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(54) SEAL ASSEMBLY AND GAS TURBINE PROVIDED THEREWITH

(57) This seal assembly is disposed on each of a
plurality of gas burners, and inserted into a space which
is demarcated by a pair of depression parts which are
disposed on the lateral faces of tailpipe exhaust port
flanges that are adjacent at the lateral surfaces. The seal
assembly comprises: a seal body in which seal parts are
formed on each of the lateral faces that face one another
in the pair of depression parts, and which are on down-
stream sides of the combustion gas which flows within
the tailpipes; and an elastic body which impels the seal
body toward the downstream sides. The seal body further
comprises seal plates which face the respective down-
stream side lateral faces of the pair of depressions and
on which the seal parts are formed, and lateral plates
which extend from respective lateral edges which face
one another at the seal plates in the lateral face direction
toward upstream sides of the combustion gas along the
bottom faces of the depression parts. The elastic body
further comprises a seal plate contact part which makes
contact with the upstream face of the seal plate and im-
pels the seal plate toward the downstream side, and an
elastic part which extends to-ward the upstream side
from the seal plate contact part with a portion thereof
making contact with each respective upstream lateral
face of the pair of depression parts.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a seal device
which is provided between transition pieces of combus-
tors adjacent in the circumferential direction in the com-
bustor of a gas turbine.
[0002] The present application claims priority on Jap-
anese Patent Application No. 2011-246539, filed Novem-
ber 10, 2011, the content of which is incorporated herein
by reference.

BACKGROUND ART

[0003] A plurality of combustors of a gas turbine is pro-
vided so as to be adjacent in the circumferential direction
of a rotor. In the plurality of combustors, flange portions
of transition piece outlets are disposed so as to be adja-
cent to each other, a seal structure is provided at the
connection, and thus, compressed air which is introduced
into a casing from the compressor does not enter the
inner portion of the turbine.
[0004] Various seal structures of this type are known,
for example, in Patent Document 1 (FIG. 14), a recessed
groove is formed on each of surfaces on which the flang-
es of adjacent combustors face each other, and a seal
assembly is inserted between the recessed grooves. In
the seal assembly, a long seal plate and a spring plate
made of a metal are joined using spot welding, and the
seal plate is formed in a thin plate in order to decrease
exciting force due to vibration from the combustor.

[Prior Art Document]

[Patent Document]

[0005] [Patent Document 1] Japanese Patent No.
4672728

DISCLOSURE OF THE INVENTION

[Problem that the Invention is to solve]

[0006] However, since the seal plate of Patent Docu-
ment I is formed in a thin plate, deformation occurs in the
seal plate at the time of manufacturing, at the time of
mounting and removing, and during operation, and there
is a concern that a gap may occur between the recessed
groove (concave portion) and the seal plate. Since com-
pressed air outside the transition piece is leaked to the
combustion gas side, the compressed air which is used
for combustion in the combustor is decreased. Thereby,
flame temperature inside the combustor is increased,
and nitrogen oxide (NOx) in the combustion gas is in-
creased. Moreover, there is a concern that the seal plate
is damaged by self-excited vibration which is generated
due to compressed air flowing into the gap.

[0007] In addition, in order to prevent the deformation
and the damage occurrence due to suppression of the
self-excited vibration, it is also possible to increase the
thickness of the seal plate. However, in this case, since
the shape of the recessed groove (concave portion) must
be changed, in order to apply the seal assembly, in which
the thickness of the seal plate is increased, to the already
installed gas turbine, the combustors must be changed
at the same time.
[0008] The present invention is made in consideration
of the above-described circumstances, and an object
thereof is to provide a seal assembly which can be also
applied to an already installed gas turbine and can im-
prove seal performance and durability by preventing de-
formation and damage of the seal plate, and a gas turbine
having the seal assembly.

