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(57) Abréegée/Abstract:

A rotating turbomachine, such as a gas turbine, which may, In some embodiments, have Increased output and/or efficiency
through reduced leakage flows around seals Is provided. The rotating turbomachine includes a rotor which has at least two rotor
blade rows, and at least one rotor heat shield with a plurality of heat shield elements arranged axially between two adjacent rotor
blade rows. The rotating turbomachine also includes a stator which has at least one stator blade row with a plurality of stator blades
arranged axially between two adjacent rotor blade rows. Sealing elements are disposed on the stator blades, the heat shield
elements, and the rotor blades in such a way that a continuous radial seal may be formed.
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Abstract

A rotating turbomachine, such as a gas turbine, which

may, 1n some embodiments, have increased output and/or

efficiency through reduced leakage flows around seals 1S
provided. The rotating turbomachine i1ncludes a rotor which has
at least two rotor blade rows, and at least one rotor heat
shield with a plurality of heat shield elements arranged
axially between two adjacent rotor blade rows. The rotating
turbomachine also includes a stator which has at least one

F

stator blade row with a plurality of stator blades arranged

axially between two adjacent rotor blade rows. Sealing elements
are disposed on the stator blades, the heat shield elements,

and the rotor blades in such a way that a continuous radial

seal may be formed.
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TURBOMACHINE, ESPECIALLY GAS TURBINE

Technical field

The present invention refers to a rotating

turbomachine, especially a gas turbine.

Background of the invention

Rotating turbomachines customarily have a rotor which
has at least two rotor blade rows with a plurality of
rotor blades, and also at least one rotor heat shield
with a plurality of heat shield elements, wherein the
respective rotor heat shield 1is arranged axially
between two adjacent rotor blade rows. In addition,
such a turbomachine customarily comprises a stator
which has at least one stator blade row, which is
arranged axilally between two adjacent rotor blade rows,

with a plurality of stator blades.

For forming an axial seal in the region of the stator
blade row it 1s possible in principle to equip the
stator blades of the stator blade row radially on the
inside with a stator sealing structure which is closed
in the circumferential direction, and to equip the heat
shield elements radially on the outside with a rotor
sealing structure which is closed in the
circumferential direction and which interacts with the
stator sealing structure for forming the axial seal.
In addition, it is possible in principle to separate a
gas path of the turbomachine, through which the rotor
blades and the stator blades extend, from the rotor or
from a gas cooling path by means of radial seals which
can be formed between rotor blades which are adjacent
in the circumferential direction or between heat shield
elements which are adjacent in the circumferential

direction.
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For output increase or for increasing the efficiency of such a

turbomachine, a requirement permanently exists for reducing

gt
—

leakage flows 1n the region of seals.

B

Summary of the invention

The invention may, 1n some embodiments, provide a remedy for

this. The invention, as it is characterized in the claims,

P

deals with the problem of disclosing an 1mproved embodiment for

F

a turbomachine of the type referred to in the i1ntroduction,

which is characterized in particular by an increased

P
o

efficiency.

ﬁ

According to an aspect of the invention, there 1s provided a

rotating turbomachine comprising: a rotor which has at least

P

two rotor blade rows with a plurality of rotor blades, and at

least one rotor heat shield with a plurality of heat shield
elements arranged axially between two adjacent rotor blade

rows; a stator which has at least one stator blade row with a

o

plurality of stator blades arranged axlally between two

adjacent rotor blade rows; wherein the stator blades have a

stator sealing structure on a radially inside portion thereot

which is circumferentially closed; wherein the heat shield

elements have a rotor sealing structure at a radially outside

portion which is circumferentially closed and which 1nteracts

with the stator sealing structure to form an axial seal; a

blade radial seal formed between two circumferentially adjacent

rotor blades and separating a gas path, through which the rotor

blades and the stator blades extend, from the rotor; and a heat

shield radial seal positioned between two circumferentilally

adjacent heat shield elements and separating the gas path from
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the rotor; wherein the heat shield elements and the rotor
blades are matched to each other so that the heat shield radial

seal merges without interruption into the blade radial seals of

sald two axially adjacent rotor blades to form a continuous

radial seal from one of said two axially adjacent rotor blades,

F

via the heat shield element, to the other of said two axially

adjacent rotor blades; wherein the blade radial seal comprises

P
.

