BLADE FOR A GAS TURBINE Field of the Invention The present invention
relates generally to the field of gas turbines. It is directed to a bl ade
or a gas wonbiomgemacordi ng to the preanble of claiml. Batkgeawvnds3ef the
I nvention Gas turbine rotor blades comprise blade shroud segnents in order
to control and m nimse | eakage fl ow between the bl ade tips and the
surrounding stator as well as to limt vibration anplitudes. A blade shroud
segnent typically conprises a platformextending in a plane essentially
parallel to the stator opposite to the blade tip and one or nore fins,
whi ch extend circunferentially and radially outward toward the stator. The
pl atform of a bl ade shroud segnent is typically shaped such that its edges
are parallel to those of an adjacent blade shroud platform In order to
wi t hstand the high thermal |oad during gas turbine operation the bl ade
shroud is cooled by neans of a cooling fluid (e.g. cooling air) passing
through a cooling systemw thin the platformof the shroud that is fluidly
connected to the hollow interior of the blade airfoil. The shroud lifetine
is lifdted by the nmechani caBLADEFCR AGASTURBINEt ri fugal forces. Such
stresses are currently reduced by mnimsing the wall thickness of the
platform also known as shroud web. However, a bl ade shroud segnent with a
thinwall thickness nmay not line up with the bl ade shroud segnment of the
adj acent

Field of the Invention

10  The present invention relates generally to the field of gas turbines. It is directed to
a blade or a gas turbine according to the preamble of claim 1.

Background of the Invention
15
Gas turbine rotor blades comprise blade shroud segments in order to control and
minimise leakage flow between the blade tips and the surrounding stator as well
as to limit vibration amplitudes. A blade shroud segment typically comprises a
platform extending in a plane essentially parallel to the stator opposite to the blade
20 tip and one or more fins, which extend circumferentially and radially outward
toward the stator.

The platform of a blade shroud segment is typically shaped such that its edges are
parallel to those of an adjacent blade shroud platform. In order to withstand the

25  high thermal load during gas turbine operation the blade shroud is cooled by
means of a cooling fluid (e.g. cooling air) passing through a cooling system within
the platform of the shroud that is fluidly connected to the hollow interior of the

blade airfoil.

30 The shroud lifetime is limited by the mechanical stresses caused by centrifugal
forces. Such stresses are currently reduced by minimising the wall thickness of the

platform, also known as shroud web. However, a blade shroud segment with a thin



bl ade due to manufacturing and assenbly tol erances, which occur even if the
tol erances are kept at a mninmum A further msmatch results from

def or mat iwo00f04633@ shroud pl at form during turbi ne oper @Cr@aP2e9m63367 t her mal
and nechani cal |oading. A msmatch between two adj acent bl ade shroud
segnents allows hot gas to enter the cavity between the stator and the

bl ade shroud. The shroud is typically designed with materials having a
creep resistance and oxi dation resistance up to a tenperature |ess than the

temer at yeq AlckhBee ek ASinel wARthd BRRRIIHRALA BESALAT 6 FRUSESATemat ur @

failure o rou e adj acen a ng conponents. The

EP- Al - Dldlde o diancfasedngpagaastemblynelsrhacks, wHith acelreveth i thgent |
whi ch conprises a platformextending for exanple in the plane essentially
mat chi ng [QIREANGS 1356 KEB at #EVBIMMBr opposite the bl ade tip, and side rails

that e”?gﬁlrtrh% hﬂjsﬂném%salté’%W&@foﬁrﬁgﬁ@r@%‘o?ﬁ%ﬁgg% bigrophAddriigiuriae face

the platformof an a ent gas turbi ade segnent. An increase
of the walpkeratincdusetstheaval and mechanicat ltadswy. & midmatehitetwess twd t he

t i to the thi f th [l thi . The bl ad
S o et Bl et SebMeplt SRV B0t o B AthE e Y Bitivetf o naae
that i s bt Gk e baoSi gy cBicoatmonls 1 i GERiged e ridierBshR s of

i ncreased stiffness are achieved and a resulting decreasing in deformation
and bendiangfeen resistanggisaid eidatiandregistanas o taatemperaiucs lesathamtheoper at i on.

On the Ott&%e%?&l%’ ofttﬂg hio%rag.aﬁ& égs ingestion therefore causes premature failure
10  of the shroud and the adjacent static and moving components.

The EP-A1-1 591 625 discloses a gas turbine blade with a shroud segment, which
comprises a platform extending for example in the plane essentially matching the
contour of the stator opposite the blade tip, and side rails that extend radially and

15 along one or both edges of the platform that face the platform of an adjacent gas
turbine blade shroud segment.

