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(57) Abregé/Abstract:

A system and method for particle separation in a gas turbine engine centrifugal impeller bleed air system using a tangential velocity
component of the compressor bleed air to centrifuge the particles radially outwardly and convey the particles circumferentially,
away from a clean air outlet and towards a particle outlet where the particles are extracted from the bleed air.
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ABSTRACT

A system and method for particle separation in a gas turbine engine centrifugal impeller
bleed air system using a tangential velocity component of the compressor bleed air to
centrifuge the particles radially outwardly and convey the particles circumferentially,
away from a clean air outlet and towards a particle outlet where the particles are extracted

from the bleed air.
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PARTICLE SEPARATOR AND SEPARATING METHOD

FOR GAS TURBINE ENGINE

TECHNICAL FIELD

[0001] The technical field relates generally to gas turbine engines, and more particularly

to the separation or removal of particles from the bleed air prior to use thereof.

BACKGROUND

[0002] In many gas turbine engines, a secondary stream of air is extracted, or “bled”,
from the main stream, typically in the cold section, for various uses. For example, in
some engines, a secondary stream of cold, low-pressure air is extracted from the gas path
of the compressor impeller, through a compressor shroud, and is used to pressurize and
provide the air to the bearing cavities. When such engines are used in harsh environments,
particles such as dust, sand or the like may be present in the main stream and the

secondary bleed air stream, which is undesirable. Improvement is thus sought.

SUMMARY

[0003] There is provided a particle separator for a gas turbine engine, comprising a
generally toroidal cavity defined within a casing surrounding a compressor impeller gas
path and being in gas flow communication therewith through a plurality of
circumferentially interspaced bleed apertures formed in said casing, the cavity being

funnel-shaped such as to define a radially outer narrow tip circumferentially extending

about the cavity, at least one clean air outlet being disposed in communication with the
cavity and located radially inwardly from the radially outer narrow tip thereof, and a
particle outlet radially located at the narrow tip, the bleed apertures allowing bleed air
from the compressor impeller gas path to flow into the cavity, during operation of the gas
turbine engine, with a tangential velocity component sufficient to at least partially
centrifuge particles present within the bleed air into the radially outer narrow tip of said
cavity and convey the particles circumferentially thereabout to the particle outlet, wherein

air flowing out from the clean air outlet is thereby substantially free of particles.
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[0004] There is also provided a gas turbine engine having a compressor rotor rotatable
about a main longitudinal axis of the engine and housed in a compressor case, the
compressor case at least partially defined therewithin a toroidal internal cavity
surrounding a gas path of the compressor, the compressor case having a plurality of
circumferentially interspaced bleed apertures therein which provide gas flow
communication between the gas path and the cavity, the compressor case having an air
outlet in gas tlow communication for extracting clean air therefrom, wherein the cavity
funnels radially outward to a circumferentially extending narrow tip and the bleed
apertures are oriented at a tangentially extending angle relative to said main longitudinal
axis to allow a tangential velocity component of the bleed air entering the cavity via said
apertures during operation of the gas turbine engine to centrifuge particles present in the
bleed air radially outward towards the circumferentially extending narrow tip of the
cavity and to convey the particles circumferentially thereabout to a particle outlet, the air

outlet being positioned radially inwardly from the narrow tip of the cavity.

[0005] There 1s turther provided a method of separating particles from air during
operation of a gas turbine engine, the method comprising: extracting bleed air from a
compressor gas path into a generally toroidal cavity surrounding the gas path via a
plurality of circumferentially interspaced apertures oriented such as to maximize a
tangential velocity of the bleed air in said cavity; centrifuging particles radially outwardly
into a channel formed in the cavity using the tangential velocity of the bleed air flowing
within said cavity, and maintaining a circumferential flow of the bleed air in the cavity to
circumierentially convey the particles about the channel to a particle exit; extracting the
particles from within the channel of the cavity via the particle exit; and extracting clear
air from the cavity via a clean air exit, the clean air being substantially free from the

particles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Further features will become apparent from the following detailed description,

taken in combination with the appended drawings, in which:

[0007] Fig. 1 is schematic cross-sectional view of a gas turbine engine;
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[0008] Fig. 2 is a cross-sectional view showing an upper portion of a compressor case;

[0009] Fig. 3 is a cross-sectional view showing a lower portion of a compressor case;

and

[0010] Fig. 4 is a perspective view showing bleed apertures through the compressor

Cdasc,

DETAILED DESCRIPTION

[0011] 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 multistage compressor 14 for pressurizing the air, a
combustor 16 in which the compressed air 1s 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.

