Office de la Propriete Canadian CA 2638661 C 2016/10/18

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 638 661
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
(13) C

(22) Date de depot/Filing Date: 2008/08/13 (51) ClL.Int./Int.Cl. FOTD 25/30 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2009/04/16 FO1D 25/24 (2006.01), FO2K 1/78 (2006.01)

(45) Date de délivrance/lssue Date: 2016/10/18 (72) Inventeur/inventor:

FARBER, STEVEN, CA
(30) Prioritée/Priority: 200//10/16 (U3511/941,290) L
(73) Proprietaire/Owner:

PRATT & WHITNEY CANADA CORP., CA

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : CANAL D'EJECTION AVEC CONDUIT DE DERIVATION
(54) Title: EXHAUST DUCT WITH BYPASS CHANNEL

<6

-/ 5

(57) Abrege/Abstract:
An exhaust duct for directing a stream of exhaust gases In a gas turbine engine Is provided. The exhaust duct comprises an inlet

for receiving the stream of exhaust gases from a turbine section of the gas turbine engine; an outlet in fluild communication with the
Inlet; and a transition portion defining a passage between the inlet and the outlet. The passage comprises an annular region having
a first side portion and a second side portion that are separated by a flow splitter. At least one bypass channel interconnects the
first side portion and the second side portion of the annular region.

SNV

i R

SN T 7 7
”

) R

I*I ) . Paven, .
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 2%% ;g

‘ SRREERT SRS
OPIC - CIPO 191 %




CA 02638661 2008-08-13

ABSTRACT

An exhaust duct for directing a stream of exhaust gases in a gas turbine engine is
provided. The exhaust duct comprises an inlet for receiving the stream of exhaust
2ases from a turbine section of the gas turbine engine; an outlet in fluid
communication with the inlet; and a transition portion deﬁhing a passage between the
inlet and the outlet. The passage comprises an annular region having a first side
portion and a second side portion that are separated by a flow splhitter. At least one
bypass channel interconnects the first side portion and the second side portion of the

annular region.
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EXHAUST DUCT WITH BYPASS CHANNEL

TECHNICAL FIELD

The invention relates generally to gas turbine engines and, more particularly,

to redirecting a stream of exhaust gases.

BACKGROUND OF THE ART

Combustion gases exiting a turbine section of a gas turbine engine are
typically redirected and discharged outwardly from the engine using suitable exhaust
ducting. It is desirable that such exhaust ducting be designed so as to minimize any
pressure losses associated with exhausting the combustion gases. Such pressure

losses can significantly reduce the performance of the gas turbine engine.

A stream of combustion gases exiting the turbine section often has a
relatively complex flow field which can comprise a rotary or swirling component ot
motion. Such complex flow fields in the combustion gases can cause great challenges
in designing suitable exhaust ducting, especially when the ducting must redirect the
stream of combustion gases towards a direction that differs from the incoming
direction. Complex flow fields in the combustion gases can create pressure
differentials within the ducting which in turn can cause flow separation along the
internal surfaces of the ducting. Flow séparation increases the resistance imposed on
the stream of combustion gases and also increases pressure losses associated with

exhausting the combustion gases.

Accordingly, there 1s a need to provide improved exhaust ducting which can

reduce pressure losses associated with exhausting combustion gasses.

SUMMARY

It 1s therefore an object to provide an exhaust duct which addresses the

above mentioned concerns.

In one aspect, there is provided an exhaust duct for redirecting a stream of
exhaust gases of a gas turbine engine, the exhaust duct comprising: an inlet having an

annular cross-section for receiving the stream of exhaust gases from a turbine section
-1 -
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of the gas turbine engine, the inlet having an inlet axis; an outlet in fluid
communication with the inlet; a transition portion defining a passage between the
inlet and the outlet, the passage following a course which deviates from the inlet axis,
the passage having an annular region defining a circumferential path interrupted by a
flow splitter, the flow splitter separating the annular region into a first side portion
and a second side portion; and at least one bypass channel interconnecting the first

side portion and the second side portion of the annular region.

