the geometrical parameters and the operating conditions of the journal bearing. 
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