[Means for solving the Problem]

[0009] According to the present invention, there is pro-
vided a seal assembly which is inserted into a space, the
space being defined by a pair of concave portions pro-
vided on side surfaces of transition piece outlet flanges
which are provided in each of a plurality of combustors
and are adjacent to each other in the side surfaces, in-
cluding: a seal body in which a seal portion, which con-
tacts each of side surfaces of a downstream side of com-
bustion gas flowing through the transition piece of side
surfaces which face each other in each of the pair of
concave portions, is formed; and an elastic body which
presses the seal body toward the downstream side,
wherein the seal body includes a seal plate which faces
a side surface of the downstream side of each of the pair
of concave portions and in which the seal portion is
formed, and a side plate which extends toward an up-
stream side of the combustion gas along a bottom surface
of the concave portion from each of side edges, the side
edges facing each other in the direction of the side sur-
face in the seal plate, and the elastic body includes a
seal plate contacting portion which contacts a surface of
the upstream side of the seal plate and presses the seal
plate toward the downstream side, and an elastic portion
which extends from the seal plate contacting portion to
the upstream side and in which a part of the elastic portion
contacts a side surface of the upstream side of each of
the pair of concave portions.
[0010] According to the seal assembly, in a state where
the seal assembly is inserted into the concave portion,
the elastic portion of the elastic body contacts the side
surface of the upstream side of the concave portion and
presses the seal body against the side surface of the
downstream side of the concave portion via the seal plate
contacting portion, and seal performance is exhibited. At
this time, since the side plate extends from both side
edges of the seal plate toward the upstream side, im-
provement of the cross-sectional stiffness can be
achieved without increasing the thickness of the seal
plate. Thereby, deformation and damage of the seal plate
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are prevented, and the seal performance and durability
can be improved. In addition, since the plate thickness
is not changed, the seal plate can correspond to the
shape or the dimension of the existing concave portion,
and the seal assembly can be inserted into the space.
[0011] Moreover, in the seal assembly according to the
present invention, a cross-sectional shape of a corner,
which is formed by the seal plate of the seal body and
the side plate, may be an arc shape.
[0012] According to the corner having an arc shape as
the cross-sectional shape, even in a case where the com-
bustor thermally expands in the axial direction, even in
cases where positional deviation between adjacent com-
bustors occurs and is subsequently relieved or the like,
since the seal assembly does not drop out from the con-
cave portion and can move so as to enter the space, seal
performance can be maintained.
[0013] Moreover, according to another aspect of the
present invention, there is provided a gas turbine includ-
ing: a rotor; a plurality of combustors which are disposed
in the circumferential direction of the rotor; and the seal
assembly which is inserted into the space, the space be-
ing defined by the concave portion of each of the adjacent
combustors of the plurality of combustors.
[0014] According to the gas turbine, since the cross-
sectional stiffness can be improved without increasing
the plate thickness due to the side plate of the seal plate,
the deformation and damage of the seal plate are pre-
vented and seal performance can be improved without
the design change accompanied by the shape change
of the concave portion. Thereby, since leakage of the
compressed air can be reduced, generated amount of
nitrogen oxide can be reduced. Moreover, since the
cross-sectional shape of the corner of the seal plate has
an arc shape, the seal assembly can be smoothly moved
in the insertion space while preventing the dropping-out
of the seal assembly from the concave portion, and the
seal performance can be maintained.

[Effects of the Invention]

[0015] According to the seal assembly and the gas tur-
bine of the present invention, the seal assembly and gas
turbine can be applied to an already installed gas turbine,
and improvement of the seal performance and durability
can be achieved due to the side plates of both side por-
tions of the seal plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is an overall schematic diagram of a gas tur-
bine according to an embodiment of the present in-
vention.
FIG 2 is a schematic cross-sectional view of a com-
bustor of the gas turbine according to the embodi-
ment of the present invention.