clrcumferentially open blade slots positioned 1n the region of

circumferentially adjacent blade roots of the rotor blades, and
comprlising a plate or a strip sealing element 1n the blade
slots; wherein the heat shield radial seal includes heat shield

ﬁ

slots formed 1n regions of the heat shield elements

cilrcumferentially adjacent and which adjoin the rotor sealing

structure, the heat shield slots being circumferentially open,

and comprising a plate or strip sealing element 1n said heat

shield slots; wherein axial longitudinal ends of the heat

shield slots axially align with axially adjacent axial

o

longitudinal ends of the blade slots; wherein at least one ot

g

salid sealing elements extends from the heat shield slots

— g

axially into the blade slots of at least one of the adjacent

rotor blades, or extends from the blade slots of the rotor

blades of the one rotor blade row axially 1nto the heat shield

slots; and wherein adjacent sealing elements axially abut

F

against each other between the axial longitudinal ends of the

F

blade slots, or between the axial longitudinal ends of the heat

shield slots, or between both.

F

The invention 1is based on the general idea of combining an

axial seal, which is formed as a result of the interacting of a

stator sealing structure with a rotor sealing structure, with a
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radlal seal which runs from one rotor blade, via the heat

shield element, to the other rotor blade. In this way, leakages

1n the axial direction and also 1n the radial direction can be

reduced, which increases the performance of the turbomachine or

# P
—

tficiency. The combination of the axial seal in the region

1ts e:

—

of the rotor heat shield with the radial seal which runs in the

axlal direction via the rotor heat shield, that is to say

without interruption or continuously, interacts in this case

y—
T

for efficiency 1ncrease. The continuous radial seal, 1n the

F

case of the turbomachine according to the invention, 1s

realized by the heat shield elements and the rotor blades being
matched to each other so that the heat shield radial seal which

i

1s formed 1n the region of the heat shield elements merges

without
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lnterruption into the blade radial seals which are

formed in the region of the rotor blades.

In an advantageous embodiment, the radial seals can be
realized by means of sealing elements which are
arranged 1in the region of the heat shield elements in
heat shield slots, and in the region of the rotor
blades are arranged in blade slots. By means of a
special matching of the heat shield elements and the
rotor blades to each other the effect can be achieved
Oof axial longitudinal ends of the heat shield slots
aligning axially with axially adjacent axial
longitudinal ends of the blade slots, as a result of
which 1t is possible to arrange plate-like or strip-
like sealing elements so that they extend partially
into the heat shield slots and partially into the blade
slots of at least one of the adjacent rotor blades. 1In
this way, an axial gap, which is formed axially between
the heat shield element and the respective rotor blade,
can be effectively covered by means of the respective
sealing element in a region which is located in the
circumferential direction between adjacent heat shield
elements or in the circumferential direction between
adjacent rotor blades, which significantly improves the

sealing effect of the radial seal which is formed in

this way.

In another advantageous embodiment, the heat shield
elements, between their axial ends, can have in each
case a radially inwardly receding recesgs in which the
rotor sealing structure is arranged. In this case, a
development in which the said recess is dimensioned so
that the axial seal is formed inside this recess and is
arranged 1in a radially inwardly offset manner relative
to the blade radial seals of the adjacent rotor blades,
1s particularly advantageous. By means of this type of
construction the effect is achieved of the axial seal

being located in a region which is located virtually
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outside a gas flow which flows in the gas path of the
turbomachine, which improves the effectiveness of the
axial seal. As a result of the recess, inside the gas
path an eddy 2zone 1is virtually formed, in which the

axial seal achieves an improved sealing effect.

Further 1mportant features and advantages of the
turbomachine according to the invention result from the
dependent claims, from the drawing and from the
associated figure description with reference to the

drawlng.

Brief description of the drawings

A preferred exemplary embodiment of the invention is
shown 1n the drawing and is explained in more detail in

the following description.

The single figure shows a simplified 1longitudinal

section through a section of a turbomachine.

