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ABSTRACT

An exhaust duct for a gas turbine engine has an annular inlet conduit having an inlet
axis. At least two outlet conduits branch off from the inlet conduit along respective outlet
centerlines that are distinct from one another. The outlet centerlines when projected
onto a projection plane perpendicular to the inlet axis are spaced apart from the inlet

axis so as not to intersect the inlet axis.
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EXHAUST DUCT FOR A GAS TURBINE ENGINE

TECHNICAL FIELD

[0001] The application relates generally to gas turbine engines and, more

particularly, to exhaust ducts in gas turbine engines.

BACKGROUND

[0002] Exhaust ducts are disposed after the turbine section and evacuate gases that
have been used to power the turbine. The flow entering into the outlet may be swirling
and have a substantial velocity which may be used as a residual thrust to the engine.
Swirling of the gases may produce total pressure loss which in turn may reduce the

residual thrust available.

SUMMARY

[0003] In one aspect, there is provided an exhaust duct for exhausting combustion
gases of a gas turbine engine, the exhaust duct comprising: an annular inlet conduit
having an inlet centerline A1 defining an axial direction, the inlet conduit configured to
direct combustion gases generally in the axial direction and with a swirl direction about
the inlet centerline A1, the exhaust duct further comprising at least two outlet conduits
communicating with the inlet conduit and extending generally radially outward relative to
the inlet conduit along respective outlet centerlines A2, A3, wherein when projected in a
Y-Z plane orthogonal to the inlet centerline A1, the outlet centerlines A2, A3 are non-
coaxial and clocked in an opposite direction to the swirl flow direction.

[0004] In another aspect, there is provided an exhaust duct for exhausting a swirling
flow of combustion gases of a gas turbine engine defining X-Y-Z orthogonal axes, the
exhaust duct comprising: an annular inlet conduit having an axial extension along the X
axis, at least two outlet conduits branching off from the annular inlet conduit, and at
least one pair of diametrically opposed splitters in the annular inlet conduit and
extending generally along the X axis, the at least two outlet conduits being
dissymmetric relative to a splitter line L1 defined by the at least one pair of diametrically

opposed splitters.
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[0005] According to a further general aspect, there is provided an exhaust duct for
exhausting a swirling flow of combustion gases received from a turbine section of a gas
turbine engine defining X-Y-Z orthogonal axes, the exhaust duct comprising: an annular
inlet conduit circumscribed by a circumscribing wall having an axial extension along the
X axis, and at least two outlet conduits branching off from the annular inlet conduit, the
at least two outlet conduits extending through the circumscribing wall of the annular
inlet conduit along respective outlet centerlines A2, A3 that are distinct from one
another, wherein when projected onto plane Y-Z: the outlet centerlines A2, A3 of the at
least two outlet conduits intersect the circumscribing wall of the annular inlet conduit at
respective intersection points P2, P3, wherein a radius R of the annular inlet conduit
passes through each of the intersection points P2, P3, a radius angle 02 is defined from
respective outlet centerlines A2, A3 to the radius R, and wherein the radius angle 62 is
acute and in a direction opposite to an anticipated swirling flow direction of the

combustion gases.

[0006] In accordance with a further aspect, there is provided an exhaust duct for
exhausting combustion gases of a gas turbine engine, the exhaust duct comprising: an
annular inlet conduit having an axis A1, an outer wall having a radius from the axis, the
inlet conduit configured to direct combustion gases generally in the axial direction and
with a swirl direction about the axis A1, the exhaust duct further comprising at least two
outlet conduits extending generally outwardly radially relative to the inlet conduit along
respective outlet centerlines A2, A3, wherein when projected in a Y-Z plane orthogonal
to the axis of the inlet conduit, the outlet centerlines A2, A3 are non-coaxial and wherein
a non-zero, positive outlet conduit angle 62 exists between the centrelines A2,A3 and a
line along the radius intersecting the centrelines A2, A3 at the outer wall of the inlet
conduit when projected into the Y-Z plane and measured in a rotational direction

opposite to the swirl direction.

[0007] In accordance with a still further general aspect, there is provided an exhaust
duct for exhausting combustion gases of a gas turbine engine, the exhaust duct
comprising: an annular inlet conduit having an axis A1, an outer wall having a radius
from the axis, the inlet conduit configured to direct combustion gases generally in the
axial direction and with a swirl direction about the axis, the exhaust duct further
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comprising at least two outlet conduits extending generally outwardly radially from the
inlet conduit along respective outlet centerlines A2, A3, the inlet conduit having a splitter
therein upstream of each outlet conduit relative to the swirl direction, each splitter
defining a splitter line L1 passing radially through the splitter and the axis A1, the splitter
located relative to centerline A2, A3 of the respective downstream outlet conduit by a
clocking angle 67 defined between the respective centerline A2, A3 and the splitter line

L1 when projected in a plane orthogonal to the axis, and wherein 87 is greater than 90°.

