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(54) AXIAL TURBOMACHINE SEALING SYSTEM

(57)  Asealing system for an axial turbomachine com-
prises:

- a circle of blades (10) with an outer shroud (11) and a
first sealing fin (12; 13) projecting away from said outer
shroud;

- a seal surface (21) opposite to said first sealing fin; and
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- an, in particular grooved, static fin (30; 60) with at least
one fin flange (31A, 31B; 61) for restricting flow between
the seal surface (21) and the outer shroud (11), wherein
the static fin (30; 60) is stationary with respect to the seal
surface (21).
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Description

[0001] The presentinvention refersto asealing system
for an axial turbomachine, to an axial turbomachine, in
particular a gas turbine, comprising the sealing system
and to a method for sealing using the sealing system.
[0002] Leakage between outer shrouds of blades ro-
tating within a surrounding wall of an axial turbomachine
impairs efficiency of the turbomachine.

[0003] Therefore gas turbines may comprise outer air
seals comprising honeycomb seal(structure)s which en-
compass radially opposite sealing fins projecting away
from said outer shroud and towards said honeycomb
seal(structure)s, thus forming labyrinth seals.

[0004] Oneobjectofthe presentinventionistoimprove
performance of an axial turbomachine, in particular a gas
turbine.

[0005] Said objectis solved in particular by the feature
combination of present claim 1. Claims 12, 13 refer to an
axial turbomachine comprising a sealing system as de-
scribed herein and a method for sealing using a sealing
system as described herein respectively. Sub-claims re-
fer to advantageous embodiments.

[0006] Accordingtooneaspectofthe presentinvention
a sealing system for, in particular of, an axial turboma-
chine, comprises:

- adcircle of blades with an (radially) outer shroud and
at least one sealing fin projecting away from said
outer shroud;

- aseal surface opposite, preferably radially opposite,
to said sealing fin; and

- a static fin with at least one fin flange which at least
in some operating conditions, in particular during a
normal or design operating mode respectively, re-
stricts flow, in particular of a working fluid of the tur-
bomachine, between said seal surface and said out-
er shroud, or is adapted and/or used thereto respec-
tively, wherein the static fin is stationary, in particular
fixed, with respect to the seal surface.

[0007] Said sealing fin is denoted as a first sealing fin
herein without loss of generality. Said first sealing fin is
an, in particular most, downstream or, an, in particular
most, upstream sealing fin of the circle of blades accord-
ing to an embodiment.

[0008] According to an embodiment said static fin im-
proves the sealing between the seal surface and the outer
shroud, in particular first sealing fin, thus improving per-
formance of the turbomachine. This may in particular ap-
ply to a static fin which according to an embodiment is
arranged on an upstream side of the first sealing fin.
[0009] Additionally or alternatively such static fin may
improve, in particular flatten, (in)flow of leakage down-
stream of the first ora further sealing fin respectively, thus
improving performance of the turbomachine. This may
in particular apply to the or an, according to an embodi-
ment further, static fin respectively which according to an
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embodiment is arranged on a downstream side of the
first/a further sealing fin.

[0010] The (circle of) blades rotate(s) during operation
of the turbomachine (rotating (circle of) blades) while the
seal surface is static or stationary with respect to a (sta-
tionary) stator (wall), in particular a ring (wall), an outer
air seal ("OAS") (wall), a casing (wall) or the like, of the
turbomachine respectively according to an embodiment.
[0011] The seal surface is arranged radially outside of
the outer shroud and first sealing fin, preferably encom-
passes the first sealing fin, according to an embodiment.
The first sealing fin projects radially outwards and/or to-
wards the seal surface according to an embodiment. The
(encompassing) seal surface overlaps the outer shroud
axially at both (axial) ends according to an embodiment
which may improve sealing characteristics. According to
another embodiment the outer shroud overlaps the (en-
compassing) seal surface axially at both (axial) ends
which may reduce weight and/or installation space. Ac-
cording to yet another embodiment the outer shroud
overlaps the (encompassing) seal surface axially at one
(axial) end while the (encompassing) seal surface over-
laps the outer shroud axially at the other (axial) end which
may improve sealing characteristics and weight and/or
installation space. Thus encompassing is to be under-
stood as encompassing in radial and/or circumferential
direction according to an embodiment.