An increase of the wall thickness results in an increase of the stiffness of the
component according to the third power of the wall thickness. The blade shroud

20 segment of the EP-A1-1 591 625 has an increased wall thickness that is limited to
the side regions of the platform. Thus the benefits of increased stiffness are
achieved and a resulting decreasing in deformation and bending in the radial
outward direction with time of turbine operation. On the other hand, the increase in
wall thickness is localised such that it causes no significant increase in the mass of

25 the shroud segment and no significant increase of the mechanical loading.

However, as there is either no side rail or a constant height side rail on the prior art
shroud segments, there is still a lot of room for optimizing the geometry of the side
rails for proper blade shroud segment coupling and simplified manufacturing,

30 minimization of hot gas ingestion, improved stiffness and improved shroud cooling.



wal | thickness is |localised such that it causes no significant increase in
the mass of the shroud segnent and no significant increase of the
mechani cavol2oudi4szg3 However, as there is either no si dePCaHP2@w/06336DNSt ant
hei ght side rail on the prior art shrdud segnents, there is still a |ot of
roomfor optimzing the geonetry of the side rails for proper blade shroud
segnent coupling and sinplified manufacturing, mnim zation of hot gas
i ngestion, inproved stiffness and inproved shroud cooling. Description of
the invention It is therefor -0hi i : e i nvention, to provide a
gas turbine blade with a shrgﬁsggéggﬁﬁft}é? 'ﬁ&eeﬁl[']:&?) of the bl ade, which has
and optim zed geonetry with respect to the side rails. This objective is
achi eved by a bl ade accordin oclaiml, A nmjn feature of the hl ade
accor di ndf 'géhWﬁ@)r?rﬁ,‘bW?J?Btth gf,th[enr&\ferg@@htq)proygiedagaaéuquq lade wilfbai vi ded
Into secidhansy ol bh{ NRBINAIEELIRRIIHicHhAL BnaAritisia G85AEL Ry of the
i nventive ade(‘?s char actlgrtlﬁzed |jn t’hatl(,: tﬁée gﬁrgulgﬂseg nt crg%rr\}gﬁrq ses on
its upperespetd tathd sidalrailsy of fins running parallel in a circunferential
direction, and said side rails are subdivided into said sections of
different height and/or width by means of said fins. A second embodi ment of
the bl adgrpssgjedividistacHidld By § Madatdoraing B AR 1Z Admiath fadire ciahel fins
are inclined with respect to said |ongitudinal axis of said blade.
Especi al Ibjade aecardingdo ih® invenkien ihtthatoeaghdefisaid sisigi rails isisubdividediintes in t he
range 0.5 <. <. ferably the ratio h/b of height to width of
eptéﬁégofl glégreﬁﬂ{aﬁiﬁ aﬁd?ol? wiath’

said sid

10
A first embodiment of the inventive blade is characterized in that, the shroud
segment comprises on its upper side a plurality of fins running parallel in a
circumferential direction, and said side rails are subdivided into said sections of
different height and/or width by means of said fins.

15

A second embodiment of the blade according to the invention is characterized in

that, said fins are inclined with respect to said longitudinal axis of said blade.

Especially, the ratio h/b of height to width of said side rails lies in the range 0.5 <

h/b < 2, and preferably the ratio h/b of height to width of said side rails lies in the
20 range 1.0<h/b<1.3.

According to another embodiment of the invention, in order to avoid dead zones

for the cooling air in the space between said side rails the shroud segment is

provided with a fillet at the transition from each side rail to the upper side of the
25 shroud segment, with a fillet radius in a range 0.5 mm <r1,r2 <4.0 mm.

According to another embodiment of the invention openings are provided in said
shroud segment between said fins for injecting cooling air from the inside of said
airfoil into the space between said fins.

30
According to still another embodiment of the invention said first and second edges
are Z-shaped.



range 1.0 < h/b < 1.3. According to another enbodi nent of the invention, in
order to avoid dead zones for the cooling air in the space between said

si de rai lwothw/@hseud segnent is provided with a fill et Pat/EPR@906360Bi ti on
fromeach side rail to the upper side4of the shroud segnent, with a fillet
radius in arange 0.5 Mm<r 1 ,r2 < 4.0 mm According to another

enbodi nent of the invention openings are provided in said shroud segnent
between said fins for injecting cooling air fromthe inside of said airfoi

into the space between said fins. According to still another enbodi nent of
the invention said first and second edges are Z-shaped. Brief Description of
the Drawi ng The subject matter of the invention will be explained in nore

detail in the following te th referen referred exenplary
enbodi nents which are illuélrl"'\gt[@fqr'rptl%ogﬁ?ea@ﬁg‘ﬂ"w awi ngs, in which: Fig.

