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ABSTRACT
In aeroengines the shafts are supported on bearings that carry the radial and axial loads. A ball bearing is
made up of an inner-race, an outer-race and a cage which contains the balls, these together comprise the bearing
elements. The bearings require oil for lubrication and cooling. The design of the bearing studied in this work is
such that the oil is fed to the bearing through holes/slots in the inner race. At each axial feed location the oil is
fed through a number of equispaced feedholes/slots but there is a different number of holes at each location. Once
the oil has passed through the bearing it sheds outwards from both sides into compartments known as the bearing
chambers.
A number of studies have been carried out on the dynamics of bearings. Most of the analyses consider the
contributions of fluid forces as small relative to the interaction of the bearing elements. One of the most sophisticated models for a cage-raceway analysis is based on the work of Ashmore et al. [1], where the cage-raceway is
considered to be a short journal bearing divided into sectors by the oil feeds. It is further assumed that the oil exits
from the holes and forms a continuous block of oil that exits outwards on both sides of the cage-raceway. In the
model, the Reynolds equation is used to estimate the oil dynamics.
Of interest in this current work is the behaviour of the oil and air within the space bounded by the cage and inner
race. The aim is to determine whether oil feed to the bearing can be modelled as coming from a continuous slot or if
the discrete entry points must be modelled. A Volume of Fluid Computational Fluid Dynamics approach is applied.
A sector of a ball bearing is modelled with a fine mesh and the detailed simulations show the flow behaviour for
different oil splits to the three feed locations of the bearing thus providing information useful to understanding oil
shedding into the bearing chambers.
The work shows that different flow behaviour is predicted by models where the oil inlets through a continuous
slot compared to discrete entry holes. The form and speed of oil shedding from the bearing is found to depend
strongly on shaft speed with the shedding speed being slightly higher than the cage linear speed. The break-up
pattern of oil on the cage inner surface suggests smaller droplets will be shed at higher shaft speed.
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Cross-sectional area of leaving oil (Aoc , Aob )[m2 ]
Jet spread area on the cage [m2 ]
Area on the feed hole [m2 ]
Bearing ball diameter [m]
Acceleration due to gravity, [m/s2 ]
Film thickness on the cage, [µm]
Jet spread length scale
Domain feed rate [kg/s]
Outflow mass flow rate [kg/s]
Mass flow rate through periodic planes [kg/s]
Mass rate retained [kg/s]
Outflow rate [m3 /s]
Radius of the shaft (inner-race) diameter [m]
Flow time [s]
Flow speed [m/s]
Exit oil velocity to bearing/chamber [m/s]
Shaft linear speed at the inner race [m/s]
Width of the cage [m]
Width of the raceway [m]
Coordinates
Length scale [m]

Co

Ao
As
Ah
D
g
Hc
Jc∗ , Jo∗
ṁ f
ṁo
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∆x

tN
ip
sc
r

Ma
nu

Greek symbols
α
Volume fraction
ωc
Cage angular rotation, [rad/s, rpm]
ωr
Raceway angular rotation, [rad/s, rpm]
Ωs
Shaft rotation, [rad/s, rpm]
θ
Film extent, [rad, o ]
φ
Level set function

