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(57) ABSTRACT

A method for scavenging small particles from a turbine
engine includes directing compressed air through a flow-
path, downstream of a compressor, which causes a reduction
in a radial flow component and the introduction of or an
increase in an axial flow component of the compressed air,
removing a portion of the compressed air from the flowpath
and directing the portion into a scavenge plenum, the
scavenge plenum being positioned adjacent to and radially
outward from the flow path, and returning the portion of the
compressed air from the plenum to the flowpath while
maintaining a majority of the small particles that were
present in the portion within the scavenge plenum. Further,
the method includes removing the majority of small particles
from the plenum. The step of removing occurs intermittently
during engine operation, during engine shutdown, or while
the engine is not operation, but does not occur continuously
during engine operation.
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SCAVENGE METHODOLOGIES FOR
TURBINE ENGINE PARTICLE SEPARATION
CONCEPTS

TECHNICAL FIELD

[0001] The present disclosure generally relates to turbine
engine technologies. More particularly, the present disclo-
sure relates to scavenge methodologies for turbine engine
particle separation concepts.

BACKGROUND

[0002] Turbine engines are used for a number of purposes,
including propulsion and/or driving various other compo-
nents with electrical, pneumatic, and/or hydraulic power,
and may include both propulsion engines (for air, land, and
sea vehicles, for example) and auxiliary power units
(APUs). Generally, a gas turbine engine includes a com-
pressor section, a combustion section, and a turbine section.
During operation, the compressor section draws in ambient
air, compresses the air with one or more compressors, and
supplies the compressed air to the combustion section. In
addition to the compressed air, the combustion section
receives fuel via a fuel injection assembly, mixes the fuel
with the compressed air, ignites the air/fuel mixture, and
supplies the high energy combustion gases to the turbine
section to drive one or more turbines, including a shaft that
may be used to drive the compressor and otherwise generate
power.

[0003] During operation, the ambient air drawn into the
engine may contain undesirable particles, such as sand and
dust, which may cause severe performance degradation,
excessive wear, increased maintenance, and eventually pre-
mature removal of engines. This is especially true in hot and
dry environments, such as desert climates, where such
particles are more prevalent in the ambient air. In order to
prevent or at least minimize the impacts of particle ingestion
into the engine, many vehicles use an inlet particle separator
system, disposed upstream of the engine compressor section,
to remove at least a portion of the undesirable particles.
[0004] Conventional inlet particle separators, such as
those described above, operate at relatively high efficiencies
for relatively large particles (e.g., > about 20 microns and <
about 1000 microns in greatest cross-sectional length).
However, for relatively small particles (e.g., <=about 20
microns in greatest cross-sectional length), the efficiencies
can be relatively low, resulting in a significant amount of
these relatively small particles being ingested into the
engine. These relatively small particles may have deleteri-
ous effects on the turbine engine during operation. For
example, these particles may plug secondary flow lines
and/or may melt and form glass on relatively hot engine
components, such as the combustor, which can significantly
reduce performance and the operating life of the engine.
[0005] Commonly-assigned U.S. patent application Ser.
No. 15/085,625 (filed Mar. 30, 2016; the contents of which
are incorporated by reference herein in their entirety)
describes various turbine engine designs for improved small
(fine) particle separation efficiency. The present disclosure
advances these designs by providing various scavenge meth-
odologies for use in connection with these turbine engine
designs. Furthermore, other desirable features and charac-
teristics of the disclosure will become apparent from the
subsequent detailed description and the appended claims,
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taken in conjunction with the accompanying drawings and
this background of the disclosure.

BRIEF SUMMARY

[0006] The present disclosure relates to turbine engine
designs, including propulsion engines and APUs, which
utilize scavenge methodologies in connection with particle
separation concepts. These scavenge methodologies may be
implemented in addition to or as an alternative to those
presently-known methodologies used with conventional
inlet particle separators deployed upstream of the turbine
engine compressor section. In one exemplary embodiment,
a method for scavenging small particles from a turbine
engine includes the steps of compressing air in a compressor
that rotates about a longitudinal axis to generate compressed
air. The compressed air that exits the compressor includes at
least a tangential flow component and a radial flow compo-
nent and wherein compressed air comprises a plurality of
small particles. The method further includes directing the
compressed air through a flowpath, downstream of the
compressor, which causes a reduction in the radial flow
component and the introduction of or an increase in an axial
flow component, removing a portion of the compressed air
from the flowpath and directing the portion into a scavenge
plenum, the scavenge plenum being positioned adjacent to
and radially outward from the flow path, and returning the
portion of the compressed air from the plenum to the
flowpath while maintaining a majority of the small particles
that were present in the portion within the scavenge plenum.
Still further, the method includes removing the majority of
the small particles from the plenum. The step of removing
occurs intermittently during engine operation, during engine
shutdown, or while the engine is not operation, but does not
occur continuously during engine operation.