[0012] According to an embodiment an axial direction
referred to herein is or denotes a direction parallel to a
rotating axis of the turbomachine or (circle of) blades re-
spectively, a circumferential direction is or denotes a ro-
tational direction around said rotating axis respectively,
and a radial direction is or denotes a direction perpen-
dicular to both the axial and circumferential direction re-
spectively, in particular away from said rotating axis.
"Out(er)" may thus in particular mean radially outer or
radially (further) away from the rotating axis respectively.
[0013] According to an embodiment the static fin is
grooved. This may improve restricting flow between the
seal surface and the outer shroud or improve (in)flow of
leakage downstream of the first/a further sealing fin re-
spectively, thereby further improving performance of the
turbomachine.

[0014] According to an embodiment the fin flange of
the static fin projects towards a cavity which is defined
between, preferably by, the outer shroud, in particular its
upstream or downstream boundary, in particular (most)
upstream or downstream edge respectively, and the first
sealing fin, in particular its (outer) tip.

[0015] Additionally or alternatively the fin flange of the
static fin comprises a fin tip (which is) located within a
cavity defined between, preferably by,

- the outer shroud, in particular its upstream or down-
stream boundary, in particular (most) upstream or
downstream edge respectively,

- the seal surface, in particular its upstream or down-
stream boundary, in particular (most) upstream or
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downstream edge respectively, and

- thefirstsealingfin, in particularits upstream or down-
stream (oriented) surface respectively,
according to an embodiment. According to a pre-
ferred embodiment said fin tip is located within a cav-
ity defined between, preferably by,

- the outer shroud, in particular its upstream or down-
stream boundary, in particular (most) upstream or
downstream edge respectively, and

- thefirst sealing fin, in particular its (outer) tip.

[0016] Thus, the outer shroud and first sealing fin with
the intermediate static fin may provide or function as a
fish mouth sealing or are provided or designed thereto
respectively according to an embodiment.

[0017] This may further improve restricting flow be-
tween the seal surface and the outer shroud or improve
(in)flow of leakage downstream of the first/a further seal-
ing fin respectively, thereby further improving perform-
ance of the turbomachine.

[0018] Accordingtoanembodimentthereisagap (pro-
vided or designed respectively) between an, in particular
the (above-mentioned), fin tip of the fin flange and the
outer shroud and a gap (provided or designed respec-
tively) between said fin tip and the first sealing fin, at least
in some operating conditions, in particular during a nor-
mal or design operating mode respectively. At least in
said operating conditions said gap is less then 100% of
a height of the first sealing fin and/or more then 5% of
said height according to an embodiment.

[0019] This may reduce wear, thereby further improv-
ing performance of the turbomachine.

[0020] According to an embodiment the seal surface
is arranged at, in particular established by, a honeycomb
seal (structure), in particular a stepped honeycomb seal
(structure). Thus the seal surface comprises one or more
radial steps according to an embodiment. According to
an embodiment the first sealing fin may contact the seal
surface and/or said fin tip may be contact-free at least in
some operating conditions, in particular during a normal
or design operating mode respectively, or be designed
accordingly respectively.

[0021] Additionally or alternatively according to an em-
bodiment the circle of blades comprises one or more fur-
ther sealing fins (radially) opposite to, in particular radially
inside/ encompassed by, the seal surface and projecting
away from the outer shroud, preferably radially outwards
and/or towards the seal surface, in particular one or more
further sealing fins downstream of the first sealing fin.
[0022] Thus the first and/or further sealing fin(s) of the
circle of blades and the seal surface form a labyrinth seal
according to an embodiment.