[0012] Fuel 1s injected into the combustor 16 of the gas turbine engine 10 for mixing
with the compressed air from the compressor 14 and ignition of the resultant mixture.
The fan 12, compressor 14, combustor 16, and turbine 18 are preferably all concentric

about a common central longitudinal axis 11 of the gas turbine engine 10.

[0013] More particularly, in this example, the multi-stage compressor 14 includes a low-
pressure compressor 20 and a high-pressure compressor 22, whereas the multistage
turbine 18 includes a high-pressure turbine 24 and a low-pressure turbine 26. The low-
pressure compressor 20 1s connected to the low-pressure turbine 26 and the high pressure
compressor 22 is connected to the high-pressure turbine 24. In the gas turbine engine
1llustrated in Fig. 1, the low-pressure compressor 20 is of the axial compressor type,

whereas the high-pressure compressor 22 is of the centrifugal type.

[0014] Fig. 2 illustrates a particle separator 28 for such a gas turbine engine 10. More
particularly, Fig. 2 partially shows a compressor 30 of the centrifugal type and which has
an impeller 32 with a primary gas path 34. The impeller 32 is surrounded by a compressor
case 36 which at least partially defines a cavity 38, generally shaped as a toroid, therein.

The cavity 38 surrounds the gas path 34. The compressor case 36 has a compressor
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shroud portion 40 adjacent the impeller 32, and includes a plurality of circumferentially
interspaced bleed apertures 42 (only one is shown in Fig. 2). The bleed apertures 42 allow
gas flow communication between the primary gas path 34 and the cavity 38, and thereby

allow extracting a secondary bleed flow of air 44, which can be used elsewhere in the

engine.

[0015] During operation of the engine, particles such as sand, dirt or the like which are
ingested into the engine can be transferred into the cavity 38 through the bleed apertures
42. In this example, the bleed apertures 42 are configured (such as in size, shape,
orientation and/or location) to allow a substantial tangential velocity component of the air
from the primary gas path 34 to flow into the cavity 38. The cavity 38 being
circumferential to the impeller 32, a swirl movement of air, or circular motion of air
(around the main axis 11), can be imparted inside the cavity 38 and maintained by the
kinetic energy of the tangential velocity component allowed therein. The circular
movement of air i1s used to centrifuge particles which enter the cavity 38 through the
bleed apertures 42 radially outwardly, and to convey the particles circumferentially

around inside the compressor case 36.

[0016] The particle separator 28 allows bleed air having a significant tangential velocity
component to flow into the cavity 38 formed within the compressor case, and is used, in
combination with case geometry, to centrifuge the particles radially outwardly and
convey the particles circumferentially, away from a clean air outlet, but towards a particle

outlet where the particles can be collected and evacuated.

[0017] More particularly, 1n this example, the cavity 38 funnels radially-outwardly to a
narrow circumferential tip 46. The narrow circumferential tip 46 acts as a channel 48 for
the particles as they are circumferentially conveyed around the cavity 38. A clean air
outlet 50 of the cavity 38 is provided at a radial position recessed inwardly from the
channel 48, such that clean air (i.e. air from which particles have been separated and
removed) can be extracted from the particle separator 28 for use elsewhere in the engine.
The clean air outlet 50 has a re-entrant edge. An annular baffle plate 52 extends radially
outwardly into the cavity 38 from a location adjacent the bleed apertures 42 on the

compressor shroud portion 40 of the compressor case 36, toward the narrow
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circumierential tip 46 of the cavity 38, and contributes to guide particles ingested through
the bleed apertures 42 toward the channel 48. The baffle can also prevent particles from
passing directly from the bleed apertures 42 to the clean air outlet 50 by forcing airflow

around the bafile, to a radially outward portion 48 of the cavity 38.

