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ABSTRACT
Analysis of a 3D inlet textured slider bearing with a temperature dependent fluid is performed. Numerical simulations are carried out for a laminar and steady flow. Hot and cold
lubricant mixing in the groove is modelled and examined for different operating conditions. Thermohydrodynamic performance of the bearing is analysed for different texture
lengths.
Results show that texture has a stronger and positive influence on load carrying capacity
when thermal effects are considered. This beneficial effect is at a maximum for the longest
dimples with a length shorter than the pad length. Texture is also beneficial for the load
carrying capacity when the sliding speed and inlet flow rate are varied: with an appropriate
supply mass flow, load carrying capacity can be increased by 6-7% at low sliding speeds.

1. INTRODUCTION
Tribological contacts in slider and journal bearings are the most investigated geometries
when hydrodynamic lubrication problems are modelled. Many aspects have been analysed under the past few years in order to improve either the performance or the modelling
of these contacts. In such fluid films, the validity of Reynolds equation is still discussed
when some discontinuities in the geometry occur. Inertia effects have to be taken into
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account in some cases whereas they can be skipped for some other cases [1, 2]. Many
cavitation models have also been introduced and compared since they may predict differently the film rupture and reformation [3, 4]. The energy equation and its boundary
conditions have also been investigated. Texturing one of the surfaces is a recent advance
that has been considered. This has shown a significant improvement in performance in
certain cases e.g. increasing load carrying capacity and minimum film or reducing friction. Tonder [5, 6] pointed out that introducing a series of dimples or roughness at the
inlet of a sliding surface contact can generate extra pressure and thus support higher load.
Brizmer et al [7] strengthened this idea as they showed that a partial texturing creates a
collective dimple effect and generates substantial load carrying capacity useful for finite
and long sliders. Dimple dimensions were investigated by Ronen et al. [8] who showed
that an optimum value of the “pore” depth over diameter ratio gives a minimum value
for friction force. Yu and Sadeghi [9] also studied the effect of grooves on load support
for a thrust washer with focus on groove depth, width, shape, and quantity. An optimum groove depth providing maximum load support as well as an optimum number of
grooves was found. Siripuram and Stephens [10], analysing a single cell dimple, found
that the asperity size that minimizes the friction coefficient is dependent on the shape and
orientation for the case of a recessed asperity. The depth and position of a pocket in a
pad bearing were also found to be of importance for reduction in the friction coefficient,
Brajdic-Mitidieri et al. [11]. For another kind of texture such as an heterogeneous slip/no
slip surface, the load support can also be increased in a slider bearing as it decreases the
resistance to flow [12].
Experimental analysis of lubricated contacts with a microtextured surface have also shown
positive effects [13, 14]. Snegovskii and Arnautova [13] reported that dimples machined
on the shaft surface allowed a significant increase in load carrying capacity for a journal
bearing operating at high speeds. This work was then continued with tests of the same
bearing in the low speed range [14]. According to the authors, frictional losses were
reduced by 10−15% with a dimpled shaft whereas the load capacity was improved by a
factor of 1.5−2 at high sliding speeds.
Most of the theoretical studies were performed for an isothermal flow. Nevertheless,
energy equation has been included in some models in order to study the influence of
thermal effects [2, 15–18]. Fillon and Bouyer [16], analysing a wear defect in a journal
bearing, showed an advantage for such a geometry. For high speed bearings submitted to
a light load the wear defect is responsible for an improvement in THD performance by
reducing the maximum temperature. Thermal effects were studied by Yu and Sadeghi [15]
regarding the performance of thrust washers. According to the authors, thermal effects
do not reduce only load and friction, but they also increase the side leakage. Thermal
effects have greater influence on the load when the groove depth and number increase.
Kucinschi et al [18] also analysed a 3D thrust washer with a TEHD model. The effects
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of the particular shape of the stator on the pressure and temperature fields were analyzed.
Dobrica and Fillon [2] used a THD model to treat discontinuous domains such as Rayleigh
step bearings. The authors conclude that the NS based model is more accurate for all the
configurations studied (film thickness increased, velocity varied), but is unusable in 3D
studies since it has slow convergence rate. Later on, the same authors studied a 3D slider
pocket bearing and determined the optimal size of the pocket regarding the load carrying
capacity by taking into account the thermal effects [17]. The study also concludes that
similar load and maximal temperature is obtained for a pocket slider and an equivalent
inclined slider.
All these studies including thermal effects often assumed an imposed temperature at the
inlet and ambient pressure on the side for a slider bearing. This assumption is generally
made for slider bearings rather than journal bearings as the domain is generally modelled
without periodicity and without inlet lubricant: the slider is taken away from its environment [19].
This paper investigates a 3D thermal flow in a textured slider bearing. Assumptions imposed at the boundary conditions are avoided since the geometry of the slider bearing
is extended with some side channels and a fore-region which is supposed to give more
realistic conditions for the temperature and pressure fields. Incoming lubricant is supplied perpendicular to the sliding direction in the fore-region (or inlet groove), therefore
the Navier-Stokes equations are used since the thin film hypothesis is not fulfilled. The
energy equation is used in order to model the mixing of the flow in this region and to estimate heat generation in the contact. The lubricant mixing is first described under different
operating conditions then smooth and textured sliders are analysed and compared.