ot

Abbreviations
CFD
Computational Fluid Dynamics
VOF
Volume of Fluid

Introduction
The purpose of the oil system in an aeroengine is for lubrication and cooling of transmissions elements including the
shaft-supporting bearings. These highly rotating elements are housed within bearing chambers. The purpose of the bearing
chamber is to contain the oil and an important aspect of chamber function is that the oil exits efficiently allowing quick
recycling. The oil is used in a loop; the oil is pumped from the oil tank and fed to a bearing via its inner-race which has
feed-holes and slots to get the oil into the bearing element interstices. The flow inside bearing chambers is complex and
The University of Nottingham Technology Centre in Gas Turbine Transmissions Systems (UTC) has been investigating such
systems for some years.
The bearing chamber can be seen as an annular flow system in its simplest form. Flow in rotating concentric cylinders
was first investigated in Taylor’s [2] classical analytical work on simple rotating concentric cylinders encasing a viscous fluid.
There have since been a number of significant investigations many of which are relevant to bearing chamber flow. A basic
simplifying assumption in the mathematical models, is that the bearing chamber flow is a multiphase annular flow with the
inside of the outer wall coated with a thin film driven by shear. This simplification has paved the way to significant progress
in model development and system understanding. These so-called thin film models are based on lubrication theory with
development for bearing chamber applications following chronologically through Farrall et al [3], Williams [4], Kay et al [5]
and Kakimpa et al [6]. Studies on more engine representative geometries by the UTC, including [7–9] have investigated
computationally the flow phenomenon inside the bearing chamber cavity. The recurring assumption in the models is that we
understand the shedding characteristics of the oil from the bearing or in the simpler models, that the flow is a simple rimming
flow. Experimental studies such as those of Chandra et al [10] and Glahn et al [11] provide information on what happens to
the oil after being shed from the bearings but little is known about the breakup process inside the bearing itself.
The work reported here is part of a larger study that seeks to provide understanding of what happens inside a bearing.
One of the justifications for understanding the flow inside the bearing is the need for more accurate boundary conditions
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our existing
bearing chamber models as identified by [8, 12]. In parallel research an experimental test facility has
been constructed that will allow visualisation and other data acquisition relating to oil shedding from an aeroengine ball
bearing. The configuration investigated computationally is intended to be as similar as possible to that of the experimental
investigation.
Figure 1 shows a schematic representation of the test section of the bearing as configured in the test facility. The stub
shaft is driven up to engine representative speeds by a motor and axial loads are applied via a large electromagnet. Oil is fed
to the bearing via the inner-race at locations as shown in Figure 2 and exits into the front and rear chambers as shown. The
test facility is instrumented and there is good visual access to the front chamber so that high speed cameras can be used to
provide information about the exiting oil. There is no visual access to the bearing itself (the region marked in red on Figure
1) and limited opportunity for measurements also. The intention is that the CFD and experimental data together will provide
a clearer picture of the flow into the bearing chamber from the bearing.
One of the challenges faced in modelling the flow inside the bearing itself is the complexity of the bearing geometry. As
can be seen in Figure 2 the 25 bearing balls are positioned within a cage that restrains their motion and this creates some very
small gaps within the model. Both the outer and inner races are also schematically illustrated in Figure 2. This figure shows
the three feed routes to the bearing with the desired split of oil to these different locations being achieved through different
numbers of feed-holes as shown. In the example given here, there are 9 and 6 holes, respectively to the front and rear of the
rig while 6 slots deliver oil to the mid-split of the inner-race.
To model the bearing, a periodic model is highly desirable as it reduces the computational overhead. The oil feed
arrangement however creates a challenge for simplifying the model because the periodicity associated with the feed-holes
differs from that of a single ball element and also differs according to whether it is the front or rear location. With consideration for modelling a single ball, a periodic domain of 14.4◦ is suitable but the feeds make this a little involved. It is therefore
important to understand the behaviour of the feed system.
In previously reported modelling of this aeroengine bearing Adeniyi et al [13] simplified the feed arrangement by
representing it as a continuous slotted feed. However, although some relevant and useful data was obtained, concerns
remained as to the validity of this simplification. In the work reported in this paper, modelling focus is on a region within the
overall bearing model focusing on the feed arrangement and geometry immediately surrounding. The aim of the work is to
better establish whether it is truly valid to model oil feed to a bearing that comes via discrete inlet holes as a continuous slot
feed.

