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Description

Field

[0001] The present invention relates to a gas turbine
that, for example, burns a high temperature and pressure
compressed air with supplying fuel to the air so as to
obtain rotary power by supplying the generated combus-
tion gas to the turbine.

Background

[0002] A gas turbine includes a compressor, a com-
bustor and a turbine. The compressor compresses the
air from an air inlet so that the air becomes a high tem-
perature and pressure compressed air. The combustor
burns the compressed air with supplying fuel. The high
temperature and pressure combustion gas drives the tur-
bine and also drives an electricity generator connected
to the turbine. In such a case, the turbine includes a plu-
rality of turbine vanes and turbine blades that are alter-
nately provided in a cylinder. Driving the turbine blades
with the combustion gas rotates and drives an output
shaft to which the electricity generator is connected. The
energy of the combustion gas (flue gas) after driving the
turbine is gradually converted into pressure with a flue
gas diffuser without loss and is released into the air.
[0003] The flue gas diffuser is provided at the turbine
in the gas turbine having such a configuration so as to
extend the flow passage area from the exit of the turbine,
namely, the entrance of the diffuser in the direction in
which the flue gas fluidizes. The flue gas diffuser decel-
erates the flue gas after the power is recovered in the
turbine and can restore the pressure.
[0004] A gas turbine having such a flue gas diffuser is,
for example, described in JP 2009-203871 A.
[0005] US 6036438 A, on which the preamble portion
of claim 1 is based, discloses a turbine nozzle and moving
blades forming a stage of an axial-flow turbine. The mov-
ing blades, similarly to the nozzle blades, are disposed
in a circumferential arrangement. The turbine nozzle in-
cludes an annular diaphragm outer ring, an annular dia-
phragm inner ring and a plurality of nozzle blades. Nozzle
blades are shaped and arranged so that the respective
throat widths at a root portion and a tip portion of the
cascade are greater than a throat width at the middle
portion of the cascade to reduce the secondary flow loss
due to a secondary flow vortex generated at the tip portion
and the root portion in the vicinity of the side wall surface
of the diaphragm inner and outer rings by increasing flow
rates in the tip portion and the root portion of the fluid
passage between the nozzle blades.

Summary

Technical Problem

[0006] By the way, the amount of restoration of the

pressure increased by a deceleration of the flue gas in
the flue gas diffuser improves the efficiency of the turbine
so that the performance of the gas turbine can be im-
proved. Making the flow passage area at the exit larger
than the flow passage area at the entrance facilitates an
increase in the amount of restoration of the pressure in
the flue gas diffuser. However, when the flow passage
area at the exit is drastically larger than the flow passage
area at the entrance in the flue gas diffuser, the flow of
the flue gas is separated near the wall surface on outer
circumference side or near the wall surface on the center
side. This reduces the amount of restoration of the pres-
sure. On the other hand, preventing the flow passage
area at the exit from being drastically larger than the flow
passage area at the entrance in the flue gas diffuser elon-
gates the length in the longitudinal direction of the flue
gas diffuser (the direction in which the flue gas fluidizes).
This causes an increase in the size of the flue gas diffuser.
[0007] To solve the problem, an objective of the
present invention is to provide a gas turbine capable of
improving the performance with improving the efficiency
of the turbine by efficiently restoring the pressure of the
flue gas.

