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AIR-OIL SEPARATION APPARATUS

TECHNICAL FIELD

[0001] The application relates generally to gas turbine
engines and, more particularly, to fluid systems for such
engines.

BACKGROUND

[0002] Many components of gas turbine engines require
lubrication. Such components may be shaft bearings, gear
boxes, and the like. Gas turbine engines typically comprise
an oil tank and an oil pump in fluid communication with an
oil circuit configured to circulate oil to these components
requiring lubrication.

[0003] However, such oil circuits are not always leak
proof and air that enters the circuit can mix with the oil. The
resulting air-oil mixture is thus routed to the components and
can affect the lubricating efficiency. A de-aerator is thus
typically used to extract any air from the air-oil mixture,
before the oil is routed back through the oil circuit. However,
existing de-aerators are not always able to extract all the air
from the air-oil mixture.

SUMMARY

[0004] There is therefore provided an air-oil separation
apparatus for an oil system of a gas turbine engine, com-
prising: an oil tank having an oil impingement surface
disposed on a tank bottom proximate an oil tank outlet; and
a centrifugal air-oil separator mounted within the oil tank,
the centrifugal air-oil separator having a separator air-oil
mixture inlet and a separator oil outlet each communicating
with a cavity, the separator air-oil mixture inlet disposed
tangentially relative to an inner wall of the cavity configured
for centrifugal air-oil separation, the separator further
including an air outlet communicating with the cavity, the
separator oil outlet feeding an impingement nozzle having a
nozzle outlet oriented, in operation, to eject an oil jet from
the centrifugal air-oil separator to impinge the oil impinge-
ment surface at an intersection point spaced apart from the
oil tank outlet.

[0005] There is also provided an air-oil separation appa-
ratus for an oil system of a gas turbine engine, comprising:
an oil tank having an oil impingement surface disposed on
a tank bottom proximate an oil tank outlet; and an air-oil
separator mounted within the oil tank and comprising a
separator air-oil mixture inlet and a separator oil outlet
feeding an impingement nozzle having a nozzle outlet
oriented, in operation, to eject an oil jet from the air-oil
separator to impinge the impingement surface at an inter-
section point spaced apart from the oil tank outlet.

[0006] There is further provided a method of extracting air
from an air-oil mixture circulating in an oil circuit of a gas
turbine engine, the oil circuit including an oil tank having an
oil tank outlet therein, comprising: conducting a first de-
aeration step by passing the air-oil mixture through an air-oil
separator; and conducting a second de-aeration step by
drawing the air-oil mixture out of the air-oil separator,
following the first de-aeration step, and ejecting the air-oil
mixture therefrom to form an impingement jet, and imping-
ing the air-oil mixture forming the impingement jet against
an oil impingement surface of the oil tank proximate the oil
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tank outlet, the impingement jet contacting an intersection
point of the oil impingement surface spaced apart from the
oil tank outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Reference is now made to the accompanying fig-
ures in which:

[0008] FIG. 1 is a schematic cross-sectional view of a gas
turbine engine;

[0009] FIG. 2 is a schematic cross-sectional view of an oil
tank of the gas turbine engine of FIG. 1, the oil tank having
a centrifugal air-oil separator therein;

[0010] FIG. 3Ais a cross-sectional view of the centrifugal
air-oil separator from the oil tank of FIG. 2;

[0011] FIG. 3B is a three-dimensional view of the air-oil
separator of FIG. 3A;

[0012] FIG. 4is athree-dimensional view of a tank bottom
of the oil tank of FIG. 2; and

[0013] FIG. 5 is a cross-sectional view of a portion of the
tank bottom of FIG. 4.

DETAILED DESCRIPTION

[0014] FIG. 1 illustrates a gas turbine engine 10 of a type
preferably provided for use in subsonic flight, generally
comprising in serial flow communication a fan 12 through
which ambient air is propelled, a compressor section 14 for
pressurizing the air, a combustor 16 in which the compressed
air is mixed with fuel and ignited for generating an annular
stream of hot combustion gases, and a turbine section 18 for
extracting energy from the combustion gases.