DESCRIPTION OF THE DRAWINGS
[0008] Reference is now made to the accompanying figures in which:
[0009] FIG. 1is a schematic cross-sectional view of a gas turbine engine;

[0010] FIG. 2 is a schematic isometric view of an exhaust duct for the gas turbine
engine;
[0011] FIG. 3 is an orthogonal projection of the exhaust duct in plane X-Y,

[0012] FIG. 4 is a rear view of the exhaust duct corresponding to an orthogonal

projection of the exhaust duct in plane Y-Z;

[0013] FIG. 5 is a schematic rear plan view of the exhaust duct showing clocking of
the splitter and the outlet ports, superimposed with a schematic rear plan view of an

exhaust duct having no clocking;

[0014] FIG. BA is a schematic rear plan view of an exhaust duct having unclocked

splitters annotated to show a possible reverse flow area;

[0015] FIG. 6B is a schematic rear plan view of the exhaust duct with clocked

splitters annotated to show a possible reverse flow area;

[0016] FIG. 7A is a schematic rear plan view of an exhaust duct having unclocked

splitters and unclocked outlet conduits; and

[0017] FIG. 7B illustrates an exhaust duct having unclocked splitters and offset outlet

conduits.
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DETAILED DESCRIPTION

[0018]  FIG. 1 illustrates a gas turbine engine 10, in this example a turboprop engine,
of a type preferably provided for use in subsonic flight, generally comprising in serial
flow communication along an engine axis 11 (parallel to the X axis of the orthogonal
axes shown in the drawings), a propeller 12 through which ambient air is propelled, a
compressor section 14 for pressurizing the air, a combustor 16 in which the
compressed air is mixed with fuel and ignited for generating an annular stream of hot
combustion gases, and a turbine section 18 for extracting energy from the combustion
gases and communicating this energy to the propeller 12. The exhaust gases are
expelled via an exhaust duct 20. The exhaust gases are illustrated by arrows IF and EF,
indicating the incoming flow and outlet flow relative to the exhaust duct 20 (see also
Figs. 2 and 3).

[0019] Referring to Figs. 2 and 3, the exhaust duct 20, in this embodiment a dual
ports exhaust duct, is formed by a generally Y-shaped body 22. The body 22 defines a
fluid flow passage(s) about a central bore 24 for accommodating a shaft engine. The
fluid flow passage of the annular body 22 generaily includes an inlet conduit 26 through
which the bore 24 extends, and in this example two outlet or exhaust conduits 30, 32
branching off from the inlet conduit 26. It is understood that the inlet and outlet conduits
26, 30, 32 may adopt various configurations. For instance, they can take the form of
cylindrically straight or curved conduits. If desired the body 22 may include more than
two outlet conduits 30, 32. The inlet conduit 26 may be provided in the form of an
annular inlet conduit 33 wherein the first (inlet) 26, second and third (exhaust or outlet)
conduits 30, 32 connect and communicate. The outlet conduits 30, 32 may not be
perpendicularly positioned relative to the inlet conduit 26 (i.e. be purely radially oriented
with respect thereto), but rather may extend both radially and axially with respect
thereto. Therefore, the body 22 could adopt various configurations including T-shaped
and Y-shaped configurations. It is understood that any suitable configurations for the

inlet and exhaust conduits may be used.

[0020] The inlet conduit 26 has an axial extension extending about a centerline A1
that, in this example, is aligned with the engine axis 11 ( and thus parallel to the X axis
of the X-Y-Z orthogonal axes shown in the drawings) of the gas turbine engine 10. The
term “centerline” is herein intended to generally refer to line joining the centres of the

4
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annuli making up the conduit along its length, which corresponds to the general axis of
the conduit. It is understood, however that the conduit need not be exactly circular in
cross-section. The inlet conduit 26 includes an inlet end 34 located adjacent the turbine
section 18. The inlet end 34 receives the inlet flow IF of exhaust gases from the turbine

section 18.

[0021] The outlet conduits 30, 32 are generally cylindrical in shape in this example
(though any suitable shape may be employed) and have respective outlet centerlines
A2 and A3 which extend at an angle a1, as shown in FIG. 3, relative to each other. The
centerlines A2 and A3 of the outlet conduits 30, 32 also extend at an angle, in this
example the same angle a2, relative to the centerline A1. The outlet conduits 30, 32
have corresponding inlet ends 37, 39 (FIG. 5) and outlet ends, or outlet ports 38, 40
(also shown in FIG. 1) of the exhaust duct 20. The inlet ends 37, 39 are defined at the
intersection between the conduit 33 and the outlet conduits 30, 32, as shown
schematically by the dotted lines 37, 39 in FIG. 5.