Solution to Problem

[0008] According to the present invention in order to
solve the problems, there is provided a gas turbine with
the features of claim 1 for burning air compressed in a
compressor with supplying fuel in a combustor so as to
obtain rotary power by supplying generated combustion
gas to a turbine, wherein the turbine vane elements and
turbine blade elements that are alternately positioned in
a direction in which the combustion gas fluidizes, the tur-
bine vane elements and turbine blade elements being
arranged in a turbine cylinder having a cylindrical shape,
and a flue gas diffuser having a cylindrical shape and
connected to a rear portion of the turbine cylinder, the
turbine vane element includes a plurality of turbine vanes
positioned at equal intervals in a circumference direction
and the turbine blade element includes a plurality of tur-
bine blades fixed at equal intervals in a circumference
direction, and the turbine blades of a last stage of the
turbine blade elements upstream of the flue gas diffuser
have a throat width on a longitudinal end side made larger
than a throat width on a longitudinally intermediate por-
tion side.
[0009] Thus, setting the throat width on an end side of
the turbine blades larger than the throat width on the in-
termediate portion side makes the outflow angle on the
end side smaller than the outflow angle at the interme-
diate portion. This appropriately controls the flow of the
flue gas flowing in the flue gas diffuser so that the pres-
sure of the flue gas can efficiently be restored. This im-
proves the efficiency of the turbine so that the perform-
ance can be improved.
[0010] According to a preferred aspect of the present
invention, there is provided the gas turbine, wherein the
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turbine blades of the last stage of the turbine blade ele-
ments have throat widths on both longitudinal end sides
made larger than a throat width on a longitudinally inter-
mediate portion side.
[0011] This can appropriately control the flow of the
flue gas flowing from both longitudinal end sides of the
turbine blades to the flue gas diffuser so that the amount
of restoration of the pressure can appropriately be in-
creased therein.
[0012] According to the present invention, the turbine
blades have a throat width on a base end side fixed on
a turbine shaft and a throat width on a tip side made larger
than a throat width on an intermediate portion side be-
tween the base end side and the tip side, and the throat
width on a tip side is made larger than the throat width
on a base end side.
[0013] Thus, setting the throat width on the end side
of the turbine blades larger than the throat width on the
intermediate portion side makes the outflow angle on the
end side smaller than the outflow angle on the interme-
diate portion side. This decreases the amount of the pow-
er obtained from the combustion gas on the end side and
increases the amount of the power obtained from the
combustion gas on the intermediate portion side. As a
result, the total pressure of the combustion gas becomes
higher at the exit on the end side of the turbine blades
than at the exit on the intermediate portion. Thus, the flue
gas is not likely to be separated near the wall surface of
the flue gas diffuser. This increases the amount of res-
toration of the pressure therein. Efficiently restoring the
pressure of the flue gas improves the efficiency of the
turbine so that the performance can be improved.
[0014] According to the present invention, there is pro-
vided the gas turbine, wherein the turbine blades on the
last stage turbine blade element have the throat width on
the longitudinal end made larger than the throat width on
the longitudinally intermediate portion side.
[0015] Thus, setting the total pressure of the flue gas
flowing from the last stage turbine blade element to the
flue gas diffuser at an appropriate value in a radial direc-
tion can increase the amount of restoration of the pres-
sure in the flue gas diffuser.

Advantageous Effects of Invention

[0016] The gas turbine of the present invention has a
throat width on an end side in the longitudinal direction
of the turbine blades made larger than the throat width
on the longitudinally intermediate portion side. This
makes the outflow angle on the end side smaller than
the outflow angle at the intermediate portion. This can
appropriately control the flow of the flue gas flowing in
the flue gas diffuser. Thus, efficiently restoring the pres-
sure of the flue gas improves the efficiency of the turbine
so that the performance can be improved.

Brief Description of Drawings

[0017]

FIG. 1 is a schematic diagram of last stage turbine
blades of a turbine in a gas turbine according to an
embodiment of the present invention.
FIG. 2 is a schematic diagram for illustrating a throat
width between the tips of the last stage turbine blades
of the turbine according to the embodiment.
FIG. 3 is a schematic diagram for illustrating a throat
width between the intermediate portions of the last
stage turbine blades of the turbine according to the
embodiment.
FIG. 4 is a schematic diagram for illustrating a throat
width between the base ends of the last stage turbine
blades of the turbine according to the embodiment.
FIG. 5 is a graph indicating the relative outflow angle
of the turbine blades in the height direction of the last
stage turbine blades.
FIG. 6 is a graph indicating the absolute total pres-
sure at the exits of the last stage turbine blades in
the height direction of the last stage turbine blades.
FIG. 7 is a schematic diagram of the gas turbine ac-
cording to the embodiment.
FIG. 8 is a schematic diagram for illustrating the
structure from last stage turbine vanes to a flue gas
diffuser in the gas turbine according to the embodi-
ment.
FIG. 9 is a schematic diagram of last stage turbine
vanes of a turbine in a gas turbine according to an-
other example.
FIG. 10 is a schematic diagram for illustrating a throat
width between the tips of the last stage turbine vanes
of the turbine according to the other example.
FIG. 11 is a schematic diagram for illustrating a throat
width between the intermediate portions of the last
stage turbine vanes of the turbine according to the
other example.
FIG. 12 is a schematic diagram for illustrating a throat
width between the base ends of the last stage turbine
vanes of the turbine according to the other example.
FIG. 13 is a graph indicating the relative outflow an-
gle of the turbine vanes in the height direction of the
last stage turbine blades.

Description of Embodiment

[0018] Hereinafter, the preferred embodiment of the
gas turbine according to the present invention will be de-
scribed in detail with reference to the accompanying
drawings.

