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(54) STATORASSEMBLY FOR A GAS TURBINE AND GAS TURBINE COMPRISING SAID STATOR

ASSEMBLY

(57) A stator assembly (22) for a gas turbine com-
prising is provided with:

« a stator ring (24), which extends about a longitudinal
axis (A) and comprises an inner edge and an outer edge
(29); the outer edge being provided with an annular
groove (30); the annular groove (30) defining a leading
wall (34) and a trailing wall (35); the trailing wall (34) being
provided with an annular trailing radial face (36a) and
with an annular trailing axial face (36b);

* a plurality of stator vanes (25) radially arranged and
coupled alongside one another to the outer edge (29) of
the stator ring (24) so as to close the annular grove (30)
and define an annular cooling channel (32);

the statorring (24) being provided with at least one trailing
cooling hole (39) having an inlet (40) facing the annular
cooling channel (32) and an outlet (41) arranged on the
annular trailing radial face (36b).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a stator assem-
bly for a gas turbine and to a gas turbine comprising said
stator assembly. In particular, the gas turbine of the
present invention is part of a plant for the production of
electrical energy.

BACKGROUND

[0002] Asisknown, agasturbineforpower plants com-
prises a compressor, a combustor and a turbine.
[0003] In particular, the compressor comprises an inlet
supplied with air and a plurality of rotating blades com-
pressing the passing air. The compressed air leaving the
compressor flows into a plenum, i.e. a closed volume
delimited by an outer casing, and from there into the com-
bustor. Inside the combustor, the compressed air is
mixed with at least one fuel and combusted. The resulting
hot gas leaves the combustor and expands in the turbine.
In the turbine the hot gas expansion moves rotating
blades connected to a rotor, performing work.

[0004] Both the compressor and the turbine comprise
a plurality of stator assemblies axially interposed be-
tween rotor assemblies.

[0005] Each rotor assembly comprises a rotor disk ro-
tating about a main axis and a plurality of blades sup-
ported by the rotor disk.

[0006] Each stator assembly comprises a plurality of
stator vanes supported by a respective vane carrier and
a stator ring arranged about the rotor.

[0007] A plurality of inter-assembly cavities is defined
between the stator assemblies and the rotor assemblies.
[0008] In the turbine, sealing air is normally bled from
the compressor and introduced in said inter-assembly
cavities in order to avoid or limit the hot gas ingestion
from the hot gas path in the inter-assemblies cavities.
[0009] The minimization of the amount of air spent to
seal and cool the inter-assembly cavities is beneficial to
the power plant performance. However, said minimiza-
tion implies the use of expensive advanced materials
and/or the adoption of arrangements having a very com-
plex geometry.

SUMMARY

[0010] The object of the present invention is therefore
to provide a stator assembly for a gas turbine, which en-
ables avoiding or at least mitigating the described draw-
backs.

[0011] In particular, itis an object of the presentinven-
tion to provide a stator assembly having an improved
structure able to minimize the amount of sealing air and
preserving, at the same time, the thermal conditions of
the stator and rotor parts.

[0012] According to said objects the present invention
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relates to a stator assembly for a gas turbine comprising:

e astatorring, which extends about a longitudinal axis
and comprises an inner edge and an outer edge; the
outer edge being provided with an annular groove;
the annular groove defining a leading wall and a trail-
ing wall; the trailing wall being provided with an an-
nular trailing radial face and with an annular trailing
axial face;

e aplurality of stator vanes radially arranged and cou-
pled alongside one another to the outer edge of the
statorring so as to close the annular grove and define
an annular cooling channel;

* thestatorring being provided with atleast one trailing
cooling hole having an inlet facing the annular cool-
ing channel and an outlet arranged on the annular
trailing radial face.

[0013] Advantageously, the presence of trailing cool-
ing holes creates a sealing flow in the trailing inter-as-
sembly cavity interacting with the hot gas flow deriving
from the ingestion.

[0014] According to a variant of the present invention,
each stator vane comprises an airfoil, an outer shroud
and an inner shroud coupled to the stator ring; the inner
shroud comprising a platform.

[0015] Preferably, the radial distance between the
center of the outlet of the trailing cooling hole and the
inner edge of the stator ring being comprised in the range
0,45-DP and 0,75-DP, wherein DP is the radial distance
between the outer face of the platform and the inner edge
of the stator ring.

