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(54) ROTATING MACHINE

(57) A steam turbine (1A) through which a fluid flows
along an axis is equipped with: a tip shroud (51) for turbine
blades (50) that are provided on a shaft that extends with
the axis as a center; an outer partition plate ring (11) that
is provided on a casing so as to face the tip shroud (51)
in a radial direction and be capable of rotating relative to
the tip shroud (51) around the axis; seal fins (15) that
extend radially inward from the outer partition plate ring
(11) and that, with the tip shroud (51), form minute gaps
(H) therebetween; and steam introduction surfaces (70a)
that are formed on downstream sides of the seal fins (15)
and are provided so as to face the seal fins (15) within
cavities (C) where a main vortex (Y1), generated from a
leakage flow passing through a minute gap (H), is gen-
erated, and that guide the flow, generated from the main
vortex (Y1), toward the minute gaps (H).
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Description

Technical Field

[0001] The present invention relates to a seal structure
for a rotating machine, such as a turbine or a compressor.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2012- 230746, filed October 18,2012, the content
of which is incorporated herein by reference.

Background Art

[0003] As a widely known type of rotating machine,
there is an axial flow type turbine equipped with a casing,
a rotating shaft that is rotatably provided inside the cas-
ing, a plurality of turbine vanes that are fixedly arranged
at an inner peripheral portion of the casing, and a plurality
of turbine blades that are radially provided on the rotating
shaft on downstream sides of the plurality of turbine
vanes. In the turbine, power is obtained by converting
the pressure energy of a fluid into rotational energy. In
addition, when the turbine is an impulse turbine, the pres-
sure energy of the fluid is converted into kinematic energy
by the turbine vanes, and this kinematic energy is con-
verted into rotational energy by the turbine blades. Ad-
ditionally, when the turbine is a reaction turbine, the pres-
sure energy is converted into kinematic energy even with-
in the turbine blades, and the kinematic energy is con-
verted into rotational energy by a reaction force with
which the fluid is jetted.
[0004] In such a turbine, gaps are formed in a radial
direction between tip portions of the turbine blades that
are rotary bodies (rotors), and a casing that is a stationary
body (stator). Additionally, gaps in the radial direction are
also formed between the tip portions of the turbine vanes
that are stationary bodies and the rotating shaft that is a
rotary body. For this reason, although a portion of the
fluid leaks toward a downstream side through the gaps
between the tip portions of the turbine blades and the
casing, this leakage fluid does not apply rotary power to
the turbine blades. Additionally, since the pressure en-
ergy of a leakage fluid, which passes toward the down-
stream side through the gaps between the tip portions of
the turbine vanes and the rotating shaft, is not converted
into kinematic energy by the turbine vanes, rotary power
is hardly applied to the turbine blades on the downstream
side. Therefore, in order to improve the performance of
the turbine, it is important to reduce a fluid flow (leakage
flow rate) that passes through the above gaps.
[0005] Here, for example, Patent Document 1 sug-
gests a turbine having a structure in which a tip portion
of a turbine blade is provided with a plurality of stepped
portions the height of which becomes greater gradually
from an upstream side toward a downstream side in an
axial direction, the casings are provided with a plurality
of seal fins that extend toward the respective stepped
portions, and minute gaps are formed between the re-
spective stepped portions and tips of the respective seal

fins.
[0006] In this turbine, as a fluid that has entered the
above gap from an upstream side collides against the
stepped surface of each stepped portion, a main vortex
is generated on the upstream side of the stepped surface.
Additionally, a separation vortex resulting from the main
vortex is generated on the downstream side (in the vicin-
ity of the upstream side of the minute gap) of the stepped
surface. By virtue of this separation vortex, the leakage
flow rate is reduced by reducing a leakage flow that pass-
es through the minute gap.

Prior Art Document

Patent Document

[0007] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2011-080452

Summary of Invention

Technical Problem

[0008] However, regarding the main vortex caused by
the stepped portion disclosed in Patent Document 1, the
flow direction of a fluid that forms the main vortex in the
vicinity of the downstream side of the above minute gap
is not directed to the radial direction, and is a direction
that inclines with respect the radial direction toward the
downstream side. For this reason, a dead water region
is formed in the vicinity of the downstream side of the
above minute gap. That is, in this dead water region, the
fluid of the main vortex is not able to have direct influence
on the fluid that passes through the minute gap, and the
flow reduction effect of the leakage flow becomes weak.
[0009] The invention provides a rotating machine that
can further reduce leakage flow rate.

