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(57) Abrégé/Abstract:

Provided is a transition duct 30 that forms an annular gas flow channel 40 through which a main flow gas flows from a high-
pressure turbine to a low-pressure turbine, wherein the gas flow channel 40 has an inner peripheral flow channel surface 41 and
an outer peripheral flow channel surface 42, the inner peripheral flow channel surface 41 and the outer peripheral flow channel
surface 42 extend radially outward while angles of inclination §1, ¢2 relative to an axial direction of a rotating shaft change from the
high-pressure turbine (first turbine) toward the low-pressure turbine (second turbine), and an inner peripheral maximum inclined
part 411 is provided in a range A2 that extends in the axial direction from a position of alignment with an outer peripheral maximum
inclined part 421 to a position advanced toward the low-pressure turbine by a length no more than 20% of the duct length L.
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DAbstract

Provided 1is a transition duct 30 that forms an
annular gas flow channel 40 through which a main flow gas
flows from a high-pressure turbine to a low-pressure
turbine, wherein the gas flow channel 40 has an inner
peripheral flow channel surface 41 and an outer peripheral
flow channel surface 42, the inner peripheral flow channel
surface 41 and the outer peripheral flow channel surface
42 extend radially outward while angles of inclination ¢1,
¢2 relative to an axial direction of a rotating shaft
change from the high-pressure turbine (first turbine)
toward the low-pressure turbine (second turbine), and an
inner peripheral maximum inclined part 411 is provided in
a range A2 that extends in the axial direction from a
position of alignment with an outer peripheral maximum
inclined part 421 to a position advanced toward the low-
pressure turbine by a length no more than 20% of the duct

length L.
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DESCRIPTION

Title of Invention

TRANSITION DUCT, TURBINE, AND GAS TURBINE ENGINE

Technical Field

[0001]

The present invention relates to a transition duct,
a turbine, and a gas turbine engine.
Background Art

[0002]

A technique related to a transition duct that forms
a gas flow path for a mainstream gas, which is sent from a
high-pressure turbine to a low-pressure turbine, is known
in the related art. For example, a transition duct, which
forms a flow path between a wall on a radially inner side
and a wall on a radially outer side and in which the
inclination of the wall on the radially outer side
increases from an upstream end of the transition duct to a
predetermined axial-direction position and decreases from
the predetermined axial-direction position to a downstream
end, is disclosed in PTL 1.
Citation List

Patent Literature

[0003]
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[PTL 1] United States Patent No. 2014/0086739
Summary of Invention
Technical Problem

[0004]

Since a low-pressure turbine has a larger diameter
than a high-pressure turbine in general, an inner surface
of a gas flow path of a transition duct extends while
being inclined with respect to an axial direction such
that a diameter thereof increases from a high-pressure
turbine side toward a low-pressure turbine side. In
addition, it is desirable to sufficiently increase the
diameter of the gas flow path while making a duct length
short in order to achieve efficiency improvement and
weight reduction of the turbine. As a result, there is a
possibility that an inclination angle of the inner surface
of the gas flow path with respect to the axial direction
becomes large and flow of a mainstream gas from the inner
surface of the gas flow path becomes 1likely to cause
delamination. Delamination by flow of a mainstream gas
leads to an increase in pressure loss, thereby causing a
decline in efficiency of the turbine in the end. The
transition duct of PTL 1 achieves suppression of
delamination by flow of a mainstream gas by the

inclination of the wall on the radially outer side being

increased up until the middle of the gas flow path and
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being decreased from the middle of the gas flow path.
However, suppression of delamination by flow of a
mainstream gas still has room for improvement.

[0005]

The present invention 1is devised in view of such
circumstances, and an object thereof is to achieve both of
efficiency improvement and weight reduction of the turbine
and to achieve further efficiency improvement of the
turbine by better suppressing delamination by flow of a
mainstream gas in the transition duct.

Solution to Problem

[0006]

According to an aspect of the present invention, in
order to solve the problems described above and achieve
the object, there is provided a transition duct that forms
an annular gas flow path through which a mainstream gas
flowing from a first turbine to a second turbine passes.
The gas flow path has an inner circumferential side flow
path surface on a center side of a rotary shaft of the
first turbine and the second turbine and an outer
circumferential side flow path surface which is provided
on an outer circumferential side of the inner
circumferential side flow path surface so as to oppose the
inner circumferential side flow path surface. The inner

circumferential side flow path surface and the outer
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circumferential side flow path surface each have a
changing inclination angle with respect to an axial
direction of the rotary shaft and extend on an outer side
of the rotary shaft in a radial direction from the first
turbine toward the second turbine. An inner
circumferential side maximum inclination portion where the
inclination angle of the inner circumferential side flow
path surface is maximum is provided within a range from a
position aligned with an outer circumferential side
maximum inclination portion where the inclination angle of
the outer circumferential side flow path surface is
maximum to a position, which has advanced to a second
turbine side by a length of 20% of a duct length or less,
in the axial direction.