[0016] According to a variant of the present invention,
the trailing cooling hole extends along an extension axis;
on a longitudinal axial plane defined by the longitudinal
axis and a radial direction orthogonal to the longitudinal
axis and intersecting the extension axis, a first angle de-
fined by the projection of the extension axis on the lon-
gitudinal axial plane (A-R) and the radial direction is com-
prised between 0° and 50°.

[0017] According to a variant of the present invention,
the trailing cooling hole extends along an extension axis;
on a tangential plane defined by the longitudinal axis and
a circumferential direction, which is orthogonal to the lon-
gitudinal axis and orthogonal to a radial direction in turn
orthogonal to the longitudinal axis, a second angle is de-
fined by the projection of the extension axis on the tan-
gential plane and the axial direction is comprised be-
tween 20° and 70°.

[0018] Thanks to the radial position and inclination of
the trailing cooling holes, the sealing cooling air coming
from the trailing cooling holes is directed towards the en-
trance of the trailing inter-assembly cavity.

[0019] In this way, the sealing cooling air coming from
the trailing cooling holes penetrates the hot flow ingested
favoring a more adequate sealing/cooling of the trailing
inter-assembly cavity.

[0020] According to a variant of the present invention,
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the inlet of the trailing cooling hole has a diameter com-
prised between 1 mm and 5 mm.

[0021] According to a variant of the present invention,
the trailing cooling hole has a constant cross section.
[0022] According to a variant of the present invention,
the stator ring is provided with a plurality of trailing cooling
holes.

[0023] According to a variant of the present invention,
the outlets of the plurality of trailing cooling holes are
evenly distributed along the annular trailing radial face.
[0024] According to a variant of the present invention,
the number of trailing cooling holes is comprised in the
range 0,5-NV -2:NV; wherein NV is the number of stator
vanes of the stator assembly.

[0025] According to a variant of the present invention,
the inner shroud comprises a leading flange and a trailing
flange, both extending radially inward from the platform;
the leading flange being coupled to the leading wall and
the trailing flange being coupled to the trailing wall; the
trailing flange being coupled to the trailing wall so as to
leave a trailing radial gap between the trailing wall and
the platform and to define a trailing surface of the trailing
flange facing said trailing radial gap.

[0026] According to a variant of the present invention,
the trailing flange is provided on the trailing surface with
at least one secondary cooling hole in fluid communica-
tion with the annular cooling channel.

[0027] According to a variant of the present invention,
the trailing flange is provided on the trailing surface with
a plurality of secondary cooling holes circumferentially
aligned.

[0028] According to a variant of the present invention,
the secondary cooling holes are evenly distributed.
[0029] It is also an object of the present invention to
provide a gas turbine which is reliable and wherein the
consumption of sealing air is reduced. According to said
objects the present invention relates to a gas turbine as
claimed in claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate some non-limitative embodiment, in which:

- Figure 1 is a schematic sectional front view, with
parts removed for clarity, of a gas turbine electric
power plant according to the present invention;

- Figure 2 is a schematic sectional front view, with
parts removed for clarity, of a first detail of Figure 1;

- Figure 3 is a schematic perspective view, with parts
in section and parts removed for clarity, of a second
detail of Figure 1;

- Figure 4 is a different schematic perspective view,
of the second detail of figure 3;

- Figure 5 is a schematic sectional lateral view, with
parts removed for clarity, of a third detail of Figure 1;

- Figure 6 is a schematic perspective view, with parts
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in section and parts removed for clarity, of a fourth
detail of Figure 4.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0031] Infigure 1 reference numeral 1 indicates a gas
turbine electric power plant (schematically shown in Fig-
ure 1).

[0032] The plant 1 comprises a compressor 3, a com-

bustion chamber 4, a gas turbine 5 and a generator (for
simplicity, not shown in the attached figures).

[0033] The compressor 3, turbine 5 and generator (not
shown) are mounted on the same shaft to form a rotor
8, which is housed in stator casings 9 and extends along
an axis A.

[0034] In greater detail, the rotor 8 comprises a front
shaft 10, a plurality of rotor assemblies 11 and a rear
shaft 13.

[0035] Each rotor assembly 11 comprises a rotor disk
15 and a plurality of rotor blades 16 coupled to the rotor
disk 15 and radially arranged.

[0036] The plurality of rotor disks 15 are arranged in
succession between the front shaft 10 and the rear shaft
13 and preferably clamped as a pack by a central tie rod
14. As an alternative, the rotor disks may be welded to-
gether.

[0037] A central shaft 17 separates the rotor disks 15
of the compressor 3 from the rotor disks 15 of the turbine
5 and extends through the combustion chamber 4.
[0038] Further, stator assemblies 22 are alternated
with the compressor rotor assemblies 11.