In a second aspect, there 1s provided an exhaust duct for redirecting a
swirling stream of exhaust gases of a gas turbine engine, the exhaust duct comprising:

an 1nlet portion for receiving the stream of exhaust gases from a turbine section of the

gas turbine engine along an inlet axis: an outlet portion for discharging the exhaust

gases 1n fluid communication with the inlet portion; a transition portion for directing
the exhaust gases along a course which deviates from the inlet axis between the inlet
portion and the outlet portion; means for splitting the stream of exhaust gases so as to
obstruct the swirling motion of the stream, the means for splitti.ngthe stream being
disposed downstream from thé inlet portion; and means for reducing a pressure

differential in the exhaust gases across the means for splitting the stream.

In a third aspect, there 1s provided an exhaust duct for directing a stream of
swirling exhaust gases, the exhaust duct comprising: an inlet having an annular inlet
cross-section for receiving the stream of exhaust gases, the inlet having an inlet axis;
an outlet in fluid communication with the inlet, the outlet ha\}ing an outlet cross-
section which differs from the inlet cross-section; a transition portion defining a
passage between the inlet and the outlet, the passage having a cross-section that
varies between the inlet and the outlet so as to gradually transitions the inlet annular
cross-section to the outlet cross-section, the passage further comprising an annular
region having a first side portion and a second side portion that are separated by a
flow splitter; and at least one bypass channel interconnecting the first side portion

and the second side portion of the annular region.

In a fourth aspect, there is provided a method of redirecting a stream of

swirling exhaust gases, the method comprising the steps of: a) receiving a stream of
_9 .
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exhaust gases comprising swirling motion, the stream of exhaust gases being received
along an inlet axis; b) splitting the stream of exhaust gases so as to obstruct the
swirling motion of the stream; c) reduci'ng a pressure differential in the exhaust gases
in which the swirling motion has been obstructed; d) directing the stream of exhaust
gases along a course which deviates from the inlet axis; and d) discharging the

exhaust gases.

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

apparent from the detailed description and figures included below.

DESCRIPTION OF THE DRAWINGS

Reterence 1s now made to the accompanying figures depicting aspects of the

present invention, in which:
Figure 1 1s an axial cross-section view of a gas turbine engine;

Figure 2 is an 1sometric front view of an exhaust duct according to one

embodiment of the present invention;

Figure 3 1s an 1sometric rear view of the exhaust duct of Figure 2, connected

to an exhaust stub; and

Figure 4 1s an 1sometric bottom view of the exhaust duct of Figure 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a turboprop engine 10 of a type preferably provided for use
In subsonic flight, generally comprising in serial flow communication one or more air
inlets 12 through which ambient air is drawn, a multistage compressof 14 for
pressurizing the air, a combustor 16 in which the compressed air is mixed with fuel
and 1gnited for generating an annular stream of hot combustion gases, a compressor
turbine 18 and a turbine section 20 for extracting energy from the combustion gases.
The turbine section 20 is coupled to an output shaft 22 to which a propeller may be
secured. After passing through the turbine section 20, the annular stream of
combustion gases is exhausted through an exhaust duct 24 which may be further

connected to an exhaust stub (not shown).

23
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Fig. 2 shows an improved exhaust duct, generally shown at 26, which may
be used to replace the exhaust duct 24 shown in Fig. 1 for redirecting a stream of
exhaust gases from an axial direction to a radial direction. The ‘ exhaust duct 26
comprises an inlet 28 having an inlet axis 30 and an outlet 32 having an outlet axis
34. The outlet axis 34 is divergent from the inlet axis 30. The inlet 28 has a
substantially annular cross-section and the outlet 32 has a substantially rectahgular
cross-section. The inlet 28 and the outlet 32 are in fluid communication via a

passage, generally shown at 36, which i1s defined by a transition portion 38 of the

exhaust duct 26. The passage 36 between the inlet 28 and the outlet 32 follows a

course which deviates from the inlet axis 30. The passage 36 also comprises an
annular region which has a first side portion (the right hand side in Fig 2), generally
shown at 40, and a second side portion (the left hand side in Fig. 2), generally shown
at 42. The first side portion 40 and the second side portion 42 are separated by a
centrally disposed flow splitter 44. The exhaust duct 26 ‘further-comprises at least one
bypass channel 46 (three in the illustrated example) that interconnects the first side

portion 40 and the second side portion 42.