2. NUMERICAL MODEL
2.1. Equations
The code used to model the problem is CFX 11.0. The Navier-Stokes equations, momentum equation (1) coupled with the continuity equation (2), are solved over the domain
together with the energy equation (3), using the finite volume method. The flow is considered laminar, steady and three dimensional.
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where δi j = 1 when i = j, and 0 when i 6= j. The total enthalpy is calculated by the
following expression:
1
(4)
htot = hstat + V 2
2
with 12 V 2 representing the kinetic energy. The static enthalpy is calculated by integrating
the following expression:
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2.2. Boundary conditions
The geometry used is that of a 3D slider bearing with fore-region and extended channels
at the outlet and on the sides of the pad. The smooth geometry is considered together with
a textured one having 3 rectangular dimples located in the inlet region, Figure 1.

(a) XZ view

(b) XY view (scaled by 10 in the y-direction)

Figure 1: Computational domain
The following dimensions are used for the smooth bearing: Lx = 6 mm (length of the
pad in the sliding direction), Lz = 6 mm (length of the pad in the direction perpendicular
to the sliding direction), h0 = 0.03 mm (height of the film at the outlet of the pad) and
h1 (height of the film at the inlet of the pad). The dimensions of the fore-region, as a
percentage of the pad length in the sliding direction, lie in the range proposed by Zhang
and Rodkiewicz [19]: LG = 0.28 Lx = 1.68 mm (length of the fore-region) and dG = 0.16
Lx = 0.96 mm (depth of the fore-region). As some backflow may occur at the outlet, an
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extended channel is created in order to avoid a recirculating flow at the boundary. Its
length is Lout = 4 mm. Some side channels of width Lc = 1 mm are used in order to
create more realistic conditions. The assumption of zero pressure on the side of the pad
is discarded. The convergence ratio is defined by
k=

h1 − h0
h0

k-values up to k = 5 are chosen to cover a broad range of typical values for a slider bearing.
For the textured case, the dimples are the same as those in [20]. This dimple configuration
is believed to be sufficient to form an understanding of their effect on pressure build-up.
The width of each dimple w is set to 0.3 mm whereas the depth d is set to 0.0225 mm,
such that d/h0 = 0.75. This represents dimples smaller than the minimum film thickness.
The first dimple is located at 0.2 mm from the inlet and the distance between the dimples
is set to 0.4 mm. The length of the dimples l is taken for different values such that the
ratio l/Lz = 0.5, 0.7, 0.9 and 1.
At the boundary walls, no slip is assumed between the lubricant and the wall. The moving
wall translates with a velocity U along the x-axis. The lubricant, in direct contact with
the wall, moves with the same velocity. The lubricant has zero velocity at the stationary
boundary wall. Ambient pressure is imposed at the outlet of the domain. Mass flow
rate is specified at the inlet of the domain. The flow direction is set perpendicular to the
boundary and the supplied lubricant is entering the domain at a fixed temperature of 303
K. Periodic boundary conditions are set at x = -LG and x = Lx so that this sliding contact
repeats itself.
Kucinschi et al [18] considered reasonable adiabatic conditions at the oil-runner interface
when a PTFE layer covers the steel bulk of the rotor. Adiabatic conditions were also
assumed and justified for a journal bearing at the bush and journal boundaries in [21].
Thus, adiabatic conditions are set at the boundary walls.
∂T
∂n