[0023] The presentinvention may in particular (further)
improve performance of such a labyrinth seal, in partic-
ular by providing a further labyrinth or overlapping seal
respectively, thereby (further) improving the turboma-
chine’s performance.

[0024] According to an embodiment an upstream
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boundary of the outer shroud comprises a deflector
(which is) inclined towards the seal surface preferably.
Said deflector protrudes axially over an upstream or
downstream edge of the blades at the outer shroud ac-
cording to an embodiment. Additionally or alternatively
said deflector is grooved according to an embodiment.
[0025] This may further improve restricting flow be-
tween the seal surface and the outer shroud by the static
fin, thereby further improving performance of the tur-
bomachine.

[0026] According to an embodiment the fin flange is
inclined with respect to the axial and/or radial direction.
Additionally or alternatively an angle between the fin
flange and the outer shroud and/or an angle between the
fin flange and the first sealing fin is less than 90°, pref-
erably less than 60°, more preferably less than 45°.
[0027] This may further improve restricting flow be-
tween the seal surface and the outer shroud or improve
(in)flow of leakage downstream of the first/a further seal-
ing fin respectively, thereby further improving perform-
ance of the turbomachine.

[0028] According to an embodiment the static fin com-
prises at least one restricting flange which projects to-
wards a vane platform of an vane of the turbomachine
adjacent to the circle of blades and/or is inclined with
respect to the fin flange of the static fin according to an
embodiment, preferably by 10° at least, more preferably
by 25° at least, and/or 120° at most, more preferably by
100° at most.

[0029] Thus, according to an embodiment the static fin
may be used to also reduce leakage towards a cavity
defined between said vane platform and a stator wall,
thereby further improving performance of the turboma-
chine.

[0030] According to an embodiment the static fin, in
particular its fin flange, comprises, preferably is (made
from), metal.

[0031] Additionally or alternatively the static fin is
(formed as) one(-)piece(d) and/or ring-like according to
an embodiment. According to another embodiment the
static fin comprises two or more, preferably one-piece(d),
ring segments which together form a ring-like static fin.
[0032] Additionally or alternatively according to an em-
bodiment the static fin, in particular its fin flange, com-
prises at least two layers which according to an embod-
iment at least partially contact each other. Alternatively,
at least the fin flange is single-layer according to an em-
bodiment.

[0033] Additionally or alternatively the static fin is at-
tached detachably or non-detachably to a stator, prefer-
ably to aring, OAS, casing or the like, in particular (stator,
in particular ring/OAS/casing) wall, of the turbomachine,
in particular up- or downstream and/or adjacent to the
seal surface, in particular honeycomb seal, according to
an embodiment. According to an embodiment the static
fin is arranged adjacent to the seal surface and/or outer
shroud.

[0034] Thus, according to a preferred embodiment the
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static fin comprises, in particular is, one or more metal
pad(s) which is/are bend to form the fin flange and also
the restricting flange (if such restricting flange is provid-
ed).

[0035] These features, in particular combination of two
or more of said features, may in particular provide a light-
weight, compact and/or robust static fin, thus further im-
proving performance of the turbomachine. Therein, a sin-
gle-layer fin flange may reduce weight while at least two
layers, in particular when at least partially contacting
each other, may increase stiffness according to an em-
bodiment.

[0036] According to an embodiment the static fin is at
least partially located at an upstream side of the outer
shroud and/or seal surface. In particular the static fin may
be fixed to the stator, in particular ring, OAS or casing,
(wall) upstream or downstream of the outer shroud and/or
seal surface. According to an embodiment the static fin
is located at least partially at an upstream or downstream
side of the first sealing fin.

[0037] Asalready mentioned this may in particular pro-
vide an additional labyrinth and/or fish mouth sealing,
thus further improving performance of the turbomachine.
[0038] According to an embodiment the sealing sys-
tem comprises a further static fin with atleast one (further)
fin flange for restricting flow between the seal surface
and the outer shroud, wherein said further static fin also
is stationary with respect to the seal surface, and wherein
both static fins, i.e. the static fin described above and
said further static fin, are located at, in particular axially,
opposite sides of the circle of blades.