FIG. 3 is a single view drawing showing a transition
piece and a seal assembly of the combustor of the
gas turbine according to the embodiment of the
present invention.
FIG. 4 is a view showing an installation state of the
seal assembly in the combustor of the gas turbine
according to the embodiment of the present inven-
tion, and shows a cross-section taken along line A-
A of FIG 3.
FIG 5 is a single view drawing of the seal assembly
in the combustor of the gas turbine according to the
embodiment of the present invention.
FIG. 6A is a cross-sectional view of the seal assem-
bly in the combustor of the gas turbine according to
the embodiment of the present invention taken along
line A-A of FIG 5.
FIG. 6B is a cross-sectional view of the seal assem-
bly in the combustor of the gas turbine according to
the embodiment of the present invention taken along
line B-B of FIG 5.
FIG. 6C is a cross-sectional view of the seal assem-
bly in the combustor of the gas turbine according to
the embodiment of the present invention taken along
line C-C of FIG 5.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] Hereinafter, a gas turbine 1 according to a pre-
ferred embodiment of the present invention will be de-
scribed with reference to the appended drawings.
[0018] As shown in FIG. 1, in the gas turbine 1, after
compressed air W generated in a compressor 2 is mixed
with fuel in a combustor 3, the mixture is combusted, and
high temperature and high pressure combustion gas G
is generated. The combustion gas G flows into a turbine
4, and thus, a rotor 6 of the turbine 4 is rotated around
an axis P (hereinafter, referred to as the axis P of the gas
turbine 1), rotational power is obtained, and after the com-
bustion gas G rotates the turbine 4, the combustion gas
is exhausted through an exhaust chamber 5.
[0019] Next, the combustor 3 will be described.
[0020] Hereinafter, the compressor 2 side (the left side
of the drawing in FIG 1) of the gas turbine 1 is referred
to as an upstream side, and the exhaust chamber 5 side
(the right side of the drawing in FIG. 1) is referred to as
a downstream side.
[0021] As shown in FIGS. 2 and 3, the combustor 3 is
disposed between the compressor 2 and the turbine 4,
and a plurality of combustors are installed adjacent to
each other in the circumferential direction in the axis P
of the gas turbine 1, and each of the combustors is con-
nected to a casing 7.
[0022] The combustor 3 includes a transition piece 11
which transports the high temperature and high pressure
combustion gas G to the turbine 4 and a fuel supplier 12
which supplies the fuel and the compressed air W into
the transition piece 11, and as shown in FIGS. 3 and 4,
the combustor 3 includes a seal assembly 30 which is
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provided between outlet portions of the adjacent transi-
tion pieces 11.
[0023] The fuel supplier 12 includes a pilot burner 13
which supplies pilot fuel PF and compressed air W into
the transition piece 11 and forms a diffusion flame in the
transition piece 11, and a plurality of main nozzles 14
which premix a main fuel MF and compressed air W,
supply the premixed gas into the transition piece 11, and
form a premixed flame in the transition piece 11. More-
over, the combustion gas G is generated in the transition
piece 11 by the pilot burner 13 and the main nozzle 14.
[0024] In the transition piece 11, a transition piece out-
let flange 15 is provided in the downstream end of a tu-
bular member 16, the combustor 3 and the turbine 4 are
connected to each other via the transition piece outlet
flange 15, and the combustion gas G can flow into the
turbine 4.
[0025] As shown in FIGS. 3 and 4, in the transition
piece outlet flange 15, a concave portion 21 is formed to
be recessed toward the circumferential direction with re-
spect to the axis P of the gas turbine 1 so as to be sep-
arated from each other from an opposite surface 15a in
which the transition piece outlet flanges 15 of the adjacent
combustors 3 face each other. Moreover, a space S is
formed by the concave portions 21 which face each other,
and the seal assembly 30 is inserted into the space S.
[0026] Next, the seal assembly 30 will be described
with reference to FIGS. 4, 5, and 6A to 6C.
[0027] In the seal assembly 30, the radial direction with
respect to the axis P of the gas turbine 1 is referred to
as the longitudinal direction, and the seal assembly is
provided over the entire region in the radial direction in-
side the space S and is a seal member made of metal
which prevents the compressed air W outside the tran-
sition piece 11 from mixing with the combustion gas G.
[0028] In the space S, the seal assembly 30 includes
a seal body 31 which faces a first side surface 21 a which
is a side surface of the downstream side of the concave
portion 21, and a spring portion (elastic body) 32 which
faces a second side surface 21b which is a side surface
of the upstream side.
[0029] The seal body 31 includes a seal plate 41 which
becomes a seal portion which contacts the first side sur-
face 21a. A side plate 42 which extends toward the up-
stream side along a bottom surface 21 c of the concave
portion 21 is formed from a side edge which is positioned
in both edge portions in the circumferential direction with
respect to the axis P of the gas turbine 1 of the seal plate
41.
[0030] In addition, the seal body 31 has a convex por-
tion 43 which protrudes to the downstream side so that
the cross-section in the side edge is an arc shape, and
the side plate 42 and the seal plate 41 is connected to
each other by a smooth curved surface with no edge.
[0031] Moreover, the end portion in the outer side in
the radial direction with respect to the axis P of the gas
turbine 1 of the seal body 31 becomes a handle portion
33 when the seal assembly 30 is inserted into the space