[0007]

In the transition duct of the present invention, the
inner circumferential side maximum inclination portion is
disposed within the range from the position aligned with
the outer circumferential side maximum inclination portion
to the position, which has advanced to the second turbine
side by a length of 20% of the duct length or less, in the
axial direction. Accordingly, since the inner
circumferential side maximum inclination portion can form
flow of a mainstream gas from the inner circumferential

side toward the outer circumferential side near the outer



3

CA 03027265 2018-12-10

circumferential side maximum inclination portion, it 1is
possible to suppress delamination toward the inner
circumferential side by the mainstream gas in the vicinity
of the outer circumferential side maximum inclination
portion. As a result, it is possible to further reduce a
pressure loss caused in the gas flow path while making the
inclination angles of the inner surfaces (the inner
circumferential side flow path surface and the outer
circumferential side flow path surface) of the gas flow
path relatively large as a whole and realizing a
sufficient increase in the diameter of the gas flow path
and shortening of the duct 1length. Therefore, the
transition duct of the present invention can achieve both
of efficiency improvement and weight reduction of the
turbine and can achieve further efficiency improvement of
the turbine by better suppressing delamination by flow of
a mainstream gas in the transition duct.

[0008]

Preferably, the outer circumferential side maximum
inclination portion is provided within a range from a
position, which has advanced from a duct inlet to the
second turbine side by a length of 50% of the duct length,
to a position, which has advanced by a length of 70% of
the duct 1length or 1less, 1in the axial direction.

Accordingly, since a change in the inclination angle of
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the outer circumferential side flow path surface until
reaching the outer circumferential side maximum
inclination portion can be made relatively gradual by
providing the outer circumferential side maximum
inclination portion on the second half side of the
transition duct, it is possible to even better suppress
delamination by flow of a mainstream gas from the outer
circumferential side flow path surface.

[0009]

Preferably, a ratio between a difference between a
mean diameter of the gas flow path at a duct outlet and a
mean diameter of the gas flow path at a duct inlet and the
duct length is 1.5 or more and 1.6 or less. Accordingly,
shortening of the duct 1length can be achieved while
securing a diameter increase amount (the difference) of
the gas flow path. In addition, even in a case where a
sufficient increase in the diameter of the gas flow path
and shortening of the duct length are achieved in such a
manner, the transition duct of the present invention can
better suppress delamination by flow of a mainstream gas.

[0010]

Preferably, the inclination angle of the outer
circumferential side maximum inclination portion is 35° or
more and 45° or less. Accordingly, since the inclination

angle of the outer circumferential side flow path surface
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can be made relatively small as a whole, it is possible to
even better suppress delamination by flow of a mainstream
gas from the outer circumferential side flow path surface.

[0011]

Preferably, the inclination angle of the outer
circumferential side maximum inclination portion is 35° or
more and less than 40°. Accordingly, since the inclination
angle of the outer circumferential side flow path surface
can be made relatively small as a whole, it is possible to
even better suppress delamination by flow of a mainstream
gas from the outer circumferential side flow path surface.

[0012]

Preferably, the inclination angle of the inner
circumferential side flow path surface at a duct inlet and
the inclination angle of the outer circumferential side
flow path surface at the duct inlet is 0°. Accordingly,
delamination by flow of a mainstream gas close to the duct
inlet can be better suppressed.

[0013]

According to another aspect of the present invention,
in order to solve the problems described above and achieve
the object, there is provided a turbine including a first
turbine, a second turbine that is a lower pressure turbine
than the first turbine, and the transition duct that forms

the gas flow path through which the mainstream gas flowing
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from the first turbine to the second turbine passes.

[0014]

According to still another aspect of the present
invention, in order to solve the problems described above
and achieve the object, there is provided a gas turbine
engine including a compressor that compresses air, a
combustor that sprays a fuel and mixes the sprayed fuel
and the air compressed by the compressor to combust the
mixture, and the turbine that is driven by the mainstream
gas generated by combusting the fuel.

Advantageous Effects of Invention

[0015]

The transition duct, the turbine, and the gas
turbine engine according to the present invention have an
effect of achieving both of efficiency improvement and
weight reduction of the turbine and of achieving further
efficiency improvement of the turbine by Dbetter
suppressing delamination by flow of a mainstream gas in
the transition duct.

Brief Description of Drawings

[0016]

Fig. 1 is a schematic configuration view
illustrating a transition duct, a turbine, and a gas
turbine engine according to an embodiment of the present

invention.
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Fig. 2 is a sectional view 1illustrating the
transition duct according to the embodiment.

Fig. 3 1is an explanatory diagram showing a profile
of an inner circumferential side flow path surface and an
outer circumferential side £flow path surface of the
transition duct according to the embodiment.

Fig. 4 1is an explanatory diagram showing a change in
an inclination angle of the inner circumferential side
flow path surface of the transition duct with respect to
an axial direction and a change in an inclination angle of
the outer circumferential side £flow path surface with
respect to the axial direction of the transition duct
according to the embodiment.

