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(57) Abrégée/Abstract:
An air/oll separator for use In a gas turbine engine comprises a centrifugal separation stage In fluid communication with a

downstream electrostatic separation stage. The centrifugal separation stage rotationally drives an electric generator to power the
electrostatic separation stage.
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ABSTRACT

An air/oil separator for use in a gas turbine engine comprises a centrifugal separation
stage in fluid communication with a downstream electrostatic separation stage. The
centrifugal separation stage rotationally drives an electric generator to power the

electrostatic separation stage.
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SELF-CONTAINED ELECTROSTATIC AIR/OIL SEPARATOR
FOR AIRCRAFT ENGINE

TECHNICAL FIELD

The invention relates generally to an apparatus for separating a liquid 1n
suspension, and more particularly, to an improved air/oil separator for use in a gas

turbine engine.

BACKGROUND OF THE ART

Gas turbine engine oil systems require a separator for separating air and oil
from the air/oil mixture produced during engine operation. These mixtures vary from
oil emulsified with air, to air contaminated by droplets of oil. For example, the
compressed air streams used in gas turbine engines to pressurize labyrinth seals for
the engine main bearings in order to avoid excessive loss of lubricating oil, invariably
become contaminated with oil in the form of particles suspended in the air. Loss of
contaminated air from the labyrinth seals in the compressor disadvantageously causes
fouling of the engine parts and produces noxious and unpleasant contaminates in air
drawn from the compressor for cabin pressurization. Engine oil tanks, auxiliary
gearboxes, and the oil system in general contain a pressure above the ambient
pressure and need to vent to the atmosphere. The increased loss of lubricating oil
from the engine oil tank further disadvantageously necessitates larger capacity oil
tanks, thereby adding to the overall weight of the engine, which is particularly a
problem relating to aircraft engines. Centrifugal separators have been extensively
used in the aircraft industry in attempts to remove the majority of oil mixture from
compressed air streams. However, efforts have been continuously made in the
aircraft industry to improve the efficiency of air/oil separators in gas turbine engine

o1l systems.

Additionally, industry trends are moving away from mechanically/gearbox

driven, to electrically driven accessories, so the availability of an appropriate
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shaft/drive to operate a conventional ¢entrifugal separator will be reduced or possibly

eliminated in the future.

Accordingly, there is a need to provide an improved air/oil separator for use

in gas turbine engines.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an air/oil separator for

use in a gas turbine engine, particularly aircraft engines.

In one aspect, the present invention provides an air/oil separator for use in a
gas turbine engine, which comprises a centrifugal separation stage in fluid
communication with a downstream electrostatic separation stage, the centrifugal

separation stage rotationally driving an electric generator to power the electrostatic

separation stage.

In another aspect, the present invention provides an air/oil separator for use
In a gas turbine engine, which comprises a turbine rotor disposed in a passage and
adapted to be rotated by an air/oil mixture flow passing through the passage to
separate o1l from the air/oil mixture flow; means for further directing the air/oil
mixture flow after passing though the turbine rotor; a labyrinth path defined by
electrically conductive walls, the labyrinth path having an inlet for receiving the
air/oll mixture flow directed by the means, and a first outlet for discharging
substantially purified air; means for electrically, positi\?ely charging the ail/oil
mixture flow with respect to the conductive walls of the labyrinth path before the
ail/oil mixture flow enters the labyrinth path, to further separate oil from the air/oil
mixture flow in the labyrinth path; and means for collecting the separated oil from the

respective passage and labyrinth path.

In a further aspect, the present invention provides a method for separating oil
from an air/oil mixture in a gas turbine engine which comprises steps of: 1) directing
a flow of air/oil mixture into a centrifugal separation stage to centrifugally separate a

first portion of oil from the air/oil mixture; 2) electrically and positively charging the
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flow of air/oil mixture exiting from the centrifugal separation stage; and 3) further
directing the electrically, positively charged flow of air/oil mixture into an
electrostatic separation stage defined by an electrically grounded labyrinth path to

electrostatically separate a second portion of oil from the air/oil mixture.

Further details of these and other aspects of the present invention will be

apparent from the detailed description and drawings included below.

DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying drawing depicting aspects of

the present invention, in which:

Figure 1 1s a schematic illustration of an air/oil separator for use in a gas
turbine engine according to one embodiment of the present invention, showing a

centrifugal separation stage in fluid communication with a downstream electrostatic

separation stage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1, an air/oil separator generally indicated by numeral 10
includes a centrifugal separation stage 12 in fluid communication with a downstream
clectrostatic separation stage 14. The centrifugal separation stage 12 includes a
turbine rotor 16 disposed in a passage 18, for example a casing 20. The turbine rotor,
for example having a plurality of blades mounted on a rotor shaft (not indicated), is
supported through a pair of bearings 22 on a stationary structure (not shown) within
the casing 20 and is thereby adapted to be rotated by a fluid flow passing through the
passage 18 from an inlet end 24 to an outlet end 26 of the passage 18. The casing 20
preferably includes a first oil drainage outlet 28 located in a lower portion of the

passage 18.

The electrostatic separation stage 14 preferably includes a labyrinth path 30
which is preferably formed by a plurality of electrically conductive walls 32 mounted

transversely within a casing 34 with respect to a fluid flow direction. The walls 32,

partially partition the casing 34 with spaces or openings alternately located at the top
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and bottom ends of the walls 32, so as to define the continuous labyrinth path 30

through the casing 34 from an inlet end 36 to an outlet end 38 thereotf.

The casing 34 is preferably electrically conductive. The electrically

conductive walls 32 are electrically connected to the casing 34, for example, by

welding.

A nozzle, preferably an electrically conductive nozzle 40, i1s provided
between, and is also 1n fluild communication with, the casings 20 and 34, to receive a
tluid flow passing through the passage 18 and to further inject the fluid flow into the
labyrinth path 30. The electrically conductive nozzle 40 and the casing 34 with the
electrically connected walls 32, are electrically charged with opposite polarities. For
example the casing 34 and the walls 32 are electrically grounded and the nozzle 40 is

electrically positively charged, thereby forming the electrostatic separation stage 14.

The casing 34 preferably further includes a second oil drainage outlet 42,
located at a lower portion of the casing 34. A number of the walls 32 which are
directly mbunted at the lower ends thereof to the casing 34, preferably include a
plurality of small holes (not shown) at the lower ends thereof. The utility of those

small holes will be further discussed in the description of the operation of the air/oil

separator 10.

Optionally, a jet pump 44 is connected to the respective first and second oil
drainage outlets 28, 42. The jet pump 44 is also connected at the input end thereof
(not indicated) to a source of pressurized air or oil (not shown) and at the output end

thereof (not indicated) to an oil tank of the gas turbine engine.

The electrostatic separation stage 14 may be electrically connected to an
external DC high voltage source. Nevertheless, it is preferable to include an electric
generator 1n the air/oil separator 10 in order to provide the electric energy for the

electrostatic separation stage 14, and also to provide mechanical loading to prevent

overspeeding of the turbine.

As an example of the present invention, an electric generator 46 is provided

and 1s driven by the turbine rotor 16. The electric generator 46 is preferably a
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permanent magnetic AC generator incorporated in the turbine rotor 16. For example,
a section of the rotor shaft of the turbine rotor 16 includes at least a permanent

magnet (not shown) properly mounted thereon such that this section of the rotor shatt
of the turbine rotor 16 functions as a magnetic rotor of an AC generator. A plurality
of windings 48 of electric coils are appropriately positioned around that section of the
rotor shaft of the turbine rotor 16, and are supported by a stationary structure (not
shown) within the casing 20. The windings 48 which function as a stator of the AC
generator, produce AC voltages when the turbine rotor 16 rotates. The windings 48
are electrically connected to an electric voltage conditioner 50 for electric voltage
rectification. The electric voltage conditioner 50, which 1s schematically illustrated
within the block defined by broken lines, is well known in the art and will not be
further described. The electric voltage conditioner 50 is appropriately electrically

grounded and connected to the electrically conductive nozzle 40 to provide the

necessary high DC voltage for the electrostatic separation stage 14.