S.
[0032] The spring portion 32 includes a spring plate 51
which can be elastically deformed, and the spring plate
51 is joined to the seal plate 41 by welding in a seal plate
contacting portion 51 a which is positioned on the surface
which is toward the upstream side of the seal plate 41.
Moreover, the spring plate 51 is formed so as to extend
in a V shape to be separated from the seal plate 41 toward
both the inner and outer sides in the radial direction of
the axis P of the gas turbine 1 in the upstream side having
the seal plate contacting portion 51a as a base point.
Moreover, a plurality of spring plates 51 are provided at
a constant interval in the longitudinal direction, and the
adjacent spring plates 51 are overlapped with each other
in an intermediate position between the seal plate con-
tacting portion 51a and an end portion 51 b of the spring
plate 51. Specifically, the spring plate 51 is configured
by two kinds of a spring plate 51A which is formed to be
long and slender and a spring plate 51B on which a
through-hole 54 is formed. The spring plate 51 is installed
in a state where the spring plate 51 A passes through
the through-hole 54 which is formed on the spring plate
51B.
[0033] In the spring plate 51, a bent portion 55 is pro-
vided so as to form a parallel surface 56 parallel to the
seal plate 41 at the position of the further upstream side
than the through-hole 54 in the intermediate position be-
tween the seal plate contacting portion 51a and the end
portion 51 b. Moreover, an abutment portion 52 (elastic
portion), which is formed in an approximately rectangular
shape which becomes a seal portion facing the second
side surface 21 b, is placed on the parallel surface 56
from the upstream side and is joined by welding.
[0034] Moreover, the abutment portion 52 includes a
convex portion 53 which protrudes in a curved shape in
the upstream side of both edge portions in the circum-
ferential direction of the axis P of the gas turbine 1, and
the convex portion 53 contacts the second side surface
21b of the concave portion 21.
[0035] In the gas turbine 1, in a state where the seal
assembly 30 is inserted into the space S, the convex
portion 53 of the abutment portion 52 contacts the second
side surface 21 b of the concave portion 21, and presses
the seal body 31 against the first side surface 21a of the
downstream side via the seal plate contacting portion
51a. In this way, the gap is not formed between the ad-
jacent transition piece outlet flanges 15, and the seal as-
sembly 30 can securely exhibit seal performance.
[0036] Moreover, since the side plate 42 is provided in
the seal body 31, a cross-sectional stiffness can be im-
proved without increasing the thickness of the seal plate
41. Accordingly, due to the improvement in the cross-
sectional stiffness, it is possible to prevent the seal as-
sembly 30 from being deformed at the time of installing
in the space S, the formation of the gap between the
concave portion 21 and the seal assembly 30 can be
avoided, and thus, seal performance can be improved.
[0037] Even when the seal assembly 30 is deformed
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and the gap is formed, since the side plate 42 is provided
in the seal body 31, it is possible to avoid self-excited
vibration which occurs due to leaked air passing through
the gap. Accordingly, it is possible to avoid damage of
the seal assembly 30 due to the self-excited vibration,
and durability of the seal assembly 30 can be improved.
[0038] Moreover, although positional deviation occurs
between the adjacent combustors 3 due to operation of
the gas turbine 1, the convex portion 43 of the seal body
31 can contact the first side surface 21a of the concave
portion 21 and the convex portion 53 of the abutment
portion 52 can contact the second side surface 21 b fol-
lowing to the positional deviation. Thereby, the gap is not
formed between the adjacent transition piece outlet flang-
es 15, the seal performance can be securely exhibited,
and it is possible to prevent the compressed air W outside
the transition piece 11 from being mixed with the com-
bustion gas G.
[0039] In addition, even though thermal expansion and
contraction in the axis P direction of the combustor 3
occur due to operation of the gas turbine 1 or the com-
bustor 3 is vibrated, since the side plate 42 is provided,
the places in which the seal assembly 30 contacts the
first side surface 21a, the second side surface 21b, and
the bottom surfaces 21c which are the inner circumfer-
ential surfaces of the concave portion 21 are increased,
the seal assembly 30 does not easily drop out from the
space S. Moreover, since the connection portion be-
tween the seal plate 41 and the side plate 42 is formed
in a curved surface shape with no edge, even though the
seal assembly 30 drops out from the space S, the seal
assembly 30 can smoothly move so as to enter the space
S again when the positional deviation of the combustor
3 is relieved or the vibration stops by shutdown operation
or the like of the gas turbine.
[0040] In addition, in a case of a rectangular shape in
which the seal body 31 does not have the side plate 42,
there is a concern that the seal body 31 may be locked
in a corner which is formed between the bottom surface
21c and the first side surface 21 a of the concave portion
21 or a corner which is formed between the bottom sur-
face 21 c and the second side surface 21b. However,
with respect to this, it can be prevented that the seal body
31 of the present embodiment be locked due to the side
plate 42, and seal performance can be securely exhibit-
ed.
[0041] According to the gas turbine 1 of the present
embodiment, due to the side plate 42 of the seal body
31, the cross-sectional stiffness of the seal plate 41 can
be increased without increasing the thickness of the seal
plate 41, and it is possible to avoid deformation and dam-
age of the seal assembly 30. Thereby, it is possible to
achieve improvement of the seal performance. Moreo-
ver, the damage due to the self-excited vibration can be
avoided, and it is possible to improve durability of the
seal assembly 30. In addition, due to leakage of the com-
pressed air W to the combustion gas G from the outside
of the transition piece 11, shortage of air for combustion