Fig. 5 1is an analysis result showing a size of a
region of delamination by flow of a mainstream gas
generated in a gas flow path when positions of an inner
circumferential side maximum inclination portion and an
outer circumferential side maximum inclination portion are
changed within a range of X = 0.4 to X = 0.7.

Fig. 6 is an analysis result showing a change in the
size of the region of delamination when the position of
the outer circumferential side maximum inclination portion
is fixed at X = 0.6 and the position of the inner
circumferential side maximum inclination portion @ 1is

changed from X = 0.4 to X = 0.85.
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Fig. 7 1is an analysis result showing Mach number
distribution of flow of a mainstream gas in a transition
duct, which is a comparative example.

Fig. 8 1is an analysis result showing Mach number
distribution of flow of the mainstream gas in the

transition duct according to the embodiment.

Description of Embodiments

[0017]

Hereinafter, an embodiment of a transition duct, a
turbine, and a gas turbine engine according to the present
invention will be described in detail based on the
drawings. The invention is not limited by the embodiment.

[0018]

Fig. 1 is a schematic configuration view
illustrating the transition duct, the turbine, and the gas
turbine engine according to the embodiment of the present
invention. A gas turbine engine 10 according to the
embodiment is an aviation gas turbine engine (jet engine).
As illustrated in Fig. 1, the gas turbine engine 10 has a
fan casing 11 and an engine casing 12. The fan casing 11
accommodates a fan 13 inside. The engine casing 12
accommodates a compressor 14, a combustor 15, and a
turbine 16 inside. The compressor 14, the combustor 15,

and the turbine 16 are provided along an extending
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direction of an axis R of a rotary shaft 21.

[0019]

The fan 13 is configured by a plurality of fan
blades 22 being mounted on an outer circumferential
portion of the rotary shaft 21. The rotary shaft 21 is
supported so as to be rotatable about the axis R with
respect to the fan casing 11 and the engine casing 12.
The fan 13 rotates about' the axis R along with the
rotation of the rotary shaft 21, and sends air to the
engine casing 12 along the axis R.

[0020]

The compressor 14 has a low-pressure compressor 23
and a high-pressure compressor 24 which are disposed from
an air flow upstream side to an air flow downstream side.
The compressor 14 compresses air by means of the low-
pressure compressor 23 and the high-pressure compressor 24.
The combustor 15 is positioned on the air flow downstream
side of the compressor 14, and is disposed along a
circumferential direction around the rotary shaft 21. The
combustor 15 sprays a fuel and mixes the sprayed fuel and
the air compressed by the compressor 14 to combust the
mixture.

[0021]

The turbine 16 1is positioned on the air flow

downstream side of the combustor 15, and has a high-
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pressure turbine (first turbine) 25 and a low-pressure
turbine (second turbine) 26. The low-pressure turbine 26
is disposed on the air flow downstream side of the high-
pressure turbine 25. In the embodiment, the low-pressure
turbine 26 has a larger diameter than the high-pressure
turbine 25. A transition duct 30 that forms a gas flow
path 40 (refer to Fig. 2), through which a mainstream gas
(combustion gas) flowing from the high-pressure turbine 25
to the low-pressure turbine 26 passes, is disposed between
the high-pressure turbine 25 and the low-pressure turbine
26. The rotary shaft 21 of the fan 13 and the low-
pressure compressor 23 are connected to each other, and
the low-pressure compressor 23 and the low-pressure
turbine 26 are connected to each other by means of a first
rotor shaft 27 that is coaxially disposed with the rotary
shaft 21. In addition, on an outer circumferential side
of the first rotor shaft 27, the high-pressure compressor
24 and the high-pressure turbine 25 are connected to each
other by means of a sgecond rotor shaft 28 that forms a
cylindrical shape coaxially disposed with the rotary shaft
21. That is, the high-pressure turbine 25 and the low-
pressure turbine 26 rotate about the axis R of the rotary
shaft 21.
[0022]

Therefore, air, which is sent by the fan 13 and is
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taken in the compressor 14, is compressed by passing a
plurality of stator vanes and rotor blades of the low-
pressure compressor 23 and the high-pressure compressor 24,
thereby becoming a high-temperature and high-pressure
compressed air. A fuel is supplied to the combustor 15
with respect to the compressed air, and a high-temperature
and high-pressure combustion gas, which is a working fluid,
is generated. The combustion gas generated in the
combustor 15 passes a plurality of stator vanes and rotor
blades of the high-pressure turbine 25 configuring the
turbine 16 is sent to the low-pressure turbine 26 via the
gas flow path 40 of the transition duct 30, and passes a
plurality of stator vanes and rotor blades of the low-
pressure turbine 26 to cause torque. Accordingly, the
torque of the low-pressure turbine 26 is transmitted to
the low-pressure compressor 23 by the first rotor shaft 27,
thereby driving the low-pressure compressor. In addition,
the torque of the high-pressure turbine 25 is transmitted
to the high-pressure compressor 24 by the second rotor
shaft 28, thereby driving the high-pressure compressor.
In addition, the torque of the low-pressure compressor 23
is transmitted to the fan 13 by the rotary shaft 21,
thereby driving the fan. As a result, it is possible to
obtain thrust by an exhaust gas emitted from the turbine

16.
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[0023]

Next, the transition duct according to the
embodiment of the present invention will be described.
Fig. 2 1is a sectional view illustrating the transition
duct according to the embodiment.