Technical Solution

[0010] According to a first aspect of the invention, a
rotating machine through which a fluid flows along an
axis includes a rotor that extends with the axis as a center;
a stator that is provided so as to face a radial direction
of the rotor and be capable of rotating relative to the rotor
around the axis; a seal fin that extends from one of the
rotor and the stator to the other and forms a gap between
the seal fin and the other; and a fluid introduction surface
that is formed on a downstream side of the seal fin and
is provided so as to face the seal fin within a cavity where
a vortex, generated from a leakage flow passing through
the gap, is generated, and that guides the flow, generated
from the vortex, toward the gap.
[0011] According to such a rotating machine, the leak-
age flow that has passed through the gap can be directed
toward the other on the downstream side of the seal fin
by guiding the vortex fluid generated from the leakage
flow within the cavity to the above gap through between
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the seal fin and the fluid introduction surface. Therefore,
the flow reduction effect of the leakage flow can be im-
proved.
[0012] Additionally, the fluid introduction surface may
be provided to incline such that the fluid introduction sur-
face is directed from a downstream side toward an up-
stream side, toward the other side from the one side.
[0013] As the fluid introduction surface is provided in
this way, more vortex fluid can be guided between the
seal fin and the fluid introduction surface. Moreover,
since the space between the seal fin and the fluid intro-
duction surface becomes narrower toward the gap, the
flow velocity of a flow guided toward the gap can be in-
creased. For this reason, the flow contraction effect of
the leakage flow can be further improved, and the leak-
age flow rate can be further reduced.
[0014] Moreover, the fluid introduction surface may be
a surface that directed to an upstream side of a partition
plate provided along the seal fin, and a communication
portion, which allows a space defined between the par-
tition plate and the seal fins and a space of the cavity on
a downstream side of the partition plate to communicate
with each other, may be formed on the one side in the
partition plate.
[0015] By virtue of such a partition plate, the vortex
fluid can be reliably guided toward the space between
the seal fin and the fluid introduction surface from the
communication portion, the flow reduction effect of the
leakage flow is further improved, and the leakage flow
rate can be further reduced.
[0016] According to a second aspect of the invention,
the rotating machine may further include a stepped sur-
face that is provided at a position that faces the gap, at
a position that becomes a downstream side of the seal
fin in the other of the rotor and the stator, and that guides
the leakage flow to the one side within the cavity toward
an upstream side.
[0017] As the leakage flow collides against such a
stepped surface, the vortex can be reliably generated
within the cavity. As a result, more fluid can be guided to
between the seal fin and the fluid introduction surface,
and the leakage flow rate can be further reduced.

Advantageous Effects of Invention

[0018] According to the above-described rotating ma-
chine, it is possible to guide a vortex fluid between the
seal fin and the fluid introduction surface, thereby direct-
ing the leakage flow passing through the gap to the down-
stream side of the seal fin and further reducing the leak-
age flow rate.

Brief Description of Drawings

[0019]

FIG. 1 is a schematic cross-sectional view illustrating
a steam turbine according to a first embodiment of

