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second rows of turbine blades (5) and configured to de-
fine with said rotor unit (4) a rotor heat shield passage
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to an apparatus
for controlled delivery of cooling air to turbine blades in
a turbine section of a gas turbine power plant. In partic-
ular, the present invention relates to an apparatus for
controlling cooling air delivery to rotor heat shield cavities
to protect the rotor material against hot gas.

Description of prior art

[0002] As is known, a gas turbine for power plants (in
the following, "gas turbine" only) comprises an upstream
compressor, a combustor assembly and a downstream
turbine. The turbine includes a rotor comprising a com-
pressor section and a turbine section.

[0003] The terms downstream and upstream as used
herein refer to the direction of the main gas flow passing
through the gas turbine.

[0004] In particular, the compressor comprises an inlet
supplied with air and a plurality of blades compressing
the passing air. The major part of the compressed air
flows into a combustorwhere the compressed air is mixed
with at least one fuel. This mixture is combusted in the
combustor leading to a significant temperature rise. The
resulting hot gas leaves the combustor and is expanded
in the turbine, producing mechanical work on the rotor.
[0005] While the turbine blades are made of a material
designed to withstand the hot gas temperatures, and thus
costly, the rotor is generally made of a less costly material
with a lower resistance to high temperatures. Therefore,
a flow of cooling air must be provided in the rotor section,
below the hot gas path, to protect the rotor material
against the hot gas temperature. Devices called rotor
heat shields (RHS) are generally inserted between two
adjacent blade rows to form cavities that can be supplied
with cooling air.

[0006] In the turbine section, the hot gas pressure de-
creases from one blade row to the following. It is known
in the art that the pressure of the cooling air supplied to
the individual blades rows at the root of the blades should
be above the hot gas pressure at that blade row to avoid
leakage of hot gas into cooling cavities; however, the
cooling air pressure should not be too high in order to
avoid excessive flow of cooling air into the hot gas path,
which would reduce efficiency.

[0007] Controlling cooling air delivery is even more
complex when air is supplied to two blade rows from a
single source.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide
an apparatus for controlled delivery of cooling air to tur-
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bine blades in a gas turbine which addresses the above
problems.

[0009] According to a first aspect of the present inven-
tion, the apparatus includes:

- a plurality of rotor heat shield elements disposed in
a circumferential row between a first and a second
row of turbine blades, each shield element having a
root portion contoured so as to fit in a seat of the
rotor unit, an intermediate radial portion and a shroud
band configured to be axially interposed between
platform portions of the turbine blades of the first and
second turbine blade row, the rotor heat shield ele-
ments configured to define with a rotor unit of the
turbine a rotor heat shield passage that is fed with
cooling air; and

- at least a row of lock plates configured to secure
axially at least one of said first and second rows of
turbine blades to said rotor unit, said lock plates fac-
ing said rotor heat shield elements,

wherein at least one of said radial portion of the rotor
shield elements and the lock plates includes at least one
opening for controlled flow of cooling air.

[0010] According to the invention, pressure drop along
the different portions of the rotor heat shield passage can
be controlled so as to ensure optimum local balance with
the pressure of the hot gas.

[0011] According to an embodiment, two portions or
cavities of the rotor heat shield passage communicate
through the aperture in the radial portion of the rotor heat
shield elements, which allows to control pressure in the
two portions even though only one of them is supplied
with cooling air.

[0012] In an embodiment, the rotor shield elements in-
clude at least one feature configured to cooperate with
an axial finger extending from the platform portion of the
blades of atleast one row in order to lock said rotor shield
elements circumferentially; the opening is facing the fea-
tures of the rotor shield elements, so that it can be used
to receive the finger of a respective blade.

[0013] Advantageously, lock plates are provided with
hooks for coupling with said rotor unit; this makes as-
sembly easy and quick.

[0014] According to a preferred embodiment, the ap-
paratus includes at least one, and preferable all, of:

a circumferential wire seal between the root portions
of the said rotor heat shield elements and said rotor
unit,

a circumferential wire seal between said lock plates
and said rotor unit,

circumferential seals between the shroud bands the
said blades, and

axial seals between each pair of adjacent shroud
bands.