[0024]

The transition duct 30 includes an inner cylindrical
member 31 and an outer cylindrical member 32. The inner
cylindrical member 31 is a cylindrical member. The inner
cylindrical member 31 is coaxially disposed with the axis
R of the rotary shaft 21 of the high-pressure turbine 25
and the low-pressure turbine 26. The inner cylindrical
member 31 is provided immediately behind a rotor blade 251,
which is a final stage of the high-pressure turbine 25.
In addition, the inner cylindrical member 31 is provided
immediately ahead of a stator vane 261, which is a first
stage of the low-pressure turbine 26, and is connected to
a shroud 26a that supports the stator vane 261. The outer
cylindrical member 32 is a c¢ylindrical member that is
coaxially disposed on an outer side of the inner
cylindrical member 31 with the inner cylindrical member 31
(coaxially with the axis R of the rotary shaft 21). The
outer cylindrical wmember 32 1is connected to the inner
cylindrical member 31 via a connecting member (not

illustrated). The outer cylindrical member 32 is provided
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immediately behind the rotor blade 251 of the high-
pressure turbine 25. In addition, the outer cylindrical
member 32 is provided immediately ahead of the stator vane
261, which is the first stage of the low-pressure turbine
26, and is connected to the shroud 26a that supports the
stator vane 261.

[0025]

The gas flow path 40 of the transition duct 30 has
an inner circumferential side flow path surface 41 on a
center (the axis R) side of the rotary shaft 21, which is
the rotary shaft of the high-pressure turbine 25 and the
low-pressure turbine 26, and an outer circumferential side
flow path surface 42 which is provided on an outer
circumferential side of the inner circumferential side
flow path surface 41 so as to oppose the inner
circumferential side flow path surface 41. The inner
circumferential side flow path surface 41 is formed by an
outer circumferential surface of the inner cylindrical
member 31. In addition, the outer circumferential side
flow path surface 42 is formed by an inner circumferential
surface of the outer cylindrical member 32. That is, the
gas flow path 40 is formed by the inner cylindrical member
31 and the outer cylindrical member 32 which are coaxially
disposed with the axis R of the rotary shaft 21.

Hereinafter, an axial direction of the rotary shaft 21
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will be referred to as the “axial direction”, and a radial
direction of the rotary shaft 21 will be referred to as
the “radial direction”.

[0026]

Fig. 3 1is an explanatory diagram showing a profile
of the inner circumferential side flow path surface and
the outer circumferential side flow path surface of the
transition duct according to the embodiment. The
horizontal axis of Fig. 3 represents an axial-direction
distance from a duct inlet 30a of the transition duct 30,
and the vertical axis represents a radial direction
distance from a center 301 (the axis R of the rotary shaft
21. Refer to Fig. 2) of the transition duct 30. The
horizontal axis and the vertical axis of Fig. 3 are made
dimensionless by being divided by a duct length L of the
transition duct 30. In the following description, an
axial-direction position which has advanced by o% of the
duct length L from the duct inlet 30a will be described as
X = o/100. That 1s, 1in the following description, the
duct inlet 30a of the transition duct 30 is at a position
of X = 0.0, and a duct outlet 30b of the transition duct
30 is at a position of X = 1.0. In addition, Fig. 3 shows
a profile of a transition duct 50 as a comparative example.

[0027]

Fig. 4 is an explanatory diagram showing a change in
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an inclination angle of the inner circumferential side
flow path surface of the transition duct with respect to
the axial direction and a change in an inclination angle
of the outer circumferential side flow path surface with
respect to the axial direction of the transition duct
according to the embodiment. The horizontal axis of Fig.
4 represents the axial-direction distance from the duct
inlet 30a of the transition duct 30, and the vertical axis
represents a value of an inclination angle ¢1 of the inner
circumferential side flow path surface 41 and a value of
the inclination angle ¢2 of the outer circumferential side
flow path surface 42. The horizontal axis of Fig. 4 1is
also dimensionless by being divided by the duct length L
of the transition duct 30. Fig. 4 shows a value of an
inclination angle 01 of an inner circumferential side flow
path surface 51 of the transition duct 50, which is the
comparative example, with respect to the axial direction
and a value of an inclination angle 602 of an outer
circumferential side flow path surface 52 of the
transition duct with respect to the axial direction.