the invention.
FIG. 2A is a view illustrating the steam turbine ac-
cording to the first embodiment of the invention, and
is an enlarged cross-sectional view illustrating an
main portion I in FIG. 1.
FIG. 2B is a view illustrating the steam turbine ac-
cording to the first embodiment of the invention, and
is an enlarged cross-sectional view illustrating an
main portion J in FIG. 2A.
FIG. 3 is a view illustrating a steam turbine according
to a second embodiment of the invention, and is an
enlarged cross-sectional view illustrating the periph-
ery of a cavity on an upstream side at the same po-
sition as the main portion I in FIG. 1.
FIG. 4 is a view illustrating the steam turbine accord-
ing to a modified example of a second embodiment
of the invention, and is an enlarged cross-sectional
view illustrating the periphery of the cavity on the
upstream side at the same position as the main por-
tion I in FIG. 1.
FIG. 5 is a view illustrating a steam turbine according
to a third embodiment of the invention, and is an
enlarged cross-sectional view illustrating the periph-
ery of a cavity on an upstream side at the same po-
sition as the main portion I in FIG. 1.
FIG. 6A is a view illustrating the steam turbine ac-
cording to a first modified example of the third em-
bodiment of the invention, and is an enlarged cross-
sectional view illustrating the periphery of the cavity
on the upstream side at the same position as the
main portion I in FIG. 1.
FIG. 6B is a view illustrating the steam turbine ac-
cording to a second modified example of the third
embodiment of the invention, and is an enlarged
cross-sectional view illustrating the periphery of the
cavity on the upstream side at the same position as
the main portion I in FIG. 1.
FIG. 7 is a view illustrating a case where a stepped
portion is not provided in the steam turbine of the
invention, and is an enlarged cross-sectional view
illustrating the same position as the main portion I in
FIG. 1.

Description of Embodiments

[0020]

First Embodiment

[0021] Hereinafter, a steam turbine 1A according to an
embodiment of the invention will be described.
[0022] The steam turbine 1A is an external combustion
engine that captures the energy of steam S as rotative
power, and is used for generators in power plants or the
like.
[0023] As illustrated in FIG. 1, the steam turbine 1A is
constituted mainly of a casing 10, an adjusting valve 20
that adjusts the amount and pressure steam S that flows
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into the casing 10, a shaft 30 that is rotatably provided
inside the casing 10 to transmit power to machines, such
as a generator (not illustrated), a turbine vane 40 that is
held by the casing 10, a turbine blade 50 that is provided
on the shaft 30, and a bearing section 60 that rotatably
supports the shaft 30 around an axis.
[0024] The casing 10 has an internal space hermeti-
cally sealed, and serves as a flow channel for the steam
S. A ring-shaped outer partition plate ring (stator) 11
through which the shaft 30 is inserted is firmly fixed to an
inner wall surface of the casing 10.
[0025] A plurality of the adjusting valves 20 are at-
tached to the inside of the casing 10. Each adjusting valve
20 is equipped with an adjusting valve chamber 21 into
which the steam S flows from a boiler (not illustrated), a
valve body 22, and a valve seat 23. The adjusting valve
20 is configured so that, if the valve body 22 is separated
from the valve seat 23, a steam flow channel is open and
the steam S flows into the internal space of the casing
10 via the steam chamber 24.
[0026] The shaft 30 is equipped with a main shaft body
31 and a plurality of disks 32 extending in a radial direction
from an outer periphery of the main shaft body 31. The
shaft 30 transmits rotational energy to machines, such
as the generator (not illustrated).
[0027] The bearing section 60 is equipped with a jour-
nal bearing device 61 and a thrust bearing device 62.
The bearing section 60 rotatably supports the shaft 30.
[0028] A number of the turbine vanes 40 are radially
arranged to constitute an annular turbine vane group so
as to surround the shaft 30 and are held by the afore-
mentioned outer partition plate rings 11, respectively.
The insides of the turbine vanes 40 in the radial direction
are coupled together by ring-shaped hub shrouds 41
through which the shaft 30 is inserted, and tip portions
thereof are disposed with a gap in the radial direction
with respect to the shaft 30.
[0029] Six annular turbine vane groups consisting of
the plurality of turbine vanes 40 are formed at predeter-
mined intervals in the axial direction and are configured
so as to convert the pressure energy of the steam S into
kinematic energy to guide the converted kinematic ener-
gy to the turbine blade 50 side adjacent to a downstream
side.
[0030] The turbine blade 50 is firmly attached to an
outer peripheral portion of the disk 32 provided in the
shaft 30. A number of the turbine blades 50 are radially
arranged on a downstream side of each annular turbine
vane group so as to constitute an annular turbine blade
group.
[0031] The annular turbine vane groups and the annu-
lar turbine blade groups form one stage for every set.
That is, the steam turbine 1A is constituted of six stages.
Among these six stages, a tip portion of the turbine blade
50 in the last stage serves as a tip shroud (rotor) 51 that
extends in a circumferential direction. The tip shroud 51
is arranged to face the outer partition plate ring 11 via a
gap in the radial direction of the casing 10. Also, the tip