[0007] This Brief Summary is provided to describe select
concepts in a simplified form that are further described in the
Detailed Description. This Brief Summary is not intended to
identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in determining
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure will hereinafter be
described in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

[0009] FIG. 1 is a cross section view of portions of an
exemplary compressor and combustor section of a turbine
engine, illustrating various scavenge plenum implementa-
tions;

[0010] FIGS. 2A-B, 3A-B, 4A-B, and 5A-B are cross
section (A) and perspective views (B) of a first small particle
separation means in accordance with some embodiments of
the present disclosure that utilizes various scavenging meth-
odologies;

[0011] FIGS. 6A-B, 7A-B, 8A-B, and 9A-B are cross
section (A) and perspective views (B) of a second small
particle separation means in accordance with some embodi-
ments of the present disclosure that utilizes various scav-
enging methodologies;

[0012] FIG. 10 is cross section view of third, hybrid small
particle separation means incorporating aspects of both the
first and second small particle separation means;
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[0013] FIG. 11 is a simplified cross section side view of an
exemplary APU gas turbine engine including two compres-
sor section according to an embodiment of the present
disclosure; and

[0014] FIG. 12 is a simplified cross section side view of an
exemplary gas turbine engine employing a mixed flow
compressor, as opposed to a centrifugal compressor, in
accordance with a further embodiment of the present dis-
closure.

DETAILED DESCRIPTION

[0015] The following detailed description is merely exem-
plary in nature and is not intended to limit the invention or
the application and uses of the invention. As used herein, the
word “exemplary” means “serving as an example, instance,
or illustration.” Thus, any scavenge methodology embodi-
ment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other
embodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons skilled
in the art to make or use the invention and not to limit the
scope of the invention which is defined by the claims. As
further used herein, the word “about” means a possible
variance (+/-) of the stated value of up to 10%, or alterna-
tively up to 5%. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in the
preceding technical field, background, brief summary, or the
following detailed description. For example, the present
disclosure discusses computational fluid dynamics (CFD),
which should be understood as a non-limiting theory.
[0016] By way of introduction, the following concepts are
applicable to the scavenge methodologies presented in this
disclosure. First, in accordance with some embodiments of
the disclosed methodologies, the relatively-small particles
noted above can be efficiently collected into a scavenge
plenum, located downstream of the compressor section of
the turbine engine, with zero scavenge flow. This means that
there is no flow loss or continuous “bleed” flow required to
operate these methodologies. In this manner, all of the
compressed air is able to ultimately travel downstream to the
compressor, with no loss of engine performance. Instead of
a continuous scavenge flow, the presently disclosed meth-
odologies may, in some embodiments, utilize a scavenge
“purge” process, wherein the small particles are removed
from the scavenge plenum, which can be accomplished
intermittently during engine operation, during engine shut-
down, or while the engine is not operating.

[0017] Next, in accordance with some embodiments of the
disclosed methodologies, a relatively high tangential veloc-
ity (as used herein, for example in the case of a centrifugal
compressor, “tangential” velocity refers to the air flow
vector tangent to the radial velocity component of the
compressor at any point along the shroud; the term “rela-
tively high” will be understood to be engine-design specific,
but generally denotes a tangential velocity that is at least
50% of the tangential velocity of the air immediately upon
exit from the compressor) is maintained within the scavenge
plenum, which causes the small particles in the scavenge
plenum to remain at a relatively high flow radius (as used
herein, the flow “radius” refers to the radial distance from
the longitudinal (rotational) axis of the operating turbine
engine). This relatively high tangential velocity may be
accomplished by adequate air flow exchange in and out of
the scavenge plenum as the engine is operating. Causing the
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small particles to remain in the plenum based on the tan-
gential air flow velocity allows the operation of the turbine
engine, as noted above, with zero continuous scavenge flow,
wherein the particles need only be purged intermittently
during operation, upon shutdown, or during other non-
operational times.