[0039] Eachstatorassembly 22 comprises astator ring
24 and a plurality of stator vanes 25, which are radially
arranged and coupled to the stator ring 24 and to the
respective stator casing 9.

[0040] Infigure 2 anenlarged view of a stator assembly
22 between two rotor assemblies 11 in the turbine 5 is
shown.

[0041] Arrow D indicates the direction of the hot gas
flow flowing in a hot gas channel 18 of the turbine 5.
[0042] Between the rotor assemblies 11 and the stator
assembly 22 inter-assembly cavities 27 are arranged.
[0043] In particular, each stator assembly 22 defines
a leading inter-assembly cavity 27a and a trailing inter-
assembly cavity 27b, wherein the leading inter-assembly
cavity 27a is upstream the trailing inter-assembly cavity
27b along the hot gas flow direction D.

[0044] Withreferenceto figure 3 andfigure 4, the stator
ring 24 (only a part of which is visible in figures 3 and 4)
extends about the longitudinal axis A and comprises an
inner edge 28 and an outer edge 29, which is provided
with an annular groove 30.

[0045] The plurality of stator vanes 25 are coupled
alongside one another to the outer edge 29 of the stator
ring 24 so as to close the annular groove 30 and define
an annular cooling channel 32.

[0046] The annular cooling channel 32 is fed with air
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preferably coming from the compressor 3.

[0047] The annular groove 30 defines a leading wall
34 and a trailing wall 35. The leading wall 34 is upstream
the trailing wall 35 along the hot gas flow direction D.
[0048] The trailing wall 35 is also provided with an an-
nular trailing radial face 36a and with an annular trailing
axial face 36b.

[0049] Preferably, the leading wall 34 is provided with
a plurality of leading cooling holes 37 in fluidic commu-
nication with the annular cooling channel 32.

[0050] Preferably, the cooling openings 37 are ar-
ranged in the proximity of the inner edge 28.

[0051] In the non-limiting example here disclosed and
illustrated, the cooling openings 37 are circumferentially
aligned and evenly distributed.

[0052] The trailing wall 35 is provided with at least one
trailing cooling hole 39 in fluidic communication with the
annular cooling channel 32.

[0053] In more detail, each trailing cooling hole 39
passes through the trailing wall 35 and has an inlet 40
facing the annular cooling channel 32 and an outlet 41
arranged on the annular trailing radial face 36a facing,
in use, the trailing inter-assembly cavity 27b.

[0054] Each stator vane 25 comprises an airfoil 42, an
outer shroud 43 and an inner shroud 44 coupled to the
stator ring 24.

[0055] The airfoil 42 is provided with a cooling air duct
45a fed by a dedicated opening 45b on the outer shroud
43.

[0056] The outershroud43iscoupled to the respective
stator casing 9.
[0057] The inner shroud 44 comprises a platform 46,

a leading flange 48 and a trailing flange 49 extending
radially inward from the platform 46. The leading flange
48 is upstream the trailing flange 49 along the hot gas
flow direction D.

[0058] The leading flange 48 is coupled to the leading
wall 34, while the trailing flange 49 is coupled to the trail-
ing wall 35.

[0059] In the non-limiting example here disclosed and
illustrated, the leading flange 48 engages a respective
annular seat 50 of the leading wall 34, while the trailing
flange 49 engages a respective annular seat 51 of the
trailing wall 35.

[0060] Withreference to figure 5, the leading flange 48
is coupled to the leading wall 34 so as to leave a leading
radial gap 53 between the leading wall 34 and the plat-
form 46 and to define a leading surface 54 of the leading
flange 48 facing said leading radial gap 53.

[0061] The trailing flange 49 is coupled to the trailing
wall 35 so as to leave a trailing radial gap 55 between
the trailing wall 35 and the platform 46 and to define a
trailing surface 56 of the trailing flange 49 facing said
trailing radial gap 55.

[0062] The leading flange 48 is provided, on the lead-
ing surface 54, with at least one primary cooling hole 60
in fluid communication with the annular cooling channel
32.
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[0063] Preferably, the leading flange 48 is provided,
on the leading surface 54, with a plurality of primary cool-
ing holes 60 circumferentially aligned.

[0064] The trailing flange 49 is provided, on the trailing
surface 56, with at least one secondary cooling hole 61
in fluid communication with the annular cooling channel
32.