1 shows in a side view a blade for a gas turbine according to a preferred
enbodi nent of the invention; Fig. 2 the blade of Fig. 1 in a perspective
vi ew; 5Fi Jhe&tﬂojedtemttermﬁth@mmnnwﬁlébbleas@lairaexthsrmiliorfgdetailFFh ¢he folloking 4 a

f h h f F AD Fi 5
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the attached drawings, in which:

Fig. 1 shows in a side view a blade for a gas turbine according to a
10 preferred embodiment of the invention;
Fig. 2 the blade of Fig. 1 in a perspective view;
Fig. 3 a view from above on the blade according to Fig. 1;
15
Fig. 4 a cross-section of the shroud segment of Fig. 3 along the plane
AD-AD;
Fig. 5 a cross-section of the shroud segment of Fig. 3 along the plane
20 AE-AE; and
Fig. 6 a cross-section of the shroud segment of Fig. 3 along the plane
AF-AF.
25

Detailed Description of Preferred Embodiments

Fig. 1 shows in a side view a blade 10 for a gas turbine according to a preferred
embodiment of the invention. The blade 10 comprises an airfoil 11, which extends
30 along a longitudinal axis 21 from a blade root 20 to a blade tip 12. The blade 10
has a platform-like shroud segment 14 at its blade tip 12. Mounted within the gas
turbine the shroud segment 14 of the blade 10 abuts with first and second edges



AE- AE; and Fig. 6 a cross-section of the shroud segnent of Fig. 3 along the
pl ane AF- AF. Detail ed Description of Preferred Enbodi nents Fig. 1 shows in
a side viwoaiogl4ease 10 for a gas turbine accordi ng to aPpT&PRIMAE3367

enbodi nent of the invention. The bl ad® 10 conprises an airfoil 11, which
extends along a longitudinal axis 2 1 froma blade root 20 to a blade tip
12. The blade 10 has a platformli ke shroud segnent 14 at its blade tip 12.
Mounted within the gas turbine the shroud segnent 14 of the blade 10 abuts

with fir o] |

Seqrent s (37 SAIaCEnt) BrARgc i er SHiouR seghent of ARlBSh: Sflbs B ikl a, o
the hot gag- Imbae’methd Lokhithéotdersithe hangadehamel cﬂth@tdrbme@&tdeﬂnﬁsmen t he
shr oud rlrcl)ﬁ%andth surroyndi ng stator, which is |1 ed wi coollag air.
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and 6) on the upper si sal shroud 'segnent 14. The shroud segnent

has of i teacbmmevuded d\ethaa mameatlve yld@rraﬂm&sanlosw168a,hz‘andvv(93:,b|mF@ ibrarid ned
with re;%i bothelon ftud XIS 2]H§|Td run parallel to each other in
a circu PF 4PPEI Pidet ogﬁ"ci §hr°H FYMHEY) " The side rails are subdivi ded
into sections 18, 19 of different height (hi , h2 in Fig. 5 und 6) and/or
width (bl , b2 in Fig. 5 und 6) by neans of said fins 15, 16, 17, i.e.,

bet ween flihe StBougdegment 84 tHasran itssuppen side asoldelingel finseth.i 16 178which

(cross- S%?é linOCr]néEW/I\lFl He@pg&tgco t?fe Iosr?glth rﬂll %xfs' iﬁgn@?ur%&rahel to each other

10 in a circumferential direction (Y in Fig. 3). The side rails are subdivided into
sections 18, 19 of different height (h1, h2 in Fig. 5 und 6) and/or width (b1, b2 in
Fig. 5 und 6) by means of said fins 15, 16, 17, i.e., between fin 15 and fin 16 there
is a first side rail section 18 (cross-section AE-AE in Fig. 3, 5) with a first height h1
and a first width b1, and between fin 16 and fin 17 there is a second side rail

15  section 19 (cross-section AF-AF in Fig. 3, 6) with a second height h2 and a second
width b2. Outside fin 15, there is no side rail at all (cross-section AD-AD in Fig. 3,
4).