shroud 51 is housed in an annular groove 11a formed in
a region corresponding to the tip shroud 51 of the outer
partition plate ring 11.
[0032] Here, as illustrated in FIG. 2A, the steam turbine
1A is equipped with a stepped portion 52 provided at the
tip shroud 51, a seal fin 15 that extends from the outer
partition plate ring 11 toward the stepped portion 52, and
a partition plate 70 that is provided so as to face the down-
stream side of the seal fin 15.
[0033] The stepped portion 52 is provided at the tip
shroud 51 serving as the tip portion of the turbine blade
50 in the last stage, has a stepped surface 53, and pro-
trudes to the outer partition plate ring 11 side.
[0034] In the present embodiment, the tip shroud 51 is
provided with three stepped portions 52 (52A to 52C).
The three stepped portions 52 (52A to 52C) are disposed
so that the protruding heights thereof from the turbine
blade 50 become gradually greater from an upstream
side toward a downstream side in the direction of an axis
O of the shaft 30. That is, three stepped surfaces 53 (53A
to 53C) that form steps are formed in the stepped portions
52 (52A to 52C) so as to face the upstream side in the
axial direction.
[0035] Here, in the present embodiment, a groove bot-
tom surface 11b in the annular groove 11a of the outer
partition plate ring 11 is also formed in a step shape to-
ward the direction of the axis O so as to correspond to
the stepped portions 52, respectively, in the direction of
the axis O.
[0036] Seal fins 15 (15A to 15C) are provided to extend
from the groove bottom surface 11b of the outer partition
plate ring 11. The seal fins 15 (15 A to 15C) are provided
so as to form minute gaps H in the radial direction be-
tween the stepped portions 52 (52A to 52C) in corre-
spondence with to the stepped portions 52 (52A to 52C),
respectively, in a 1:1 ratio. The size of the minute gaps
H (H1 to H3) are set to minimum values within a safe
range where both the seal fins and the outer partition
plate ring do not contact each other, after the thermal
expansion of the casing 10 or the turbine blade 50, the
centrifugal expansion of the turbine blade 50, or the like
is taken into consideration.
[0037] Here, in the present embodiment, the stepped
surface 53B is located on the downstream side of the
seal fin 15A, the stepped surface 53C is located on the
downstream side of the seal fin 15B, and the stepped
surface 53A is located on the upstream side of the seal
fin 15A. Also, a configuration is provided in which the
steam S is guided to a radial outer side within a cavity
C1 to be described below by the stepped surface 53A,
the steam S is guided to a radial outer side within a cavity
C2 to be described below by the stepped surface 53B,
and the steam S is guided to a radial outer side within a
cavity C3 by the stepped surface 53C to be described
below.
[0038] On the basis of such a configuration, the cavities
C (C1 to C3) are formed corresponding to the stepped
portions 52 (52A to 52C), respectively, within the annular
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groove 11 a between the tip shroud 51 side and the outer
partition plate ring 11.
[0039] The cavities C (C1 to C3) are formed between
the seal fins 15 (15A to 15C) corresponding to the
stepped portions 52 (52A to 52C), respectively, and par-
tition walls that face the seal fins 15 (15A to 15C) on the
upstream side in the direction of the axis O.
[0040] More specifically, in the first cavity C1 corre-
sponding to the stepped portion 52A in a first stage lo-
cated on the most upstream side in the direction of the
axis O, the partition wall is formed by an inner wall surface
54 of the annular groove 11 a on the upstream side in
the axial direction. Therefore, the first cavity C1 is formed
between the inner wall surface 54 and the seal fin 15A
corresponding to the stepped portion 52A in the first stage
and between the tip shroud 51 side and the outer partition
plate ring 11.
[0041] Additionally, in the second cavity C2 corre-
sponding to the stepped portion 52B in a second stage,
the partition wall is formed by the seal fin 15A correspond-
ing to the stepped portion 52A located on the upstream
side in the axial direction. Therefore, the second cavity
C2 is formed between the seal fin 15A and the seal fin
15B and between the tip shroud 51 and the outer partition
plate ring 11.
[0042] Similarly, the third cavity C3 is formed between
the seal fin 15B and the seal fin 15C and between the tip
shroud 51 and the outer partition plate ring 11.
[0043] Next, the partition plate 70 will be described.
[0044] The partition plate 70 is an annular member that
is provided so as to face each seal fin 15 (the seal fin
15A or the seal fin 15B in the present embodiment) on
the downstream side of each seal fin 15 and that is pro-
vided so as to extend parallel to each seal fin 15 (15A,
15B) and radially inward from the groove bottom surface
11b of the outer partition plate ring 11. Moreover, a steam
flow channel FC that introduces the steam S is defined
between the partition plate 70 and the corresponding seal
fin 15 (15A, 15B), and a communication portion 70b that
allows a space on a downstream side of the partition
plate 70 in each cavity C (C1, C2) and the steam flow
channel FC to communicate with each other is formed
at the position of the partition plate 70 on the radial outer
side.
[0045] The communication portion 70b may be a plu-
rality of holes that pass through the partition plate 70 in
the direction of the axis O or may be slits that are formed
at intervals in the circumferential direction, and may have
arbitrary shapes as long as the communication portion
passes through the partition plate 70 at any position in
the circumferential direction.
[0046] Additionally, the partition plate 70 may be sup-
ported by the corresponding seal fin 15 with ribs or the
like, and thereby be provided on the downstream side of
each seal fin 15. In this case, the communication portion
70b is formed so as to be open in the entire circumfer-
ential region.
[0047] Also, although an end edge portion of the par-