[0039] Accordingtoan embodimentone or more of the
features described herein with respect to the static fin
described above may additionally or alternatively apply
to this further static fin, in particular (in combination) with
one of the further sealing fins instead of the first sealing
fin. Thus in particular

- the fin flange of one of said static fins projects to-
wards a cavity defined between the outer shroud and
the first sealing fin and the fin flange of the other of
said static fins projects towards a cavity defined be-
tween the outer shroud and the first or further sealing
fin; and/or

- the fin flange of one of said static fins comprises a
fin tip located within a cavity defined between the
outer shroud, the seal surface and the first sealing
fin, in particular within a cavity defined between the
outer shroud and the first sealing fin, and the fin
flange of the other of said static fins comprises a fin
tip located within a cavity defined between the outer
shroud, the seal surface and the first or further seal-
ing fin, in particular within a cavity defined between
the outer shroud and the first or further sealing fin;
and/or

- there is a gap between the fin tips of both static fins
and the outer shroud and a gap between the fin tip
of one of said static fins and the first sealing fin and
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a gap between the fin tip of the other of said static
fins and the first or further sealing fin; and/or

- one of said static fins is at least partially located on
an upstream side of the first sealing fin and the other
of said static fins is at least partially located on a
downstream side of the first or further sealing fin;
and/or

- an angle between the fin flange of one of said static
fins and the, preferably adjacent, first sealing fin is
less than 90°, preferably less than 60°, more prefer-
ably less than 45°, and an angle between the fin
flange of the other of said static fins and the, prefer-
ably adjacent, first or further sealing fin is less than
90°, preferably less than 60°, more preferably less
than 45°.

[0040] The presentinvention may be applied with great
advantage to compressor or turbine stages of gas tur-
bines, in particular aero engine gas turbines, without be-
ing restricted thereto.

[0041] Furtherfeaturesofthe presentinventionare dis-
closed in the sub-claims and the following description of
preferred embodiments. The presentinvention will be fur-
ther explained below by way of example with reference
to the figures in which corresponding features are denot-
ed by identical reference signs and in which:

Fig. 1 shows, partially schematically, a sectional view
of a sealing system of an axial turbomachine accord-
ing to an embodiment of the present invention;

Fig. 2 shows likewise a sealing system of an axial
turbomachine according to another embodiment of
the present invention;

Fig. 3 shows likewise a sealing system of an axial
turbomachine according to another embodiment of
the present invention; and

Fig. 4 shows likewise a sealing system of an axial
turbomachine according to another embodiment of
the present invention.

Fig. 1 shows a (partial) sectional view of a sealing
system of an axial turbomachine according to an em-
bodiment of the present invention.

[0042] The sealing system comprises a circle of blades
10 rotating around a horizontal rotation axis, comprising
an outer shroud 11 and a first sealing fin 12 and a further
sealing fin 13 downstream of the first sealing fin 12, both
sealing fins 12, 13 projecting (radially) away from said
outer shroud 11.

[0043] Flow of a working fluid is from left to right, i.e.
(more) left is upstream and (more) right is downstream
in Fig. 1.

[0044] The system further comprises a stepped hon-

eycomb seal 20 with a (stepped) ring-like seal surface
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21 radially opposite to and outside of said outer shroud
11 and the sealing fins 12, 13 which together form a lab-
yrinth seal.

[0045] The outer shroud 11 comprises a deflector 14
inclined towards the seal surface.

[0046] The system further comprises a static fin in the
form of one or more one-piece(d) metal pad(s) 30 fixed
to a stator wall 40 upstream of the outer shroud 11 and
upstream and adjacent to the honeycomb seal 20, there-
by being stationary with respect to the seal surface 21.
[0047] Said static fin/metal pad(s) 30 comprise(s) a
double-layer fin flange 31A, 31B for restricting flow be-
tween the seal surface 21 and the outer shroud 11 which
projects towards a cavity C which is defined between an
upstream edge of the outer shroud 11 or its deflector 14
respectively and a top tip of the first sealing fin 12 and
which is indicated by a dashed line in Fig. 1.