[0015] The engine 10 further comprises one or more fluid
systems, such as an oil system 20 that may be disposed
adjacent to the engine core case 22. The oil system 20
(which may also be referred to herein as a lubrication system
20, although it is to be understood that the system 20 may
also provide cooling purposes in addition to the lubrication
of components) includes an oil circuit, an oil pump 25 and
an oil tank 24, all in fluid flow communication with each
other. The lubrication system 20 may be used to provide oil
to components of the gas turbine engine 10 as may be
required, for lubrication and/or cooling purposes for
example. The lubricated components include bearings dis-
posed between the shaft and a case of the engine 10. The
components may also include an accessory gear box 26
mounted adjacent to the fan case 28 of the gas turbine engine
10. The oil circuit of the lubrication system 20 further
comprises suitable pipes 30 that interconnect the oil tank 24,
the pump 25 and component(s) to be lubricated, including
for example the gear box 26. In one embodiment, the pipes
30 are disposed within a hollow portion of a strut 32
disposed in the by-pass duct 34 between the fan case 28 and
the engine core case 22.

[0016] Referring to FIG. 2, the oil tank 24 of the engine 10
is schematically depicted and includes generally a tank
bottom 42 and an upper enclosure 27 which fit together to
enclose an oil tank cavity 29 therewithin. Within the oil tank
cavity 40 of the oil tank 24 is mounted an air-oil separator
40, as will be described in further detail below. The air-oil
separator 40 and the tank 24 within which it is installed,
accordingly together form an air-oil separation apparatus as
will be described herein.

[0017] The outlet of the air-oil separator 40 produces a jet
78 of oil that has undergone a first de-aeration stage in the
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air-oil separator 40. As will be described below, this oil jet
78 impinges upon an oil impingement surface 76 on the tank
bottom 42, thereby undergoing a second de-aeration stage,
before the de-aerated oil collects within a cavity 72 in the
tank bottom 42 and exits the oil tank 24 via an oil tank outlet
74.

[0018] In the oil system 20, the amount of unusable oil
corresponds to the minimum volume of oil needed to ensure
that the oil pressure is not affected. The minimization of the
volume of unusable oil is desirable. If the oil volume
decreases below the unusable oil volume, the oil tank outlet
74 will become uncovered and air will be drawn into the
system. This phenomenon will cause fluctuations in the oil
pressure and a drop in oil pressure may occur as the volume
of oil further decreases. As the oil volume drops, the settling
time in the tank is reduced. A de-aerator reduces the settling
time required to separate the air from the oil. Furthermore,
by directing the oil towards the oil tank outlet 74, the
required volume of unusable oil is reduced.

[0019] Now referring to FIGS. 3A-3B and 4, in the
embodiment shown the air-oil separator 40 is a centrifugal
air-oil separator and is disposed within the oil tank 24. The
separator 40 may be any suitable air-oil separator such as,
but not limited to, a centrifugal air-oil separator, a centrifu-
gal breather impeller, and de-aerating filters. For simplicity,
however, the air-oil separator 40 may be referred to herein
with reference to the depicted embodiment, which is a
centrifugal air-oil separator 40.

[0020] The centrifugal air-oil separator 40 has a cavity 44
defined by a wall 46. In the embodiment shown, the cavity
44 is a cylindrical cavity. In a particular embodiment, the
cavity 44 may be frustoconical. Any shape defining a
plurality of circular cross-sections of constant or varying
diameters may be used without departing from the scope of
the present disclosure. The separator 40 has an inlet 48 for
receiving a first air-oil mixture. In the illustrated embodi-
ment, the first air-oil mixture comes from the gear box 26.
The inlet 48 is defined through the cylindrical wall 46 of the
separator 40. In one embodiment, the inlet 48 is configured
such that the first air-oil mixture enters tangentially against
the cylindrical wall 46 such that it spins around a longitu-
dinal axis L of the cylindrical cavity 44. The inlet 48 is
proximate a top 50 of the centrifugal air-oil separator 40.