[0065] Preferably, the trailing flange 49 is provided, on
the trailing surface 56, with a plurality of secondary cool-
ing holes 61 circumferentially aligned.

[0066] In the non-limiting example here disclosed and
illustrated, the secondary cooling holes 61 are evenly
distributed.

[0067] According to the non-limitative embodiment
here disclosed and illustrated, the secondary cooling
holes 61 have a passage section smaller than the pas-
sage section of the primary cooling holes 60.

[0068] With reference to figures 3 and 4, the stator as-
sembly 22 preferably comprises a plurality of trailing cool-
ing holes 39, which are evenly distributed and preferably
circumferentially aligned on the annular trailing radial
face 36a.

[0069] Preferably, the number of trailing cooling holes
39 is comprised in the range 0,5-NV - 2:NV; wherein NV
is the number of stator vanes 25 of the stator assembly
22.

[0070] In particular, the distance DH between the cen-
tre of the outlet 41 of the cooling hole 39 and the inner
edge 28 of the stator ring 24 is comprised in the range
0.45*(DP) e 0.75*(DP), wherein DP is the radial distance
between the outer face 46a of the platform 46 and the
inner edge 28 of the stator ring 24.

[0071] With reference to figure 6, the inlet 40 of the
trailing cooling hole 39 has preferably a diameter d com-
prised between 1 mm and 5 mm.

[0072] Preferably, the trailing cooling hole 39 has a
constant cross section.

[0073] The trailing cooling hole 39 extends along an
extension axis O; on a longitudinal axial plane A-R de-
fined by the longitudinal axis A and a radial direction R
orthogonal to the longitudinal axis A and intersecting the
extension axis O, a first angle o defined by the projection
of the extension axis O on the longitudinal axial plane A-
R and the axial direction is comprised between 0° and
50°. The angle o is measured from the axial direction A
to the projection of the extension axis O in a counter-
clockwise direction looking in a tangential direction hav-
ing on the left the compressor side.

[0074] While, on a tangential plane defined by the lon-
gitudinal axis A and a circumferential direction C, which
is orthogonal to the longitudinal axis A and orthogonal to
aradial direction R in turn orthogonal to the longitudinal
axis A, a second angle B is defined by the projection of
the extension axis on the tangential plane and the axial
direction A.

[0075] Preferably, the trailing cooling hole 39 has atan-
gential inclination (defined by angle B), which is concord-
ant with the direction of rotation of the machine W (coun-
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ter-clock wise around axis A looking from the compressor
side).

[0076] Said second angle B is preferably comprised
between 20° and 70°.

[0077] Theangle is measured from the axial direction
A to the projection of the extension axis O in a counter-
clockwise direction looking in a tangential direction hav-
ing on the left the compressor side.

[0078] Inuse,thehotgasflowinginthe hotgaschannel
18 is ingested in the trailing inter-assembly cavity 27b.
however, thanks to the radial position and inclination of
the trailing cooling holes 39, the sealing cooling air com-
ing from the trailing cooling holes 39 is directed towards
the entrance of the trailing inter-assembly cavity 27b.
[0079] In this way, the sealing cooling air coming from
the trailing cooling holes 39 penetrates the hot flow in-
gested favoring a more adequate sealing/cooling of the
trailing inter-assembly cavity 27b.

[0080] In particular, when the sealing cooling air com-
ing from the trailing cooling holes 39 swirls in the direction
of rotation, the difference of tangential velocity between
the ingested hot gas and the sealing cooling air flow is
reduced; this leads to a decrease of the shear-stress be-
tween the two interacting flows and facilitates the pene-
tration of the sealing cooling air in the hot gas.

[0081] In this way, in the trailing inter-assembly cavity
27b the flow resulting from the interaction between the
hot gas ingested flow and the sealing cooling air flow
exhibits a more uniform swirl number distribution that en-
sures a significantly improved sealing / cooling capability.
[0082] In this way, the claimed solution allows to en-
hance the sealing effectiveness and the thermal state of
the trailing inter-assembly cavity 27b and therefore to
significantly reduce the total sealing air amount spent to
seal the trailing inter-assembly cavity 27b, with a conse-
quent improvement in engine performance.

[0083] Finally, itis clear that modifications and variants
can be made to the stator assembly and to the gas turbine
described herein without departing from the scope of the
present invention, as defined in the appended claims.