flowing to the combustor 3 is prevented, and thereby, an
increase in the flame temperature and occurrence of ni-
trogen oxide can be prevented, and properties of the ex-
haust gas of the gas turbine 1 can be improved.
[0042] Moreover, the cross-sectional stiffness can be
improved without increasing the plate thickness and the
dimension in the axis P direction of the seal assembly at
the time of being installed to the space S is not increased,
and thus, design change of the transition piece 11 ac-
companied by the shape change of the concave portion
21 is not needed. In other words, in the gas turbine 1 of
the present embodiment, the seal performance can be
improved without changing the combustor 3 mounted in
advance, and thus, properties of the exhaust gas can be
improved.
[0043] Moreover, even when the positional deviation
of the combustor 3 occurs, it can be prevented that the
seal assembly 30 be dropping out or be locked due to
the side plate 42 of the seal body 31.
[0044] As described above, the preferred embodiment
of the present invention is described. However, the
present invention is not limited to the above-described
embodiment. Addition, abbreviation, substitution, and
other changes of the configuration are possible within a
scope which does not depart from the gist of the present
invention. The present invention is not limited by the
above mentioned description and is limited only by the
scope of the attached claims.
[0045] For example, CrC, WC, MoS2 or the like having
abrasion resistance may be coated on the surfaces of
the convex portion 43 of the seal body 31 and the convex
portion 53 of the abutment portion 52, durability of the
seal assembly 30 is improved due to the coating, and the
performance improvement of the gas turbine 1 can be
further achieved.
[0046] Moreover, the convex portion 43 is not formed
in the seal body 31, and the connection portion between
the side plate 42 and the seal plate 41 may be formed
only in an R shape.
[0047] In addition, in the above-described embodi-
ment, the adjacent spring plates 51 are disposed so as
to be overlapped with each other. However, according
to the disposition interval of the spring plate 51, the length
size of the spring plate 51, or the like, the seal assembly
30 may be also manufactured so that the spring plates
are not overlapped with each other.