Bearing Element and Fluid Dynamics
The elements of a roller bearing interact in a complex way. There is wide body of work on bearing dynamic analysis
with a range of different simplifying assumptions. Work on the dynamic analysis of a bearing, including consideration for
the lubricant probably finds its roots in the 1978 work of Kannel & Walowit [14]. However the ADORE bearing analysis
software (Gupta [15]), one of the most significant tools available to the bearing designer owes most to Gupta who developed
the original commercial code and has a body of work too large to reference it all. The basic assumption in the dynamic
models is that the fluid forces are generally small compared with the interaction forces of the bearing elements. In describing
the hydrodynamic influence, a Reynolds equation formulation is solved. In the formulations, the fluid (oil) is taken as single
phase in the domain, for example between the cage and inner race and at the contact points [1, 15].
Ashmore et al. [1] made modelling progress by assuming that the cage-raceway can be considered to be a short journal
bearing divided into sectors by the oil feeds providing hydrodynamic support for the cage. In the work presented in this
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Fig. 1: Schematic representation of bearing in test facility
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Fig. 2: Under-race oil feed
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paper, following Ashmore et al. [1], the cage-race is assumed to be relatively unaffected by the bearing balls such that the
flow can be studied in isolation but unlike their work, the 3D Navier-Stokes equations are solved with consideration for the
oil-air interface.
In the analysis of rolling element bearings there are essentially two approaches: quasi-static; and dynamic [1,15–17]. In
quasi-static analysis, for each of the bearing elements, the force and moment equilibrium equations acting are modelled such
that they include the dynamic components such as the externally applied forces, centrifugal forces and gyroscopic moments.
These result in a set of non-linear algebraic equations that require numerical techniques such as Newton-Raphson methods
to solve and from which, angular velocities of the elements can be calculated. Jones [16] was among the first to analyse the
motion of a high speed ball bearing using a simplified quasi-static analysis of ball motion with sliding friction but without
the contributions of the lubricants. The quasi-static approach, in essence, represents steady state conditions and the raceway
control assumption is used.
Raceway control is an assumption of non-gross slip at the contacts, so that the ball motion about its own axes as well as
the bearing axis is controlled by the raceway and only rolling motion occurs [18, 19]. In the raceway control hypothesis, it is
assumed that the balls roll relative to the controlling raceway but roll and spin with respect to the non-controlling raceway.
In the formulation, the gyroscopic moment acting on the ball has a resisting frictional force on the controlling race with no
gyroscopic slippage. Raceway control is not realistic as it is not possible that only pure rolling exists at non-zero contact
angle at either of the races. It is, however, useful to estimate steady state results [18, 20]; Wang et al. [21] recently proposed
a technique to remove the raceway control assumption.
The dynamic analysis is a real-time representation of the bearing and does not require any kinematic constraints as
required in quasi-static analysis. In the dynamic models, the equilibrium equations from the quasi-static model are formed
using differential equations of motion for each of the bearing elements [15, 22].
The Cage-Raceway Analysis
The focus of this paper is the cage-race part of the bearing. The model of Ashmore et al. [1] of the cage-raceway is
illustrated in Figure 3. In the figure, there is an eccentricity, e as shown by the offset centres Or and Oc for the raceway and
cage respectively. The raceway speed is ωr and the cage speed is ωc . The oil from the feed-holes forms blocks of oil exiting
outwards and spreading to extents θ1 − θ2 .
The speed of the inner-race is the same as that of the shaft unless there is any undesirable slipping between it and the
shaft. In this work slip is assumed not to take place. The speed of the cage can be estimated from the analysis of the rolling
element interaction. This was not felt to be necessary for this study and instead the cage speed was chosen on the basis of
estimations obtained from [18, 20]. In the current analysis, the cage is taken to be concentric with the shaft.
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2.2

The fluid dynamics
The main focus of this work is the behaviour of the oil in the cage-raceway geometry. A computational fluid dynamics
(CFD) approach is used to understand the flow of oil and air. A simulation of the entire 360◦ geometry would be expensive
to achieve because of the length scales and computational mesh resolution involved. Instead, from the frame of reference
of the oil feed, the flow is solved as a periodic flow based on the physical spacing of the holes. The effect of gravity on the
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Fig. 3: Illustration of the model of Ashmore et al [1] FOR AN OIL-FED CAGE-RACEWAY