Embodiment

[0019] FIG. 1 is a schematic diagram of last stage tur-
bine blades of a turbine in the gas turbine according to
an embodiment of the present invention. FIG. 2 is a sche-
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matic diagram for illustrating a throat width between the
tips of the last stage turbine blades of the turbine accord-
ing to the embodiment. FIG. 3 is a schematic diagram
for illustrating a throat width between the intermediate
portions of the last stage turbine blades of the turbine
according to the embodiment. FIG. 4 is a schematic di-
agram for illustrating a throat width between the base
ends of the last stage turbine blades of the turbine ac-
cording to the embodiment. FIG. 5 is a graph indicating
the relative outflow angle of the blades in the height di-
rection of the last stage turbine blades. FIG. 6 is a graph
indicating the absolute total pressure at the exits of the
last stage turbine blades in the height direction of the last
stage turbine blades. FIG. 7 is a schematic diagram of
the gas turbine according to the embodiment. FIG. 8 is
a schematic diagram for illustrating the structure from
last stage turbine vanes to a flue gas diffuser in the gas
turbine according to the embodiment.
[0020] As illustrated in FIG. 7, the gas turbine accord-
ing to the embodiment includes a compressor 11, a com-
bustor 12, and a turbine 13. An electricity generator (not
illustrated in the drawings) is connected to the gas turbine
such that electricity can be generated.
[0021] The compressor 11 includes an air inlet 21, a
plurality of compressor vane elements 23 and compres-
sor blade elements 24 in a compressor cylinder 22 and
a extraction room 25 at the outside of the compressor
cylinder 22. The air inlet 21 takes in the air. The com-
pressor vane elements 23 and compressor blade ele-
ments 24 are alternately provided in a longitudinal direc-
tion (the axial direction of a rotor 32 to be described be-
low). The combustor 12 is capable of burning the air com-
pressed in the compressor 11 by supplying fuel to the
compressed air and igniting it. The turbine 13 includes a
plurality of turbine vane elements 27 and turbine blade
elements 28 that are alternately provided in a turbine
cylinder 26 in the longitudinal direction (the axial direction
of a rotor 32 to be described below). A flue gas room 30
is provided on the lower stream side of the turbine cylin-
der 26 trough a flue gas cylinder 29. The flue gas room
30 includes a flue gas diffuser 31 connected to the turbine
13.
[0022] A rotor (turbine shaft) 32 is positioned so as to
penetrate through the centers of the compressor 11, the
combustor 12, the turbine 13, and the flue gas room 30.
An end of the rotor 32 that is on the compressor 11 side
is rotatably supported with a bearing 33. The other end
of the rotor 32 that is on the flue gas room 30 side is
rotatably supported with a bearing 34. A plurality of disks
that each is equipped with the compressor blade ele-
ments 24 and that are arranged in a row is fixed on the
rotor 32 in the compressor 11. A plurality of disks that
each is equipped with the turbine blade elements 28 and
that are arranged in a row is fixed on the rotor 32 in the
turbine 13. The driving shaft of the electricity generator
(not illustrated in the drawings) is connected to the end
of the rotor 32 on the compressor 11 side.
[0023] In the gas turbine, the compressor cylinder 22