[0028]

Herein, the duct inlet 30a is an opening end of the
transition duct 30 on a high-pressure turbine 25 side. In
addition, the duct outlet 30b is an opening end of the

transition duct 30 on a low-pressure turbine 26 side. In
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the embodiment, the duct outlet 30b is at a position where
the stator vane 261 of the low-pressure turbine 26 and a
line (one-dot chain 1line in Fig. 3) connected to a
position corresponding to a mean diameter 40h of the gas
flow path 40 intersect each other. The mean diameter 40h
of the gas flow path 40 is a radial direction distance
from the center 301 of the transition duct 30 (refer to
Fig. 2) to a center of the gas flow path 40 (middle
position between the inner circumferential side flow path
surface 41 and the outer circumferential side flow path
surface 42). In addition, the duct 1length L of the
transition duct 30 is an axial-direction distance from the
duct inlet 30a to the duct outlet 30b.

[0029]

As shown in Fig. 3, the inner circumferential side
flow path surface 41 of the gas flow path 40 has the
changing inclination angle ¢1 with respect to the axial
direction, and extends on an outer side in the radial
direction from the high-pressure turbine 25 toward the
low-pressure turbine 26. Similarly, also the outer
circumferential side flow path surface 42 of the gas flow
path 40 has the changing inclination angle ¢2 with respect
to the axial direction, and extends on the outer side in
the radial direction from the high-pressure turbine 25

toward the low-pressure turbine 26. That is, the diameter
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of the gas flow path 40 (the transition duct 30) increases
(the mean diameter 40h increases) from the high-pressure
turbine 25 side toward the low-pressure turbine 26 side.
A ratio between a difference H between the mean diameter
40h of the gas flow path 40 at the duct outlet 30b and the
mean diameter 40h of the gas flow path 40 at the duct
inlet 30a (diameter increase amount of the gas flow path
40) and the duct length L of the transition duct 30 is 1.5
or more and 1.6 or less. The same also applies to the
transition duct 50, which is the comparative example.

[0030]

In the transition duct 30 according to the
embodiment, an outer circumferential side maximum
inclination portion 421 where the inclination angle ¢2 of
the outer circumferential side flow path surface 42 is
maximum is provided within a range Al from a position
which has advanced to the low-pressure turbine 26 side by
a length of 50% of the duct length L from the duct inlet
30a to a position which has advanced by a length of 70% of
the duct length or less in the axial direction. The range
Al is a range of X = 0.5 to X = 0.7 on the horizontal axes
of Figs. 3 and 4. It is more preferable to provide the
outer circumferential side maximum inclination portion 421
at a position of X = 0.6. In addition, in the transition

duct 30 according to the embodiment, a maximum inclination
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angle ¢2max, which is the inclination angle ¢2 of the
outer circumferential side maximum inclination portion 421,
is 35° or more énd 45° or less.

[0031]

In addition, in the transition duct 30 according to
the embodiment, an inner circumferential side maximum
inclination portion 411 where the inclination angle ¢1 of
the inner circumferential side flow path surface 41 is
maximum is provided within a range A2 from a position
aligned with the outer circumferential side maximum
inclination portion 421 to a position, which has advanced
to the low-pressure turbine 26 side by a length of 20% of
the duct length L or less, in the axial direction. In the
embodiment, in a case where the outer circumferential side
maximum inclination portion 421 is positioned at X = 0.5,
the range A2 is a range of X = 0.5 to X = 0.7. In a case
where the outer circumferential side maximum inclination
portion 421 is positioned at X = 0.7, the range A2 is a
range of X = 0.7 to X = 0.9, It is more preferable to
provide the inner circumferential side maximum inclination
portion 411 at a position, which has advanced to the low-
pressure turbine 26 side by a length of 10% of the duct
length L, from the position aligned with the outer
circumferential side maximum inclination portion 421 in

the axial direction. In addition, in the transition duct
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30 according to the embodiment, a maximum inclination
angle ¢lmax, which is the inclination angle ¢1 of the
inner circumferential side maximum inclination portion 411,
is set to an angle smaller than the maximum inclination
angle ¢2max, which is the inclination angle ¢2 of the
outer circumferential side maximum inclination portion 421
(for example, 30° or more and 40° or less).

[0032]

In addition, as shown in Figs. 3 and 4, 1in the
transition duct 30 according to the embodiment, the
inclination angle ¢1 of the inner circumferential side
flow path surface 41 at the duct inlet 30a and the
inclination angle ¢2 of the outer circumferential side
flow path surface 42 at the duct inlet 30a are 0°. That is,
the inner circumferential side flow path surface 41 and
the outer circumferential side flow path surface 42 extend
in parallel with the axial direction near the duct inlet
30a.

[0033]

On the other hand, as shown in Fig. 4, a maximum
inclination angle 6lmax of the inner circumferential side
flow path surface 51 of the transition duct 50, which is
the comparative example, is provided at a position of X =
0.75. The maximum inclination angle 6lmax is smaller than

the maximum inclination angle ¢lmax of the inner
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circumferential side flow ©path surface 41 of the
transition duct 30. In addition, a maximum inclination
angle 02max of the outer circumferential side flow path
surface 52 of the transition duct 50, which i1is the
comparative example, 1s provided at a position of X = 0.25.
The maximum inclination angle 62max is smaller than the
maximum inclination angle $2max of the outer
circumferential side flow path surface 42 of the
transition duct 30.