[0018] In a further aspect, various alternative embodi-
ments exists for the purpose of ultimate removal of the small
particles from the scavenge plenum in accordance with the
present disclosure. For example, in one embodiment, with-
drawal of the small particles and air from the scavenge
plenum may be accomplished by one or more ports posi-
tioned in an axial, radial, circumferential, or compound
angle (some combination of two or more of axial, radial, and
circumferential) orientation, with a downstream “‘smart”
particle removal system (such as an electronically controlled
smart purge valve) to regulate timing and quantity of air
flow. The smart purge valve may be configured, for example,
to operate intermittently during engine operation, and/or
upon engine shutdown. In another embodiment, the scav-
enge plenum may be designed in the form of scroll with at
least one tangential outlet. The outlet(s) of scavenge plenum
may be connected to the engine exhaust via smart particle
removal mechanisms such as electronically controlled purge
valve, as set forth above. In another embodiment, in place of
or in addition to a smart valve or outlet, the scavenge plenum
may employ one or more small particle filters that are sized
and positioned to collect small particles within the scavenge
plenum as the air flows there-through at the above-noted
relatively high tangential velocity. These filters may be
removed for cleaning purposes when the engine is not
operating. In yet another embodiment, one or more bypass
circuits may be added to the scavenge plenum to extract
small particle laden flow from the scavenge plenum to trap
the particles in a filter, and to return relatively cleaner (i.e.,
less small particle laden) air back to the scavenge cavity.
This bypass circuit arrangement eliminates the use of a
purge valve or outlet, but allows the particles to be accu-
mulated in a filter which, as with the preceding embodiment,
may be changed when the engine is not operating. [llustra-
tions of exemplary implementations of the scavenge meth-
odologies set forth by way of introduction above are pro-
vided in the Figures that accompany this disclosure.

[0019] As initially noted above, a gas turbine engine may
be used to power various types of vehicles and systems.
Various turbine engine implementations may include a fan
section, a compressor section, a combustor section, a turbine
section, and an exhaust section. The scavenge plenums
described herein are typically implemented after a compres-
sor section but before the combustor section, and accord-
ingly the present disclosure focuses on those two sections of
the turbine engine primarily. In some turbine engines, the
compressor section is implemented with a centrifugal-type
compressor. In other turbine engines, the compressor section
is implemented with a mixed-flow-type compressor. The
presently-described methodologies should be understood as
equally-applicable to either type of compressor design, as
both types introduce a tangential component to the air flow,
and examples of both are provided herein. Moreover, it
should be appreciated that the scavenge methodologies are
equally applicable to single or dual stage compressors, and
that the scavenge plenum may be introduced in the turbine
engine design after either or both compressor stages in the
case of a dual stage compressor design.
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[0020] With reference now to FIG. 1, an exemplary cross
section of the area between a centrifugal compressor 122
and an annular combustor 124 is illustrated. Compressor 122
may be a single stage compressor, or it may be the second
(high pressure) stage of a dual stage compressor. In addition
to the compressor 122 and combustor 124, FIG. 1 depicts a
radially-oriented diffuser 204 and a deswirl assembly 206,
each disposed about a longitudinal axis 207. In this embodi-
ment, as noted above, the compressor 122 is embodied as a
centrifugal compressor and includes an impeller 208 and a
shroud 210 disposed in a compressor housing 211. The
impeller 208, as alluded to above, is driven by a turbine and
rotates about the longitudinal axis 207. The shroud 210 is
disposed around the impeller 208 and defines an impeller
discharge flow passage 212 therewith that extends radially
outward from longitudinal axis 207. While a radial com-
pressor 122 is disclosed, other types, including mixed flow,
may be employed as well in other embodiments.

[0021] The diffuser 204 is coupled to the shroud 210 and
is configured to decrease the velocity and increase the static
pressure of air that is received from impeller 208. In this
regard, any one of numerous conventional diffusers 204
suitable for operating with a centrifugal compressor may be
employed. In any case, the diffuser 204 includes an inlet
214, an outlet 216, and a flow path 218 that each commu-
nicates with the impeller discharge flow passage 212, and
the flow path 218 is configured to direct the received air flow
radially outward.

[0022] The deswirl assembly 206 communicates with the
diffuser 204 and is configured to substantially remove swirl
from air received therefrom, to thereby decrease the Mach
number of the air flow. The deswirl assembly 206 includes
an inner annular wall 220, an outer annular wall 222, and
pluralities of vanes 224, 226 disposed between the inner
annular wall 220 and the outer annular wall 222. The walls
220, 222 define a flow path 228 that is configured to redirect
the air from its radially outward direction to a radially
inward and axially downstream direction. In this regard, the
walls 220, 222 are formed such that the flow path 228
extends between an inlet 230 and outlet 232 in an arc 233 so
that when the air exits the outlet 232, it is directed at an angle
toward the longitudinal axis 207 and the annular combustor
124. As the angle of the arc 233 is increased the variation of
the air angle between the inner wall 220 and out wall 222 is
increased. The vanes 224, 226 reduce the tangential (cir-
cumferential) flow component of the air. Accordingly, scav-
enge plenums in accordance with the present disclosure are
typically implemented prior to (upstream of) the vanes 224,
226, in order to maintain the relatively high tangential flow
within the scavenge plenums, consistent with the scavenge
methodologies described herein.