=0
wall

with n normal to the wall.
When thermal effects are modelled the lubricant properties are varying with temperature.
A temperature-viscosity law is imposed on the lubricant. Density, thermal conductivity
and specific heat capacity of the lubricant are kept constant as their variations with temperature are assumed to play a minor role. The properties of the lubricant are summarized
in Table 1.
Since the minimum film is kept constant, slider performance is analysed in terms of maximum temperature Tmax and load carrying capacity of the sliding surface W .
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Table 1: Lubricant properties
Viscosity
Density
Specific heat capacity
Thermal conductivity

µ = µ0 e−β(T −T0 ) with µ0 = 0.116 Nsm−2 , T0 = 313 K, β = 0.05 K −1
ρ = 860 kg m−3
Cp = 2000 Jkg−1 K −1
λ = 0.13 W m−1 K −1

Z Lx Z Lz +Lc

W=

p dxdz

(6)

−LG −Lc

2.3. Discretisation of the domain
A meshing of the domain is performed in order to solve the momentum, continuity and
energy equations over each grid cell. The high resolution scheme in CFX 11.0 is used to
discretise the advection term. This scheme gives second order accuracy gradient resolution while keeping solution variables physically bounded. It only reduces to a first order
scheme close to discontinuities. The simulations are assumed to be converged when the
RMS value of the residual drops under 10−8 when thermal effects are not considered and
10−6 with thermal effects taken into account since the energy equation is converging at a
slower rate.
This space discretization induces an error into the numerical simulation. An estimation of
this error is possible with a Richardson extrapolation. This method is used to investigate
the value of the load for the smooth geometry with k = 1, a sliding speed of U = 5 m/s and
an inlet mass flow of 0.001 kg/s. As the real value of the load is not known, this method
is expected to give an approximation of the exact value and enables estimation of the grid
error [22]. The value of the load is plotted in Figure 2 for grids of 28 010, 224 080 and
1 792 640 elements. An intermediate grid of 756 270 elements (plotted with red cross) is
used. The value of the load error for this grid is estimated to be 0.7%. The error is small
enough to consider the results reliable. This type of grid is used in the following work
scope.

RESULTS
To explain and compare performance of the textured slider, the mixing of the lubricant
and the smooth bearing are considered first. Mixing gives a temperature field and flow
conditions at the inlet to the contact while smooth bearing is required as a reference.
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Figure 2: Grid independancy study
3.1. Mixing of the lubricant flow
The lubricant is entering the domain at a given mass flow rate Qin in the fore-region.
Its velocity is perpendicular to the sliding direction of the moving wall. Therefore a
swirling flow is generated in this groove. As the motion of the flow is steady, a material
element moves along a streamline which twists itself along the z-axis in the groove. The
characteristics of the swirl depends on the sliding speed of the moving wall and the inlet
mass flow. For U = 5 m/s, the swirl is represented in Figure 3 for two different inlet mass
flows. This swirl is responsible for the mixing of the cold lubricant entering the domain
and the hot lubricant leaving the pad. Cold lubricant is spreading in a helical way in the
groove taking away some hot lubricant from the layer close to the moving wall region.
As a result of this mixing, lubricant is entering the converging gap at a lower temperature
than when leaving it. The temperature profile at the inlet of the pad is not uniform and
depends on the operating conditions of the system (sliding speed and inlet mass flow).
Colder and warmer regions are alternating over the length of the inlet pad area. This
results in a non uniform temperature field over the pad. The hottest places are located
close to the outlet of the pad, as expected, but regions of cold lubricant are spread in
an uneven way as can be seen in Figure 4. When the convergence ratio k increases, the
average temperature at the leading edge of the pad becomes lower. The converging gap
allows more cold lubricant to enter. This cold lubricant spreads further downstream when
k is increased, Figure 4. Some consequences of this are described in the next section.
When the sliding speed and the inlet mass flow are varied, the mixing is changed. The
consequences are visible in Figure 5 where the load carrying capacity and the maximum
temperature are presented as a function of the inlet mass flow for two different sliding
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(a) Qin = 0.001 kg/s