[0021] In the illustrated embodiment, an angle o between
an inlet flow axis [ and an axis L, parallel to the axis L. of
the cylindrical cavity 44 is 90 degrees. In the illustrated
embodiment, the inlet 48 is built integrally with the cen-
trifugal separator 40 and defines a connector end 52 and a
flange 54. The connector end 52 and apertures 54A in the
flange 54 are used to securely connect the inlet 48 to the pipe
30 circulating a first air-oil mixture from an engine compo-
nent, such as the gear box 26.

[0022] The centrifugal separator 40 further has an air
outlet 56. In one embodiment, the air outlet 56 is provided
in the form of a pipe 58 extending through a flange 60. The
flange 60 acts as the top 50 of the centrifugal separator 40.
In the illustrated embodiment, the flange 60 is operatively
connected to the centrifugal separator 40 with suitable
fasteners 62. In this embodiment, the pipe 58 has an internal
portion 58A and an external portion 58B. The internal
portion 58A extends axially within the cylindrical cavity 44.
The internal portion 58A and the cylindrical cavity 44 are
concentric. In a particular embodiment, a ratio of a length of
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the internal portion 58A relative to the longitudinal axis L to
a diameter of the cylindrical cavity is between 1 and 25.
[0023] In a particular embodiment, the external portion
58B of the air outlet 56 has an elbow section 58C. The outlet
of the pipe 58 is configured to be above the oil level of the
tank to allow the extracted air to flow out of the cylindrical
cavity 44. The air then flows out of the tank through a
breather (not shown).

[0024] The centrifugal separator 40 further has an outlet
64 to allow a second air-oil mixture to exit the cylindrical
cavity 44. The second air-oil mixture has an air content
lower than the first air-oil mixture. Similarly to the inlet 48,
the outlet 64 is configured such that the second air-oil
mixture exits tangentially relative to the cylindrical wall 46
to maximize the exit velocity. In the illustrated embodiment,
the inlet 48 and the outlet 64 are axially offset from one
another relative to the longitudinal axis L. The outlet 64 is
adjacent to a bottom 51 of the centrifugal separator 40. In
this embodiment, the inlet 48 and the outlet 64 are also
radially opposed from one another. In the illustrated embodi-
ment, an angle 0 between an exit axis E, of the outlet 64 and
a longitudinal axis L, parallel to the axis L of the cylindrical
cavity 44 is 90 degrees. The outlet 64 may be directed
downward such that gravity helps the oil to exit the cavity
44.

[0025] The outlet 64 is fluidly connected to an impinge-
ment nozzle 66. In the illustrated embodiment, the nozzle 66
is integral with the centrifugal separator 40. In an alternate
embodiment, the nozzle 66 may be a separate piece affixed
to the centrifugal separator 40 with adequate fasteners. In the
illustrated embodiment, the nozzle 66 has an elbow 66A.
However, any other suitable shape of the nozzle 66 may be
used without departing from the scope of the present dis-
closure. In an alternate embodiment, the impingement
nozzle 66 is integral with the air-oil centrifugal separator 40.
The nozzle 66 has an exit flow axis E, extending centrally
through an outlet 70 of the impingement nozzle 66. In the
embodiment shown, a cross-sectional area of the impinge-
ment nozzle is constant. In an alternate embodiment, a
cross-sectional area of the impingement nozzle 66 decreases
along the exit flow axis E, and relative to a flow circulating
therein. Such a configuration is used to accelerate the flow
before it exits the impingement nozzle 66. The angle
between the exit axis E, of the outlet 64 and the exit flow
axis E, of the impingement nozzle 66 is selected to direct the
oil toward the tank bottom 42.

[0026] Now referring to FIGS. 4 and 5, the tank bottom 42
of the oil tank 24, which may have a circular shape, forms
a receptacle 72 for collecting oil at a low-elevation point of
the tank. At the bottom of the receptacle 72 there is disposed
an oil outlet 74, which may also serve and/or feed the oil
inlet of the oil pump. The oil outlet 74 is disposed at the
bottom of the receptacle 72 to ensure that it is always
submerged by oil to limit air ingestion by the oil pump.
[0027] The air-oil centrifugal separator 40 is disposed in a
fixed position relative to the tank bottom 42, and may be
fixed to the tank bottom 42 or to the upper enclosure 27 of
the oil tank 24. In the embodiment shown, the longitudinal
axis L of the centrifugal separator 40 is perpendicular to an
axis A of the tank 24. A bracket is used to attach the
centrifugal separator 40 to the tank 24.