of the compressor 11 is supported with a leg portion 35.
The turbine cylinder 26 of the turbine 13 is supported with
a leg portion 36. The flue gas room 30 is supported with
a leg portion 37.
[0024] Thus, the air taken in from the air inlet 21 of the
compressor 11 is compressed with passing through the
compressor vane elements 23 and the compressor blade
elements 24 so as to become a high temperature and
pressure compressed air. The compressed air is supplied
with predetermined fuel and is burnt in the combustor 12.
The high temperature and pressure combustion gas that
is working fluid generated in the combustor 12 drives and
rotates the rotor 32 by passing through the turbine vane
elements 27 and the turbine blade elements 28 included
in the turbine 13 such that the electricity generator con-
nected to the rotor 32 is driven. On the other hand, the
energy of the flue gas (combustion gas) is released into
the air after being converted into pressure and deceler-
ated with the flue gas diffuser 31 of the flue gas room 30.
[0025] In the turbine 13 as illustrated in FIG. 8, the tur-
bine cylinder 26 having a cylindrical shape includes the
turbine vane elements 27 and the turbine blade elements
28 that are alternately provided therein along the direc-
tion in which the combustion gas fluidizes. The turbine
cylinder 26 is provided with the flue gas cylinder 29 having
a cylindrical shape on the lower stream side in the direc-
tion in which the combustion gas fluidizes. The flue gas
cylinder 29 is provided with the flue gas room 30 having
a cylindrical shape on the lower stream side in the direc-
tion in which the combustion gas fluidizes. The flue gas
room 30 is provided with a flue gas duct (not illustrated
in the drawings) on the lower stream side in the direction
in which the combustion gas fluidizes. In that case, each
of the turbine cylinder 26, the flue gas cylinder 29, the
flue gas room 30, and the flue gas duct has separately
been produced as a top and a bottom and is formed by
integrally connecting the top and the bottom to each oth-
er.
[0026] The turbine cylinder 26 and the flue gas cylinder
29 are connected to each other with a plurality of con-
necting bolts 41. The flue gas cylinder 29 and the flue
gas room 30 are connected to each other with a plurality
of flue gas room supports 42 and 43 capable of absorbing
thermal expansion. The flue gas room supports 42 and
43 have a rectangular shape and extend along the axial
direction of the turbine 13 as being provided at predeter-
mined intervals in the circumferential direction. The de-
formation of the flue gas room supports 42 and 43 can
absorb thermal expansion when the thermal expansion
has occurred between the flue gas cylinder 29 and the
flue gas room 30 because of the difference of the tem-
peratures. The thermal expansion tends to occur during
a period of transition, for example, during the activation
of the turbine 13 or during a high-loaded state. A gas seal
44 is provided between the flue gas cylinder 29 and the
flue gas room 30 as being positioned between each of
the flue gas room supports 42 and 43.
[0027] The flue gas diffuser 31 that includes the flue
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gas room 30 therein and has a cylindrical shape is posi-
tioned in flue gas cylinder 29. The flue gas diffuser 31
includes an external diffuser 45 and an internal diffuser
46 that are formed into a cylindrical shape with being
connected to each other with a plurality of strut shields
47. The strut shields 47 have a hollow structure, for ex-
ample, a cylindrical shape or an elliptically cylindrical
shape and are provided at equal intervals in the circum-
ferential direction of the flue gas diffuser 31. Note that
the flue gas room supports 42 and 43, and the gas seal
44 are connected to the external diffuser 45 of the flue
gas diffuser 31 of which end is formed into the flue gas
room 30.
[0028] A strut 48 is provided in the strut shield 47. An
end of the strut 48 penetrates through the internal diffuser
46 and is connected to a bearing box 49 housing the
bearing 34 such that the rotor 32 is rotatably supported
by the bearing 34. The other end of the strut 48 penetrates
through the external diffuser 45 and is fixed at the flue
gas cylinder 29. Note that the space in the strut shield
47 is communicated with the space in the flue gas diffuser
31 (the internal diffuser 46) and the space between the
flue gas cylinder 29 and the flue gas diffuser 31 (the ex-
ternal diffuser 45) so that cooling air can be supplied into
the spaces from the outside.
[0029] The turbine vane elements 27 and the turbine
blade elements 28 are alternately provided in the turbine
cylinder 26 and have almost the same blade ring struc-
tures and vane ring structure at the stages. In that case,
each of the turbine vane elements 27 includes a plurality
of turbine vanes 27a positioned in equal intervals in the
circumferential direction. An internal shroud 27b is fixed
at the base end on the rotor 32 side and an external
shroud 27c is fixed at the tip on the turbine cylinder 26
side. Similarly, each of the turbine blade elements 28
includes turbine blades 28a positioned in equal intervals
in the circumferential direction. The base end of each
turbine blade 28a is fixed at a rotor disk 28b fixed at the
rotor 32 and the tip extends toward the turbine cylinder
26 side. Last stage turbine blades 28a are positioned on
the lower stream side of last stage turbine vanes 27a.
[0030] In that case, a last stage vane ring structure in
the turbine cylinder 26 includes a turbine cylinder body
51 having a cylindrical shape, a vane ring 52 provided in
the turbine cylinder body 51 and having a cylindrical
shape, a split ring 53 positioned laterally to the last stage
turbine blades 28a and having a cylindrical shape, and
heat barrier rings 54, 55, and 56 connecting the split ring
53, the vane ring 52, and the external shroud 27c of the
last stage turbine vane 27a.
[0031] The blade ring structure and the vane ring struc-
ture are formed at each stage in the turbine 13 as de-
scribed above. Thus, the internal shroud 27c, the split
ring 53, and the like included in the turbine cylinder 26
are formed into a combustion gas passage A. The front
portion of the flue gas diffuser 31 enters the rear insides
of the turbine cylinder 26 and the flue gas cylinder 29 as
leaving a predetermined clearance in the radial direction