[0015] This allows to reduce, and preferably eliminate,
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any undesired leaking paths for the cooling air.
[0016] According to another aspect, the invention re-
lates to a gas turbine including:

- arotor unit;

- atleast a first plurality of turbine blades disposed in
a first circumferential row around the rotor unit and
secured thereto,

- atleastasecond plurality of turbine blades disposed
in a second circumferential row around the rotor unit
and secured thereto,

- thefirstrow and the second row being axially spaced
with respect to one another,

- a plurality of rotor heat shield elements disposed in
a circumferential row between said first and second
rows of turbine blades, each shield element having
a root portion contoured so as to fit in a seat of the
rotor unit, anintermediate radial portion and a shroud
band configured to be axially interposed between
the first and second row of turbine blades, the rotor
heat shield elements defining with said rotor unit a
rotor heat shield passage that is fed with cooling air,

- atleast a row of lock plates configured to secure at
least one of sais first and second rows of turbine
blades to said rotor unit, said lock plates facing said
rotor heat shield elements,

wherein in said lock plates include an opening for con-
trolled flow of cooling air between at least a first portion
of said heat shield passage upstream of the lock plates
and a second portion of said heat shield passage down-
stream of the lock plates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a better comprehension of the present in-
vention, a preferred embodiment thereof will be de-
scribed hereafter, by way of a non-limiting example and
referring to the attached drawings, where:

Figure 1 is a partial axial cross section of an appa-
ratus for controlled delivery of cooling air to turbine
blades according to the present invention;

Figure 2 is an enlarged view of a portion of figure 1;
Figure 3 is a detailed view of another portion of figure
1;
Figure 4 is a side view, partly sectioned, of a turbine
blade of a gas turbine including the apparatus;
figure 5 is an axial view from one side of a detail of
figure 4;

Figure 6 is ax axial view from an opposite side of a
detail of figure 4;

Figure 7 is a perspective view of a component of the
apparatus of the invention; and

Figure 8 is partial cross-section taken along line VIII-
VIl in figure 1.
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DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0018] Referring now to figure 1, a gas turbine 1 (only
partially shown) includes a rotor 2 rotatable about a rotor
axis (not shown) and a stator 3.

[0019] As is well known in the art, rotor 2 includes a
rotor unit 4 and a plurality of turbine blades 5 secured to
the rotor unit 4 and disposed in a plurality of circumfer-
ential blade rows 6, 7, 8. Three blade rows are shown in
figure 1, but the number of blade rows is typically larger
than three. Stator 3 is provided with a plurality of turbine
vanes 9 disposed in a plurality of circumferential vane
rows 10, 11, 12 that precede the respective blade rows
5, 6, 7 in the axial direction of the hot gas flow, indicated
by arrow H. Three vane rows are shown in figure 1, but
the number of vane rows is typically larger than three.
The inner tip of the vane 9 is integrally connected to an
inner vane platform 14 that extends circumferentially until
the adjacent vane platforms; the gaps between two ad-
jacent vane platforms 14 is sealed with a seal.

[0020] Blades 5 have, each, a firtree shaped shank
portion 15 that is inserted in a firtree seat 16 of rotor unit
4 (fig. 6), a platform portion 17 and an airfoil 18.

[0021] Blade rows 6, 7, 8 are axially spaced with re-
spect to one another, and rotor unit 4 has annular recess-
es 19, 20 in between each pair of rows (5,6; 6,7).
[0022] Turbine 1 also includes a plurality of rotor heat
shield elements 23 (hereinafter, for brevity sake, RHS
elements) disposed in circumferential RHS rows 24, 25.
Two rows only of RHS elements are shown, but the
number of rows is obviously dependent on the number
of blade rows and typically greater than two.