Fig. 3 shows a rear side of the exhaust duct 26 wherein the exhaust duct 26
is connected to an exhaust stub 48. The exhaust stub 48 may have any suitable
configuration that 1s specific to the application for which the gas turbine engine 10 is
used. For example, the exhaust stub 48 may be used to direct the stream of exhaust
gases out of a nacelle (not shown) enclosing the gas turbine engine 10. The duct 26
may be connected to the exhaust stub and gas turbine engine 10 via any suitable

means, including flanges or the like.

The passage 36 defines a bend from axial to radial and has a cross-section
that varies between the inlet 28 and the outlet 32. The cross-section of the passage 36
defined by the transition portion 38 varies so as to surround a void, generally shown
at 50, about the inlet axis 30. The void 50 is in communication with a central opening

52 of the annular cross-section of the inlet 28 shown in Fig. 2. The void 50 allows the

“coupling ot the output shaft 22 to the turbine section 20 of the gas turbine engine 10.

The cross-section of the passage 36 varies such that the first side portion 40 and the

second side portion 42 of the annular region are progressively separated from each
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other along the passage 36 from the flow splitter 44 towards the outlet 32. The cross-
section of the passage 36 further varies so as to gradually transition the annular cross-

section of the inlet 28 to the substantially rectangular cross-section of the outlet 32.

The tlow splitter 44 1s disposed adjacent to the inlet 28 but may also be
disposed at the inlet 28 or at any distance downstream from the inlet 28. It is however
preterable that the flow splitter 44 be disposed closer to the inlet 28 than the outlet 32

within the passage 36.

Fig. 4 shows a bottom side of the exhaust duct 26 wherein the bypass
channels 46 are shown to connect the first side portion 40 of the annular region to the

second side portion 42 of the annular region. The bypaSs channels 46 are disposed at

- an orientation wherein the locations at which the bypass channels 46 are connected to

the second side portion 42 are downstream from the corresponding locations at which
the bypass channels 46 are connected to the first side portion 40. The bypass channels

46 may also be disposed in a substantially parallel arrangement as shown in Fig. 4.

During operation, the exhaust gases are received through the inlet 28 and
discharged through the outlet 32. The annular stream exhaust gases exiting the
turbine section 20 of the gas turbine engine 10 generally travels along the inlet axis
30 of the exhaust duct 26 but also comprises a swirling motion. The swirling motion
comprises a rotary motion of the exhaust gases about the inlet axis 30. The annular
stream of exhaust gases 1s received in the inlet 28 having a corresponding annular
cross-section. As the exhaust gases flow inwardly into the passage 36, the gases
encounter the flow splitter 44. The flow splitter 44 effectively interrupts or obstructs
the swirling motion of the stream of exhaust gases. Consequently, without any bypass
channels 46, the interaction of the swirling motion of the exhaust gases with the flow
splitter 44 creates a pressure differential on surfaces of the passage 36 adj aceht to and
across the tlow splitter 44. The pressure differential is created on the surfaces of the

passage 36 between the first side portion 40 and the second side portion 42.

Specifically, the interaction of the flow splitter 44 and the swirling motion of
the exhaust gases creates a pressure surface in one of the first and second side

portions 40 and 42, and, a suction surface in the other one of the first and second side
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portions 40 and 42. The respective location of the pressure surface and the suction
surface depends on whether the swirling motion of the stream of exhaust gases is
clockwise or counter clockwise relative to the inlet 28. The flow splitter 44 has the
effect of decelerating the flow of combustion gases 1n one of the first and second side
portions 40 and 42 and making the other one of the first and second side portions 40
and 42 more favourable with a higher Mach number. Depending on the magnitude of
the pressure along the suction surface and the characteristics of the flow field of the
combustion gases, separation of flow may occur along the suction surface. The
separation of flow along the suction surface consequently increases the resistance of
redirecting the combustion gases through the exhaust duct 26. In turn, this increases
tlow resistance and energy losses associated with exhausting the combustion gaSes

which affects the performance of the gas turbine engine 10.