[0048] A fintip 32 of said fin flange 31A, 31B is located
within said cavity C with a gap between the fin tip 32 and
the outer shroud 11 as well as between the fin tip 32 and
the first sealing fin 12.

[0049] The fin flange 31A, 31B is inclined both with
respect to the axial direction (horizontal in Fig. 1) as well
as with respect to the radial direction (vertical in Fig. 1),
an angle o between the fin flange 31A, 31B and the outer
shroud 11 and an angle f between the fin flange 31A,
31B and the first sealing fin 12 both being less than 60°.
[0050] The fin flange 31A, 31B improves restricting
flow between the seal surface 21 and the outer shroud
11, acting as an additional labyrinth or fish mouth seal
respectively supporting the labyrinth seal provided by
honeycomb seal surface 21 and sealing fins 12, 13.
[0051] The static fin/metal pad(s) 30 comprise(s) a re-
stricting flange 33 projecting towards a vane platform 51
of an adjacent vane 50 of the turbomachine.

[0052] The fin flange comprises two layers 31A, 31B
contacting each other. Both layers 31A, 31B may be fold-
ed to form a single element.

[0053] Fig. 2 shows likewise a sealing system of an
axial turbomachine according to another embodiment of
the presentinvention. Reference is made to the foregoing
description while differences will be addressed in the fol-
lowing.

[0054] In the embodiment of Fig. 2 the deflector 14 is
absent. While the fin flange 31A, 31B still projects to-
wards a cavity defined between an upstream edge of the
outer shroud 11 and a top tip of the first sealing fin 12,
the fin tip 32 is located within a cavity C’ defined between
an upstream edge of the outer shroud 11 and an up-
stream edge of the seal surface 21 (dashed line in Fig.
2), thus restricting flow between the seal surface 21 and
the outer shroud 11.

[0055] Fig. 3 shows likewise a sealing system of an
axial turbomachine according to another embodiment of
the present invention. Again reference is made to the
foregoing description while differences will be addressed
in the following.

[0056] In the embodiment of Fig. 3 the sealing system
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comprises a further static fin in the form of one or more
further one-piece(d) metal pad(s) 60 fixed to stator wall
40 downstream of the outer shroud 11 and downstream
and adjacent to the honeycomb seal 20, with a fin flange
61 for restricting flow between the seal surface 21 and
the outer shroud 11.

[0057] Said further static fin (flange) improves, in par-
ticular flattens, (in)flow of leakage downstream of the fur-
ther sealing fin 13.

[0058] Fig. 4 shows likewise a sealing system of an
axial turbomachine according to another embodiment of
the presentinvention. Reference is made to the foregoing
description while differences will be addressed in the fol-
lowing.

[0059] IntheembodimentofFig. 4 the restricting flange
is absent. Moreover, the fin flange comprises only one
layer 31A.

[0060] This may reduce weight and installation space.
[0061] While at least one exemplary embodiment has
been presented in the foregoing summary and detailed
description, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration in any way. Rather, the fore-
going summary and detailed description will provide
those skilled in the art with a convenient road map for
implementing at least one exemplary embodiment, it be-
ing understood that various changes may be made in the
function and arrangement of elements described in an
exemplary embodiment without departing from the scope
as set forth in the appended claims and their legal equiv-
alents.