Fig. 4: Cage-inner race periodic geometry
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fluid within the width of the raceway is considered negligible as the centrifugal force overrides (i.e. Ω2s Rs /g >> 1)). The
continuity equations and Navier-Stokes equations are solved isothermally.
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3 The Model Setup
3.1 The Geometries
Figure 4 shows one of the geometries used in the simulations in this work. The chosen periodicity planes are shown.
One of the periodic geometries has periodic planes spaced 40◦ apart and the other has 60◦ . The width and diameters are the
same in both cases. The diameter of the feed holes (Dh ) is 1.76mm, as was the case in Ashmore et al. [1]. A fixed annular
spacing of 0.22Dh between the inner-race and the cage inner-wall is used. The widths of the cage (Wc ) and the raceway (Wr ),
as used in the simulation, are 6.14Dh and 3.81Dh respectively. The geometry is not symmetric about the feed as can be seen
in Figure 6. There is a small fillet radius on the cage at the side furthest from the rolling element.
In another of the cases investigated, the feed holes were replaced with slotted feeds at a periodicity of 14.4◦ (i.e. one
slot per ball). In all cases, holes and slots, the feeds deliver same total amount of oil. There are many ways to choose the
width of an equivalent slot; but in this paper, the widths chosen are 10% and 20% of the feed hole diameter.
For a qualitative comparison, a 360◦ geometry with one feed hole was created, as illustrated in Figure 5. This removes
the periodicity assumption. In this case, the geometry is radially split into two zones. The zone with the feed rotates and the
non-rotating zone is in another frame of reference with a sliding interface between the two zones.
3.2

The Computational Mesh
A structured mesh (ANSYS-ICEM Hexa Mesh) is used in the periodic geometry setups as illustrated in Figure 6. There
is a better control over the number of cells as well as better nodal-mesh spacing efficiency in a Hexa mesh compared to
unstructured meshes but the latter are easier to construct for more complex geometries. The setups with periodicity are
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straight forward to construct using ICEM “logical blocking” except for the sub-millimeter gap sizes that require the use of
very small cells to provide sufficiently high resolution.

ip

Fig. 6: A section of the mesh used for the periodic geometry cases
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The rotating setup requires the use of a sliding mesh plane. The sliding plane is a plane of zero-thickness separating the
two fluid zones. This is built by creating two fluid zones one either side of the sliding interface. The total size of mesh is
largely determined by the number of cells in the gap between the inner-race and the cage. Two meshes with 14 and 20 cells
across the gap have been used in this paper to provide an amount of mesh dependence study. These resulted in meshes of
235, 000 and 1, 500, 000 cells. The mesh size in the 360◦ geometry is about 4.2 million cells.
The solution method
The coupled level set volume of fluid (CLSVOF) technique as proposed by Sussman & Puckett [23] and implemented in
ANSYS Fluent [24] is used in this work. In the volume of fluid (VOF) technique, a colour function, α, is solved to describe
the oil-air mixture. Where the volume fraction is 1, the domain is completely filled with oil and if α = 0 it is completely air
filled. The free-surface is in the region 0 < α < 1. The level set approach uses a smooth signed function, φ such that a zero
level set iso-surface represents the free-surface and a positive or negative level set describes either phase of the mixture. The
SST k − ω turbulence model was used; this model has modifications to resolve low Reynolds number [24].
The timestep, ∆t, for the simulations is of the order 0.1µs chosen by keeping the CFL number (Courant-Lewy-Freidrich
→
−
→
−
number, CFL = | U |/ (∆x/∆t)) less than 1; where ∆x is the mesh size length scale and U is the flow speed. Keeping CFL less
than 1 is essential for solution stability for the explicit transient VOF formulation used. The second order accurate upwind
differencing scheme is used for the spatial terms of the continuity and the momentum equations. First order accurate explicit
time integration is used for the temporal terms while convergence criterion set for the residuals is 10−4 and a maximum of
30 iterations per time step. The simulations were run using 8 cores on 4 machines with 16 GB RAM per machine on the
University of Nottingham’s high performance computing cluster. The simulations run 1.1µs flow time per CPU compute
hour for the 360◦ rotating setup, while the periodic setups yield between 8 and 110µs/CPU-hour.
To monitor the flow for steady state behaviour, the residual mass flow within the system is monitored. Consider the
system of flow schematically given in Figure 7. The 3D control volume is represented with the dashed lines.
The system is fed (through hole or slot) at the rate of ṁ f . By definition the flow into the system through the periodic
boundaries matches the flow out and this is represented as ṁ p . The oil mass flow through the “chamber side” and “bearing
side” boundaries of the domain is represented as ṁo1 and ṁo2 respectively and the rate of mass retention within the system
is ṁr . Mass conservation of the system in Figure 7 is given by Eqn. (1a). Steady state is expected when Eqn. (1d) can
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satisfied.
Equation (1c) is expected to fluctuate and then approach a continuous straight line. The flows are checked
qualitatively to be seen to be steady and as well satisfy the steady state criterion given here.