As can be seen form Fig. 5 and 6, the height h1 of the side rail section 18 in the
20 central region of the shroud segment 14 between fin 15 and fin 16 is substantially
larger than the height h2 of the side rail section 19 between fin 16 and fin 17. The
ratio h/b of height h1, h2 to the respective width b1, b2 of said side rails 18, 19 lies
in the range 0.5 < h/b < 2, and preferably in the range 1.0 < h/b < 1.3. Especially,
the ratio h1/b1 amounts to 1.3, while the ratio h2/b2 is 1.0.
25
The shroud segments 14 of the shroud ring with their fins 15, 16 and 17establish,
together with the surrounding stator, two ring-like hollow spaces, which are cooled
by cooling air. To receive cooling air from the hollow inside of the airfoil 11 (see
Fig. 4-6), openings 24, 25 are provided in each shroud segment 14 between said
30 fins 15, 16 and 17, through which cooling air is injected into the space between
said fins 15, 16 and 17.



and a first wdth b 1 , and between fin 16 and fin 17 there is a second
side rail section 19 (cross-section AF-AF in Fig. 3, 6) with a second

hei ght h2wearrdioz46m3dond wi dt h b2. Qutside fin 15, there PSTHER260M633671 | at
all (cross-section ADAD in Fig. 3, 4%. As can be seen formFig. 5 and 6,
the height hi of the side rail section 18 in the central region of the
shroud segnent 14 between fin 15 and fin 16 is substantially larger than
the height h2 of the side rail section 19 between fin 16 and fin 17. The
ratio h/ Kbt i i ' qai d side
rails 18%iln %d%}ﬁg%v?)#{i%aed ?%Q\%ngo(ts E@e [28@;?@“ é'lr y],eth\gn%}%re 2‘?%‘#”8 P)le aﬁls@ Ee range
1.0 < h/ baits 18 39 ths gl $egméiiel 4 it provisibtwlitraadillet st the tdan3itiontfrdre t he
ratio h2/b2 is 1.0. The shroud segnents 14 of the shroud ring with their
fins 15, e8NS rclGaban H,9at(=i%&é PRA"SI] ertth§LﬁW6 &ﬁa@eg? attoWith ¢ wo
ring-lik iSO AR i gh,ay, ; §oa o8 @ k4 dmhecei ve

cool i ng g?épéérp%\gltﬁe (ﬁjﬁfﬁy\% i hg?gg]gglﬁoét ﬁ%dg? ?gﬁl 11 '(see (E?ng 4-6),

openi igs 24, 25 are provided in each shroud segnent 14 between said fins

15, 16 and 17, through_which cpoling air is inject into the space hetween
sai d'1i nds@h by SeRAM G iRt B sBbpnd Bebet 2688 of Bic shate R tRgTai i
the spaceq 4b£'b\’21§ﬁa;§é’d,d/vr$ér69¥ i b8gdS22928 A pArMEPbSRGERTinslte hsd A7OVi ded
with a fillet at the transition fromeach side rail 18a,b and 19a,b to the
upper si @adaiutside of inddd Waelgribey shaw awtlilke uevaterspeetivees fisl 1eand 46i us r 1
, r2 lyinginarange 0.5 mfm<r 1 ,r2 < 4.0 nm As can be seen in Fig. 3,
the first and second edges 22, 23 of the shroud segnent
10



14 are Z-shaped, whereby the edges 22, 23 run parallel between fins 16 and
17 and outside of fin 15, while they show a Z-1i ke curvature between fins
15 and 16woi2eto/mab28Ref erence Nunerals 10 Bl ade 11 Airf oi IPCTEPBI®e336T p 13
Pl atform 14 Shroud segnent 15,1 6,1 77Fin 18,1 9 Side rail 18a,b Side rail
19a,b Side rail 20 Blade root 2 1 Longitudinal axis (blade) 22,23 Edge
24,25 Opening M r2 Filet radius h 1, h2 Height b 1 , b2 Wdth X Axi al
direction (machine axis) Y Circunferential direction (direction of
rotation)dC ains

List of Reference Numerals

10 Blade
5 11 Airfoll
12 Blade tip
13 Platform
14 Shroud segment
15,16,17 Fin
10 18,19 Side rail
18a,b Side rail
19a,b Side rail
20 Blade root
21 Longitudinal axis (blade)
15 22,23 Edge
24,25 Opening
r1, r2 Filet radius
h1, h2 Height
b1, b2 Width
20 X Axial direction (machine axis)

Y Circumferential direction (direction of rotation)