[0022] Turning now to FIG. 4, the conduit 33 is annular about centerline A1, which
also defines the central axis of the conduit 33. The conduit 33 has inner peripheral wall
33a and outer peripheral wall 33b. The outer wall 33b is a circumscribing wall of the
conduit 33, and constitutes a periphery of the conduit 33. The conduit 33 may include
two circumferentially spaced-apart splitters 42. The splitters 42 may take the form of
raises or bumps formed inside the body 22 at a bottom 33c of the conduit 33 and
project in a direction toward the inlet conduit 26. The splitters 42 are configured to split
the inlet flow IF upstream of the flow impacting the bottom or downstream end 33c of
the conduit 33, and to deflect the inlet flow IF into the multiple (two, in this example)
outlet flows EF to be directed to the outlet ports 38, 40. Splitters 42 may be omitted (for
instance the body 22 may be a T-shaped body), and the inlet flow IF could split when
impacting the bottom 33c of the conduit 33.

[0023] The exhaust duct 20 is clocked to enhance flow rate therethrough toward the

outlet ports 38, 40. The clocking may be of the splitters 42 and/or the outlet conduits 30,

32. Clocking, as will be apparent below, refers to the angular position of the splitters 42

and/or outlet conduits 30, 32 (as the case may be) relative to the axis A1. Referring to

the prior art exhaust duct 220 of FIG. 7A, the splitters 242 and outlet conduits 230, 232

in that case are a symmetric “mirror-image” relative to a vertical reference plane V (X-Z
5
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plane) and/or the horizontal plane H (X-Y plane). Referring to Fig. 7B, however, the
outlet conduits 30, 32 are clocked relative to the axis A1, so as no longer to be
symmetrical. The exhaust duct of Fig. 7B will be considered in more detail below. As
opposed to the arrangement shown in Fig. 7a, the centerlines A2, A3 of the outlet

conduits of the clocked embodiment shown in fig. 7b does not intersect the axis A1.

[0024] Referring again to FIG. 4, and as is also shown in FIG. 7B, the clocking of the
exhaust conduits may be characterised by an angle 62 defined between the centreline
A3 and a radius of conduit 33 at outer wall 33b at the point P where the outer wall 33b
intersects centreline A3, as projected in the Y-Z plane. When clocked such that 82 is
non-zero (as is the case in Fig. 7A), and 62 greater than zero is a feature that is
indicative of conduit clocking “earlier’ in the flow swirl, or upstream relative to the swirl
direction. More discussion on the effects of such clocking are below. However, such
clocking of the outlet conduits also results in a lateral offset A (Fig. 4) between the
centerlines A2, A3 of the outlet conduits 30, 32 as measured in the Y-Z plane, and an
offset A’ between the centerlines A2, A3 of the outlet conduits 30, 32 and a parallel line
passing through centre A1, as measured in the Y-Z plane.. In the example of Fig. 4, it
can be seen that the clocking may be arranged such that the peripheral wall of the
outlet conduits 30, 32 intersect the body of conduit 33 approximately tangentially on one
side of the conduits 30,32.

[0025] Referring still to FIG. 4, clocking of splitter(s) 42 may characterised by an
angle 84 defined between an outlet centerline A2, A3 and the splitter line L1 passing
through the adjacent splitter 42 and the centre A1, as projected in the projection Y-Z
plane. In the example of Figure 4, 64 is less than 90 degrees but greater than O (i.e. the
outlet centerline A2, A3 is not perpendicular to the splitter line L1). This feature is
indicative of splitter clocking towards one outlet conduit and away from the other. As
noted above, clocking of the splitter is beneficial when it splits the flow “earlier”, or
upstream relative to the swirl direction, and so 64 being less than 90° indicates a
clocking upstream of the splitter 42. Since 87 is complementary to 84, by corollary 67

increases greater than 90°.

[0026] Although the example of FIG. 3 shows clocking of both splitters and outlet

conduits, beneficial results may be achieved by clocking only one of these features and

not the other. As well, for simplicity of description, common reference numerals are
6
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used for outlet clock angle 82 and splitter clock angle 64 for each outlet and splitter,
respectively, though it will be understood they need not be the same for both (all)
splitters and/or outlets. When the angles 62, 64, 67 are the same for each outlet and
splitter, the exhaust duct will have a rotational symmetry about axis A1. Such symmetry

is not essential to the present concept.