Ways of implementing the invention

According to Fig.l, a rotating turbomachine 1, which is
only partially shown, comprises a rotor 2 and a stator
3. During operation of the turbomachine 1, which is
preferably a gas turbine but which can also be a
compressor or a steam turbine, the rotor 2 rotates
around a rotor axis 4 which at the same time defines
the axial direction of the turbomachine 1. The rotor 2
has at least two rotor blade rows S which in each case
have a plurality of rotor blades 6 which are adjacent
to each other in the circumferential direction.
Furthermore, the rotor 2 has at least one rotor heat
shield 7 which is arranged in each case axially between
two adjacent rotor blade rows 5. In the detail of the
turbomachine 1 which is shown, two rotor heat shields 7

can be seen. The stator 3 can have a plurality of
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stator blade rows 8, of which at least one 1s arranged
axially between two adjacent rotor blade rows 5. Each
stator blade row 8 has a plurality of stator blades 9
which are adjacent in the circumferential direction.
If 1n the followling text the stator blade row 8 is
mentioned, the at least one stator blade row 8 which 1s

arranged axially between two adjacent rotor blade rows

5 1is always meant.

The stator blades 9 of at least one of these stator
blade 1rows 8 have a stator sealing structure 10
radially on the inside, which can be designed in a
closed manner 1n the circumferential direction. For
this purpose, for example each stator blade 9, radially
on the 1inside on its blade tip, can have a flat
platform 11 which extends in the circumferential
direction and also axially, and which can be designed
in the manner of a shroud. The stator sealing

structure 10 1s arranged on these stator blade

platforms 11.

The respective rotor heat shield 7 as a rule comprises
a plurality of heat shield elements 12 which are
adjacent in the circumferential direction, which in the
manner of annular segments form the respective rotor
heat shield 7. The individual heat shield elements 12
have a rotor sealing structure 13 radially on the
outside, which extend 1in a c¢closed manner in the
circumferential direction. The rotor sealing structure
13 and the stator sealing structure 10 in this case are
radially adjacently arranged and interact for forming

an axial seal 14.

The plane of section which is selected in Fig. 1 lies
between two rotor blades 6 which are adjacent in the
circumferential direction and also between two heat
shield elements 12 which are adjacent in the

circumferential direction. The plane of section
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therefore lies 1n a longitudinal gap which is formed in
each case between two rotor blades 6 or heat shield
elements 12 which are adjacent in the circumferential
direction. In the region of this longitudinal gap, on
one side a blade radial seal 15 is formed in each case
between two adjacent rotor blades 6 of the same rotor
blade row 5, while on the other side a heat shield
radial seal 16 1s formed in each case between two
adjacent heat shield elements 12. Both the respective
blade radial seal 15 and the respective heat shield
radial seal 16 in the radial direction separate a gas
path 17 of the turbomachine 1 from the rotor 2 or from
a cooling gas path 18 which is formed radially between
the rotor 2 and the respective radial seal 15, 16.
During operation of the turbomachine 1, the respective
operating gas, for example a hot gas, flows in the gas
path 17; a corresponding gas flow is symbolized by
means of arrows 19. The rotor blades 6 and the stator
blades 9 extend in each case through the gas path 17.
During operation of the turbomachine 1, a cooling gas
flow, which 1s indicated by means of arrows 20, can

flow 1n the cooling gas path 18.

‘The heat shield elements 12 and the rotor blades 6 of

the rotor blade rows 5 which are adjacent to the rotor
heat shield 7 are matched to each other so that the
heat shield radial seal 16 merges without interruption
both into the blade radial seal 15 which lies upstream
and 1nto the blade radial seal 15 which 1lies
downstream. This uninterrupted transition between the
heat shield radial seal 16 and the two blade radial
seals 15 1s realized in this case so that a radial seal
21 can be formed as result, which is designed in a
manner 1in which it runs in the longitudinal direction
virtually seamlessly or continuously from the one rotor
blade 6, via the respective heat shield element 12, to
the other rotor blade 6. It is worth noting- in this

case that both in the case of a transition 22 which
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lies upstream and in the case of a transition 23 which
lies downstream a continuous radial seal 21 can be

realized between the heat shield element 12 and

respective rotor blade 6.