[0018] Tumning to Fig. 3, as the particles are conveyed circumferentially about the
channel 48 formed by the narrow circumferential tip 46, they eventually reach a particle
outlet 54 provided therein. In this example, the particle outlet 54 is provided through a
lower portion of the compressor case 36, more particularly at the circumferential bottom
thereof. and the particle outlet 54 is provided in combination with a particle scoop, or
catch, 56 which is tangentially oriented toward the incoming flow of particles, which
thereby impinge thereon, and are subsequently guided into the particle outlet 54. In this
example, a tubular channel 58 connects the particle outlet 54 to the atmosphere 60, where
the particles can be evacuated. In this example, a portion of the air is evacuated with the
particles through the particle outlet 54. This portion of lost bleed air is however small

relative to the amount of air extracted from the clean air outlet 50 (Fig. 2).

[0019] One way to allow a satisfactory amount of a tangential velocity component of the
air flowing through the bleed apertures 42, is to slant or angle the bleed apertures 42 in
the case relative to the longitudinal direction. Fig. 4 illustrates an example of slanted
bleed apertures 42 in greater detail, wherein each of the bleed apertures 42 defines an
aperture axis 41 that is angled in the casing 40 relative to the longitudinal axis 11 of the
engine 10 and thereof of the impeller 32. In one possible embodiment, the bleed
apertures 42 in the casing 40 are tangentially slanted/angled relative to the longitudinal

axis 11.

[0020] Hence, in use, airflow from the impeller gas path having a significant tangential
velocity component is allowed to flow into the annular cavity surrounding the impeller
gas path, via a plurality of circumferentially interspaced apertures. The tangential velocity
of the bleed air allowed into the cavity imparts and maintains a circumferential flow of air
In the toroidal shaped cavity, which centrifuges particles ingested therein outward
towards a radially inwardly facing channel surrounding the cavity, and about which the

particles are conveyed by the air movement to an extraction point, where the separated
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particles are extracted from the rest of the bleed air flow. The particles can thus be
substantially separated from the secondary flow of air, such that this secondary air flow is

substantially free from particles and can then be extracted from the cavity and re-directed

for use elsewhere in the engine.

[0021] It will be understood that the example given above and illustrated is provided for
illustrative purposes only. Alternate embodiments of the invention, or variants thereof,
can depart from this example. For instance, instead of being applied to a centrifugal
compressor, the particle separator can be applied to an axial compressor, although an
axial compressor may have a lesser tangential velocity component than a centrifugal
compressor, and that this may adversely affect separation efficiency. Also, more than one
clean air outlet, or particle outlet, can be used in alternate embodiments. Although the
clean air outlet was in the upper portion of the compressor case and the particle outlet was
In the bottom of the compressor case in the example above, clean air outlets or particle
outlets can alternately be provided at other angular positions. The annular baffle is
optional but can help increasing separation efficiency, and its exact configuration can be
modified as required in alternate embodiments. Variants to the shape, configuration, and
relative position of the bleed apertures illustrated herein can be used in alternate
embodiments. Further, in alternate embodiments, variants to the generally inverted “V”

shape of the radially outwardly funnelling cavity can be used.

[0022] For many applications, a separation efficiency above 95% will be judged
satisfactory. A separation efficiency of above 90% or above 70% can also be satisfactory

for some applications. Nonetheless, even a separation efficiency lower than 70% can be

satistactory for some applications.

[0023] Those skilled in the art will therefore appreciate that the forgoing description is
illustrative only, and that various other alternatives and modifications can be devised
without departing from the spirit of the present invention as defined by the appended
claims. Accordingly, the present is intended to embrace all such alternatives,

modifications and variances which fall within the scope of the appended claims.
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CLAIMS:

1. A particle separator for a gas turbine engine, comprising a generally toroidal cavity
defined within a casing surrounding a compressor impeller gas path and being in gas flow
communication therewith through a plurality of circumferentially interspaced bleed
apertures formed in said casing, the cavity being funnel-shaped such as to define a
radially outer narrow tip circumferentially extending about the cavity, at least one clean
air outlet being disposed in communication with the cavity and located radially inwardly
from the radially outer narrow tip thereof, and a particle outlet radially located at the
narrow tip, the bleed apertures allowing bleed air from the compressor impeller gas path
to flow into the cavity, during operation of the gas turbine engine, with a tangential
velocity component sufficient to at least partially centrifuge particles present within the
bleed air into the radially outer narrow tip of said cavity and convey the particles
circumferentially thereabout to the particle outlet, wherein air flowing out from the clean

air outlet is thereby substantially free of particles.