[Industrial Applicability]

[0048] The present invention relates to a seal assem-
bly which is provided between transition pieces of com-
bustors adjacent in the circumferential direction. Accord-
ing to a seal assembly of the present invention, the seal
assembly can be applied to an already installed gas tur-
bine, and it is possible to improve seal performance and
durability by preventing deformation and damage of a
seal plate.
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[Description of Symbols]

[0049] 1: gas turbine, 2: compressor, 3: combustor, 4:
turbine, 5: exhaust chamber, 6: rotor, 7: casing, 11: tran-
sition piece, 12: fuel supplier, 13: pilot burner, 14: main
nozzle, 15: transition piece outlet flange, 15a: opposite
surface, 16: tubular member, 21: concave portion, 21a:
first side surface, 21b: second side surface, 21c: bottom
surface, 30: seal assembly, 31: seal body, 32:spring por-
tion (elastic body), 33: handle portion, 41: seal plate, 42:
side plate, 43: convex portion, 51: spring plate, 51a: seal
plate contacting portion, 51b: end portion, 52: abutment
portion (elastic portion), 53: convex portion, 54: through-
hole, 55: bent portion, 56: parallel surface, P: axis, W:
compressed air, G: combustion gas, MF: main fuel, PF:
pilot fuel, S: space

Claims

1. A seal assembly which is inserted into a space, the
space being defined by a pair of concave portions
provided on side surfaces of transition piece outlet
flanges which are provided in each of a plurality of
combustors and are adjacent to each other in the
side surfaces, comprising:

a seal body in which a seal portion, which con-
tacts each of side surfaces of a downstream side
of combustion gas flowing through the transition
piece of side surfaces which face each other in
each of the pair of concave portions, is formed;
and
an elastic body which presses the seal body to-
ward the downstream side,
wherein the seal body includes a seal plate
which faces a side surface of the downstream
side of each of the pair of concave portions and
in which the seal portion is formed, and a side
plate which extends toward an upstream side of
the combustion gas along a bottom surface of
the concave portion from each of side edges,
the side edges facing each other in the direction
of the side surface in the seal plate, and
the elastic body includes a seal plate contacting
portion which contacts a surface of the upstream
side of the seal plate and presses the seal plate
toward the downstream side, and an elastic por-
tion which extends from the seal plate contacting
portion to the upstream side and in which a part
of the elastic portion contacts a side surface of
the upstream side of each of the pair of concave
portions.

2. The seal assembly according to claim 1,
wherein a cross-sectional shape of a corner, which
is formed by the seal plate of the seal body and the
side plate, is an arc shape.

3. A gas turbine comprising:

a rotor;
a plurality of combustors which are disposed in
the circumferential direction of the rotor; and
the seal assembly according to claim 1 which is
inserted into the space, the space being defined
by the concave portion of each of the adjacent
combustors of the plurality of combustors.

4. The gas turbine according to claim 3,
wherein a cross-sectional shape of a corner, which
is formed by the seal plate of the seal body and the
side plate, is an arc shape.
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