The respective Dblade radial seal 15, in the region of
blade roots 24 of the rotor blades 6 which are adjacent
in the circumferential direction, comprises in each
case a blade slot 25 which is open in the
circumferential direction. The two blade slots 25 of
the respective blade radial seal 15 lie opposite each
other with their open sides in alignment with each
other so that a plate-like or strip-like sealing
element 26 can be inserted into these blade slots 25.
The heat shield radial seal 16 is constructed in a
corresponding manner, and in regions 27 which adjoin
the rotor sealing structure 13, in the heat shield
elements 12 which are adjacent in the circumferential
direction, has in each case a heat shield slot 28 which
is open in the circumferential direction. Also in this
case, the heat shield slots 28 of the two heat shield

each other in the circumferential direction so that a
plate-like or strip-like sealing element 26 can also be

inserted into the heat shield slots 28.

The heat shield slots 28 and the blade slots 25 are
expediently now matched to each other so that in the
transition regions 22, 23 axial longitudinal ends 29 of
the heat shield slots 28 axially align with axially
adjacent axial longitudinal ends 30 of the blade slots
25. As a result of this, it is possible to arrange a
common sealing element 26, or a sealing element 26 in
each case, in the transition regions 22, 23, in fact so
that it extends from the heat shield slots 28 axially
into the blade slots 25 or so that it extends from the
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blade slots 25 of the rotor blades 6 of the one rotor
blade row 5 axially into the heat shield slots 28.

In this case, 1t 1s possible in principle to use a
continuous, relatively long sealing element 26 which
extends 1n the respective slots 25, 28 from the one
rotor blade row 5, wvia the rotor heat shield 7, into
the other rotor blade row 5. However, a plurality of
sealing elements 26 may preferably be provided, wherein
in particular adjacent sealing elements 26 axially abut
against each other between the axial longitudinal ends
29 of the heat shield slots 28 and/or between the axial
longitudinal ends 30 of the respective blade slots 25.
By the same token, it 1is possible in principle to
provide comparatively small sealing elements 26 which
are arranged only 1in the respective transition region
22 or 23 for bridging the annular axial gap there and
in this case on one side extend into the heat shield
slots 28 and on the other side extend into the blade
slots 25.

The heat shield elements 12, according to the
embodiment which is shown here, can have a radially
inwardly receding recess 31 between their axial ends,
that 1s to say between the transition regions 22, 23.
The rotor sealing structure 13 is arranged in this
recess 31. In addition, the stator blades 9 in this
case are dimensioned so that the stator sealing
structure 10 1s also arranged inside this recess 31.
According to the preferred embodiment which is shown
here, the recess 31 can be dimensioned so that the
axlial seal 14 which is formed as a result of the
interaction of the rotor sealing structure 13 with the
stator sealing structure 10 is formed inside the recess
31. The axial seal 14 in this case is arranged in a
radially inwardly offset manner relative to the blade
radial seals 15 of the adjacent rotor blades 6. As a
result of this, the axial seal 14 is 1located radially
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outside the gas flow 19 1in the gas path 17 and

especially in an eddy zone of the gas flow 19.

According to an advantageous embodiment, the stator
sealing structure 10 can be designed with grindable
allowance. For example, for this purpose the stator
sealing structure 10 can be formed as a honeycomb
structure 33 with radially oriented honeycombs. The
rotor sealing structure 13 is then preferably designed
with grinding-in capability. For example, the rotor
sealing structure 13 is formed by means of at least one
blade-1like annular rib 32. In the example which 1s
shown, two such annular ribs 32 are provided, which are
arranged at a distance from each other in the axial
direction. During operation of the turbomachine 1, the
rotor sealing structure 13 can be ground into the
stator sealing structure 10, that 1s to say the

respective annular rib 32 penetrates i1nto the honeycomb

structure 33.