tition plate 70 on a radial inner side is located radially
outside the seal fin 15 (15A, 15B) and the extension size
thereof is smaller than the seal fin 15 (15A, 15B), it is
preferable that the end edge portion have a size equal
to or less than the extension size of at least the seal fin
15 (15A, 15B).
[0048] In this way, the partition plate 70 makes the
steam S flow radially inward within the steam flow chan-
nel FC along a steam introduction surface (fluid introduc-
tion surface) 70a, which is a surface that faces the cor-
responding seal fin 15 (15A, 15B) and faces the upstream
side, and guides the steam S to the above minute gap H
(H1 to H3).
[0049] In such a steam turbine 1A, first, if the adjusting
valve 20 (refer to FIG. 1) is brought into an open state,
the steam S flows into the internal space of the casing
10 from the boiler (not illustrated).
[0050] The steam S that has flowed into the internal
space of the casing 10 passes sequentially through the
annular turbine vane groups and the annular turbine
blade group in each stage. In this case, pressure energy
is converted into kinematic energy by the turbine vanes
40, most of the steam S that has passed through the
turbine vanes 40 flows in between the turbine blades 50
that constitute the same stage, the kinematic energy of
the steam S is converted into rotational energy by the
turbine blades 50, and rotation force is applied to the
shaft 30. On the other hand, a portion (for example, sev-
eral percents) of the steam S becomes a so-called leak-
age flow that flows into the annular groove 11a after flow-
ing out of the turbine vanes 40.
[0051] Here, as illustrated in FIG. 2A, the steam S that
has flowed into the annular groove 11a causes a main
vortex Y1 that turns counterclockwise on the plane shown
FIG. 2A so as to flow into the first cavity C1, collide against
the stepped surface 53A of the stepped portion 52A, and
return to the upstream side. Then, the main vortex Y1
can be generated with certainty by providing the stepped
portion 52A in this way.
[0052] In this case, as a partial flow is separated from
the above main vortex Y1 particularly in the above end
edge portion 55 of the stepped portion 52A, a counter
vortex Y2 is generated so as to turn in a direction opposite
to the main vortex Y1, that is, clockwise on the plane
shown in FIG. 2A in the present example. The counter
vortex Y2 produces a flow reduction effect of radially in-
ward pressing a leakage flow that passes through the
minute gap H1 between the seal fin 15A and the stepped
portion 52A, thereby reducing a flow rate.
[0053] Additionally, even on the upstream side of the
seal fin 15B, similar to the upstream side of the seal fin
15A, the main vortex Y1 and the counter vortex Y2 are
formed, and the flow reduction effect of reducing the flow
rate of the leakage flow is produced.
[0054] Here, a portion of the steam S that forms the
main vortex Y1 is introduced from the communication
portion 70b on the radial outer side to the steam flow
channel FC, flows radially inward along the steam intro-
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duction surface 70a and is guided toward the above
minute gap H (H1, H2). Therefore, the flow direction of
the steam S in the main vortex Y1 can be changed to a
radial inward direction on the downstream side of the
seal fin 15 (15A, 15B).
[0055] Hence, the leakage flow that has passed
through the minute gap H (H1, H2) can be directed radi-
ally inward so as to become a flow illustrated by a solid
line from a flow illustrated by a dashed line of FIG. 2B.
In other words, the clearance of the minute gap H (H1,
H2) is artificially made small.
[0056] According to the steam turbine 1A of the present
embodiment, by providing the partition plate 70 on the
downstream side of each seal fin 15 (15A, 15B), the leak-
age flow that has passed the minute gap H (H1, H2) is
directed radially inward, and the flow reduction effect of
the leakage flow can be further improved.