[0028] The tank bottom 42 further has a wall portion,
referred to herein below as an oil impingement surface 76.
The oil impingement surface 76 is proximate the receptacle
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72 and intersects with the exit flow axis E, of the impinge-
ment nozzle 66 such that a jet 78 of the second air-oil
mixture impinge the oil impingement surface 76 when it
exits the impingement nozzle 66 of the centrifugal separator
40. In the illustrated embodiment, an angle between the exit
flow axis E, and the oil impingement surface 76 is between
about 30 and about 85 degrees. This angle is selected to
maximize the flow of oil toward the receptacle 72 after the
impact with the impingement surface 76.
[0029] The oil tank outlet 74 is spaced apart from an
intersection point 80 between the oil jet 78 and the oil
impingement surface 76 by a predetermined distance. The
oil tank outlet 74 defines an opening having a height H and
a width W (e.g. a diameter, in the case of a circular opening
74). The predetermined distance may have an axial compo-
nent, relative to an axis perpendicular to the oil impingement
surface 76, and/or a radial component, extending from the
intersection point 80 parallel to the oil impingement surface
76. Consequently, the intersection point 80 is spaced apart
from the oil tank outlet 74, either radially or elevationally, or
both.
[0030] In aparticular embodiment, the axial component of
the predetermined distance, corresponding to an elevation
D, between the intersection point 80 and the bottom of the
oil tank outlet 74, is between one and five times the height
H of the oil tank outlet 74. The radial component corre-
sponding to a distance D, extending radially from the
intersection point 80 is between one and five times the width
W of the oil tank outlet 74.
[0031] Referring to all figures, in operation, the oil is
routed toward the oil tank 24 and it enters the inlet 48 of the
air-oil centrifugal separator 40. Then, a first de-aeration step
is performed by centrifuging the first air-oil mixture around
a longitudinal axis L. of the cylindrical cavity 44 of the
centrifugal separator 40. Then, the extracted air exits
through the air outlet 56 defined through the top 50 of the
centrifugal separator 40.
[0032] The second air-oil mixture then exits the cylindri-
cal cavity 44 via an outlet 64 and enters an impingement
nozzle 66 fluidly communicating with the outlet 64. Then, a
second de-aeration step is performed when a oil jet 78
exiting the impingement nozzle 66 parallel to an exit flow
axis B, impinges, or impacts, the oil impingement surface 76
of the tank bottom 42. Such impact further releases particles
of air trapped in oil of the second air-oil mixture. After the
impact with the impingement surface 76, a third air-oil
mixture flows in the receptacle 72 and is ready to be sucked
by the oil tank outlet 74 to be distributed in the pipes 30
toward components of the engine 10, such as the gear box
26.
[0033] The above description is meant to be exemplary
only, and one skilled in the art will recognize that changes
may be made to the embodiments described without depart-
ing from the scope of the invention disclosed. Still other
modifications which fall within the scope of the present
invention will be apparent to those skilled in the art, in light
of a review of this disclosure, and such modifications are
intended to fall within the appended claims.