and is connected to a seal device 57 so as to be formed
into a flue gas passage B. The combustion gas passage
A and the flue gas passage B are coupled to each other.
[0032] In the turbine 13 of the embodiment having such
a structure, the turbine blades (last stage turbine blades)
28a have a large throat width at a longitudinal end than
a throat width at the longitudinally intermediate portion
as illustrated in FIG. 1. In the embodiment, the throat
widths of both longitudinal ends of the turbine blades 28
are made larger than the throat width at the longitudinally
intermediate portion. In that case, the throat widths of the
turbine blades 28a are set such that the throat width on
the base end side fixed at the rotor 32 and the throat
width on the tip side are larger than the throat width on
the intermediate portion side between the base end side
and the tip side, and the throat width on the tip side is
made larger than the throat width on the base end side.
[0033] Specifically, FIG. 2 illustrates the cross-section-
al shape on the tip side (the turbine cylinder 26 and the
split ring 53 side) of the turbine blades 28a. Setting a
throat with w1 between the adjacent turbine blades 28a
sets an outflow angle (gauging angle) θ1. FIG. 3 illus-
trates the cross-sectional shape on the longitudinally in-
termediate portion side of the turbine blades 28a. Setting
a throat with w2 between the adjacent turbine blades 28a
sets an outflow angle (gauging angle) θ2. Further, FIG.
4 illustrates the cross-sectional shape on the base end
side (the rotor 32 and the rotor disk 28b side) of the turbine
blades 28a. Setting a throat width w3 between the adja-
cent turbine blades 28a sets an outflow angle (gauging
angle) θ3.
[0034] The throat widths w1 and w3 on the tip side and
on the base end side of the turbine blades 28a are larger
than the throat with w2 on the intermediate portion side.
The throat with w3 on the base end side is larger than
the throat with w1 on the tip side.
[0035] Note that the throat is a minimum area portion
between the back surface and the front surface of the
turbine blades 28a that are adjacent to each other in a
circumferential direction on the lower stream side in the
direction in which the combustion gas fluidizes. The
throat widths w are widths of the throat portions. Further,
an outflow direction is perpendicular to the width direction
of the throat portion. The outflow angles θ are angles of
the outflow directions to the axial core direction of the
rotor 32.
[0036] Thus, as illustrated in FIG. 5, conventional tur-
bine blades are designed such that the outflow angle
becomes gradually smaller from the tip side to the base
end side of the turbine blades as denoted with an alter-
nate long and short dash line. On the other hand, the
turbine blades 28a of the embodiment are designed such
that the outflow angle becomes gradually larger from the
tip side of the turbine blades 28a to the intermediate por-
tion and then becomes gradually smaller toward the base
end side as denoted with a solid line.
[0037] Thus, the turbine blades 28a have small outflow
angles on the tip side and on the base end side, in other
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word, have large throat widths on both of the sides so
that the amount of the power obtained from the combus-
tion gas decreases. On the other hand, the turbine blades
28a have a large outflow angle on the intermediate por-
tion side, namely, have a small throat width so that the
amount of the power obtained from the combustion gas
increases. Thus, as illustrated in FIG. 6, the total pressure
of the combustion gas (flue gas) conventionally stays
constant at the turbine blade exit from the tip side to the
base end side of the turbine blades, namely, at the en-
trance of the flue gas diffuser as represented with the
alternate long and short dash line so that the flue gas
tends to be separated near the wall surfaces of the ex-
ternal diffuser and the internal diffuser. This causes the
amount of restoration of the pressure at the flue gas dif-
fuser to be small. On the other hand, the total pressure
of the combustion gas (flue gas) becomes higher at the
exit of the turbine blades 28a, namely, the entrance of
the flue gas diffuser 31 on the tip side and the base end
side of the turbine blades 28a than on the intermediate
portion in the embodiment as represented with the solid
line so that the flue gas is not likely to be separated near
the wall surfaces of the external diffuser 45 and the in-
ternal diffuser 46. This causes the amount of restoration
of the pressure at the flue gas diffuser 31 to be large.
[0038] As described above, the gas turbine in the em-
bodiment is configured to burn the air compressed in the
compressor 11 with supplying fuel in the combustor 12
so as to obtain rotary power by supplying the generated
combustion gas to the turbine 13. The turbine vane ele-
ments 27 and the turbine blade elements 28 are alter-
nately positioned in the cylindrical turbine cylinder 26 in
the direction in which the combustion gas fluidizes. The
cylindrical flue gas diffuser 31 is connected to the rear
portion of the turbine cylinder 26 so as to be formed into
the turbine 13. The turbine blades 28a are positioned at
equal intervals in the circumferential direction so as to
be formed into the turbine blade elements 28. The turbine
blades 28a have a throat width on a longitudinal end side
made larger than the throat width on the longitudinally
intermediate portion side.
[0039] Thus, setting the throat width on the end side
of the turbine blades 28a larger than the throat width on
the intermediate portion side makes the outflow angle on
the end side smaller than the outflow angle on the inter-
mediate portion side. This decreases the amount of the
power obtained from the combustion gas on the end side
and increases the amount of the power obtained from
the combustion gas on the intermediate portion side. As
a result, the total pressure of the combustion gas be-
comes higher at the exit on the end side of the turbine
blades 28a than at the exit on the intermediate portion.
Thus, the flue gas is not likely to be separated near the
wall surface of the flue gas diffuser 31 so that the amount
of restoration of the pressure is increased therein. The
efficient restoration of the pressure of the flue gas im-
proves the efficiency of the turbine. This can improve the
performance.

[0040] In the gas turbine in the embodiment, the throat
widths on both longitudinal end sides of the turbine blades
28a are larger than the throat width on the longitudinally
intermediate portion side. Thus, the flow of the flue gas
from both longitudinal end sides of the turbine blades 28a
to the flue gas diffuser 31 can appropriately be controlled
so that the amount of restoration of the pressure can
appropriately be increased therein.
[0041] In the gas turbine in the embodiment, the throat
width on an end side of the turbine blades 28a on the last
stage turbine blade element 28 are made larger than the
throat width on the longitudinally intermediate portion
side. Thus, the total pressure of the flue gas flowing from
the last stage turbine blade element 28 to the flue gas
diffuser 31 can be set at an appropriate value in the radial
direction. This can increase the amount of restoration of
the pressure in the flue gas diffuser 31.
[0042] Note that, although both of the throat widths on
the longitudinal tip side and base end side of the turbine
blades 28a are made larger than the throat width on the
intermediate portion side in the embodiment, only the
throat width on the longitudinal tip side of the turbine
blades 28a or the throat width on the base end side can
be made larger than the throat width on the intermediate
portion side.