ṁ f + ṁ p = ṁo1 + ṁo2 + ṁ p + ṁr
ṁr = ṁ f − (ṁo1 + ṁo2 )

(1a)
(1b)
(1c)
(1d)
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∂mr
∂
= (m f − [mo1 + mo2 ])
∂t
∂t
∂mr
≈0
∂t

Boundary Conditions
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The inner-race and the feed hole pipe are merged as a single entity named “inner-race”. The cage and the inner-race are
specified as no-slip wall boundaries. The walls are specified as “moving walls” with their respective angular velocities. To
use the frame of reference of the feed, the inner-race angular velocity is set as 0 rpm and the cage’s relative angular velocity
is the difference between its speed and that of the inner-race. The exits into the bearing chambers are pressure boundaries
in all cases. The inlet of the feed holes are specified as velocity inlets with the velocity specified as normal to the inlet.
Periodicity is imposed on the locations as indicated in Figure 4.
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Total bearing oil flow rates of 8 and 10 litres per minute (1.33 × 10−4 kg/s and 1.66 × 10−4 kg/s) were investigated for
5, 000 and 10, 000 rpm shaft speeds. These are typical values within the aerospace context. The cage speeds used are 2, 658
rpm (for shaft speed 5, 000 rpm) and 4, 985 rpm (for shaft speed 10, 000 rpm).

Results
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Table 1 gives the matrix of the cases that have been run. The case nomenclature is such that those starting with S refer
to the cases with slotted feed, Q refer to the feed through a hole in the race with 40◦ separation and H for hole feed with 60◦
separation while F1 is the case with 1 rotating oil feed. Case Q1 is the one with 14 cells in the cage-race gap others have 20
cells in the gap.

Fig. 7: Flow monitor
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Table 1: CASES SIMULATED

Case #

Type

Ωs (rpm)

Bearing oil

10, 000

10

S2

0.2Dh

10, 000

10

Q1

40o /14

5, 000

8

Q2

40o

5, 000

8

Q3

40o

5, 000

10

Q4

40o

10, 000

8

Q5

40o

10, 000

10

H1

60o

5, 000

10

H2

60o

10, 000

10

F1

360o

5, 000

8

py
ed

0.1Dh

Co

S1

ite
d

feed rate (ltr/min)

Mesh dependence
A full mesh independence study has not been conducted for this modelling work because it builds largely on work
previously reported [13]. The only parameter investigated was the number of cells across the gap between inner race and
cage. It was concluded that 14 cells were insufficient and all the cases were run with 20. Within the time-frame of this
investigation it was not feasible to compute with more.
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4.1

Qualitative Analysis
For the cases where oil is supplied through a feed hole, it was found that far from running full, the oil accelerates radially
outwards and forms a fast moving thin film on one side of the hole. This is illustrated for case H2 by the oil iso-surface in
Figure 8. As can be seen there is a re-circulation of air in the pipe cavity; with the pipe inlet oil only, air cannot come through
the hole but in an actual bearing this may not necessarily be the case throughout the 360◦ rotation. Moving into the gap
between inner race and cage the oil can be seen to collect on the underside of the cage but again the film is thin and so it does
not extend to the inner race. This behaviour is consistent in all cases with the hole feed. If in reality the oil does not fill the
space between the cage and the raceway then this would suggest the oil will hardly provide any hydrodynamic support to the
cage.
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4.2