[0034]

Next, suppression of delamination by flow of a
mainstream gas in the gas flow path 40 of the transition
duct 30 according to the embodiment will be described
based on the drawings. Fig. 5 1is an analysis result
showing the size of a region of delamination by flow of a
mainstream gas generated in the gas flow path when the
axial-direction positions of the inner circumferential
side maximum inclination portion and the outer
circumferential side maximum inclination portion are
changed within a range of X = 0.4 to X = 0.7. In the
analysis result of Fig. 5, the inner circumferential side
maximum inclination portion 411 and the outer
circumferential side maximum inclination portion 421 are
at the same axial-direction position. The horizontal axis

of Fig. 5 represents the axial-direction positions of the
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inner circumferential side maximum inclination portion 411
and the outer circumferential side maximum inclination
portion 421. The horizontal axis of Fig. 5 is made
dimensionless by being divided by the duct length L of the
transition duct 30. The vertical axis of Fig. 5
represents the size of a region of delamination. The
“size of a region of delamination” is a radial direction
distance from a position where a total pressure of flow of
a mainstream gas on an outer circumferential side flow
path surface 42 side of the mean diameter 40h is maximum
to the outer circumferential side flow path surface 42 in
the gas flow path 40. However, a value on the vertical
axis of Fig. 5 is made dimensionless by setting the size
of a region of delamination to 1.0 in a case where the
axial-direction position of the outer circumferential side
maximum inclination portion 421 and the axial-direction
position of the inner circumferential side maximum
inclination portion 411 are set to X = 0.4.

[0035]

As shown in Fig. 5, as the axial-direction positions
of the inner circumferential side maximum inclination
portion 411 and the outer circumferential side maximum
inclination portion 421 change from X = 0.4 to the low-
pressure turbine 26 side (the right in Fig. 5), the size

of a region of delamination gradually decreases. The size
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of a region of delamination is minimum near an area where
the axial-direction positions of the inner circumferential
side maximum inclination portion 411 and the outer
circumferential side maximum inclination portion 421 are X
= 0.6. After then, as the axial-direction positions of
the inner circumferential side maximum inclination portion
411 and the outer circumferential side maximum inclination
portion 421 near the low-pressure turbine 26 side, the
size of a region of delamination gradually increases.
Accordingly, it 1is clear that the size of a region of
delamination can be made relatively small within the range
Al where the axial-direction positions of the inner
circumferential side maximum inclination portion 411 and
the outer circumferential side maximum inclination portion
421 are X = 0.5 to X = 0.7. That 1s, a change in the
inclination angle ¢2 of the outer circumferential side
flow path surface 42 until reaching the outer
circumferential side maximum inclination portion 421 can
be made relatively gradual by providing the outer
circumferential side maximum inclination portion 421 on a
second half side (the range Al of X = 0.5 to X = 0.7) of
the transition duct 30. As a result, it is possible to
suppress delamination by flow of a mainstream gas from the
outer circumferential side flow path surface 42.

[0036]
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Next, Fig. 6 is an analysis result showing a change
in the size of a region of delamination when the axial-
direction position of the outer circumferential side
maximum inclination portion is set to X = 0.6 and the
axial-direction position of the inner circumferential side
maximum inclination portion is changed from X = 0.4 to X =
0.85. The horizontal axis of Fig. 6 represents the axial-
direction position of the inner circumferential side
maximum inclination portion 411. The horizontal axis of
Fig. 6 is made dimensionless by being divided by the duct
length L of the transition duct 30. The vertical axis of
Fig. 6 represents the size of a region of delamination.
However, a value on the vertical axis of Fig. 6 is made
dimensionless by setting the size of a region of
delamination to 1.0 in a case where the position of the
inner circumferential side maximum inclination portion 411
is set to X = 0.4.

[0037]

As shown in Fig. 6, as the axial-direction position
of the inner circumferential side maximum inclination
portion 411 changes from X = 0.4 to the low-pressure
turbine 26 side, the size of a region of delamination
gradually decreases. The size of a region of delamination
is minimum near an area where the axial-direction position

of the inner circumferential side maximum inclination
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portion 411 is X = 0.7. That is, the size of a region of
delamination is minimum near a position, which Thas
advanced to the low-pressure turbine 26 side by a length
of 10% of the duct length L (herein, X = 0.7) from the
position where the inner circumferential side maximum
inclination portion 411 is aligned with the outer
circumferential side maximum inclination portion 421 in
the axial direction (herein, X = 0.6). After then, the
size of a region of delamination gradually increases as
the axial-direction position of the inner circumferential
side maximum inclination portion 411 mnears the low-
pressure turbine 26 side. Accordingly, it 1is clear that
the size of a region of delamination can be made
relatively small if the inner circumferential side maximum
inclination portion 411 is disposed within the range A2
(herein, a range of X = 0.6 to X = 0.8) from a position
aligned with the outer circumferential side maximum
inclination portion 421 to the position which has advanced
to the low-pressure turbine 26 side by a length of 20% of
the duct length L or less in the axial direction. That is,
by disposing the inner circumferential side maximum
inclination portion 411 within the range A2, the inner
circumferential side maximum inclination portion 411 can
form flow of a mainstream gas from an inner

circumferential side toward the outer circumferential side
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near the outer circumferential side maximum inclination
portion 421 as shown with solid arrows in Fig. 3. As a
result, it is possible to suppress delamination toward the
inner circumferential side by the mainstream gas in the
vicinity of the outer circumferential side maximum
inclination portion 421.