(b) Qin = 0.0001 kg/s

Figure 3: Mixing region for a smooth geometry with k = 1. Streamlines issued from a
small portion of the inlet are displayed as well as normalised velocity vectors (on planes
z/Lz = 0, 0.5 and 1) and temperature profiles (on planes z/Lz = 0, 0.5, 1 and the pad
surface)
speeds and for convergence ratio k = 1. A sliding speed of 10 m/s makes the load carrying
capacity increase as well as the maximum temperature for the cases considered. The
latter is due to greater shearing of the fluid film which generates more heat. For the two
sliding speeds considered, the decrease of the inlet mass flow Qin increases the maximum
temperature and simultaneously decreases the load carrying capacity. When the inlet
flow rate decreases, the cooling of the bearing reduces and becomes less efficient. Less
cold lubricant can be trapped in the converging gap leading to an unavoidable increase in
mean and maximum temperature. At low inlet flow rate, even though the mixing of the
lubricant is better (because of a relatively high sliding speed compared to the inlet speed,
the lubricant executes more rotations in the fore-region and has then more time to mix,
see Figure 3(b)), an increase of the average inlet pad temperature is observed. Contrary
to this, the fact that Tmax stays almost constant and rather low at the highest flow rate
considered is due to the relatively high speed of the lubricant supplied to the slider which
does not allow optimal mixing, i.e. the cold lubricant does not have enough time to mix
well so only a small amount is entering the converging gap, Figure 3(a).

3.2. Smooth bearing
The sliding speed is set to U = 5 m/s and the inlet flow rate to Qin = 0.001 kg/s. For a
smooth bearing, the pressure profile has a rounded shape over the surface of the pad. With
the extended domain and the modelling of the fore-region, the pressures at both sides and
at the leading edge of the pad are not equal to zero. The fore-region creates some initial
pressure as shown in [23]. The value of the pressure at the middle of the leading edge
of the pad is almost constant and non-zero with k increasing. This is visible in Figure 6
which shows the pressure profile along the x direction in the middle of the pad including
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(a) k = 1

(b) k = 2

(c) k = 3

(d) k = 5

Figure 4: Temperature distribution at the stationnary surface of the smooth pad, U = 5 m/s
and Qin = 0.001 kg/s
the fore-region. Due to hydrodynamic losses inducing a pressure difference between the
inlet and outlet of the domain, the side channels are also pressurized. The pressure at both
sides of the pad is about 10 to 50 kPa, see Figure 7. This pressure is of the same order of
magnitude or one order of magnitude lower than the maximum pressure for k = 0.1 and
one to two orders of magnitude lower for k ≥ 1. Therefore, this non-zero pressure has the
largest influence at low convergence ratio.
Load carrying capacity is given as a function of k in Figure 8 for the thermal and isothermal cases. For the isothermal case, the properties of the lubricant are taken as being
constant at 303 K. Lower load carrying capacity is generated when thermal effects are
considered. From Cupillard et al [20], the load obtained is a function of the viscous losses
at the inlet and outlet of the contact. The load is optimized when losses are minimized
at the inlet and maximized at the outlet of the contact. Therefore, some load carrying capacity is lost for the thermal case since temperature rise at the outlet generates a decrease
in viscosity and consequently in the losses. As for a 2D isothermal case where different
inlet conditions to the contact were applied [20], the load carrying capacity increases until a certain value of k is reached and then decreases. It was shown that the load carrying
capacity decreases after reaching its maximum around k = 1 due to a recirculation of the
flow occurring at the inlet of the contact. In the present 3D case, the recirculation is ob-
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(a) Load as a function of inlet mass flow