1. Blade ( 10) for a gas turbine, conprising an airfoil ( 1 1) , which
extends along a longitudinal axis (21 ) froma blade root (20) to a bl ade
tip (1 2yp2ard4bzsi ng a shroud segnent ( 14) at sai d blpasa&PReop/063347 2) ,

whi ch shroud segnment ( 14) abuts with8first and second edges (22, 23)

agai nst simlar shroud segnents of adjacent blades to nake up a ring-Ilike
shroud, whereby said first an second edges (22, 23) are each provided with
a respective side rail ( 18; 18a,b; 19; 19a,b) on the upper side of said
shroud segnment ( 1 4), characterized in that, each of said side rails ( 18;
18a, b; 19; 19a,b) is subdivided into sections ( 1 8, 19; 18a, 19a; 18b,
19b) of different height (hi , h2) aCidienswi dth (bl , b2). 2. Bl ade as
claimed in claim1, characterized in that, the shroud segnment ( 14)
conprises on its upper side a plurality of fins ( 1 5, 16, 17) running

I1el q I
Daab; 19: "1699¢ L) e Bl cbthisind an MIRAHE HER e indbdlondy,,
18b, 49b) of mlbn@tMmalmlsg(ﬂt Mmabiadeamt/ Bﬁ)tmaiblad(etilp 12t),2&)nd)hawegns of
said fins ( 15, .16, /17 charactq45zed in
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l'ongi tudi nal  apuss Wit filst@ndsicdnBlcries (22, £3). ghln@s@\ﬁﬁa%r@bé's@gﬁtén't‘s one of
said clainms 1 to 3, characterized in that the ratio h/b of height (hi |,

h2) to w dth Ebadjacepblafles i matieds aaingshk@ stoud.guaherebysaidi gt BN |ies in
the range 0. SSéC(WIC?eéggS (22, 23) are each provided with a respective side rail (18;
10 18a,b; 19; 19a,b) on the upper side of said shroud segment (14),

characterized in that, each of said side rails (18; 18a,b; 19; 19a,b) is

subdivided into sections (18, 19; 18a, 19a; 18b, 19b) of different height (h1

h2) and/or width (b1, b2).

15 2. Blade as claimed in claim 1, characterized in that, the shroud segment (14)
comprises on its upper side a plurality of fins (15, 16, 17) running parallel in
a circumferential direction (Y), and said side rails (18; 18a,b; 19; 19a,b) are
subdivided into said sections (18, 19; 18a, 19a; 18b, 19b) of different height
(h1, h2) and/or width (b1, b2) by means of said fins (15, 16, 17).

20
3. Blade as claimed in claim 2, characterized in that, said fins (15, 16, 17) are
inclined with respect to said longitudinal axis (21) of said blade (10).
4. Blade as claimed in one of said claims 1 to 3, characterized in that, the ratio
25 h/b of height (h1, h2) to width (b1, b2) of said side rails (18; 18a,b; 19;

19a,b) lies in the range 0.5 <h/b < 2.

5. Blade as claimed in claim 4, characterized in that, the ratio h/b of height (h1,
h2) to width (b1, b2) of said side rails (18; 18a,b; 19; 19a,b) lies in the range
30 1.0sh/b<1.3.



5. Blade as clainmed in claim4, characterized in that, the ratio h/b of
height (hi , h2) to wdth (bl , b2) of said side rails ( 18; 18a,b; 19;
19a, b) |iwe mw/ubm3range 1.0 < h/b < 1.3.6. Blade as cl acwa2009/063367 of t he
claims 1 to 5, characterized in that,9%9in order to avoid dead zones for the
cooling air in the space between said side rails ( 18; 18a,b; 19; 19a,b)
the shroud segnent ( 14) is provided with a fillet at the transition from
each side rail ( 18; 18a,b 19; 19a,b) to the upper side of the shroud
segnment 14 ' ) r2 <
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that, openi ngso Gvdid d&ad aresfopihedesbling arindths spavd beag@@msalﬁ slde rdit ween
sai d flns (1 5 16, 17) for |nject|n9 coolin alr fromthe inside of said

airfoil (1 1ff §intas it dI9ad) thet §e9meni H¢) (s prayidegpwith pyfillegat @eade as
cl ai med '” °”?r§g§|tlgﬁ‘?ro‘h'1%'a%ﬁ E]detr%d (18°184,BC1 67 19£6) {dtheper SRlof thest and

second edges are
5 shroud segment (14), W|th a fillet radius (r1, r2) in arange 0.5 mm <r1,r2 <
4.0 mm.
7. Blade as claimed in one of the claims 1 to 6, characterized in that, openings

(24, 25) are provided in said shroud segment (14) between said fins (15, 16,
10 17) for injecting cooling air from the inside of said airfoil (11) into the space
between said fins (15, 16, 17).

8. Blade as claimed in one of the claims 1 to 7, characterized in that, said first
and second edges (22, 23) are Z-shaped.
15