[0023] As noted above, a turbine engine may be config-
ured with an inlet particle separator, located upstream of the
compressor section, for purposes of efficiently removing
relatively large particles from the inlet air stream. However,
finer particles, such as those smaller than about 20 microns
may elude the inlet particle separator, and proceed into the
turbine engine compressor section. Thus, the presently-
disclosed methodologies are implemented using small par-
ticle scavenge means 300 and/or 400, which may be located
downstream of compressor 122, as an alternative or in
addition to an inlet particle separator, that serve to efficiently
separate any smaller particles from the air stream, and thus
prevent such smaller particles from entering into the com-
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bustor 124. With continued reference to FIG. 1, in one
embodiment, a first small particle scavenge means 300 may
be embodied as a scavenge plenum connected to the deswirl
assembly flow path 228 using an extraction slot through the
deswirl assembly outer annular wall 222 downstream of the
arc 233. In another embodiment, a second small particle
separation means 400 may be embodied as scavenge plenum
connected to the deswirl assembly flow path 228 using a
plurality of holes (or other intermittent apertures) in the
deswirl assembly outer annular wall 222 along the length of
the arc 233. In yet another embodiment, a third small particle
separation means may be embodied as a hybrid combination
of small particle separation means 300 and 400. Each of the
first, second, and third separation means is described in
greater detail below and in connection with the accompa-
nying Figures of this disclosure.

[0024] Turning now to the first small particle separation
means 300, as detailed in FIGS. 2A-B, 3A-B, 4A-B, and
5A-B, illustrated in particular is the deswirl assembly flow
path 228, which as noted above is formed between the inner
and outer deswirl annular walls 220, 222. As shown, the
compressed air, once passing through the diffuser 204 (via
diffuser flow path 218), enters into the deswirl assembly 206
at the deswirl inlet 230. The deswirl assembly arc 233
changes the flow direction of the compressed air from a
radially outward direction from the longitudinal axis 207, to
an axially rearward direction (towards the combustor section
124) that also include a small radially inward (downward)
component, as illustrated. With the use of computational
fluid dynamics (CFD), it has been discovered that small
particles in the compressed air flow stream tend to track
closely to the outer annular wall 222 as the flow changes
from the radially outward direction to the axially rearward
direction (i.e., along the arc 233).

[0025] The extraction slot 306 may be embodied as a
continuous circumferential slot, a discontinuous circumfer-
ential slot or as a series of circumferentially-disposed holes/
apertures of any shape or count. The extraction slot is
axi-symmetrical (with regard to axis 207), and may encom-
pass from about 1% to about 25%, such as about 1% to about
15%, of the area (along a plane perpendicular to the longi-
tudinal axis 207) of the flow path 228, said plane being
circumscribed by the housing 211. The extraction slot 306 is
located along the deswirl flow path 228 at a position
downstream of the arc 233, yet prior to the plurality of vanes
224, 226, and as such a relatively high tangential flow
remains in the air as it encounters the slot 306. Further, the
tangential velocity is maintained via continuous air flow in
and out of the slot, but with zero scavenge flow (i.e., zero
flow loss from the scavenge plenum 305). In one embodi-
ment, the scavenge plenum 305 is located radially outward
from the deswirl assembly 206 at a position that is radially
adjacent to the first (upstream) plurality of vanes 224. The
scavenge plenum 305 includes an inner radial wall 302, an
outer radial wall 301, and an axial end wall 303 positioned
at an opposite axial (downstream) end of the plenum 305
with respect to the extraction slot 306. In one embodiment,
as illustrated, that a radius of the outer radial wall 301 that
connects with the axial end wall 303 is greater than the
radius at which the extraction slot 306 is located, and
likewise, it is preferred that a radius of the inner radial wall
302 that connects with the axial end wall 303 is at a lower
radius than the radius at which the extraction slot 306 is
located, all with respect to the longitudinal axis 207. In the



US 2018/0135516 Al

illustrated embodiment, the aforesaid small radially inward
component of the flow direction is commenced at the
plurality of vanes 224, 226 by the vanes 224, 226 being
oriented somewhat radially inward (e.g., about 10 to about
45 degrees). As such, the inner radial wall 302 of the
scavenge plenum 305 may also have the same radial decli-
nation so as to remain parallel and adjacent to the first
plurality of vanes 224, as noted above.