[0023] Each RHS element 23 (figures 1-3) comprises
a mushroom shaped root portion 26 engaged in an un-
dercut mushroom shaped annular seat 27 at the bottom
of the respective annularrecess 19 or 20, an intermediate
radial portion 28 and a circumferential shroud band 29.
The shroud bands 29 of the RHS elements 23 in each
row are joined to one another by axial seals (not shown)
to form a substantially continuous annual band, that is
sealed circumferentially to each of the adjacent blade
rows by means of circumferential seals 30. Root portions
26 are sealed against the bottom of annular seat 27 by
a circumferential wire seal 39.

[0024] Aradial small bore 56 inthe rotor unit4, opening
into the undercut portion of seat 27 (fig. 3), allows toinsert
a control wire (not shown) to check whether the circum-
ferential position of RHS elements is correct, as shown
e.g. in US 2008/0181778-A.

[0025] Shroud bands 29 have preferably a plurality of
inclined sealing fins 31, which are alternatingly lower and
higher and projecting outwardly to cooperate at a short
radial distance with a stepped inner sealing contour 32
of inner ring 14 of the stator. This reduces unwanted hot
gas leakage between rotor 2 and stator 3.

[0026] As shown infigures 2, 3, the RHS elements 23
of rows 24, 25 delimit, with the adjacent blade rows 6,7
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and 7,8 respectively, a plurality of rotor heat shield (RHS)
cavities 33, 34, 35, 36 that communicate with one another
to define a path for cooling air. Specifically, inthe example
disclosed, cooling air is fed to RHS cavity 33 via a pas-
sage 37 in rotor unit 4 which opens into a passage 38
through blade row 6 (fig. 2).

[0027] Blades 5 are axially blocked by lock plates 40,
41,42, 43, which are disposed side-by-side in circumfer-
ential rows. Lock plates 40-43 have a radially inner edge
44 engaging a corresponding seat 45 on rotor unit 4 and
a radially outer edge 46 engaging a corresponding seat
47 in the respective blade 5 (fig. 2).

[0028] As shown in figure 2 and 3, radial portions 28
of RHS elements 23 and/or lock plates 40-43 may include
apertures 48, 49 to allow a controlled air flow there-
through and thereby define a predetermined pressure
drop between adjacent cavities 33, 34 and 35, 36. In this
manner, the pressure within each of the cavities can be
controlled so as to be greater than the pressure of hot
gases at the corresponding axial portion of the hot gas
path, so as to avoid leakage of hot gas into the RHS
cavities, but nottoo high so as to avoid excessive leakage
of cooling air into the hot gas path. Conveniently, pres-
sure in each section of the RHS path is maintained in the
range of 100-150% of the corresponding hot gas pres-
sure. More particularly, apertures 48 in radial portion 28
of RHS elements 23 connect cavity 33 to cavity 34 and
cavity 35 to cavity 36. Apertures 49 in lock plates 41 con-
trol air flow between cavity 34 and passages 38 through
blade row 7.

[0029] RHSelements 23 arelockedina circumferential
direction by axial fingers 50 extending from blades 5 and
engaging corresponding features 60 of RHS elements
23, as known per se e.g. from US 2008/0181778-A. Such
features may include a seat of any kind, e.g. a space
between two projections of RHS elements 23.

[0030] Asshowninfigures4and 5, lock plates 42 have
the shape of an annulus sector and are placed side by
side in a circumferential row. Preferably, inner edges 44
are sealed with respect to seat 45 by means of a wire
seal 61 that is housed within a groove 62 in lock plates
52 and cooperates axially with one side of seat 45 (see
enlarged detail in fig. 4).

[0031] Lock plates 42 are provided with a preferably
rectangular aperture 49 which, in addition to controlling
the flow of cooling air as described previously, has the
function of allowing a corresponding finger 50 to pass
through (fig. 3, 4) .

[0032] Lockplates42havehooks 51 configuredto cou-
ple lock plates 42 to rotor unit 4. Preferably, two hooks
51 are arranged at opposite radial edges of the lock plate
42 in the proximity of the outer edge and engage with
lugs 52 of the rotor unit located at opposite sides of each
firtree seat 16.