In operation a flow of air/oil mixture, for example from an oil tank or an
auxiliary gearbox of the gas turbine engine, is directed into the passage 18 through
the inlet end thereof 24. The oil tank and the auxiliary gearbox contain a pressure
inside which 1s above the ambient pressure, and thus the flow of air/o1l mixture under
such a pressure impinges on the blades of the turbine rotor 16 to drive same to rotate.
Oil precipitation occurs as a result of the impingement of the flow of air/oil mixture
on the blades of the turbine rotor 16, thereby separating a portion of the oil particles
suspended in the flow of air/oil mixture. The rotation of the turbine rotor 16 causes
rotation of the flow of air/oil within the casing downstream of the blades of the
turbine rotor 16, and thus produces centrifugal forces upon the oil particles which are
suspended 1n and heavier than the air. Under the effect of the centrifugal forces, a
further portion of the suspended oil particles are separated from the flow of air/oil
mixture and precipitate on the inner surface of the casing 20. The oil particles
separated from the flow of air/oil mixture within the casing 20 are eventually
accumulated on the lower inner surface of the casing 20 and form liquid oil to be

drained through the first oil drainage outlet 28.
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The bearings 22 which operatively support the turbine rotor 16 within the
casing 20 are preferably exposed to the flow of air/oil mixture passing through the

passage 18 and are thus lubricated by same.

When the turbine rotor 16 is driven to rotate by the flow of air/oil mixture
passing through the passage 18, the permanent magnetic AC generator 46 generates
the required AC voltage which is rectified to a DC voltage by means of the voltage
conditioner 50 such that the electrically conductive nozzle 40 is electrically,

positively charged with respect to the electrically grounded casing 34 and walls 32

therein.

After passing through the centrifugal separation stage 12, the flow of air/oil
mixture from which oil has been partially extracted and discharged through the first
oil drainage outlet 28, is directed into the electrically positively charged nozzle 40 for
example by a pipeline, or within an integrated configuration in which the nozzle 40
forms the outlet end 26 of the passage 18 but is electrically insulate from the casing
20. The remaining amount of oil particles suspended in the flow of air/oil mixture is
electrically positively charged when the flow of air/oil mixture passes through the
nozzle 40 and is injected into the fluid passage which is defined by the electrically
grounded labyrinth path configuration 30. The electrically positively charged oil
particles suspended in the flow of air/oil mixture are attracted to the electrically
grounded walls 32 and the inner surface of the grounded casing 34. The electrically
positive charges on the oil particles are neutralized when the oil particles contact the

conductive surface of the grounded walls 32 and casing 34, and the oil particles are

‘accumulated to form oil droplets and to eventually form liquid oil accumulated on the

bottom or a lower portion of the casing 34.

In addition to the electrostatic precipitation, oil precipitation also occurs due
to the impingement of suspended oil particles on the walls 32. The efficiency of oil
precipitation i1s also improved by the increased contact surface area for oil

precipitation provided by the labyrinth path 30 for the flow to follow.
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The liquid oil separated from the flow of air/oil mixture passing through the

labyrinth path 30 is accumulated on the bottom or at a lower portion of the casing 34

and is drawn to the second oil drainage outlet 42. Those small holes defined on a
number of the walls 32 and located at the lower ends thereof, allow the liquid oil on
the bottom or a lower portion of the casing to flow therethrough towards the second
oil drainage outlet 42. The small holes are sized in a small dimension such that the
liquid oil which passes through those small holes will block the holes to prevent air
flow from passing through those small holes, preventing an air bypass to the labyrinth
path 30. The airflow discharged from the outlet end 38 of the casing 34 is relatively

oil-free due to the oil precipitation in the centrifugal separation stage 12 and

electrostatic separation stage 14.

When the jet pump 44 is connected to the o1l drainage outlets 28, 42, a
pressurized air or oil jet is introduced through the jet pump 44 to create a suction
action within the respective oil drainage outlets 28, 42 in order to draw the liquid oil

out and deliver same under pressure to, for example, the oil tank.

The air/oil separator of the present invention is completely automatic and
self-powered when a jet pump is not included. However, a jet pump or pumps can be
added to scavenge the oil quickly, and/or raises the pressure of the oil for return to the
tank. The air/oil separator of the present invention is in operation only when the
engine 1s running and the internal pressure of the oil tank or gearbox is above
ambient pressure. The turbine rotor speed and the generator voltage of the air/oil
separator of the present invention will vary with engine speed and with the pressure
differential between the oil tank or gearbox and the atmosphere. Therefore, the
turbine rotor rotation and speed of the air/oil separator of the present invention will

regulate the back-pressure in the oil tank and/or gearbox.

Temperature drop may occur while the flow of air/oil mixture passes
through the passages of the air/oil separator, particularly across the turbine rotor

which may cause additional o1l precipitation.
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The air/oil separator of the present invention can be advantageously installed

in-line in an engine breather tube.