[0026] The first small particle separation means 300 may
employ one of various scavenge methodologies in accor-
dance with embodiments of the present disclosure. As
shown in FIGS. 2A-B, in one embodiment, withdrawal of
the small particles and air from the scavenge plenum may be
accomplished by one or more ports 810A-C positioned in an
axial (810A), radial (810B), or circumferential (810C) angle
(or compound angle, i.e., some combination of two or more
of axial, radial, and circumferential) orientation, with a
downstream “smart” particle removal system 811 (such as
an electronically controlled smart purge valve) to regulate
timing and quantity of air flow. The smart purge valve 811
may be configured, for example, to operate intermittently
during engine operation, and/or upon engine shutdown.
[0027] In another embodiment, as shown in FIGS. 3A-B,
withdrawal of the small particles and air from the scavenge
plenum may be accomplished using a scroll with a tangential
outlet. That is, the scavenge plenum 305 may be designed
and configured as scroll 820 with tangential outlet 821. The
outlet(s) 821 of scavenge plenum 305 may be connected to
the engine exhaust via smart particle removal mechanisms
such as electronically controlled purge valve 811, as set forth
above.

[0028] In another embodiment, as shown in FIGS. 4A-B,
in place of or in addition to a smart valve or outlet (811), the
scavenge plenum may employ one or more small particle
filters 830 that are sized and positioned to collect small
particles within the scavenge plenum as the air flows there-
through at the above-noted relatively high tangential veloc-
ity. These filters 830 may be removed for cleaning purposes
when the engine is not operating, for example after the
engine is shut down. Accordingly, the small particles are
removed from the plenum 305 as a consequence of the filter
830 removal and cleaning, and a purge valve/outlet may not
be required.

[0029] In yet another embodiment, as shown in FIGS.
5A-B, one or more bypass circuits 840 may be added to the
scavenge plenum 305 to extract small particle laden flow
from the scavenge plenum to trap the particles in a filter, for
example, and to return relatively cleaner (i.e., less small
particle laden) air back to the scavenge cavity 305. This
bypass circuit 840 arrangement may eliminate the use of a
purge valve or outlet, but allows the particles to be accu-
mulated in a filter which, as with the preceding embodiment,
may be changed when the engine is not operating. Accord-
ingly, the small particles are removed from the plenum 305
as a consequence of the filter removal and cleaning. In the
illustrated embodiment, the bypass circuit 840 FIGS. 5A-B
is shown in the axial wall end 303. In other embodiments,
the bypass circuit 840 may be located in the outer radial wall
301.

[0030] In operation, therefore, the compressed air that
exits the diffuser 204 at diffuser outlet 216 will enter the
deswirl assembly at inlet 230. Any small particles in the
compressed air, as it passes through the deswirl flow path
228, will tend to track along the arc 233 of outer annular wall
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222. Prior to encountering the plurality of vanes 224, 226
(and thus prior to the radial declination at the vanes), the
small particles will be extracted from the flow path 228 at
the extraction slot 306 located along the outer annular wall
222, and enter into the scavenge plenum 305. In this manner,
the small particles are efficiently prevented from entering the
combustor section 124, which as illustrated, is positioned
axially downstream from the second plurality of vanes 226
and deswirl assembly outlet 232. Any small particle accu-
mulation in the scavenge plenum 305 may be removed from
time to time by an using any of the foregoing-described
scavenge methodologies: Namely, the scavenge methodol-
ogy employed with the plenum 305 may be any of a port
810A-C coupled with a smart purge valve 811, a scroll
configuration 820 with outlet 821 coupled with the smart
purge valve 811, a filter 830, or a bypass circuit 840 with
filter.