The stator sealing structure 10 and the rotor sealing
structure 13 expediently interact 1in the manner of a
labyrinth seal for forming the axial seal 14. For this
purpose, the stator sealing structure 10 can especially
have a plurality, for example two, annular axial
sections 34 which are radially outwardly offset in
relation to a i1n this case center annular axial section
35 which 1is adjacent to them. The rotor sealing
structure 13 then has a plurality, in this case two, of
radially outwardly projecting annular ribs 32 which are
arranged 1n each case 1n the region of one of the

radially outwardly offset radial sections 34.
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We claim:
1. A rotating turbomachine comprising:

a rotor which has at least two rotor blade rows with a plurality of rotor blades, and at least one

rotor heat shield with a plurality of heat shield elements arranged axially between two

adjacent rotor blade rows;

a stator which has at least one stator blade row with a plurality of stator blades arranged axially

between two adjacent rotor blade rows;

wherein the stator blades have a stator sealing structure on a radially inside portion thereot

which is circumferentially closed;

wherein the heat shield elements each have a rotor sealing structure at a radially outside portion

which is circumferentially closed and which interacts with the stator sealing structure to

form an axial seal;

a blade radial seal formed between two circumferentially adjacent rotor blades and separating a

gas path, through which the rotor blades and the stator blades extend, from the rotor;

and

a heat shield radial seal positioned between two circumferentially adjacent heat shield elements

and separating the gas path from the rotor;

wherein the heat shield elements and the rotor blades are matched to each other so that the heat
shield radial seal merges without interruption into the blade radial seals of said two
axially adjacent rotor blades to form a continuous radial seal from one of said two

axially adjacent rotor blades, via the heat shield element, to the other ot said two axially

adjacent rotor blades;

wherein the blade radial seal comprises circumferentially open blade slots positioned 1n the
region of circumferentially adjacent blade roots of the rotor blades, and comprising a

plate or a strip sealing element in the blade slots;
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wherein the heat shield radial seal includes heat shield slots formed in regions of the heat shield
elements circumferentially adjacent and which adjoin the rotor sealing structure, the
heat shield slots being circumferentially open, and comprising a plate or strip sealing

clement 1n said heat shield slots;

wherein axial longitudinal ends of the heat shield slots axially align with axially adjacent axial

longitudinal ends of the blade slots;

wherein at least one of said sealing elements extends from the heat shield slots axially into the

blade slots of at least one of the adjacent rotor blades, or extends from the blade slots of

the rotor blades of the one rotor blade row axially into the heat shield slots; and

wherein adjacent sealing elements axially abut against each other between the axial
longitudinal ends of the blade slots, or between the axial longitudinal ends of the heat

shield slots, or between both.

2. The turbomachine as claimed in claim 1, wherein the heat shield elements comprise, between
their axial ends, a radially inwardly receding recess in which the rotor sealing structure 1s

positioned.

3. The turbomachine as claimed in claim 2, wherein the stator blades are dimensioned so that

the stator sealing structure is positioned inside the radially inwardly receding recess.

4. The turbomachine as claimed in claim 2, wherein the radially inwardly receding recess 1s
dimensioned so that the axial seal is formed inside the recess and 1s positioned radially

inwardly offset relative to the blade radial seals of adjacent rotor blades.

5. The turbomachine as claimed in claim 1, wherein: the stator sealing structure comprises a
grindable allowance; the rotor sealing structure comprises a grinding-in portion; and said stator
sealing structure grindable allowance and said rotor sealing structure grinding-in portion are
both configured and arranged so that, during operation of the turbomachine, the rotor sealing

structure grinds into the stator sealing structure.
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6. The turbomachine as claimed in claim 5, wherein the stator sealing structure grindable

allowance comprises a honeycomb structure with radially oriented honeycombs.

7. The turbomachine as claimed in claim 5, wherein the rotor sealing structure grinding-in

portion comprises at least one blade-like annular rib.

8. The turbomachine as claimed in claim 1, wherein the stator sealing structure and the rotor

sealing structure together form a labyrinth seal of the axial seal.

9. The turbomachine as claimed in claim 5, wherein: the stator sealing structure comprises a
first annular axial section and a plurality of adjacent second annular axial sections which are
radially outwardly offset relative to the first annular axial section; and the rotor sealing
structure comprises a plurality of radially outwardly projecting annular ribs each arranged 1n

the region of one of the radially outwardly offset axial sections.

10. The turbomachine as claimed in claim 1, further comprising: a cooling gas path extending

radially between the radial seal and the rotor.
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