[0027] Referring momentarily again to Fig. 7A, prior art symmetrical exhaust duct
220 has a splitter clock angle 84,687 = 90°, meaning that the splitter is offset from the
conduit axes A2, A3 by 90°) and the outlet conduit angle 62 = 0, meaning that the
conduit outlet axis A2, A3 is coaxial with a radius joining the intersection of the axis and
the conduit 233 outer wall. Lateral offsets A, A’ (not indicated in Fig. 7A) are also zero,

meaning the centerlines are coaxial and pass through centre/centreline A1

[0028] The clocking, which will be described in greater detail below, may be
configured to enhance the efficiency of the exhaust duct 20 by taking advantage of the
swirl of the inlet flow IF. Swirl, induced by the general operation of the gas turbine
engine 10, may lead to pressure losses and, thus, is usually sought to be reduced in
exhaust ducts. Optimising the flow rate through the exhaust duct 20 while taking
account of the swirl of the inlet flow IF, instead of aiming to reduce the swirl, may yield
advantages. Swirl of the inlet flow IF, travelling in a swirl direction illustrated by arrow S
in FIGs. 4 and 5, may be characterised by a swirl angle (not indicated) between a
tangential component of the velocity and an axial component of the velocity. Because
the local swirl angle is different between an inner side and an outer side of the inlet
conduit 26, swirl is referred to herein is the average swirl angle of the inlet flow IF. In
this example, in Fig. 4 the swirl direction is in the counter-clockwise direction. It is
contemplated that in some cases swirl may optionally be decreased by vanes, for
example disposed at or near the inlets 37, 39. Although discussed in more detall
below, it is noted that the conduits 30, 32, have been clocked in a direction opposite to

swirl direction S, as compared to a “unclocked” prior art duct of Fig. 7A.

[0029] Reference will now be made to FIG. 5, which depicts schematic views of an
exhaust duct 20 according to another aspect of the present description (in dotted line)

superimposed upon the unclocked prior art exhaust duct 220 (in solid lines) of FIG. 7A.
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[0030] The clocking of the duct 20 may be achieved, in an example, by having the
splitters 42 of the exhaust duct 20 clocked in a direction opposite to the swirl direction S
of the inlet flow IF. The clocking may be defined by angle 81 between the vertical plane
V (or any other X-Z plane) and splitter line L1, a line in the Y-Z plane passing through
centre A1 and a splitter 42. In the example of FIGs. 4 and 5, the particular alignment of
splitters 42 results in coaxial splitter lines L1, but this is a matter of design choice and
does not need to be so. The splitters 42 deflect inlet flow IF toward inlets 37, 39 of the
outlet conduits 30, 32, and by redirecting the inlet flow IF “earlier”, i.e. with the clocked
splitters 42 disposed upstream relative to swirl direction S versus the unclocked position
of the prior art duct (Fig. 7A), the inlet flow IF may be directed downstream toward the
adjacent outlet conduit 30, 32 earlier which may beneficially result in less pressure loss
and increased flow rate. The inlet flow IF may thus spend less time swirling in the
conduit 33, and as a result, total pressure loss may be decreased. Because the outlet
flow EF can be used as a residual thrust to the engine 10, total pressure loss is
preferably as minimal as optimal. The splitter clock angle 04/67 may be chosen as a
function of the swirl angle of the inlet flow IF. For example, larger swirl angles may
require greater clocking. While in general having a more upstream clocked position for
the splitter may benefit the flow rate through the outlet conduits 30, 32, the angle 67 is
preferably not so big (and by corollary 84 not so small) that the splitter 42 become
aligned with the inlets 37, 39 of the upstream outlet conduit 30, 32 and obstruct the flow
through the inlets 37, 39. Thus, there is an optimal limit on the size of the splitter clock
angle 64/67.

[0031]  Clocking the splitters 42 as described may also reduce an area where the
flow is reversed as a result of impacting the conduit 33, as will now be further
described. FIG. 6A shows an example of an exhaust duct 120 according to the present
description having clocked outlet conduits (not indicated) but unclocked splitters 142
(i.e. the splitters are located on the vertical line V contained in central plane X-Z), and
FIG. 6B shows an example of a similar exhaust duct 120" but also having clocked
splitters 142'. The area of the expected reverse flow RF is schematically illustrated by
hatched shading, and a reversing arrow RF. The area of the expected reverse flow RF
is smaller in the case of the exhaust duct 120’ as a result of having clocked splitters

142’ positions more closely relative to the exhaust duct 120 than the area of the

8
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expected reverse flow RF in the exhaust duct 120 having unclocked splitters 142. By
having less reverse flow RF in the exhaust duct 120’, the total pressure loss may be
reduced relative to the reverse flow RF in the exhaust duct 120. However, as mentioned
above, while the exhaust duct 20 shown in FIGs. 4-5, has clocked splitters 42, it is
contemplated that the exhaust duct 20 could have unlocked splitters (e.g. as shown in
FIGs. 6A or 7B) or no splitters at all.