[0038]

Fig. 7 1s an analysis result showing Mach number
distribution of flow of a mainstream gas in the transition
duct, which is the comparative example, and Fig. 8 1is an
analysis result showing Mach number distribution of flow
of a mainstream gas in the transition duct according to
the embodiment. In Figs. 7 and 8, a portion with a deeper
color has a lower Mach number. As illustrated in Fig. 7,
it is clear that the value of the Mach number of a
mainstream gas near the outer circumferential side flow
path surface 52 becomes low as flow of a mainstream gas is
directed from the high-pressure turbine 25 side toward the
low-pressure turbine 26 side, in the transition duct 50 of
the comparative example. That is because a region of
delamination where a mainstream gas delaminates the outer
circumferential side flow path surface 52 becomes large
from near the outer circumferential side  maximum
inclination portion toward the low-pressure turbine 26

side. On the other hand, it is clear that the transition
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duct 30 according to the embodiment can better suppress a
decline in the Mach number near the outer circumferential
side flow path surface 42 compared to the transition duct
50 of the comparative example, as illustrated in Fig. 8.
As described above, the transition duct 30 according to
the embodiment can better suppress delamination of the
outer circumferential side flow path surface 42 by flow of
a mainstream gas compared to the transition duct 50 of the
comparative example.

[0039]

As described hereinbefore, in the transition duct 30
according to the embodiment, the inner circumferential
side maximum inclination portion 411 is disposed within
the range A2 from the position aligned with the outer
circumferential side maximum inclination portion 421 to
the position, which has advanced to the low-pressure
turbine 26 side by a length of 20% or less of the duct
length L, in the axial direction. Accordingly, since the
inner circumferential side maximum inclination portion 411
can form flow of a mainstream gas from the inner
circumferential side toward the outer circumferential side
near the outer circumferential side maximum inclination
portion 421, it 1s possible to suppress delamination
toward the inner circumferential side by a mainstream gas

in the vicinity of the outer circumferential side maximum
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inclination portion 421. As a result, it is possible to
further reduce a pressure loss caused in the gas flow path
40 while making the inclination angles ¢1 and ¢2 of the
inner surfaces (the inner circumferential side flow path
surface 41 and the outer circumferential side flow path
surface 42) of the gas flow path 40 relatively large as a
whole and realizing a sufficient increase in the diameter
of the gas flow path 40 and shortening of the duct length
L. Therefore, the transition duct 30, the turbine 16, and
the gas turbine engine 10 according to the embodiment can
achieve both of efficiency improvement and weight
reduction of the turbine 16 and can achieve further
efficiency improvement of the turbine 16 by better
suppressing delamination by flow of a mainstream gas in
the transition duct 30.

[0040]

In addition, the outer circumferential side maximum
inclination portion 421 is provided within the range Al
from the position which has advanced to the low-pressure
turbine 26 side by a length of 50% of the duct length L
from the duct inlet 30a to the position which has advanced
by a length of 70% of the duct length or less in the axial
direction. Accordingly, since a change in the inclination
angle ¢2 of the outer circumferential side flow path

surface 42 until reaching the outer circumferential side
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maximum inclination portion 421 can be made relatively
gradual by providing the outer circumferential side
maximum inclination portion 421 on the second half side of
the transition duct 30, it is possible to even better
suppress delamination by flow of a mainstream gas from the
outer circumferential side flow path surface 42. The
outer circumferential side maximum inclination portion 421
may be provided outside the range A2.

[0041]

In addition, a ratio Dbetween the difference H
between the mean diameter 40h of the gas flow path 40 at
the duct outlet 30b and the mean diameter 40h of the gas
flow path 40 at the duct inlet 30a and the duct length L
is 1.5 or more and 1.6 or less. Accordingly, shortening
of the duct length L can be achieved while securing a
diameter increase amount (the difference H) of the gas
flow path 40. In addition, even 1in a case where a
sufficient increase in the diameter of the gas flow path
40 and shortening of the duct length L are achieved in
such a manner, the transition duct 30 according to the
embodiment can better suppress delamination by flow of a
mainstream gas. A ratio between the difference H and the
duct length L is not limited to 1.5 or more and 1.6 oOr
less.