[0033] Lock plates 41 (figures 4 and 6) have preferably
a substantially trapezoidal shape with a longer base con-
nected to rotor unit 4 and a shorter base connected to a
respective blade 5.
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[0034] Lock plates 41 have a central cut-out opening
52 delimiting a flexible tab 53 which is bent axially towards
the respective blade 5 so as to exert an elastic force
thereon and recover axial play.

[0035] Lock plates 41 also have an opening 54 close
to rotor unit 4 so as to allow cooling air flow at the blade
roots. Blades 5 of row 6 have platform portions 17 ex-
tending radially outwardly of the shroud bands 29 of RHS
elements 23 of RHS row 24. Platform portions 17 include
shiplap seal features 55 (fig. 8) configured to cooperate
with corresponding features of an adjacent blade so as
to avoid gas leakage therebetween.

[0036] In use, cooling air is fed through passage 37
into passage 38; part of this flow is used to cool blades
5 of row 6 internally, as known per se.

[0037] Theremaining part of cooling air is fed from pas-
sage 38 into cavity 33, and hence to cavity 34 through
apertures 48 in radial portions 28 of RHS elements 23.
Cooling air than flows from cavity 34 through apertures
49 in lock plates into passages 38 through blade row 7;
part of the flow cools blades 5 of row 7 internally, as
known per se.

[0038] Finally, cooling air flows through apertures 49
of lock plates 42 into cavity 35, and hence into cavity 36
through apertures 48 of RHS elements 23.

[0039] The cross section of apertures 48 and 49 is cal-
ibrated to obtain a desired pressure drop at each transi-
tion, so as to match the pressure in cavities 33, 34, 35,
36 with the pressure of surrounding hot gas and, prefer-
ably, be in the range of 100-150% of the pressure of
surrounding hot gas. Although the invention has been
explained in relation to its preferred embodiment as men-
tioned above, it is to be understood that modifications
and variations can be made without departing from the
scope of the appended claims.

Claims

1. An apparatus for controlled delivery of cooling air to
turbine blades (5) in a gas turbine (1) including a
rotor unit (4), at least a first plurality of turbine blades
(5) disposed in a first circumferential row (6; 7)
around the rotor unit (4) and secured thereto, at least
a second plurality of turbine blades (5) disposed in
a second circumferential row (7; 8) around the rotor
unit (4) and secured thereto, the first row (6; 7) and
the second row (7; 8) being axially spaced with re-
spect to one another, the apparatus including:

- a plurality of rotor heat shield elements (23)
disposed in a circumferential row between said
first and second rows of turbine blades (5), each
heat shield element (23) having a root portion
(26) contoured so as to fit in a seat (27) of the
rotor unit (4), an intermediate radial portion (28)
and a shroud band (29) configured to be axially
interposed between the first and second rows



7 EP 3 495 611 A1 8

(6, 7; 7, 8) of turbine blades (5), the rotor heat
shield elements (23) configured to define with
said rotor unit (4) a rotor heat shield passage
(33, 34, 35, 36) that is fed with cooling air;

- a plurality of lock plates (40, 41, 42, 43) dis-
posed in a circumferential row and configured
to secure axially at least one of said first and
second rows (6, 7, 8) of turbine blades (5) to
said rotor unit (4), said lock plates (41, 42, 43)
facing said heat shield elements (23),

characterized in that at least one of said radial por-
tion (28) of the rotor shield elements (23) and the
lock plates (41, 42, 43) include at least one opening
(49; 54) for controlled flow of cooling air.

An apparatus as claimed in claim 1, characterized
by including a first cavity (33) between by the first
row (6) of turbine blades (5) and the radial portion
(28) of the shield elements (23) and a second cavity
(34) between the radial portion (28) of the shield el-
ements (23) and the second row (7) of turbine blades
(5), one of said first and second cavity (33) being
supplied by a source of cooling air, the other of said
first and second cavity (34) being supplied with cool-
ing air through an opening (48) in said radial portion
(28) of the shield elements (23).