2. The particle separator of claim 1 wherein the bleed apertures are tangentially oriented

within the casing.

3. The particle separator of claim 1 further comprising an annular baffle extending
radially outwardly into the cavity, the annular baffle being longitudinally adjacent the

bleed apertures and disposed between the bleed apertures the clean air outlet.

4. The particle separator of claim 1 wherein the particle outlet is positioned in a

circumferential lower portion of the narrow tip of the cavity.

5. The particle separator of claim 1 wherein a tangentially facing scoop is disposed within
the cavity proximate the particle outlet and oriented to receive incoming particles such as

to guide incoming particles through the particle outlet.

6. A gas turbine engine having a compressor rotor rotatable about a main longitudinal
axis of the engine and housed in a compressor case, the compressor case at least partially
defined therewithin a toroidal internal cavity surrounding a gas path of the compressor,

the compressor case having a plurality of circumferentially interspaced bleed apertures



CA 02671718 2009-07-14

therein which provide gas flow communication between the gas path and the cavity, the
compressor case having an air outlet in gas flow communication for extracting clean air
therefrom, wherein the cavity funnels radially outward to a circumferentially extending
narrow tip and the bleed apertures are oriented at a tangentially extending angle relative
to said main longitudinal axis to allow a tangential velocity component of the bleed air
entering the cavity via said apertures during operation of the gas turbine engine to
centrifuge particles present in the bleed air radially outward towards the circumferentially
extending narrow tip of the cavity and to convey the particles circumferentially

thereabout to a particle outlet, the air outlet being positioned radially inwardly from the

narrow tip of the cavity.

7. The gas turbine engine of claim 6, further comprising an annular baffle plate connected
to a compressor shroud portion of the compressor case adjacent the bleed apertures, the
baftle plate extending radially outwardly from the compressor shroud portion toward the

narrow tip of the cavity, between the bleed apertures and the air outlet.

8. The gas turbine engine of claim 6, wherein the air outlet is positioned in an upper

portion of the compressor case.

9. The gas turbine engine of claim 6, wherein the particle outlet positioned in a

circumferential bottom portion of the compressor case.

10. The gas turbine engine of claim 8, further comprising a catch plate connected to the
compressor case 1n the narrow radially-outward tip of the cavity, adjacent the particle
outlet and angled with respect to the tangential velocity component of the bleed air, to

guide the centrifuged particles into the particle outlet.

11. The gas turbine engine of claim 8, wherein the compressor is a centrifugal compressor

and the rotor is an impeller.
12. A method of separating particles from air during operation of a gas turbine engine, the
method comprising:

extracting bleed air from a compressor gas path into a generally toroidal cavity

surrounding the gas path via a plurality of circumferentially interspaced
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apertures oriented such as to maximize a tangential velocity of the bleed air

in said cavity;

centrifuging particles radially outwardly into a channel formed in the cavity
using the tangential velocity of the bleed air flowing within said cavity,
and maintaining a circumferential flow of the bleed air in the cavity to

circumferentially convey the particles about the channel to a particle exit;

extracting the particles from within the channel of the cavity via the particle exit;

and

extracting clear air from the cavity via a clean air exit, the clean air being

substantially free from the particles.

13. The method of claim 12, further comprising preventing the bleed air from passing
directly from the inlet apertures to the clean air outlet of the cavity without first being

circumferentially redirected.

14. The method of claim 12, wherein the step of extracting the particles includes

evacuating a quantity of the bleed air with the particles.

15. The method of claim 12, wherein the step of extracting the clean air includes
extracting the clean air from a location within the cavity that is recessed radially inwardly

from the channel.
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