[0031] Referring now to the second small particle separa-
tion means 400, as detailed in FIGS. 6A-B, the deswirl
assembly outer annular wall 222 is fitted with a plurality of
holes (or other apertures, of any shape) 406 along the arc
233. The holes 406 extend through the outer annular wall
222 and the shroud 211 and open into a scavenge plenum
405, the scavenge plenum 405 being positioned radially
outward from and adjacent to the deswirl assembly 206
along the arc 233. Although the diameter (or greatest cross-
section) of the holes 406 may vary from embodiment to
embodiment, in a typical embodiment, the holes 406 may
have a diameter of about 0.03 inches to about 0.07 inches,
such as about 0.05 inches. The spacing between the holes
406 in circumferential rows may be equal to or greater than
one diameter of the holes, whereas axial spacing between
rows may be staggered to allow the maximum number of
holes while maintaining the integrity of the outer annular
wall 222 and the shroud 211. In order to preserve the
tangential velocity of the compressed air exiting the diffuser
204 in scavenge plenum 405, so that small particles may
continue to rotate freely in the tangential direction in scav-
enge plenum 405, remain in the plenum, and negate the need
for a continuous scavenge flow bleed, as noted above, the
plurality of holes 406 have a circumferential angle or “lean”
that may be from about 25 to about 65 degrees with respect
to the outer annular wall 222, such as from about 35 to about
55 degrees (that is, the holes 406 do not extend purely in the
radial direction, but rather have the aforesaid circumferential
lean). Moreover, given the change in direction from sub-
stantially radial to substantially axial along the deswirl
assembly flow path 228, the plurality of holes may also have
an axial (downstream, toward the combustor 124) angle or
lean that may be from about 5 to about 20 degrees, for
example from about 10 to about 15 degrees, again with
respect to the outer annular wall 222. In addition, the
scavenge plenum 405 scavenge has a section of higher
radius (i.e., the plenum 405 has a thickness in the radial
direction, portions thereof closest to the outer annular wall
222 being of lower radius, portions thereof farthest from the
outer annular wall 222 being a higher radius) so that the
already trapped small particles may continue to rotate freely
in the tangential direction and negate the need of active
scavenge flow bleed.

[0032] The scavenge plenum 405, connected with the
plurality of holes 406, may include an inner radial wall 402,
and outer radial wall 401, and an axial end wall 403
positioned at an aft-most (downstream) end of the scavenge
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plenum 405. The inner radial wall 402 and out the outer
radial wall 401 may be contoured or curved to match the
curvature of the arc 233, such that each of the plurality of
holes 406 extends about the same distance between the
deswirl assembly flow path 228 and the scavenge plenum
405. The scavenge plenum 405 may further include a slot
415 for returning air back to the flow path 228. The scavenge
plenum 405 may be implemented with any of the foregoing-
described scavenge methodologies. For example, as shown
in FIGS. 6A-B, the scavenge plenum 405 may employ any
of a port 810A-C coupled with a smart purge valve 811; as
shown in FIGS. 7A-B, the scavenge plenum 405 may
employ a scroll configuration 820 with outlet 821 coupled
with the smart purge valve 811; as shown in FIGS. 8 A-B, the
scavenge plenum 405 may employ a filter 830; and, as
shown in FIGS. 9A-B, the scavenge plenum 405 may
employ a bypass circuit 840 with filter (the details of these
various scavenging methodologies is not duplicated for the
description of scavenging means 400 for purposes of brev-
ity; the reader may refer to the description of scavenging
means 300 therefor).

[0033] In operation, accordingly, the compressed air that
exits the diffuser 204 at diffuser outlet 216 will enter the
deswirl assembly at inlet 230. Any small particles in the
compressed air, as it passes through the deswirl flow path
228, will tend to track along the arc 233 of outer annular wall
222. As the particles pass along the outer annular wall 222
along the arc 233, the small particles will be extracted from
the flow path 228 through the plurality of holes 406, and
enter into the scavenge plenum 405. Air returns via slot 415.
In this manner, the small particles are efficiently prevented
from entering the combustor section 124, which is posi-
tioned axially downstream from the second plurality of
vanes 226 and deswirl assembly outlet 232. Any small
particle accumulation in the scavenge plenum 305 may be
removed from time to time by an using any of the foregoing-
described scavenge methodologies: Namely, the scavenge
methodology employed with the plenum 305 may be any of
a port 810A-C coupled with a smart purge valve 811, a scroll
configuration 820 with outlet 821 coupled with the smart
purge valve 811, a filter 830, or a bypass circuit 840 with
filter. In the illustrated embodiment, the bypass circuit 840
FIGS. 9A-B is shown in the axial wall end 403. In other
embodiments, the bypass circuit 840 may be located in the
outer radial wall 401.