Fig. 8: Oil in the feed pipe

Figure 9 shows the oil film on the inside wall of the cage (viewed from above the cage as if transparent). The red
patches show the oil as this is where there is a volume fraction of 1. Shaft rotation is clockwise in these figures. The jet
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of oil
from
feed can be seen to generally form a star shaped area of impact. As expected, the oil exits to the both sides
axially. An interesting feature of the results obtained is that for the cases of shaft speed 10, 000 rpm (Q4, Q5 and H2) it can
be seen that the oil trail on the cage breaks into discrete oil patches very reminiscent of jet breakup into droplets caused by
Rayleigh-Plateau instability. This is true for both feed-rates investigated but this behaviour is not seen for the cases of shaft
rotation at 5, 000 rpm. All the sub-figures of Figure 9 show that there is little interaction of the oil from any neighbouring oil
feeds for either the 40◦ (Q) or 60◦ (H) feed spacing.
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Fig. 9: Oil wetting of the cage for the sector models
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Fig. 10: Oil behavior in hole and on cage for 360◦ case
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A conclusion from this study is that oil exiting the bearing into the bearing chamber from the location between cage and
inner race will enter the chamber not as a sheet of film but rather as discrete ”chunks” of oil. At the lower shaft speed of
5, 000 rpm the axial spreading from the feed would lead to ligaments/droplets entering the bearing chamber. At the higher
shaft speed of 10, 000 rpm there is disintegration of the feed over the cage suggesting smaller droplets would be shed.
Comparison with the case with the single rotating feed on a 360◦ geometry is shown in Figure 10. The oil behaviour is
consistent with the periodic case Q2 confirming the validity of the periodic modelling approach.
The behaviour of the flow in geometries with the slotted feed (cases S1 and S2) is quite different from the ones with a
hole feed. Figure 11 illustrates the results obtained for one of the slot feed cases. Figure 11A shows a continuous film on the
lower surface of the cage; the film is fairly uniform and almost the entire surface is wetted. Figure 11B can be compared to
Figure 8 and shows that in this case too the film does not fill the cavity but forms a film under the cage that is shed into the
chamber and bearing. Because of the extent of the film on the lower surface of the cage, these results suggest that for feed
slots the oil emerges as a sheet of oil.
For both the slotted feed and hole feed, in no case did the oil fill the cavity despite the small gap between the cage
and inner race. Granted there is no eccentricity of the cage with respect to the inner race in these models but the finding is
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Fig. 11: Cage oil wetting from a slotted feed

Co

nevertheless of interest.

Quantitative Analysis
The results from the simulation were post-processed using ANSYS CFD-Post. One of the purposes for this work was to
better understand the behaviour of flow from the oil feed with the hope that it is possible to find a simpler but representative
method of representing the oil feed in a bearing model. The behaviour of the oil jet during impact on the cage as well as the
oil exit from both sides of the gap between cage and inner race are presented here.
One of the parameters identified as of interest is the extent of oil spreading on the cage inner surface. This is expressed
using the ratio of the wetted area As on the cage (the area before any disintegration) divided by area of the feed-hole (Ah ):
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Jc∗ =

p
As /Ah

(2)
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A second parameter relates to the area of oil ligament/filament leaving the cage inner surface (it is effectively a measure
of film thickness and angular extent) on the chamber side Aoc or bearing side Aob . In this case the non-dimensional parameter
is:

p
Ao /Ah

ed

Jo∗ =

(3)
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To post-process/extract the area of interest, an “iso-clip” is created using a macro based on the volume fraction of oil
(α ≥ 0.5) and the coordinates of the feed hole. With this iso-clip, the oil exiting the geometry directly from the jet can be
directly analysed.
Figure 12 shows the spread parameter Jc∗ for the cases where oil is fed through a hole with 40◦ periodicity (Q1-Q5). The
spread is between 3 and 5 times the size of the feed hole. The spread generally increases with the shaft speed (comparing
cases Q1-Q3 to cases Q4-Q5). For a fixed speed the spread reduces with increasing flow rate (comparing Q2 to Q3, Q4 to
Q5). For the cases where oil is fed through a hole with 60◦ periodicity (cases H1-H2), the spread reduces with increased
shaft speed. This figure gives an idea of the instantaneous wetting of the lower surface of the cage.
The parameter characterising the oil shedding from the cage into the chamber or bearing (Jo∗ ) is given in Figure 13. The
most immediately notable aspect of Figure 13 is that shaft speed differentiates behaviour as can be seen by comparing cases
Q1-Q3 with Q4-Q5 and H1 to H2. At 5, 000 rpm the shedding parameter is around 0.2 whereas at 10, 000 rpm the shedding
parameter is around 0.7. For the two oil flow rates investigated flow rate makes little difference (comparing Q2 to Q3, Q4 to
Q5). In cases Q2 and Q4 the flow rate is the same but the shedding parameter differs significantly and this indicates that the
oil is shedding at higher speed when the shaft speed is higher. The shedding parameter is similar here for both bearing and
chamber sides of the cage indicating fairly even split although it should be recalled that the geometry investigated here is far
less representative of the bearing side in the actual bearing.
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Fig. 12: Oil spread on the cage