Other Example

[0043] FIG. 9 is a schematic diagram of last stage tur-
bine vanes of a turbine in a gas turbine according to an-
other example. FIG. 10 is a schematic diagram for illus-
trating a throat width between the tips of the last stage
turbine vanes of the turbine according to the other exam-
ple. FIG. 11 is a schematic diagram for illustrating a throat
width between the intermediate portions of the last stage
turbine vanes of the turbine according to the other exam-
ple. FIG. 12 is a schematic diagram for illustrating a throat
width between the base ends of the last stage turbine
vanes of the turbine according to the other example. FIG.
13 is a graph indicating the relative outflow angle of the
vanes in the height direction of the last stage turbine
vanes.
[0044] In the turbine of the gas turbine in the other ex-
ample, the turbine vanes (last stage turbine vanes) 27a
have a throat width on a longitudinal end side made larger
than the throat width on the longitudinally intermediate
portion side as illustrated in FIG. 9. In the other example,
the turbine vanes 27a have larger throat widths on both
longitudinal end sides than the throat width on the longi-
tudinally intermediate portion side. In that case, the tur-
bine vanes 27a are designed such that the throat width
on the base end side fixed at the internal shroud 27b and
the throat width on the tip side fixed at the external shroud
27c are made larger than the throat on the intermediate
portion side between the base end side and the tip side.
Further, the throat width on the tip side is set at almost
the same as the throat width on the base end side.
[0045] Specifically, FIG. 10 illustrates the cross-sec-
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tional shape on the tip side (the external shroud 27c side)
of the turbine vanes 27a. Setting a throat width w11 be-
tween the adjacent turbine vanes 27a sets an outflow
angle (gauging angle) θ11. FIG. 11 illustrates the cross-
sectional shape on the longitudinally intermediate portion
side of the turbine vanes 27a. Setting a throat width w12
between the adjacent turbine vanes 27a sets an outflow
angle (gauging angle) θ12. FIG. 12 illustrates the cross-
sectional shape on the base end side (the internal shroud
27b side) of the turbine vanes 27a. Setting a throat width
w13 between the adjacent turbine vanes 27a sets an
outflow angle (gauging angle) θ13.
[0046] The throat widths w11 and w13 on the tip side
and on the base end side of the turbine vanes 27a are
larger than the throat width w12 on the intermediate por-
tion side. The throat width w11 on the tip side has almost
the same size as the throat width w13 on the base end
side.
[0047] Note that the throat is a minimum area portion
between the back surface and the front surface of the
turbine vanes 27a that are adjacent to each other in the
circumferential direction on the lower stream side in the
direction in which the combustion gas fluidizes. The
throat widths w are widths of the throat portions. Further,
an outflow direction is perpendicular to the width direction
of the throat portion. The outflow angles θ are angles of
the outflow directions to the axial core direction of the
rotor 32.
[0048] Thus, as illustrated in FIG. 13, conventional tur-
bine vanes are designed such that the outflow angle be-
comes gradually smaller from the tip side to the base end
side of the turbine vanes as denoted with an alternate
long and short dash line. On the other hand, the turbine
vanes 27a of the other example are designed such that
the outflow angle becomes gradually larger from the tip
side to the intermediate portion and then becomes grad-
ually smaller toward the base end side of the turbine
vanes 27a as denoted with a solid line.
[0049] Thus, the turbine vanes 27a have small outflow
angles on the tip side and on the base end side and thus
the inflow angles on the tip side and on the base end side
of the turbine blades 28a positioned on the lower stream
become small. This reduces the turning angles on the tip
side and on the base end side of the turbine blades 28a.
Thus, the amount of the power obtained from the com-
bustion gas decreases. On the other hand, the turbine
vanes 27a have a large outflow angle on the intermediate
portion side and thus the inflow angle on the intermediate
portion side of the turbine blades 28a positioned on the
lower stream become large. This increases the turning
angle on the intermediate portion side of the turbine
blades 28a. Thus, the amount of the power obtained from
the combustion gas increases. Thus, the total pressure
of the combustion gas (flue gas) conventionally stays
constant at the turbine blade exit from the tip side to the
base end side of the turbine blades, namely, the entrance
of the flue gas diffuser as represented with the alternate
long and short dash line illustrated in FIG. 6 described in