The bypass channels 46 are used to reduce or minimize the pressure
differential between the pressure surface and the suction surface. This reduces the
likelihood of flow separation to occur on the suction surface and also causes the flow
of combustion gases to be more uniformly distributed within the passage 36. The
bypaés. channels 46 sequentially interconnect the first side portion 40 to the second
side portion 42. During operation, any pressure differential between the first and
second side portions 40 and 42 is eliminated or significantly reduced since a bypass
flow of combustion gases through the bypass channels 46 is directed from the region
of comparatively higher pressure to the region of comparatively lower pressure. The
cross-sectional area of each bypass channel 46 and the number of bypass channels 46
needed for directing a suitable amount of bypass flow of combustion gases may be
determined, for example, on the basis of conventional computational fluid dynamics
(CFD) analyses conducted at the desired operation conditions of the gas turbine
engine 10. The bypass channels 46 must also be designed in accordance with the

specific geometric configuration of the exhaust duct 26. Accordingly, it is possible

that either a single or a plurality of bypass channels 46 may be used depending on the

specific application.

The bypass channels 46 are shown in Fig. 4 to be in a substantially parallel

arrangement. Each bypass channel 46 is also oriented so that its connection to the
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second side portion 42 is located further downstream in relation to the flow splitter
44 than 1ts connection to the first side portion 40. It must be noted that the opposite
may be the case depending on the direction of the swirling motion of the incoming
stream of combustion gases. This particular orientation of each bypass channels 46 is
used to minimize the amount of resistance imposed on the combustion gases flowing
through the bypass channels 46. A proper orientation of the bypass channels 46 will
cause the obstruction of the swirling motion of the stream of combustion gases to be
reduced. Again, a suitable orientation of the bypass channels 46 may be determined
based on the geometry of the exhaust duct 26 and the tlow characteristics of the
stream of combustion gases. For example, conventional CFD methods could again be
employed by a person skilled in the art to determine a specific arrangement of bypass
channels 46 suitable for minimizing the likelihood of flow separation within the

exhaust duct 26.

The configuration of the exhaust duct 26 shown in the figures shows an
annular 1nlet cross-section and a substantially rectangular outlet cross-section. The
passage 36 appropriately transitions the inlet cross-section to the outlet cross-section.
It 1s evident that the specific configuration of the exhaust duct 26 is exemplary and

that other configurations could also be used. For example, it is apparent that the

“outlet cross-section could have other profiles that are suitable for interfacing to other

types of exhaust stubs. Further, the term rectangular is intended to encompass
substantially rectangular contours which comprise rounded or filleted comers. For
some applications, it may be desirable to have the exhaust duct 26 and the exhaust

stub 48 integrally formed.

It 1s apparent that the exhaust duct 26 can be manufactured using conventional
processes and suitable materials that are able to withstand the exposure to the
elevated temperatures of the combustion gases. For example the exhaust duct 26 can
be manufactured using sheet metal forming and joining techniques to form separate
sheet metal sections that are subsequently joined together to form the complete

exhaust duct 26.

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
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departing from the scope of the invention disclosed. For example, even though the
exhaust duct 26 is used to redirect combustion gases from the turbine section 20 of
the gas turbine engine 10, it i1s apparent that such a duct could be used in other
applications and that the combustion gases could be substituted with other fluids.
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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WHAT IS CLAIMED IS:

1. An exhaust duct for redirecting a stream of exhaust gases of a gas turbine

engine, the exhaust duct comprising:

an inlet having an annular cross-section for receiving the stream of exhaust
gases from a turbine section of the gas turbine engine, the inlet having an

1nlet axis;
an outlet 1n tluid communication with the inlet;

a transition portion defining a passage between the inlet and the outlet, the
passage following a coursé which deviates from the inlet axis, the passage
having an annular region defining a circumferential path interrupted by a
flow splitter, the tlow splitter separating the annular region into a first side

portion and a second side portion; and

at least one bypass channel interconnecting the first side portion and the

second side portion of the annular region.

2. The exhaust duct as defined in claim 1, wherein the at least one bypass
channel connects to the first side portion of the annular region at a first location and
connects to the second side portion of the annular region at a second location, the
second l.ocation being disposed downstream from the first location in relation to the

tlow splitter.

3. The exhaust duct as defined in claim 1, wherein the at least one bypass
channel comprises a plurality of bypass channels sequentially interconnecting the first

side portion of the annular region to the second side portion of the annular region.

4, The exhaust duct as defined in claim 3, wherein the plurality of bypass

channels have a parallel arrangement.

5. The exhaust duct as defined in claim 1, wherein the outlet has an outlet cross-

section which differs from the inlet cross-section.