[0034] With reference now to the third small particle
separation means 500, as detailed in FIG. 10, a combination
or “hybrid” of the separation means 300 and the separation
means 400 may be implemented. In this embodiment, an
extraction slot 306 is provided in the outer annular wall that
leads to a scavenge plenum 305. The extraction slot 306 is
located along the deswirl flow path 228 at a position
downstream of the arc 233, yet prior to the plurality of vanes
224, 226. The scavenge plenum 305 is located radially
outward from the deswirl assembly 206 at a position that is
radially adjacent to the first (upstream) plurality of vanes
224. Additionally, the deswirl assembly outer annular wall
222 is fitted with a plurality of holes 406 along the arc 233.
The holes extend through the outer annular wall 222 and the
shroud 211 and open into a scavenge plenum 405, the
scavenge plenum 405 being positioned radially outward
from and adjacent to the deswirl assembly 206 along the arc
233. In operation, as the particles pass along the outer
annular wall 222 along the arc 233, the small particles will
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be extracted from the flow path 228 through the plurality of
holes 406, and enter into the scavenge plenum 405. Addi-
tionally, any small particles that miss the holes 406 will be
extracted from the flow path 228 at the extraction slot 306
located along the outer annular wall 222, and enter into the
scavenge plenum 305. Any small particle accumulation in
the scavenge plenum 305 may be removed from time to time
by an using any of the foregoing-described scavenge meth-
odologies: Namely, the scavenge methodology employed
with the plenum 305 may be any of a port 810A-C coupled
with a smart purge valve 811, a scroll configuration 820 with
outlet 821 coupled with the smart purge valve 811, a filter
830, or a bypass circuit 840 with filter. Just by way of
non-limiting, illustrative example, FIG. 10 is illustrated with
a filter 830 in the plenum 305, and a radial port 810B with
purge valve 811 for the plenum 405.

[0035] The previously-described embodiments have been
set forth in connection with a radial compressor that is
located immediate upstream of the combustor section, and
including a diffuser and a deswirl assembly. However, other
locations in a turbine engine are also possible. More broadly,
as initially noted above, the small particle separation means
of the present disclosure (300, 400, 500) along with any of
the various scavenge methodologies may be generally posi-
tioned anywhere in the air flow path where there is an abrupt
change in flow from the radial direction to the axial direc-
tion. For example, FIG. 11 illustrates portions of an APU
including a compression section 604 including a first and a
second radial compressor 620, 622, a combustor section
606, and a turbine section 608. As illustrated, subsequent to
the diffuser 618 connected with the first radial compressor
620 is located a bending or arcuate section 651, wherein the
air flow changes abruptly from radial to axial. Section 651
would be another suitable location to place the small particle
separation means of the present disclosure 300, 400, 500,
along with any of the various scavenge methodologies. Also
shown, downstream of the first compressor is the second
radial compressor 622, and its associated diffuser 619,
subsequent to which is another arcuate section 652, which as
shown in previous Figures is a suitable location to place the
small particle separation means of the present disclosure
300, 400, 500, along with any of the various scavenge
methodologies. As such, the present disclosure should not be
thought of as limited with regard to the placement of the
small particle separation means to any particular radial
compressor stage.

[0036] As a further illustration of the concept that the
small particle separation means may be located in any gas
turbine engine compressor section (not just radial/centrifu-
gal compressor sections) where there is an abrupt change
from a substantially radial flow to a substantially axial flow,
FIG. 12 illustrates a gas turbine engine 700 employing a
mixed-flow compressor 705, and a stator vane assembly 707
located downstream therefrom. As illustrated, a flow change
from the radial direction to the axial direction occurs as
compressed air passes from the compressor 705 to the stator
vane assembly 707 and there-onward. Thus, as illustrated, at
location 710 downstream from the stator vane assembly 707,
any of the above-described small particle separation means
300, 400, 500 may be implemented, along with any of the
various scavenge methodologies.

[0037] In accordance with any of the disclosed embodi-
ments, with zero bleed flow out of the scavenge plenum, it
has been determined that greater than about 50%, such as
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greater than about 75%, for example greater than about 90%
of the above-described small particles (e.g., <=about 20
microns in greatest cross-sectional length) by mass can be
removed from the flowpath 228 into a scavenge plenum 305
and/or 405. Moreover, it has further been determined that
once in a scavenge plenum, greater than about 50%, such as
greater than about 75%, for example greater than about 90%
of the above-described small particles by mass remain
within the plenum (305/405) during normal engine opera-
tion, and therefore may be removed at the above-described
purge/cleaning intervals. These methodologies therefore
provide efficient small particle extraction without scavenge/
bleed flow that would cause undesirable turbine engine
performance degradation.

[0038] Accordingly, the present disclosure has provided
various embodiments of small particle separation means
with various scavenge methodologies for use in gas turbine
engines, such as propulsion-type engines and APUs. The
disclosed scavenge methodologies exhibit improved particle
separation efficiency, particularly with regard to small sand
particles. As noted above, these scavenge methodologies
may be implemented in addition to or as an alternative to
conventional inlet particle separators, and may be located at
positions within the engine that are different as compared to
conventional inlet particle separators, for example in a
compressor section (radial, mixed-flow) anywhere there is
an abrupt change in flow path from the radial direction to the
axial direction.