Second Embodiment

[0057] Next, a steam turbine 100 according to a second
embodiment of the invention will be described.
[0058] In addition, constituent elements common to
those of the first embodiment are designated by the same
reference numerals, and detailed description thereof is
omitted.
[0059] In the present embodiment, the shape of the
partition plate 103 is different from that of the first em-
bodiment.
[0060] As illustrated in FIG. 3, the partition plate 103
is provided so as to be inclined to the upstream side such
that the cross-section thereof in the circumferential di-
rection of the axis O has a linear shape, from the radial
outer side toward the radial inner side. In other words,
the partition plate 103 is provided so that the steam flow
channel FC becomes narrow in the direction of the axis
O gradually toward the radial inner side.
[0061] According to such a steam turbine 100, as the
partition plate 103 inclines toward the downstream side
on the radial outer side, more steam S from the main
vortex Y1 can be introduced into the steam flow channel
FC. Moreover, since the steam flow channel FC becomes
narrow gradually toward the radial inner side by using
the inclined partition plate 103, the steam S introduced
into steam flow channel FC increases flow velocity, flow-
ing along the steam introduction surface 103a.
[0062] Therefore, the force of radially inward pressing
the leakage flow that has passed the minute gap H (H1,
H2) can be further increased, the flow reduction effect of
the leakage flow can be improved, and the leakage flow
rate can be further reduced.
[0063] Here, as illustrated in FIG. 4, the partition plate
103A may be provided such that the cross-section there-
of in the circumferential direction of the axis O has a
curved shape. That is, the partition plate is bent to the
upstream side from the radial outer side toward the radial
inner side, has a curved shape that the cross-section
thereof in the circumferential direction swells to the up-

stream side, and is provided so as to become substan-
tially parallel to the seal fin 15 (15A, 15B) on the radial
inner side. By virtue of such a shape, more steam S can
be introduced into the steam flow channel FC from the
main vortex Y1 on the radial outer side, and the steam
S can be made to flow along the steam introduction sur-
face 103Aa, with a flow direction of the steam S within
the steam flow channel FC being the radial direction on
the radial inner side. Hence, the flow reduction effect of
the leakage flow can be further enhanced.