Claims
1. Stator assembly (22) for a gas turbine comprising:

* a stator ring (24), which extends about a lon-
gitudinal axis (A) and comprises an inner edge
and an outer edge (29); the outer edge being
provided with an annular groove (30); the annu-
lar groove (30) defining a leading wall (34) and
a trailing wall (35); the trailing wall (34) being
provided with an annular trailing radial face (36a)
and with an annular trailing axial face (36b);

« aplurality of stator vanes (25) radially arranged
and coupled alongside one another to the outer
edge (29) of the stator ring (24) so as to close
the annular grove (30) and define an annular
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cooling channel (32);

« the stator ring (24) being provided with at least
one trailing cooling hole (39) having an inlet (40)
facing the annular cooling channel (32) and an
outlet (41) arranged on the annular trailing radial
face (36b).

Stator assembly wherein each stator vane (25) com-
prises an airfoil (38), an outer shroud (43) and an
inner shroud (44) coupled to the stator ring (24); the
inner shroud (44) comprising a platform (46).

Stator assembly according to claim 2, wherein the
radial distance (DH) between the centre of the outlet
(41) of the trailing cooling hole (39) and the inner
edge (28) of the stator ring (24) being comprised in
the range 0,45-DP e 0,75-DP, wherein DP is the ra-
dial distance between the outer face (46a) of the plat-
form (46) and the inner edge (28) of the stator ring
(24).

Stator assembly according to anyone of the forego-
ing claims, wherein the trailing cooling hole (39) ex-
tends along an extension axis (O); on a longitudinal
axial plane (A-R) defined by the longitudinal axis (A)
and a radial direction (R) orthogonal to the longitu-
dinal axis (A) and intersecting the extension axis (O),
a first angle (o) is defined by the projection of the
extension axis (O) on the longitudinal axial plane (A-
R) and the axial direction (A) and is preferably com-
prised between 0° and 50°.

Stator assembly according to anyone of the forego-
ing claims, wherein the trailing cooling hole (39) ex-
tends along an extension axis (O); on a tangential
plane defined by the longitudinal axis (A) and a cir-
cumferential direction (C), which is orthogonal to the
longitudinal axis (A) and orthogonal to a radial direc-
tion (R) in turn orthogonal to the longitudinal axis (A),
a second angle (B) is defined by the projection of the
extension axis (O) on the tangential plane and the
axial direction (A) and is preferably comprised be-
tween 20° and 70°.

Stator assembly according to anyone of the forego-
ing claims, wherein the inlet (40) of the trailing cooling
hole (39) has a diameter (d) comprised between 1
mm and 5 mm.

Stator assembly according to anyone of the forego-
ing claims, wherein the trailing cooling hole (39) has
a constant cross section.

Stator assembly according to anyone of the forego-
ing claims, wherein the stator ring (24) is provided

with a plurality of trailing cooling holes (39).

Stator assembly according to claim 5, wherein the
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outlets of the plurality of trailing cooling holes (39)
are evenly distributed along the annular trailing radial
face (36b).

Stator assembly according to claim 8 or 9, wherein
the number of trailing cooling holes (39) is comprised
inthe range 0,5-NV -2:NV; wherein NV is the number
of stator vanes of the stator assembly (24).

Stator assembly according to anyone of the claims
from2to 10, wherein the inner shroud (40) comprises
a leading flange (48) and a trailing flange (49), both
extending radially inward from the platform (46); the
leading flange (48) being coupled to the leading wall
(34) and the trailing flange (49) being coupled to the
trailing wall (35); the trailing flange (49) being cou-
pled to the trailing wall (34) so as to leave a trailing
radial gap (55) between the trailing wall (35) and the
platform (46) and to define a trailing surface (56) of
the trailing flange (49) facing said trailing radial gap
(55).

Stator assembly according to claim 11, wherein the
trailing flange (49) is provided on the trailing surface
(56) with at least one secondary cooling hole (61) in
fluid communication with the annular cooling chan-
nel (32).

Stator assembly according to claim 12, wherein the
trailing flange (49) is provided on the trailing surface
(56) with a plurality of secondary cooling holes (61)
circumferentially aligned.

Stator assembly according to claim 13, wherein the
secondary cooling holes (61) are evenly distributed.

Gas turbine extending along a longitudinal axis (A)
and comprising:

aplurality of rotorassemblies (11), each of which
comprises a rotor disk (15) and a plurality of rotor
blades (16) radially arranged and coupled to the
rotor disk (15);

a plurality of stator assemblies (22); the stator
assemblies (22) and the rotor assemblies (11)
are alternated along the axial direction (A);

at least one of the stator assemblies (22) being
of the type claimed in anyone of the foregoing
claims.
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