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
departure from the scope of the invention disclosed. For example, the fluid passage
in the electrostatic separation stage can be otherwise configured, instead of the
labyrinth path described above. The electric generator and the voltage conditioner
can also be configured differently from the described embodiment. The nozzle for
charging and directing the flow of air/oil mixture can be replaced by other devices
having similar functions. The jet pump is optional and can be omitted, or replaced by
other pumping devices. 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.
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CLAIMS:

1.

An air/oil separator for use in a gas turbine engine comprising a centrifugal
separation stage in fluid communication with a downstream electrostatic
separation stage, the centrifugal separation stage rotationally driving an

electric generator to power the electrostatic separation stage.

The air/oil separator as defined in claim 1 wherein the centrifugal separation
stage comprises a turbine rotor rotated by an air/oil mixture flow to be

processed in the centrifugal separation stage.

The air/oil separator as defined in claim 1 wherein the electrostatic

separation stage comprises a labyrinth path.

The air/oil separator as defined in claim 3 wherein the electrostatic
separation stage comprises a flow nozzle for injecting the air/oil mixture

flow from the centrifugal stage into the labyrinth path.

The air/o1l separator as defined in claim 4 wherein a DC voltage is applied
over the flow nozzle and the labyrinth path, with a positive polarity on the

flow nozzle.

An air/oil separator for use in a gas turbine engine comprising:

a turbine rotor, disposed in a passage and adapted to be rotated by an air/oil
mixture flow passing through the passage, to separate oil from the

air/oil mixture flow:;

means for further directing the air/oil mixture flow after having passed

though the turbine rotor;

a labyrinth path defined by electrically conductive walls, the labyrinth path

having an inlet for receiving the air/oil mixture flow directed by the

means, and a first outlet for discharging substantially purified air;

-0 .
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means for electrically, positively charging the ail/oil mixture flow with
respect to the conductive walls of the labyrinth path before the ail/oil

mixture flow enters the labyrinth path, to further separate oil from the

air/oil mixture flow in the labyrinth path; and

means for collecting the separated oil from the respective passage and

labyrinth path.

The air/oil separator as defined in claim 6 wherein the means for further
directing the air/oil mixture flow comprises an electrically conductive flow

nozzle.

The air/oil separator as defined in claim 7 wherein the means for electrically,
positively charging the air/oil mixture flow with respect to the conductive
walls of the labyrinth path, comprises a source of DC voltage connected to
the respective electrically conductive flow nozzle and the electrically
conductive walls of the labyrinth path with positive polarity on the

electrically conductive flow nozzle.

The air/oil separator as defined in claim 8 wherein the source of DC voltage
comprises an AC generator driven by the turbine rotor and a voltage

conditioner for converting an AC voltage obtained from the AC generator

into a DC voltage.

The air/oil separator as defined in claim 9 wherein the AC generator

comprises a permanent magnetic rotor integrated with a shaft of the turbine

rotor and a stator of electric conductor windings.

The air/oil separator as defined in claim 6 wherein the means for collecting

the separated oil comprises a first drainage outlet defined in a lower portion

~of the passage, receiving the turbine rotor and a second drainage outlet

defined in a lower portion of the labyrinth path.

-10 -



12.

13.

14.

13.

16.

CA 02604455 2007-09-26

The air/oil separator as defined in claim 6 wherein the means for collecting
the separated oil comprises a jet pump to collect the separated oil

accumulated in the respective passage receiving the turbine rotor and in the

labyrinth path and to then deliver the collected oil to an oil tank.

A method for separating oil from an air/oil mixture in a gas turbine engine

comprising:

1) directing a flow of air/oil mixture into a centrifugal separation stage to

centrifugally separate a first portion of oil from the air/o1l mixture;

2) electrically and positively charging the flow of air/oil mixture exiting

from the centrifugal separation stage; and

3) further directing the electrically, positively charged flow of air/oil
mixture into an electrostatic separation stage defined by an electrically
grounded labyrinth path, to electrostatically separate a second portion

of oil from the air/oil mixture.

The method as defined in claim 13 wherein the flow of air/oil mixture is
directed under a pressure to impinge on a rotor of the centrifugal separation

stage, thereby driving the centrifugal separation stage to rotate.

The method as defined in claim 13 comprising a step of operating an electric
generator by means of the centrifugal separation stage in order to electrically
and positively charge the flow of air/oil mixture exiting from the centrifugal

separation stage.

The method as defined in claim 13 comprising a step of collecting the first

and second portions of separated oil using a jet pump.

-11 -
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