Third Embodiment

[0064] Next, a steam turbine 110 according to a third
embodiment of the invention will be described.
[0065] In addition, constituent elements common to
those of the first and second embodiments are designat-
ed by the same reference numerals, and detailed de-
scription thereof is omitted.
[0066] The present embodiment is different from a first
embodiment and a second embodiment in that a block
member 113 is used instead of the partition plate 70 (103,
103A) that forms the steam introduction surface 110a.
[0067] As illustrated in FIG. 5, the block member 113
has an annular shape and has a certain degree of thick-
ness in the direction of the axis O so as to be exactly
located inside the main vortex Y1. Additionally, the cross-
section of the block member 113 in the circumferential
direction has a substantially quadrangular shape. That
is, the steam introduction surface 113a is a surface where
each block member 113 faces the corresponding seal fin
15 (15A, 15B). Additionally, a communication portion
113b that allows each cavity C (C1, C2) and the steam
flow channel FC communicate with each other is formed
similarly to the first and second embodiments at the po-
sition on the radial outer side.
[0068] According to such a steam turbine 110, the main
vortex Y1 can be made to flow along the surface of the
block member 113, and all the steam S that forms the
main vortex Y1 can be guided into the steam flow channel
FC. Therefore, more steam S can be made to flow toward
the minute gap H (H1, H2), and the flow reduction effect
of the leakage flow that has passed the minute gap H
(H1, H2) can be further obtained. In addition, although
the cross-section of the block member 113 in the circum-
ferential direction may have a perfect quadrangular
shape, it is preferable that the block member has a shape
in which the corners have a rounded shape and have
roundness as illustrated in FIG 5.
[0069] In addition, in the present embodiment, the
cross-section of the block member 113 in the circumfer-
ential direction has a quadrangular shape. The invention
is not limited to this, and the steam S that flows through
at least the steam flow channel FC may be able to reduce
the leakage flow that has passed through the minute gap
H (H1, H2).
[0070] For example, as illustrated in FIG. 6A, a steam
introduction surface 113Aa in a block member 113Amay

9 10 



EP 2 894 377 A1

7

5

10

15

20

25

30

35

40

45

50

55

be formed so as to incline to the upstream side from the
radial outer side toward the radial inner side. In this case,
as described in the second embodiment, the flow reduc-
tion effect of the leakage flow can be further improved.
In addition, it is preferable that the block member 113A
have a shape in which corners have a rounded shape
and have roundness as illustrated in FIG. 6A.
[0071] Additionally, as illustrated in FIG. 6B, the sur-
faces of the block member 113B other than a steam in-
troduction surface 113Ba may have a curved shape in
the cross-section in the circumferential direction so as to
run along the main vortex Y1. In this case, since the block
member 113B does not block the flow of the main vortex
Y1, the flow reduction effect of the leakage flow can be
improved.
[0072] Although the embodiments of the invention
have been described above in detail, some design
changes can also be made without departing from the
technical idea of the invention.
[0073] For example, as illustrated in FIG. 7, the
stepped portions 52 are not necessarily provided at the
tip shroud 51 serving as the tip portion of the turbine blade
50 in the last stage. Even in such a case, since the main
vortex Y1 is generated depending on the viscosity of the
steam S, the flow reduction effect of the leakage flow by
the steam introduction surface 70a (103a, 103Aa, 113Aa,
113Ba) can be obtained. In addition, although the groove
bottom surface 11b in the annular groove 11 a of the
outer partition plate ring 11 is not formed in a step shape
in FIG. 7, the groove bottom surface may have a step
shape, similar to the first to third embodiments.
[0074] Moreover, in the above-described embodi-
ments, the reduction in the flow rate of the leakage flow
between the turbine blade 50 and the outer partition plate
ring 11 has been described. However, for example, the
same technique can also be applied between the turbine
vane 40 and the shaft 30. Additionally, in the embodi-
ments, the tip shroud 51 serving as the tip portion of the
turbine blade 50 is formed with the stepped portions 52
(52A to 52C), and the outer partition plate ring 11 is pro-
vided with the seal fins 15 (15A to 15C). However, con-
trary to this, the outer partition plate ring 11 may be
formed with the stepped portions 52, and the tip shroud
51 may be provided with the seal fins 15.
[0075] Additionally, in the above-described embodi-
ments, the steam turbine 1A (100, 110) has been de-
scribed as an example of the rotating machine. However,
rotating machines, such as a gas turbine and a compres-
sor, may be used, or the invention can also be applied
to a seal structure provided on the shaft 30.

Industrial Applicability

[0076] According to the above-described rotating ma-
chine, it is possible to guide a vortex fluid between the
seal fin and the fluid introduction surface, thereby press-
ing the leakage flow passing through the gap to the down-
stream side of the seal fin and further reducing the leak-

age flow rate.