Fig. 13: Oil exit size factor
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The mean velocity of the oil (filaments) as they exit is given in Figure 14 for the various cases. This CFD data show that,
as might be expected, shedding speed depends primarily on shaft speed. The data also show that because films are thinner at
higher speed (increased spreading parameter Jc∗ ) the shedding speed increases more than linearly with shaft speed (i.e. Jo∗ at
10,000 rpm is more than twice Jo∗ at 5,000 rpm). The effect of shaft speed is clear. For comparison, at shaft speed 5, 000 rpm
the cage speed is 2, 658 rpm giving a cage linear speed (rω) of 34.5 m/s and for shaft speed 10, 000 rpm (cage speed 4, 985
rpm) the cage linear speed is 65.3 m/s. Figure 14 shows that oil mean exit velocity is a little higher than cage linear speed,
and this will be as a consequence of the axial velocity component. For the two oil flow rates investigated there is very little
difference in mean oil shedding velocity. There is also very little difference between the cases for 6 holes and 9 holes (40◦
sector and 60◦ sector).
The film thickness was measured in front of the jet as well as behind the jet and the data is shown in Figure 15. The
measurement in front of the jet is marked as L (leading ) and behind is marked as T (trailing) in the figure. The figure shows
the average and maxima of the film thickness under the cage for the feed hole simulations. The film is thicker in front of the
jet impact and thinner trailing the jet motion. The film thickness is less than 250µm in the wetted part of the cage. The film
thickness is similar for all the flow rates. The mean film thickness for the slotted feed case are 124 and 118µm, respectively
for the cases S1 and S2.

5

Conclusions
In this work, a numerical simulation was made for the oil/air flow in the region of a previously investigated aeroengine
bearing between the inner race and the cage. This region is characterised by a very narrow annular gap. The work aimed to
establish whether the oil feed obtained on the actual bearing via holes through from under-race feed could be represented by
a continuous slot input. As the feed-holes are periodically spaced, advantage was taken to use periodicity with a frame of
reference centred on the inner race. Simulations were obtained for two shaft speeds, 5, 000 rpm and 10, 000 rpm, and two oil
flow rates, 8 and 10 litres per minute, these being typical values for the bearing of interest.
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Fig. 14: Exit oil velocity
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Fig. 15: Jet leading/trailing film thickness
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Results from the simulations with oil supply through feed holes show that the oil does not fill the entire feed hole. After
leaving the feed hole the oil forms a wetted area on the inner surface of the bearing cage, spreading and shedding to both
sides. In none of the cases investigated was the annular gap full of oil. The wetted area on the cage was investigated and
no consistent pattern of variation with shaft speed or oil supply flow rate was found; in all cases this area was 3-5 times the
area of the exit hole. The cross-sectional area of flow shedding from the bearing was a strong function of shaft speed as was
the speed of the oil at point of shedding. This latter was found to be slightly higher than the linear cage speed. The oil on
the cage breaks up into smaller wetted areas that ultimately shed as ligaments, filaments and droplets. The oil filaments are
more regular at the 5, 000 rpm speeds and more disintegration was found at 10, 000 rpm for both oil flow rates investigated
suggesting that smaller droplets would be shed.

Ac

Results from the simulations with oil supplied through a continuous slot show an even, almost continuous coverage of
film on the cage inner surface. The average film thickness for slot feed is around 120µm whereas for feed through holes the
average film thickness is far less, typically in the range 50 − 90µm.
It is concluded that discrete feed through oil feed holes and continuous feed through a slot input do not yield comparable
results.
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