(b) Maximum temperature as a function of inlet mass flow

Figure 5: Influence of inlet mass flow, k = 1

Figure 6: Pressure distribution in the mid line (z/Lz = 0.5) for the smooth case
served from k = 3 in both thermal and isothermal cases. The backflow takes place just
downstream from the leading edge of the pad around the center line. For k = 5, the zone
of backflow extends further downstream and becomes wider over the inlet of the pad. The
same phenomenon happens in both cases. In 3D, the side effects are playing an important
role whereas they are absent for a 2D slider bearing which is equivalent to an infinitely
long bearing. Side leakage increases almost proportionally with the convergence ratio as
the side area of the pad and the pressure gradient become more important, Figure 9. Side
leakage delays the appearance of the backflow when k increases and also contributes, as
does the backflow, to reduction of the performance as some energy required to build up
pressure vanishes. However, the maximum value of the load carrying capacity occurs at
a higher convergence ratio with thermal effects taken into account. When k increases,
the cold lubricant spreads more and more downstream in the contact, see Figure 4. This
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Figure 7: Pressure distribution at the sides of the pad for the smooth case: z/Lz = 0
(dashed lines) and z/Lz = 1 (solid lines)
makes the viscosity increase and tends to compensate for the effect of opening the converging gap.

3.3. Textured bearing
3.3.1. Influence of dimple length
Dimples are introduced at the inlet of the contact and different lengths are tested. Results
are shown in Table 2 which represents the gain in load carrying capacity compared to the
smooth case for the corresponding convergence ratio. The load carrying capacity is lower
when thermal effects are taken into account as explained for the smooth case. Dimples are
responsible for a relatively important enhancement of the load carrying capacity at low
convergence ratios since they can decrease losses at the inlet of the contact by a larger
amount. It is also interesting to notice that the dimples have a larger positive effect on the
load when thermal effects are considered since gain in load is greater relative to that for
the smooth bearing. With thermal effects taken into account, load carrying capacity can
be increased by up to 110.4%, 5.3% and 0.9% for k = 0.1, 1 and 2 respectively. For an
isothermal flow, the load is only increased by up to 63.7%, 3.0% and 0.4% for k = 0.1, 1
and 2 respectively.
For all the cases, the load drops when the dimple length reaches the total length of the
pad. This drop coincides with an important increase of the side leakage (Figure 10). The
performance is thus reduced. Until a value of k = 2, the maximum load carrying capacity
occurs at l/Lz = 0.9 for the thermal case whereas the ratio l/Lz giving the maximum load
carrying capacity is dependent on k for the isothermal case, Table 2. It should be noted
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Figure 8: Load variations for a 3D smooth slider, U = 5 m/s and Qin = 0.001 kg/s
that for k = 2, introducing dimples of length equal to the pad length reduces the load
carrying capacity when thermal effects are excluded. As for the 2D case [20], the load
gain due to the dimples is a function of the convergence ratio. This effect was explained
as dimples can increase the amount of backflow when too large k-value or dimple depth is
used, reducing the pressure gradient locally in the dimples. When dimples are introduced
the pressure profile is strongly affected at low k, Figure 11(a), whereas the difference
between the smooth and textured case is less important at higher k, Figure 11(b). At low
convergence ratio, it is still possible to strongly decrease losses at the inlet of the contact
and thus increase the pressure gradient. The margin before reaching global backflow at
the inlet of the contact is quite high so performance can be improved to a greater extent
when the slider is operating at low k.

3.3.2. Influence of operating conditions
The influence of a change in operating conditions (sliding speed and inlet flow rate) is
important to analyse since they strongly affect the performance of the lubricated contact.
Under different inlet mass flow rates the dimples can slightly decrease the maximum
temperature, see Figure 12. Dimples produce less shearing of the lubricant locally which
reduces slightly the generation of heat. This influence on the maximum temperature stays
relatively small since the dimples are placed at the inlet of the contact. They might have
had a stronger influence on maximum temperature if they were placed in the outlet region
of the contact, but would have been responsible for a drop in losses at the contact outlet.
The drop in losses compared with the increase in viscosity could be worth analysing.
For the two different sliding speeds considered, dimples also increase the load carrying
capacity, Figure 13. The textured cases improve load carrying capacity by 5-6% for U
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Figure 9: Side leakage for a smooth slider bearing

Table 2: Load carrying capacity difference (in %) from the smooth case
(a) Thermal effects
l/Lz
k = 0.1
0
0.5
+83.40
0.7
+103.35
0.9
+110.40
1
+101.11

k=1
+4.25
+5.18
+5.34
+3.26

k=2
+0.66
+0.79
+0.93
+0.84

(b) Isothermal
l/Lz
k = 0.1
0
0.5
+51.47
0.7
+61.93
0.9
+63.72
1
+53.49

k=1
+2.83
+2.97
+2.75
+0.16

k=2
+0.40
+0.20
+0.11
-0.48
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Figure 10: Side leakage function of the dimple length to pad length ratio