[0039] While at least one exemplary embodiment has been
presented in the foregoing detailed description of the inven-
tion, it should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only examples,
and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the
foregoing detailed description will provide those skilled in
the art with a convenient road map for implementing an
exemplary embodiment of the invention. It being understood
that various changes may be made in the function and
arrangement of elements described in an exemplary embodi-
ment without departing from the scope of the invention as
set forth in the appended claims.

What is claimed is:
1. A method for scavenging small particles from a turbine
engine, the method comprising the steps of:

compressing air in a compressor that rotates about a
longitudinal axis to generate compressed air, wherein
the compressed air that exits the compressor includes at
least a tangential flow component and a radial flow
component, and wherein the compressed air comprises
a plurality of small particles;

directing the compressed air through a flowpath, down-
stream of the compressor, which causes a reduction in
the radial flow component and the introduction of or an
increase in an axial flow component;

removing a portion of the compressed air from the flow-
path and directing the portion into a scavenge plenum,
the scavenge plenum being positioned adjacent to and
radially outward from the flow path;

returning the portion of the compressed air from the
plenum to the flowpath while maintaining a majority of
the small particles that were present in the portion
within the scavenge plenum; and
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removing the majority of the small particles from the
plenum using a scavenging methodology, wherein the
step of removing occurring intermittently during
engine operation, during engine shutdown, or while the
engine is not operation, but does not occur continu-
ously during engine operation.

2. The method of claim 1, wherein the compressor is a
centrifugal compressor or a mixed-flow compressor.

3. The method of claim 1, wherein the flowpath comprises
an arc located between a diffuser assembly of the turbine
engine and a deswirl assembly of the turbine engine, both
assemblies being located downstream of the compressor but
upstream of a combustor of the turbine engine.

4. The method of claim 1, wherein the scavenging meth-
odology comprises withdrawing small particles from a port
of the plenum.

5. The method of claim 4, wherein the port is configured
at an axial angle, a radial angle, a tangential angle, or a
compound/combination angle thereof.

6. The method of claim 5, wherein the port is coupled with
a purge valve.

7. The method of claim 1, wherein the scavenging meth-
odology comprises withdrawing small particles through an
outlet of the plenum, the plenum being configured in a scroll
configuration.

8. The method of claim 7, wherein the outlet is couple
with a purge valve.

9. The method of claim 1, wherein the scavenging meth-
odology comprises collecting small particles in a filter of the
plenum and removing and cleaning the filter while the
turbine engine is not operating.

10. The method of claim 1, wherein the scavenging
methodology comprises directing small particles into a
bypass circuit coupled with the plenum, the bypass circuit
comprising a filter, and removing and cleaning the filter
while the turbine engine is not operating.

11. The method of claim 1, wherein directing the portion
into a scavenge plenum comprises directing the portion
through an extraction slot at an outer wall of the flowpath
and located radially inward and downstream from a radial
apex of the outer wall of the flowpath.

12. The method of claim 11, wherein the extraction slot
comprises a continuous circumferential slot, a discontinuous
circumferential slot, or as a series of circumferentially-
disposed holes/apertures of any shape or count.

13. The method of claim 1, wherein directing the portion
into a scavenge plenum comprises direction the portion
through a plurality of holes or openings at an outer wall of
the flowpath and located substantially at a radial apex of the
outer wall of the flowpath.

14. The method of claim 13, wherein the plurality of holes
or openings are angled circumferentially at about 25 to about
65 degrees and axially at about 5 to about 20 degrees, said
angling being with respect to a solely-radially oriented hole
or opening.

15. The method of claim 13, wherein directing the portion
into a scavenge plenum further comprises directing the
portion through an extraction slot at the outer wall of the
flowpath and located radially inward and downstream from
a radial apex of the outer wall of the flowpath.

16. The method of claim 1, wherein the small particles are
less than or equal to about 20 microns in greatest cross-
sectional length.
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17. The method of claim 1, wherein the turbine engine
comprises two compressors, and wherein the method is
performed on air flow exiting each of the two compressors.

18. The method of claim 1, wherein the turbine engine is
embodied as a propulsion-type turbine engine or as an
auxiliary power unit (APU).

19. The method of claim 1, wherein the turbine engine is
implemented on an aircraft, a land vehicle, or a watercraft.

#* #* #* #* #*
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