[0032] As described above, the outlet conduits 30, 32 of the exhaust duct 20 may be
clocked in a direction opposite to the swirl direction S, as shown in the examples of
FIGs. 4 and 5, so that the swirling incoming flow IF is more easily (i.e. with less loss)
directed into the outlet conduits 30, 32. As already discussed, the clocking is observed
from a front of the exhaust duct 20, as shown in FIG. 4. Clocking the outlet conduits 30,
32 allows to position the inlets 37, 39 of the outlet conduits 30, 32 to reduce the turning
of the incoming flow IF when the flow transitions from the conduit 33 to the outlet
conduits 30, 32. Clocking thus may provide for a smoother, and more tangentially-
directed transition flow from the conduit 33 to the outlet conduits 30, 32, as illustrated by
the arrow 52 in FIG. 4 and FIG. 5, as compared to the transition flow direction illustrated
by arrow 53 in the superimposed unclocked exhaust duct 220 in FIG. 5. A smoother
transition may also manifest itself as a relatively smaller total pressure loss for the
outlet. As noted by comparing FIGs. 4 and 5, the amount of outlet conduit clocking
may be adjusted to suit particular design needs. As previously noted, the example of
FIG. 4 has outlet conduit clocking such that the outlet conduits have outer surface
approximately tangential with the inlet conduit 33. In the example of FIG. 5, the outlet
conduits are clocked, or offset, to a lesser extent (that is 82 in FIG.4 is greater than 62
in FIG. 5).

[0033] As shown in FIG. 4 centerline angle 63 (i.e. the angle between centerline A3
and the horizontal plane H, as projected in the Y-Z plane) locates a position of the outlet
centerline A3 of the conduit 32 relative to the horizontal plane when projected in the Y-Z
plane. The angle 83 is the oriented angle from the outlet centerline A3 to the horizontal
plane H (plane Y-Z), as projected in the projection plane PP (plane Y-Z). For the radius
R passing through the intersection point P3 to be at the angle 03, the intersection point
P3 has to be disposed away from the horizontal line intersecting the centerline A1.

Thus, taking again the example of the outlet conduit 32, having as the angle 62

9
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increases, a position of the outlet conduit 32 moves downwardly, and as the angle 63

increases, and inclination of the outlet conduit 32 relative to the horizontal H increases.

[0034] The clocking of the outlet conduits 30, 32 may be characterised in the
example of Fig. 4 by having the outlet centerlines A2, A3 laterally offset from one
another by a distance A, and offset by a distance A", from a parallel line passing
through axis A1 projected in the Y-Z plane. The offset A’ for each outlet need not be
the same and the amount of clocking may vary (compare FIGS. 4 and 5, for example)
according to design requirements. As mentioned, clocking is in the direction opposite of

swirl direction S.

[0035] As previously discussed, FIG. 7A illustrates the prior art exhaust duct 220
having unclocked conduits 230, 232 and unclocked splitters 242. . FIG. 7B, on the other
hand, illustrates an exhaust duct 220’ having clocked outlet conduits 230, 232'. In the
exhaust duct 220’, outlet centerlines A2 and A3 of the conduits 230’ 232’ are clocked
by the outlet clocking angle angle 82. In the example shown in FIG. 7B, the conduits
230, 232’ do not have an inclination angle 83 (see Fig. 4) between the centerlines A2,
A3 and horizontal plane H is zero, that is, the centrelines A2, A3 are parallel to the
horizontal plane H. From Fig. 7B, it can be appreciated that the two outlet conduits 230’
and 232’ extends through the circumscribing wall of the annular inlet conduit 233 along
respective outlet centerlines A2, A3 that are distinct from one another (i.e. laterally
offset A, A’). When projected onto plane Y-Z as shown in Fig 7B, the outlet centerlines
A2 A3 of the at least two outlet conduits intersect the circumscribing wall 233b of the
annular inlet conduit at respective intersection points P2, P3 and a radius R of the
annular inlet conduit passes through each of the intersection points P2, P3 at the angle
82. Clocking is in a direction opposite to an anticipated swirl direction S of the
combustion gases in the inlet conduit. In an example where the swirling direction S is

counter-clockwise, the outlet conduits 30, 32 are clocked in the clockwise direction.

[0036] As with previous examples, the outlet clocking angle 62 may provide a more
smooth transition from the conduit 233 to the outlet conduits 230, 232, as itustrated by

the arrow 52 in FIG. 7B, compared to a prior art “unclocked” design in FIG. 7A.