Reference Signs List

[0077]

1A: STEAM TURBINE (ROTATING MACHINE)
10: CASING
11: OUTER PARTITION PLATE RING (STA-

TOR)
11a: ANNULAR GROOVE
11b: GROOVE BOTTOM SURFACE
20: ADJUSTING VALVE
21: ADJUSTING VALVE CHAMBER
22: VALVE BODY
23: VALVE SEAT
30: SHAFT
31: MAIN SHAFT BODY
32: DISK
40: TURBINE VANE
41: HUB SHROUD
50: TURBINE BLADE
51: TIP SHROUD (ROTOR)
52: STEPPED PORTION
53: STEPPED SURFACE
54: INNER WALL SURFACE
55: END EDGE PORTION
60: BEARING SECTION
61: JOURNAL BEARING DEVICE
62: THRUST BEARING DEVICE
70: PARTITION PLATE
70a: STEAM INTRODUCTION SURFACE (FLUID

INTRODUCTION SURFACE)
70b: COMMUNICATION PORTION
FC: STEAM FLOW CHANNEL (SPACE)
S: STEAM
O: AXIS
Y1: MAIN VORTEX
Y2: COUNTER VORTEX
H: MINUTE GAP
C: CAVITY
100: STEAM TURBINE
103: PARTITION PLATE
103a: STEAM INTRODUCTION SURFACE
103A: PARTITION PLATE
110: STEAM TURBINE
113: BLOCK MEMBER
113a: STEAM INTRODUCTION SURFACE (FLUID

INTRODUCTION SURFACE)
113b: COMMUNICATION PORTION
113A: BLOCK MEMBER
113Aa: STEAM INTRODUCTION SURFACE (FLUID

INTRODUCTION SURFACE)
113B: BLOCK MEMBER
113Ba: STEAM INTRODUCTION SURFACE (FLUID

INTRODUCTION SURFACE)
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Claims

1. A rotating machine through which a fluid flows along
an axis, the rotating machine comprising:

a rotor that extends with the axis as a center;
a stator that is provided so as to face a radial
direction of the rotor and be capable of rotating
relative to the rotor around the axis;
a seal fin that extends from one of the rotor and
the stator to the other and forms a gap between
the seal fin and the other; and
a fluid introduction surface that is formed on a
downstream side of the seal fin and is provided
so as to face the seal fin within a cavity where
a vortex, generated from a leakage flow passing
through the gap, is generated, and that guides
the flow, generated from the vortex, toward the
gap.

2. The rotating machine according to Claim 1,
wherein the fluid introduction surface is provided to
incline such that the fluid introduction surface is di-
rected from a downstream side toward an upstream
side, toward the other side from the one side.

3. The rotating machine according to Claim 1,
wherein the fluid introduction surface is a surface
that is directed to an upstream side of a partition
plate provided along the seal fin, and
wherein a communication portion, which allows a
space defined between the partition plate and the
seal fins and a space of the cavity on a downstream
side of the partition plate to communicate with each
other, is formed on the one side in the partition plate.

4. The rotating machine according to Claim 2,
wherein the fluid introduction surface is a surface
that is directed to an upstream side of a partition
plate provided along the seal fin, and
wherein a communication portion, which allows a
space defined between the partition plate and the
seal fins and a space of the cavity on a downstream
side of the partition plate to communicate with each
other, is formed on the one side in the partition plate.

5. The rotating machine according to Claim 1, further
comprising:

a stepped surface that is provided at a position
that faces the gap, at a position that becomes a
downstream side of the seal fin in the other of
the rotor and the stator, and that guides the leak-
age flow to the one side within the cavity toward
the upstream side.

6. The rotating machine according to Claim 2, further
comprising:

a stepped surface that is provided at a position
that faces the gap, at a position that becomes
the downstream side of the seal fin in the other
of the rotor and the stator, and that guides the
leakage flow to the one side within the cavity
toward the upstream side.

7. The rotating machine according to Claim 3, further
comprising:

a stepped surface that is provided at a position
that faces the gap, at a position that becomes
the downstream side of the seal fin in the other
of the rotor and the stator, and that guides the
leakage flow to the one side within the cavity
toward the upstream side.

8. The rotating machine according to Claim 4, further
comprising:

a stepped surface that is provided at a position
that faces the gap, at a position that becomes
the downstream side of the seal fin in the other
of the rotor and the stator, and that guides the
leakage flow to the one side within the cavity
toward the upstream side.
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