the embodiment so that the flue gas tends to be sepa-
rated near the wall surfaces of the external diffuser and
the internal diffuser. This causes the amount of restora-
tion of the pressure at the flue gas diffuser to be small.
On the other hand, the total pressure of the combustion
gas (flue gas) becomes higher at the exit of the turbine
blades 28a, namely, the entrance of the flue gas diffuser
31 on the tip side and the base end side of the turbine
blades 28a than on the intermediate portion in the other
example as represented with the solid line in FIG. 6 so
that the flue gas is not likely to be separated near the
wall surfaces of the external diffuser 45 and the internal
diffuser 46. This causes the amount of restoration of the
pressure at the flue gas diffuser 31 to be large.
[0050] In the gas turbine in the other example as de-
scribed above, the turbine vanes 27a are positioned at
equal intervals in the circumferential direction so as to
be formed into the turbine vane element 27. The throat
width on the base end side positioned on the rotor 32
side of the turbine vanes 27a and the throat width on the
tip side are made larger than the throat width on the in-
termediate portion side between the base end side and
the tip side. The throat width on the base end side has
almost the same size as the throat width on the tip side.
[0051] Thus, setting the throat width on an end side of
the turbine vanes 27a larger than the throat width on the
intermediate portion side makes the outflow angle on the
end side smaller than the outflow angle on the interme-
diate portion side. The inflow angle and the turning angle
on the end side of the turbine blades 28a positioned on
the lower flow side decrease. Thus, the amount of the
power obtained from the combustion gas decreases on
the end side and the amount of the power obtained from
the combustion gas increases on the intermediate portion
side. As a result, the total pressure of the combustion
gas becomes higher at the exit on the end side of the
turbine blades 28a than at the exit on the intermediate
portion side. Thus, the flue gas is not likely to be sepa-
rated near the wall surface of the flue gas diffuser 31 so
that the amount of restoration of the pressure increases
therein. The efficient restoration of the pressure of the
flue gas improves the efficiency of the turbine. This can
improve the performance.
[0052] In the gas turbine in the other example, the
throat width on the longitudinal end side of the turbine
vanes 27a on the last stage turbine vane element 27 are
made larger than the throat width on the longitudinally
intermediate portion side. Thus, the total pressure of the
flue gas flowing from the last stage turbine vane element
27 to the flue gas diffuser 31 through the last stage turbine
blade element 28 can be set at an appropriate value in
the radial direction. This can increase the amount of res-
toration of the pressure in the flue gas diffuser 31.
[0053] Note that, although both of the throat widths on
the longitudinal tip side and base end side of the turbine
vanes 27a are made larger than the throat width on the
intermediate portion side in the other example, only the
throat width on the longitudinal tip side of the turbine
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vanes 27a or the throat width on the base end side can
be made larger than the throat width on the intermediate
portion side.
[0054] Applying a turbine employing both of the shapes
of the turbine blades 28a on the turbine blade elements
28 in the embodiment and the shapes of the turbine vanes
27a on the turbine vane elements 27 in the other example
can further improve the efficiency of the turbine and thus
improve the performance.

Reference Signs List

[0055]

11 Compressor
12 Combustor
13 Turbine
26 Turbine cylinder
27 Turbine vane element
27a Last stage turbine vane
27b Internal shroud
27c External shroud
28 Turbine blade element
28a Last stage turbine blade
28b Rotor disk
29 Flue gas cylinder
30 Flue gas room
31 Flue gas diffuser
32 Rotor (Turbine shaft)
45 External diffuser
46 Internal diffuser
48 Strut
51 Turbine cylinder body
52 Vane ring
53 Split ring
54, 55, 56 Heat barrier ring
A Combustion gas passage
B Flue gas passage

Claims

1. A gas turbine comprising:

a compressor (11) for compressing air;
a combustor (12) for burning the compressed
air with fuel; and
a turbine (13) to which generated combustion
gas is supplied for obtaining rotary power,
wherein
the turbine (13) includes turbine vane elements
(27) and turbine blade elements (28) that are
alternately positioned in a direction in which the
combustion gas fluidizes, the turbine vane ele-
ments (27) and turbine blade elements (28) be-
ing arranged in a turbine cylinder (26) having a
cylindrical shape, and a flue gas diffuser (31)
having a cylindrical shape and connected to a

rear portion of the turbine cylinder (26),
each of the turbine vane elements (27) includes
a plurality of turbine vanes (27a) positioned at
equal intervals in a circumference direction and
each of the turbine blade elements (28) includes
a plurality of turbine blades (28a) fixed at equal
intervals in a circumference direction,
characterized in that
the turbine blades (28a) of a last stage of the
turbine blade elements (28) upstream of the flue
gas diffuser (31) have a throat width (W3) on a
base end side fixed on a turbine shaft (32) and
a throat width (W1) on a tip side made larger
than a throat width (W2) on an intermediate por-
tion side between the base end side and the tip
side, and the throat width (W1) on the tip side is
made larger than the throat width (W3) on the
base end side.

2. The gas turbine according to claim 1,
wherein the turbine blades (28a) of the last stage of
the turbine blade elements (28) have throat widths
(W) on both longitudinal end sides made larger than
a throat width (W) on a longitudinally intermediate
portion side.