[0037]  The clocking of the outlet conduits 230, 232’ in the direction opposite to the

swirling flow S may also be characterised by a tangent angle 86 (shown in FIG. 7B as

10
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the angle between the intersection P3 of the centreline A3 and a tangent T to the
periphery of the conduit 33) that acute and, it will be understood, is equal to 90°- 62.
The tangent angle 66 is oriented from the outlet centerline A3 to a tangent T to the
periphery of the conduit 233 (i.e. circumscribing wall 233b, not indicated in FIG. 7B), as
projected in the Y-Z plane. If the outlet conduits 230", 232" were to be clocked in same
the direction of the swirling flow S, the tangent angle 66 would be obtuse, while
unclocked outlet conduits like FIG. 7A have an angle 66 of 90°. A similar angle 66 may
be measured in respect of conduit 230’ and its centreline A2, though the angle may not

be the same magnitude, depending on conduit 230’ placement.

[0038] The presence of, and/or amount of, clocking of the splitters 42 and the outlet
conduits 30, 32 may be chosen independently from one another, though in practice they
are both related to inlet swirl angle. For example, an exhaust duct 20 may have clocking
of the splitters 42 only (in this case, the outlet centerlines A2, A3 of the outlet conduits
30, 32 would be coaxial), or clocking of the outlet conduits 30, 32 only (in this case, the
outlet centerlines A2, A3 of the outlet conduits 30, 32 are non-coaxial, and distinct, and

in some examples parallel. ).

[0039]  Referring jointly to Figs. 4 and 5, outlet conduit clocking may be characterised
by a non-zero, positive conduit clock angle 62, while splitter clocking may be
characterised by a splitter clock angle 64 that is less than 90° (or 67 greater than 90°).

[0040] According to one embodiment, there is provided an exhaust duct for
exhausting combustion gases of a gas turbine engine, the exhaust duct comprising: an
annular inlet conduit centered relative to a point of origin of an axis system of X-Y-Z
orthogonal axes and having an axial extension along the X axis, and at least two outlet
conduits branching off from the annular inlet conduit, the at least two outlet conduits
being offset from one another as viewed when projected in plane Y-Z, and wherein the
at least two outlet conduits are offset circumferentially upstream from the Y axis relative

to an anticipated swirling flow direction of the combustion gases.

[0041]  According to another embodiment, there is provided an exhaust duct for
exhausting a swirling flow of combustion gases of a gas turbine engine defining X-Y-Z
orthogonal axes, the exhaust duct comprising: an annular inlet conduit having an axial

extension along the X axis, and at least two outlet conduits branching off from the

11
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annular inlet conduit, the at least two outlet conduits being offset from one another as
viewed when projected in plane Y-Z, and wherein the at least two outlet conduits are
clocked about the annular inlet conduit in a direction opposite to an anticipated swirling
flow direction of the combustion gases.

[0042] According to a further embodiment, there is provided an exhaust duct for a
gas turbine engine, the exhaust duct comprising: a body having an annular conduit
defining a central axis in an axial direction, the annular conduit having an axially
disposed inlet conduit for receiving a swirling inlet flow from a turbine section of the gas
turbine engine, the body having at least two outlet conduits connected to a
circumscribing wall of the conduit, each of the outlet conduits having an outlet
centerline, the outlet centerlines being distinct, and when projected onto a projection
plane perpendicular to the central axis the outlet centerlines being offset from the
central axis.

[0043]  According to a still further embodiment, there is provided an exhaust duct for
a gas turbine engine, the exhaust duct comprising a body defining an annular conduit
defining a central axis in an axial direction, the annular conduit having an axially
disposed inlet conduit for receiving a swirling inlet flow from a turbine section of the gas
turbine engine, and at least two outlet conduits branching off from an outer
circumscribing wall of the annular conduit, the annular conduit including diametrically
opposed splitters, a splitter line joining the opposed splitters, the body being
dissymmetric relative to an axially oriented plane containing the splitter line.

[0044] 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
departing from the scope of the invention disclosed. Although a turbo-prop engine is
described herein, the above described splitter could be used in a turbo-shaft engine.
Although the examples are rotationally symmetric, other designs may be provided. Any
suitable number of exhaust outlets may be provided, i.e. 2, 3 or more. The
configuration of the ducts, conduits, and splitters may be any as suitable. 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.

12



CLAIMS

1. An exhaust duct for exhausting combustion gases of a gas turbine engine, the
exhaust duct comprising: an annular inlet conduit having an inlet centerline A1 defining
an axial direction, the annular inlet conduit having a circumscribing wall configured to
direct combustion gases generally in the axial direction and with a swirl direction about
the inlet centerline A1, the exhaust duct further comprising at least two outlet conduits
communicating with the inlet conduit and extending generally radially outward relative to
the inlet conduit along respective outlet centerlines A2, A3, wherein when projected in a
Y-Z plane orthogonal to the inlet centerline A1, the outlet centerlines A2, A3 are non-
coaxial and clocked in an opposite direction to the swirl flow direction, wherein splitters
are provided in the annular inlet conduit, the splitters being circumferentially positioned
away from where the circumscribing wall of the annular inlet conduit is intersected by
the at least two outlet conduits and configured to deflect the combustion gases towards
the at least two outlet conduits, wherein the splitters include bumps on an inner surface

of a downstream end of the annular inlet conduit.