[0042]
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In addition, the inclination angle ¢2 of the outer
circumferential side maximum inclination portion 421 (the
maximum inclination angle ¢2max) is 35° or more and 45° or
less. Accordingly, since the inclination angle ¢2 of the
outer circumferential side flow path surface 42 can be
made relatively small as a whole, it 1is possible to even
better suppress delamination by flow of a mainstream gas
from the outer circumferential side flow path surface 42.
The maximum inclination angle ¢2max is not limited to 35°
or more and 45° or less.

[0043]

In addition, the inclination angle ¢2 of the outer
circumferential side maximum inclination portion 421 (the
maximum inclination angle ¢2max) may be 35° or more and
less than 40°. Accordingly, since the inclination angle ¢2
of the outer circumferential side flow path surface 42 can
be made relatively small as a whole, it 1is possible to
even better suppress delamination by flow of a mainstream
gas from the outer circumferential side flow path surface
42.

[0044]

In addition, the inclination angle ¢1 of the inner
circumferential side flow path surface 41 at the duct
inlet 30a and the inclination angle ¢2 of the outer

circumferential side flow path surface 42 at the duct
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inlet 30a are 0°. Accordingly, delamination by flow of a
mainstream gas close to the duct inlet 30a can be better
suppressed. The inclination angle ¢1 and the inclination
angle ¢2 at the duct inlet 30a may be larger than 0°.

[0045]

Although the transition duct and the turbine of the
present invention are applied to the gas turbine engine 10
in the embodiment, the present invention may be applied to
a steam turbine engine.

Reference Signs List

[0046]

10: gas turbine engine

11: fan casing

12: engine casing

13: fan

14: compressor

15: combustor

16: turbine

21: rotary shaft

22; fan blade

23: low-pressure compressor

24: high-pressure compressor

25: high-pressure turbine

251: rotor blade

26: low-pressure turbine
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26a: shroud

261: stator vane

27: first rotor shaft

28: second rotor shaft

30, 50: transition duct

30a: duct inlet

30b: duct outlet

301: center

31: inner cylindrical member

32: outer cylindrical member

40: gas flow path

40h: mean diameter

41, 51: inner circumferential side flow path surface

411: inner circumferential side maximum inclination
portion

42, 52: outer circumferential side flow path surface

421: outer circumferential side maximum inclination
portion

L: duct length

R: axis

61, 062, ¢1, ¢2: inclination angle

dlmax, o¢2max, Olmax, 02max: maximum inclination angle
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Claims

{Claim 1]

A transition duct that forms an annular gas flow
path through which a mainstream gas flowing from a first
turbine to a second turbine passes,

wherein the gas flow path has an inner
circumferential side flow path surface on a center side of
a rotary shaft of the first turbine and the second turbine
and an outer circumferential side flow path surface which
is provided on an outer circumferential side of the inner
circumferential side flow path surface so as to oppose the
inner circumferential side flow path surface,

the inner circumferential side flow path surface and
the outer circumferential side flow path surface each have
a changing inclination angle with respect to an axial
direction of the rotary shaft and extend on an outer side
of the rotary shaft in a radial direction from the first
turbine toward the second turbine, and

an inner circumferential side maximum inclination
portion where the inclination angle of the inner
circumferential side flow path surface is maximum is
provided within a range from a position aligned with an
outer circumferential side maximum inclination portion

where the inclination angle of the outer circumferential
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side flow path surface is maximum to a position, which has
advanced to a second turbine side by a length of 20% of a
duct length or less, in the axial direction.
[Claim 2]

The transition duct according to Claim 1,

wherein the outer circumferential side maximum
inclination portion is provided within a range from a
position, which has advanced from a duct inlet to the
second turbine side by a length of 50% of the duct length,
to a position, which has advanced by a length of 70% of
the duct length or less, in the axial direction.
[Claim 3]

The transition duct according to Claim 1 or 2,

wherein a ratio between a difference between a mean
diameter of the gas flow path at a duct outlet and a mean
diameter of the gas flow path at a duct inlet and the duct
length is 1.5 or more and 1.6 or less.
[Claim 4]

The transition duct according to any one of Claims 1
to 3,

wherein the inclination angle of the outer
circumferential side maximum inclination portion is 35° or
more and 45° or less.
[Claim 5]

The transition duct according to any one of Claims 1
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to 3,

wherein the inclination angle of the outer
circumferential side maximum inclination portion is 35° or
more and less than 40°.
[Claim 6]

The transition duct according to any one of Claims 1
to 5,

wherein the inclination  angle of the inner
circumferential side flow path surface at a duct inlet and
the inclination angle of the outer circumferential side
flow path surface at the duct inlet are 0°.
[Claim 7]

A turbine comprising:

a first turbine;

a second turbine that is a lower pressure turbine
than the first turbine; and

the transition duct according to any one of Claims 1
to 6 that forms the gas flow path through which the
mainstream gas flowing from the first turbine to the
second turbine passes.
[Claim 8]

A gas turbine engine comprising:

a compressor that compresses air;

a combustor that sprays a fuel and mixes the sprayed

fuel and the air compressed by the compressor to combust
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the mixture; and
the turbine according to Claim 7 that is driven by

the mainstream gas generated by combusting the fuel.
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