
1  Introduction

Commonly manufactured by sintering, porous journal
bearings (PJB) have non-rigid seats consisting of a net-
work of microscopic pores. Their main advantage is the
ability to store the lubricant within their porous seat and
release it in the lubrication gap during operation. This
oil circulation insures the desired separation of the mov -
ing surfaces (shaft and journal) such that PJBs are able
to operate for a lifetime without the need of external
supply of lubricant. The flow through the porous seat is

therefore crucial to the lubrication process. However,
the highly interconnected network of pores have a ran-
dom behaviour and cannot be characterized by exact
methods. Two quantities are used to describe the porous
material, namely the scalar porosity φ and permeability
tensor ϕ. While the first is a straightforward ratio bet-
ween the void volume and total volume, permeability is
not only related to φ, but it is also influenced by the 
shape/size of the pores and fluid viscosity. In studying
PJBs, one approach is to apply the Darcy’s law [1] to ob-
tain the pressure through the porous material. The flow
in this region is then coupled with the flow in the lubri-
cation gap, commonly given by the Reynolds equation,
and the resulting system solved numerically or analyti-
cally (see eg. [2, 3]). 

Let ϕr denote the characteristic value of the radial com-
ponent of ϕ. Varying the design variable defined as
Ψ = ϕr λ/c3 gives insight into the system response in li-
miting cases, like, say very high permeabilities. This si-
tuation is in our focus here. However, its values can be
increased up to only a certain value until numerical so-
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(1), (2). Its numerical solution is obtained in the same
manner as for the full bearing. A conservative numerical
scheme is used to discretize the system and an artificial
pressure-saturation relation helps to linearize the system.
In this way, the lowest pressure that the system can achie-
ve is given by the cavitation pressure, denoted in a non-
dimensional form PC. The numerical results for the reduc -
ed problem are presented in the following section.

3  Numerical results

The key parameters that were varied in the present nu-
merical study are ε and K̂, while Γ and PC are kept con-
stant (Γ = 0.9, PC = -0.01). The eccentricity ratio takes
the usual values between 0 and 1, while K̂ is varied bet-
ween 10-1 and 102. The results of this study are given in
Figures 1-5, by evaluating the normalized friction coef-
ficient μn = μ r/c, the Sommerfeld number defined as
So = w/pref r l, where w is the applied load and the atti-
tude angle. Looking at the representation of the norma-
lized friction coefficient μn versus the inverse of the
Sommerfeld number (Figure 1) we can remark the same
behavior obtained by Cameron et. al. [7]. It appears that
for each value of K̂ there exists a critical Sommerfeld
number which marks the maximum loading capacity that
can be achieved. Beyond the critical value, the friction
coefficient increases abruptly, and hydrodynamic lubri-
cation cannot be achieved. As K̂ increases, the value of
the critical Sommerfeld varies only slightly as compared
to lower values of K̂. Also, for very small values of 1/So
all curves collide on the same line, given by Petroff’s
friction for lightly loaded bearings. 

Depicting the normalized friction coefficient versus the
eccentricity ratio (Figure 2) shows the asymptotic beha-
viour of μn around both limits of ε. We are able to obtain
a solution for ε→1 due to the modified pressure coeffi-
cients in the leading equation. However, this implies that
the friction coefficient achieves a minimum, which in
the present configuration appears to occur around
ε = 0.65, for any value of K̂.

For the evaluation of the cavitation behaviour we resort
to plotting the minimum gap pressure versus the varied
key parameters. We consider the lubricant to have cavi-
tated when P̂ attains the value of PC. This appears to be
the case of the majority of the analysed combinations of
parameters, as one can see that PC covers exclusively
the region defined by ε > 0.5, denoting medium to high
loadings. Cavitation-free region is encountered for the
case of low eccentricities and larger coupling parameter,
and specifically, as ε →0, for any value of K̂ the lubricant
remains in a coherently fully liquid state.

Finally, we look at the bearing attitude angle, defined as
the angle between the line of centres and the line of the
applied load. Its variation with the Sommerfeld number
and eccentricity ratio is depicted in Figure 4 and Figu-
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lutions cannot be obtained. This motivates the present
work, where our interest is to study a reduced system,
governed by a single equation, and which is able to tack-
le the extreme case of very high permeability. 