Patentansprüche

1. Eine Gasturbine, umfassend:

einen Verdichter (11) zum Verdichten von Luft,
eine Brennkammer (12) zum Verbrennen der
verdichteten Luft mit Brennstoff, und
eine Turbine (13), der erzeugtes Verbrennungs-
gas zugeführt wird, um Rotationsenergie zu er-
halten, wobei
die Turbine (13) Turbinenleitschaufelelemente
(27) und Turbinenlaufschaufelelemente (28),
die abwechselnd in einer Richtung positioniert
sind, in der das Verbrennungsgas strömt, wobei
die Turbinenleitschaufelelemente (27) und die
Turbinenlaufschaufelelemente (28) in einem
Turbinenzylinder (26) angeordnet sind, der eine
zylindrische Form aufweist, und einen Abgas-
diffusor (31), der eine zylindrische Form auf-
weist und mit einem hinteren Abschnitt des Tur-
binenzylinders (26) verbunden ist, umfasst,
jedes der Turbinenleitschaufelelemente (27)
mehrere Turbinenleitschaufeln (27a) aufweist,
die in gleichen Abständen in einer Umfangsrich-
tung angeordnet sind, und jedes der Turbinen-
laufschaufelelemente (28) mehrere Turbinen-
laufschaufeln (28a) aufweist, die in gleichen Ab-
ständen in einer Umfangsrichtung befestigt
sind,
dadurch gekennzeichnet, dass
die Turbinenlaufschaufeln (28a) einer letzten
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Stufe der Turbinenlaufschaufelelemente (28)
stromaufwärts des Abgasdiffusors (31) eine
Hals- bzw. Durchlassweite (W3) an einer Basi-
sendseite, die an einer Turbinenwelle (32) be-
festigt ist, und eine Hals- bzw. Durchlassweite
(W1) an einer Außenendseite aufweisen, die
größer als eine Hals- bzw. Durchlassweite (W2)
an einer Zwischenabschnittsseite zwischen der
Basisendseite und der Außenendseite gemacht
ist, und die Hals- bzw. Durchlassweite (W1) an
der Außenendseite größer als die Hals- bzw.
Durchlassweite (W3) an der Basisendseite ge-
macht ist.

2. Die Gasturbine nach Anspruch 1,
wobei die Turbinenlaufschaufeln (28a) der letzten
Stufe der Turbinenlaufschaufelelemente (28) an bei-
den longitudinalen Endseiten Hals- bzw. Durchlass-
weiten (W) aufweisen, die größer als eine Hals- bzw.
Durchlassweite (W) an einer longitudinalen Zwi-
schenabschnittsseite sind.

Revendications

1. Turbine à gaz comportant :

un compresseur (11) pour comprimer de l’air;
une chambre (12) de combustion pour brûler l’air
comprimé avec du combustible; et
une turbine (13) à laquelle du gaz de combustion
produit est fourni pour obtenir de la puissance
de rotation, dans laquelle
la turbine (13) a des éléments (27) d’aube direc-
trice de turbine et des éléments (28) d’aube mo-
bile de turbine, qui sont mis en position alterna-
tivement dans une direction dans laquelle le gaz
de combustion se fluidifie, les éléments (27)
d’aube directrice de turbine et les éléments (28)
d’aube mobile de turbine étant disposés dans
une enveloppe (26) de turbine ayant une forme
cylindrique, et un diffuseur (31) de gaz brûlés
ayant une forme cylindrique et relié à une partie
arrière de l’enveloppe (26) de turbine,
chacun des éléments (27) d’aube directrice de
turbine a une pluralité d’aubes (27a) directrices
de turbine mis en position à intervalles égaux
dans une direction circonférentielle et chacun
des éléments (28) d’aube mobile de turbine a
une pluralité d’aubes (28a) mobiles de turbine
fixées à intervalles égaux dans une direction cir-
conférentielle,
caractérisée en ce que,
les aubes (28a) mobiles de turbine d’un dernier
étage des éléments (28) d’aubes mobiles de tur-
bine en amont du diffuseur (31) de gaz brûlés
ont une largeur (W3) d’intervalle d’un côté de
l’extrémité d’emplanture fixée sur l’arbre (32) de

turbine et une largeur (W1) d’intervalle d’un côté
du bout plus grandes qu’une largeur (W2) d’in-
tervalle d’un côté de la partie intermédiaire entre
le côté de l’extrémité d’emplanture et le côté du
bout et la largeur (W1) d’intervalle du côté du
bout est plus grande que la largeur (W3) d’inter-
valle du côté de l’extrémité d’emplanture.

2. Turbine à gaz suivant la revendication 1,
dans laquelle les aubes (28a) mobiles de turbine du
dernier étage des éléments (28) d’aubes mobiles de
turbine ont des largeurs d’intervalle (W) des deux
côtés d’extrémités longitudinaux plus grandes
qu’une largeur (W) d’intervalle d’un côté d’une partie
intermédiaire longitudinalement.
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