1. An air-o0il separation apparatus for an oil system of a
gas turbine engine, comprising:

an oil tank having an oil impingement surface disposed on

a tank bottom proximate an oil tank outlet; and
a centrifugal air-oil separator mounted within the oil tank,
the centrifugal air-oil separator having a separator
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air-oil mixture inlet and a separator oil outlet each
communicating with a cavity, the separator air-oil mix-
ture inlet disposed tangentially relative to an inner wall
of the cavity configured for centrifugal air-oil separa-
tion, the separator further including an air outlet com-
municating with the cavity, the separator oil outlet
feeding an impingement nozzle having a nozzle outlet
oriented, in operation, to eject an oil jet from the
centrifugal air-oil separator to impinge the oil impinge-
ment surface at an intersection point spaced apart from
the oil tank outlet.
2. The air-oil separation apparatus according to claim 1,
wherein the intersection point is elevated from the oil tank
outlet by a distance equal to or less than five times a height
of the oil tank outlet.
3. The air-oil separation apparatus according to claim 1,
wherein the intersection point is radially spaced from the oil
tank outlet by a distance along a direction parallel to the
impingement surface equal to or less than five times a width
of the oil tank outlet.
4. The air-oil separation apparatus according to claim 1,
wherein an angle between the oil jet and the oil impingement
surface is between 30 and 85 degrees.
5. The air-oil separation apparatus according to claim 1,
wherein the separator air-oil mixture inlet and the separator
oil outlet are axially offset from one another.
6. The air-oil separation apparatus according to claim 1,
wherein a cross-sectional area of the impingement nozzle
decreases along the exit flow axis.
7. The air-oil separation apparatus according to claim 1,
wherein the air outlet is located above an oil level of the
tank.
8. A gas turbine engine comprising an oil system includ-
ing an oil pump in fluid flow communication with an oil tank
outlet of an air-oil separation apparatus according to claim
1.
9. An air-oil separation apparatus for an oil system of a
gas turbine engine, comprising:
an oil tank having an oil impingement surface disposed on
a tank bottom proximate an oil tank outlet; and

an air-oil separator mounted within the oil tank and
comprising a separator air-oil mixture inlet and a sepa-
rator oil outlet feeding an impingement nozzle having
a nozzle outlet oriented, in operation, to eject an oil jet
from the air-oil separator to impinge the impingement
surface at an intersection point spaced apart from the
oil tank outlet.

10. The air-oil separation apparatus according to claim 9,
wherein the air-oil separator is a centrifugal air-oil separator.

11. The air-oil separation apparatus according to claim 9,
wherein the intersection point is spaced apart from the oil
tank outlet by a distance equal to or less than five times a
height of the oil tank outlet.

12. The air-oil separation apparatus according to claim 11,
wherein the intersection point is at least one of radially
spaced from the oil tank outlet by said distance in a direction
parallel to the impingement surface and elevationally spaced
from the oil tank outlet by said distance.

13. A method of extracting air from an air-oil mixture
circulating in an oil circuit of a gas turbine engine, the oil
circuit including an oil tank having an oil tank outlet therein,
comprising:

conducting a first de-aeration step by passing the air-oil

mixture through an air-oil separator; and
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conducting a second de-aeration step by drawing the
air-oil mixture out of the air-oil separator, following the
first de-aeration step, and ejecting the air-oil mixture
therefrom to form an impingement jet, and impinging
the air-oil mixture forming the impingement jet against
an oil impingement surface of the oil tank proximate
the oil tank outlet, the impingement jet contacting an
intersection point of the oil impingement surface
spaced apart from the oil tank outlet.

14. The method of claim 13, wherein the first de-aeration
step comprises the step of centrifuging the air-oil mixture in
a cavity of the air-oil separator.

15. The method according to claim 13, wherein the
intersection point is elevated from the oil tank outlet by a
distance equal to or lower than five times a height of the oil
tank outlet.

16. The method according to claim 13, wherein the
intersection point is radially spaced from the oil tank outlet
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by a distance along a direction parallel to the impingement
surface equal to or lower than five times a width of the oil
tank outlet.

17. The method according to claim 13, before ejecting the
air-oil mixture, further comprising the step of accelerating
the air-oil mixture through an impingement nozzle in fluid
flow communication with an oil outlet of the air-oil sepa-
rator.

18. The method according to claim 13, wherein the first
de-aeration step comprises the step of extracting a portion of
air of the air-oil mixture through an air outlet in a top of the
air-oil separator.

19. The method according to claim 14, wherein the first
de-aeration step comprises the step of receiving the air-oil
mixture tangentially against a wall of the cavity of the air-oil
separator.