An apparatus as claimed in claim 1, characterized
in that said rotor shield elements (23) include atleast
one feature (60) configured to cooperate with an ax-
ialfinger (50) extending from the blades (5) of atleast
one row (6, 7, 8) in order to lock said rotor shield
elements (23) circumferentially.

An apparatus as claimed in claim 3, characterized
in that said lock plates (42) include an opening (49)
facing said features of said rotor shield elements
(23), said opening (49) being configured to receive
said finger (50) of a respective blade (5).

An apparatus as claimed in any of the preceding
claims, characterized in that the lock plates (42)
are provided with hooks (51) for coupling with said
rotor unit (4) .

An apparatus as claimed in any preceding claims,
characterized by including a circumferential wire
seal between the root portions (26) of the said rotor
heat shield elements (23) and said rotor unit (4).

An apparatus as claimed in any preceding claims,
characterized by including a circumferential wire
seal between said lock plates (41, 42) and said rotor
unit (4).

An apparatus as claimed in any preceding claims,
characterized by including circumferential seals
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(30) between said shroud bands (29) and said blades
(5), and axial seals between each pair of adjacent
shroud bands (29).

9. A gas turbine including:

- a rotor unit (4);

- at least a first plurality of turbine blades (5)
disposed in a first circumferential row (6, 7)
around the rotor unit (4) and secured thereto,

- atleast a second plurality of turbine blades (5)
disposed in a second circumferential row (7, 8)
around the rotor unit (4) and secured thereto,

- the first row and the second row (6, 7; 7, 8)
being axially spaced with respectto one another,
- a plurality of rotor heat shield elements (23)
disposed in a circumferential row between said
first and second rows of turbine blades (5), each
rotor shield element (23) having a root portion
(26) contoured so as to fit in a seat (27) of the
rotor unit (4), an intermediate radial portion (28)
and a shroud band (29) configured to be axially
interposed between the first and second row of
turbine blades (5), the rotor heat shield elements
(23) defining with said rotor unit (4) a rotor heat
shield passage (33, 34, 35, 36) that is fed with
cooling air,

- at least a row of lock plates (40, 41, 42, 43)
configured to secure at least one of sais firstand
second rows of turbine blades to said rotor unit
(4), said lock plates facing said rotor heat shield
elements (23),

characterized in that said lock plates (42) include
an opening (49) for controlled flow of cooling air be-
tween at least a first portion of said heat shield pas-
sage upstream of the lock plates (42) and a second
portion of said heat shield passage downstream of
the lock plates (42).

10. A gas turbine as claimed in claim 9, characterized

in that the blades (5) of at least one of said first and
second rows (6, 7; 7, 8) have axial fingers (50), the
rotor heath elements (23) having mating features
(60) cooperating with said axial fingers (50) to lock
said rotor shield elements (23) circumferentially, said
axial fingers (50) of said blades (5) extending through
said openings (49) of said locking plates (42).

11. A gas turbine as claimed in claim 9 or 10, charac-

terized in that said lock plates (42) include hooks
(51) engaging corresponding seats in the rotor unit

(4).

12. A gas turbine as claimed in any of claims 9 to 11,

characterized in that at least one of said first and
second rows (6, 7; 7, 8) of blades (5) have platform
portions (17) extending radially outwardly of said
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shroud bands (29) of the rotor heat shield elements
(23).

A gas turbine as claimed in claim 12, characterized
in that said platform portions (17) include shiplap
seal features configured to cooperate with corre-
sponding features (55) of an adjacent blade (5).

A gas turbine as claimed in any of claims 9 to 13,
characterized in that the radial portions (28) of the
rotor shield elements (23) include at least one open-
ing (48) for controlled flow of cooling air.

A gas turbine as claimed in any of claims 9 to 14,
characterized in that shroud bands (29) have a plu-
rality of inclined sealing fins (31) to cooperate at a
short radial distance with a stepped inner sealing
contour (32) of an inner ring (14) of the stator.
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