_0 -
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6. The exhaust duct as defined in claim 5, wherein the passage has a cross-

section that varies between the inlet and the outlet so as to gradually transition the

inlet annular cross-section to the outlet cross-section.

7. The exhaust duct as defined in claim 6, wherein the passage has a cross-

section that varies between the inlet and the outlet so as to surround a void about the

inlet axis.

8. The exhaust duct as defined in claim 7, wherein the first side portion and the
second side portion of the annular region are progressively separated from each other

along the passage from the flow splitter towards the outlet.

9. The exhaust duct as defined in claim &, wherein the at least one bypass
channel connects to the first side portion of the annular region at a first location and
connects to the second side portion of the annular region at a second location, the
second location being disposed downstream from the first location in relation to the

flow splitter.

10.  The exhaust duct as defined in claim 8, wherein at the least one bypass
channel comprises a plurality of bypass channels sequentially interconnecting the first

side portion of the annular region to the second side portion of the annular region.

11.  An exhaust duct for redirecting a swirling stream of exhaust gases of a gas

turbine engine, the exhaust duct comprising:

an 1nlet portion for receiving the stream of exhaust gases from a turbine

section of the gas turbine engine along an inlet axis;

an outlet portion for discharging the exhaust gases in fluid communication

with the inlet portion;

a transition portion for directing the exhaust gases along a course which

deviates from the inlet axis between the inlet portion and the outlet portion;

- 10 -
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means for splitting the stream of exhaust gases so as to obstruct the swirling
motion of the stream, the means for splitting the stream being disposed

downstream from the inlet portion; and

means for reducing a pressure differential in the exhaust gases across the

means for splitting the stream.

The exhaust duct as defined 1n claim 11, wherein the means for reducing the

pressure differential comprises at least one bypass channel.

13.

The exhaust duct as defined in claim 12, further comprising means for

transitioning a cross-section of the stream of exhaust gases from an inlet cross-section

to a discharge cross-section which differs from the inlet ¢cross-section.

14.

The exhaust duct as defined 1n claim 11, wherein the means for reducing the

pressurc differential comprises a plurality of bypass channels having a parallel

arrangement.

15.

An exhaust duct for directing a stream of swirling exhaust gases of a gas

turbine ¢cngine, the exhaust duct comprising:

an inlet having an annular inlet cross-section for receiving the stream of
exhaust gases from a turbine section of the gas turbine engine, the iniet

having an inlet axis;

an outlet in fluid communication with the inlet, the outlet having an outlet

cross-section which differs from the inlet cross-section;

a transition portion defining a passage between the inlet and the outlet, the
passage having a cross-section that varies between the inlet and the outlet so

as to gradually transition the inlet annular cross-section to the outlet cross-
section, the passage further comprising an annular region having a first side

portion and a second side portion that are separated by a flow splitter; and

at least one bypass channel interconnecting the first side portion and the

second side portion of the annular region.
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16.  The exhaust duct defined in claim 15, wherein the passage follows a course

which deviates from the inlet axis.

17.  The exhaust duct as defined in claim 15, wherein the first side portion and the
second side portion of the annular region are progressively separated from each other

along the passage from the flow splitter towards the outlet.

18.  The exhaust duct as defined in claim 17, wherein the at least one bypass
channel connects to the first side portion of the annular region at a first location and
connects to the second side portion of the annular region at a second location, the
second location being disposed downstream from the first location 1n relation to the

flow splitter.

19.  The exhaust duct as defined in claim 18, wherein the flow splitter 1s disposed

adjacent to the inlet.

20. A method of redirecting a stream of swirling exhaust gases, the method

comprising the steps of:

a) receiving a swirling stream of exhaust gases, the stream of gases being

received along an inlet axis;

b) splitting the stream of exhaust gases so as to obstruct the swirling motion

of the stream;

¢) reducing a pressure differential in the exhaust gases in which the swirling

motion has been obstructed;

d) directing the stream of exhaust gases along a course which deviates from

the inlet ax1s; and

d) discharging the exhaust gases.
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21.  The method as detfined 1n claim 20, wherein the step of reducing a pressure
differential includes directing a flow of combustion gases from a region of

comparatively high pressure to a region of comparatively low pressure.

- 13 -
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