2. The exhaust duct defined in claim 1, wherein the at least two outlet conduits
extend through the circumscribing wall of the annular inlet conduit along their respective
outlet centerlines A2, A3 that are distinct from one another, the outlet centerlines A2, A3
when projected onto the Y-Z plane being spaced apart from the inlet centerline A1 so
as not to intersect the inlet centerline A1.

3. The exhaust duct defined in claim 1, wherein the splitters include a pair of
diametrically opposed splitters, and wherein clocking of the at least two outlet conduits
about the annular inlet conduit is defined as A > 0 and 84 < 90 degrees, where A is a
distance between respective centerlines A2, A3 of the outlet conduits as measured in
the Y-Z plane, and wherein 84 is an angle between each of the centerlines A2, A3 and
a line L1 joining the diametrically opposed splitters in the Y-Z plane.
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4. The exhaust duct defined in claim 1, wherein when projected onto the Y-Z
plane:

the respective outlet centerlines A2, A3 of the at least two outlet conduits
intersect the circumscribing wall of the annular inlet conduit at respective intersection
points P2, P3, a tangent T of the circumscribing wall passes through each of the
intersection points P2, P3, a tangent angle 66 from each tangent T to an associated
one of the centerlines A2, A3 is acute and in a direction opposite to the swirling fiow

direction of the combustion gases.

5. The exhaust duct defined in claim 1, wherein when projected onto the Y-Z
plane:

the respective outlet centerlines A2, A3 of the at least two outlet conduits
intersect the circumscribing wall of the annular inlet conduit at respective intersection
points P2, P3, a radius R of the annular inlet conduit passes through each of the
intersection points P2, P3, a radius angle 02 is defined from respective outlet
centerlines A2, A3 to the radius R, and wherein the radius angle 62 is acute and in a

direction opposite to the anticipated swirling flow direction of the combustion gases.

6. The exhaust duct as defined in claim 1, wherein when projected onto Y-Z plane:

respective outlet centerlines A2, A3 of the at least two outlet conduits intersect
the circumscribing wall of the annular inlet conduit at respective intersection points P2,
P3, an outlet line L2 joins the two intersection points P2, P3, and wherein the splitters
includes a first splitter disposed in the inlet conduit between the at least two outlet
conduits, the first splitter defining a spilitter line L1, and wherein the exhaust duct has a
first angle 64 between any of the outlet centerlines A2, A3 and the splitter line L1 being
other than 90 degrees.

7. An exhaust duct for exhausting a swirling flow of combustion gases of a gas
turbine engine defining X-Y-Z orthogonal axes, the exhaust duct comprising:

an annular inlet conduit having an axial extension along the X axis,
at least two outlet conduits branching off from the annular inlet conduit, and
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at least one pair of diameftrically opposed splitters in the annular inlet conduit
and extending generally along the X axis, the at least two outlet conduits being
dissymmetric relative to a splitter line L1 defined by the at least one pair of diametrically
opposed splitters, the at least one pair of diametrically opposed splitters configured to
deflect the swirling flow of combustion gases towards the at least two outlet conduits,
the at least one pair of diametrically opposed splitters disposed axially in the annular
inlet conduit where the at least two outlet conduits branch off from the annular inlet

conduit.

8. The exhaust duct defined in claim 7, wherein when projected onto plane Y-Z:
respective outlet centerlines A2, A3 of the at least two outlet conduits intersect a
circumscribing wall of the annular inlet conduit at respective intersection points P2, P3,
a tangent T of the circumscribing wall passes through each of the intersection points
P2, P3, a tangent angle 86 from each tangent T to an associated one of the centerlines
A2, A3 is acute and in a direction opposite to an anticipated swirling flow direction of the

combustion gases.

9. The exhaust duct defined in claim 7, wherein when projected onto plane Y-Z:

respective outlet centerlines A2, A3 of the at least two outlet conduits intersect a
circumscribing wall of the annular inlet conduit at respective intersection points P2, P3,
a radius R of the annular inlet conduit passes through each of the intersection points
P2, P3, a radius angle 62 is defined from the Y axis to the radius R, the radius angle 62
is acute and in a direction opposite to an anticipated swirling fiow direction of the

combustion gases.