(a) k = 0.1

(b) k = 1

Figure 11: Pressure distribution for a smooth bearing and a textured bearing with l/Lz =
0.9
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Figure 12: Maximum temperature as a function of the inlet mass flow rate, k = 1
= 5 m/s and by 4-7% for U = 10 m/s. The reasons are similar to those of an increase of
the convergence ratio: dimples reduce losses at the inlet of the contact and more energy
is available to be converted in pressure build-up, as explained in [20]. This gain in load
is less pronounced at low inlet flow rate and seems to reach a maximum around the value
Qin = 0.0005 kg/s.

Figure 13: Load carrying capacity as a function of the inlet mass flow rate, k = 1
The sliding speed is an important parameter which deserves more attention since an increase in speed produces an increase in temperature and a drop in viscosity. Therefore,
load carrying capacity is plotted as a function of the sliding speed for Qin = 0.001 kg/s, see
Figure 14. It can be observed that dimples increase the load for the entire range of sliding
speeds considered. After reaching a maximum value, the load carrying capacity starts to
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drop slowly. This is due to strong heating at the contact outlet which causes the losses
to drop and reduces load carrying capacity, as explained before. Increasing the sliding
speed may become a drawback regarding the load carrying capacity generation as soon
as a critical speed is reached. The dimples increase the load more and more relative to
the smooth bearing when U increases, producing positive effects for the range of sliding
speeds considered, especially at the highest. In this case, the dimples can compensate for

Figure 14: Load carrying capacity as a function of sliding speed, Qin = 0.001 kg/s and k
=1
a loss in load carrying capacity when the sliding speed increases. This can be useful in
practical applications as sliding speeds are subjected to variations. Thus the dimples may
increase the safety margin of the system.

CONCLUSION
A thermohydrodynamic study of a textured slider has been performed. From this investigation, the following conclusions can be made:
• The dimples have greater positive influence on the load carrying capacity when
thermal effects are considered.
• The longest dimples provide the best performance as long as their length is less
than the pad length. This beneficial effect of the dimples is amplified when the
convergence ratio is lower than 1.
• Dimples have a positive effect for a large range of operating conditions. They
present the greatest increase in load at the highest sliding speeds and for a certain
range of inlet mass flow.
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• Uneven distribution of lubricant temperature at the inlet to the converging gap is
caused by the specific flow pattern in the mixing groove.
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Nomenclature
[K −1 ]

β

Viscosity-temperature coefficient

λ

Lubricant thermal conductivity

µ

Lubricant dynamic viscosity

[Pas]

µ0

Lubricant dynamic viscosity at T = T0

[Pas]

ρ

Lubricant density

Cp

Lubricant specific heat capacity

d

Dimple depth

[W m−1 K −1 ]

[kgm−3 ]
[Jkg−1 K −1 ]
[m]

d/h0 Dimple depth to minimum film ratio
dG

Depth of the fore region

[m]

h0

Outlet height of the pad

[m]

h1

Inlet height of the pad

[m]

hstat

Lubricant static enthalpy

[Jkg−1 ]

htot

Lubricant total enthalpy

[Jkg−1 ]

k

Convergence ratio

l

Dimple length

l/Lz

Ratio of dimple length to pad length in z direction

Lc

Width of the side channels

[m]

LG

Length of the fore region

[m]

[m]
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Lx

Length of the pad in the sliding direction

[m]

Lz

Length of the pad in the direction perpendicular to the sliding direction

[m]

Lout

Length of the extended outlet channel

[m]

p

Lubricant pressure

Qin

Lubricant inlet mass flow rate

T

Lubricant temperature

[K]

T0

Reference temperature

[K]

Tmax

Maximum temperature

[K]

U

Upper wall velocity

[Pa]
[kg/s]

[m/s]

ui , u j Velocity components in i and j direction
W

Load per unit width

w

Dimple width

[m/s]
[N/m]
[m]

xi , x j Cartesian coordinates in i and j direction

[m]
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