2. Governing equations

The model adopted in this work is based upon a rigorous
reduction process applied to an appropriate modification
of the Reynolds equation within the well-known limita-
tions of lubrication theory. This has originally been deve -
loped for the specific case of a finite-width porous bear -
ing with a circular bush and seat where the effects of va-
porous cavitation are included [4]. Here we consider the
hypothetical limiting case where the porous seat is very
thin (its thickness λ is very small), but characterised by
a very high permeability. If we keep the notation for the
design parameters K = 12ϕrr/c3, Λ = λ/r, where r and c
are the bearing radius and gap radial clearance, respecti-
vely, the configuration we are interested in can be stu-
died by considering K̂ =KΛ as of O(1) when K >> 1 and
Λ << 1. These assumptions lead to a reduced equation in
P̂ (denoting the pressure in the gap, made non-dimensio-
nal with a reference pressure pref = 6ωη(r/c)2, where ω
is the journal rotation speed and η is the lubricant visco-
sity) written in the form (see [5, 6]):

(1)

(2)

Herein θ and z denote respectively the circumferential
and axial coordinates, the latter made non-dimensional
with the bearing length l. H is the non-dimensional film
thickness defined as a function of the bearing eccentri-
city ratio ε, Γ is a non-dimensional parameter relating
the bearing diameter to the bearing length Γ = (2r)2/l,
and Φθ,z is the non-dimensional permeability, made non-
dimensional with ϕr, in the azimuthal and axial directi-
ons. In the term on the right hand side, S denotes the lu-
bricant saturation, i. e. the density ratio between the two-
phase mixture in the cavitation zone and the one in the
fully liquid film. The typical associated boundary con-
ditions stay fully intact in this reduced setting: periodi-
city in the circumferential coordinate θ, symmetry with
respect to the axial coordinate z, and prescribing the am-
bient pressure level at the edge of the bearing. In the full
simulations the bearing is assumed to be encapsulated in
a solid casing such that the oil remains contained in the
matrix. This condition and the ambient pressure require-
ment at the edge of the bearing cannot be fulfilled simul-
taneously as this would imply a separate treatment of
that particular region.

It is interesting that both the seepage flow through the seat
and the lubricant flow through the gap are described by
the single equation (1) of the rigorously reduced problem



re 5, respectively, where the curves are smoothed out by
using spline interpolation. The overall values lie close to
each other, indicating only a small displacement of the
shaft inside the bearing for the analysed configuration.
The particular behaviour observed for all the combinati-
ons ε and K̂, namely a local maximum at a given So is re-
lated and due to the occurrence of cavitation. 

The deviations from the typical 270°- attitude angle for
relatively light loads and a fully submerged bearing are
relatively small and, as one might expect, promoted by
higher loads but, on the other hand, diminished by an in-
creased permeability of the seat, as acting as an additio-
nal lubricant reservoir.

4  Conclusions

An advantageous single equation was obtained in order
to describe the case of a very thin and highly permeable
porous journal bearing in a most rational manner. The
numerical study accompanying this reduced problem
confirms results found in literature, and covers a large
spectrum of variables. As indicated, this approach allows
for a self-consistent and appealing explanation of the
minimum friction value under variation of the Sommer-
feld number. We finally point to the quantitative asymp-
totic behaviour for very lightly and heavily loaded bear -
ings resorting to (1) as put forward in [5, 6].

Current research concerns the inclusion of microscopic
effects such as by distributed asperities of the gap surfa-
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Figure 1: Normalized friction coefficient vs. the in-
verse of the Sommerfeld number for various coupling
parameters 

Figure 2: Normalized friction coefficient vs. the eccen-
tricity ratio for various coupling parameters

Figure 4: Bearing attitude angle vs. Sommerfeld num-
ber for distinct values of K̂

Figure 5: Polar plot of the bearing attitude angle vs.
the eccentricity ratio for distinct values of K̂

Figure 3: Influence of ε and K̂ on the minimum lubri-
cation pressure 
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ces and associated micro-cavitation. This challenge can,
in principle, be mastered by a systematic extension of
the current asymptotic approach by multiple scaling. In
the same spirit, this applies to inertial effects and other
ones definitely beyond lubrication theory, which, as we
feel, have not appreciated correct attention in computa-
tional schemes so far. Nevertheless, these are of interest
in view of a most reliable, state-of-the-art prediction of
the bearing behaviour.
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