REFERENCE NUMBERS

10 (circle of) blade(s)
11 outer shroud

12 first sealing fin

13 further sealing fin
14 deflector

20 honeycomb (structure)
21 seal surface

30 static fin

31A, 31B | (layer of) fin flange
32 fin tip

33 restricting flange
40 stator (wall)

50 vane

51 vane platform

60 further static fin
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(continued)

61 fin flange
C,C Cavity
o, B angle

Claims

A sealing system for an axial turbomachine, the sys-
tem comprising:

- acircle of blades (10) with an outer shroud (11)
and a first sealing fin (12; 13) projecting away
from said outer shroud;

- a seal surface (21) opposite to said first sealing
fin; and

- an, in particular grooved, static fin (30; 60) with
at least one fin flange (31A, 31B; 61) for restrict-
ing flow between the seal surface (21) and the
outer shroud (11), wherein the static fin (30; 60)
is stationary with respect to the seal surface (21).

The sealing system according to claim 1, wherein
the fin flange (31A, 31B; 61) projects towards a cavity
(C) defined between the outer shroud (11) and the
first sealing fin (12; 13) and/or comprises a fin tip
(32) located within a cavity (C’) defined between the
outer shroud (11), the seal surface (21) and the first
sealing fin (12; 13), in particular within a cavity (C)
defined between the outer shroud (11) and the first
sealing fin (12; 13).

The sealing system according to one of the preced-
ing claims, wherein there is a gap between a, in par-
ticular the, fin tip (32) of the fin flange (31A, 31B; 61)
and the outer shroud (11) and a gap between said
fin tip (32) and the first sealing fin (12; 13).

The sealing system according to one of the preced-
ing claims, wherein the circle of blades (10) compris-
es at least one further sealing fin (13) opposite to the
seal surface (21) and projecting away from the outer
shroud (11), in particular at least one further sealing
fin (13) downstream of the first sealing fin (12).

The sealing system according to one of the preced-
ing claims, wherein an upstream boundary of the out-
er shroud (11) comprises an, in particular grooved,
deflector (14) inclined towards the seal surface (21).

The sealing system according to one of the preced-
ing claims, wherein the static fin (30; 60) is at least
partially located at an upstream or downstream side
of the first sealing fin (12; 13).

The sealing system according to one of the preced-
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10.

1.

12.

13.

ing claims, wherein the fin flange (31A, 31B; 61) is
inclined with respect to the axial and/or radial direc-
tion and/or an angle (o) between the fin flange (31A,
31B; 61) and the outer shroud (11) and/or an angle
(B) between the fin flange (31A, 31B; 61) and the
first sealing fin (12; 13) is less than 90°.

The sealing system according to one of the preced-
ing claims, wherein the static fin (30; 60) comprises
atleast one restricting flange (33) projecting towards
a vane platform (51) of an adjacent vane (50) of the
turbomachine.

The sealing system according to one of the preced-
ing claims, wherein the seal surface (21) is arranged
at an, in particular stepped, honeycomb seal (20).

The sealing system according to one of the preced-
ing claims, wherein the staticfin (30; 60), in particular
its fin flange (31A, 31B; 61), comprises metal and/or
at least two, in particular at least partially contacting,
layers (31A, 31B) and/or is one-pieced and/or ring-
like and/or attached detachably or non-detachably
to a stator (40) of the turbomachine, in particular up-
stream and/or adjacent to the seal surface (21), in
particular honeycomb seal (20), or downstream
and/or adjacent to the seal surface (21), in particular
honeycomb seal (20).

The sealing system according to one of the preced-
ing claims, comprising an, in particular grooved, fur-
ther static fin (60) with at least one fin flange (61) for
restricting flow between the seal surface (21) and
the outer shroud (11), wherein said further static fin
(60) is stationary with respect to the seal surface
(21), wherein both static fins (30, 60) are located at
opposite sides of the circle of blades.

An axial turbomachine, in particular a gas turbine,
comprising the sealing system according to one of
the preceding claims.

A method for sealing between a circle of blades (10)
with an outer shroud (11) and a first sealing fin (12;
13) projecting away from said outer shroud (11) and
a seal surface (21) of an axial turbomachine opposite
to said first sealing fin (12; 13), comprising using a
sealing system according to one of the preceding
claims, in particular restricting flow between the seal
surface (21) and the outer shroud (11) by its static
fin (30) or static fins (30, 60) respectively.
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