10. The exhaust duct defined in claim 7, wherein when projected onto plane Y-Z:
respective outlet centerlines A2, A3 of the at least two outlet conduits intersect a
circumscribing wall of the annular inlet conduit at respective intersection points P2, P3,
an outlet line L2 joins the two intersection points P2, P3, and the exhaust duct has a
first angle 64 between one of the outlet centerlines A2, A3 and the splitter line L1 being

less than 90 degrees.
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1. An exhaust duct for exhausting a swirling flow of combustion gases received
from a turbine section of a gas turbine engine defining X-Y-Z orthogonal axes, the
exhaust duct comprising: an annular inlet conduit circumscribed by a circumscribing
wall having an axial extension along the X axis, and at least two outlet conduits
branching off from the annular inlet conduit, the at least two outlet conduits extending
through the circumscribing wall of the annular inlet conduit along respective outlet
centerlines A2, A3 that are distinct from one another, wherein when projected onto
plane Y-Z: the outlet centerlines A2, A3 of the at least two outlet conduits intersect the
circumscribing wall of the annular inlet conduit at respective intersection points P2, P3,
wherein a radius R of the annular inlet conduit passes through each of the intersection
points P2, P3, a radius angle 62 is defined from respective outlet centerlines A2, A3 to
the radius R, and wherein the radius angle 62 is acute and in a direction opposite to an
anticipated swirling flow direction of the combustion gases, the exhaust duct further
comprising a pair of diametrically opposed splitters configured to guide the swirling flow
of combustion gases towards respective ones of the at least two outlet conduits, the
pair of diametrically opposed splitters axially disposed in the annular inlet conduit where

the at least two outlet conduits branch off from the annular inlet conduit.

12. The exhaust duct defined in claim 11, wherein clocking of the at least two outlet
conduits about the annular inlet conduit is defined as A > 0 and B = 90 degrees, where
A is a distance between respective centerlines A2, A3 of the outlet conduits as
measured in plane Y-Z, and wherein B is an angle between each of the centerlines A2,
A3 and a line L1 joining the diametrically opposed splitters in plane Y-Z.

13. An exhaust duct for exhausting combustion gases of a gas turbine engine, the
exhaust duct comprising: an annular inlet conduit having an axis A1, an outer wall
having a radius from the axis, the inlet conduit configured to direct combustion gases
generally in the axial direction and with a swirl direction about the axis A1, the exhaust
duct further comprising at least two outlet conduits extending generally outwardly
radially relative to the inlet conduit along respective outlet centerlines A2, A3, wherein
when projected in a Y-Z plane orthogonal to the axis of the inlet conduit, the outlet
centerlines A2, A3 are non-coaxial and wherein a non-zero, positive outlet conduit
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angle 62 exists between the centrelines A2,A3 and a line along the radius intersecting
the centrelines A2, A3 at the outer wall of the inlet conduit when projected into the Y-Z
plane and measured in a rotational direction opposite to the swirl direction, and wherein
the exhaust duct further comprises a pair of diametrically opposed splitters configured
to deflect the combustion gases towards at least two outlet conduits, the pair of
diametrically opposed splitters axially disposed in the annular inlet conduit at a location
where the at least two outlet conduits extend from the annular inlet conduit.

14. The exhaust duct defined in claim 13, wherein the respective angles 62 with

each centreline A2, A3 is less than 90°.

15. The exhaust duct defined in claim 13, wherein the respective angles 62 with

each centreline A2, A3 are equal to one another.

16. An exhaust duct for exhausting combustion gases of a gas turbine engine, the
exhaust duct comprising: an annular inlet conduit having an axis A1, an outer wall
having a radius from the axis, the inlet conduit configured to direct combustion gases
generally in the axial direction and with a swirl direction about the axis, the exhaust duct
further comprising at least two outlet conduits extending generally outwardly radially
from the inlet conduit along respective outlet centerlines A2, A3, the inlet conduit having
first and second splitters therein disposed upstream of respective ones of the at least
two outlet conduits relative to the swirl direction, each of the first and second splitters
defining a splitter line L1 passing radially through the splitter and the axis A1, each of
the first and second splitters located relative to centerline A2, A3 of the respective
downstream outlet conduit by a clocking angle 67 defined between the respective
centerline A2, A3 and the splitter line L1 when projected in a plane orthogonal to the
axis, and wherein 07 is greater than 90°, and wherein each of the first and second
splitters is configured to deflect the combustion gases towards the respective ones of
the at least two outlet conduits, wherein the first and second splitters are axially
positioned where the at least two outlet conduits extend from the annular inlet conduit.
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17. An exhaust duct as defined in claim 16, wherein the respective angles 87 with

each of the first and second splitters are equal to one another.
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