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5 BLADE FOR A GAS TURBINE

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 kmit 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 foad 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 airioil.

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



the platformof the shroud that is fluidly connected to the hollow interior
of the blade airfoil. 30The shroud lifetine is |imted by the nechanical
stresses caused}) centrifugal forces. Such stresses are cur rently reduced
by ni ni ni si*hg*tHé ’\%II thickness of the platform al so"kHoWH 48" 8Hr oud web.
However, a bl ade shroud segnent with a thin WO

2010/ 046283PCI/EP2009/ 063367 2 wall thickness may not line up with the

bl ade shroud segnent of the adjacent blade due to manufacturing and

assenbly tol erances, which occur even if the tolerances are kept at a
m ni mum AV RIBEIeSRRaYaRA Hine WR withdhg P@ﬁ?éﬁf%ﬂrﬁ@@ﬁ@ﬁéoﬁf’etﬁﬁ@@m oud

platform dyfiqagiukys mdhﬁfa%mm@rawé%@eﬂﬁ@ :Bréréﬁagérmmlcﬁeécu?%%awtﬁ@' | oadi ng.

A ni smat ch between two adj acént bl ade shroud segments al lows hot gas to
enter the EB¥RILCDIFEWEEhAt@INMEMor and the bl ade shroud. The shroud is

typically Aashadestsiiaidh BRURITG SclAhioiSheeholaslSkARSR ARG AFat  on

resi stance up t tenmperature | ess ete ture gas.
Hot gas5i ngmh@mdwa@ﬁw@ a@duswaprcahiaadmg Amﬁsmat@hmtwﬁenh@ shroud and

t he adj acenﬁjgﬁérﬁtblacd a,%qourg) ®%$%§gw nsel%t %ﬁ% efﬁpeA&asvjtg%% 62n[5t'h§' scl oses a

gas t ur bi né
ext endi ng &atorexdnipd biada shimdehmehmsdep@bllwdem@r@d waigh mheermdmhaumg of the
stator opposite the b ide rails that adially and
T5al ong_ ond ceRBe AR 00 srRenET el i R iisIRs: LBfaPR o “an
adj acent gmsngaudithiene thé adegshHot gas B@EeItn 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 stifiness 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 benelfits of increased stifiness 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

256  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 tot 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.



An increase of the wall thickness results in an increase of the stiffness
of the conponent according to the third power of the wall thickness. The
bl ade shroud 20segnent of the EP-Al -1 591 625 has an increased wall

t hi ckness tVWRMIV&IBited to the side regions of the platfFOMITiis t he
benefits of increased stiffness are athieved and a resulting decreasing in
deformation and bending in the radial outward direction with tinme of
turbine operation. On the other hand, the increase in wall thickness is

| ocal i sed such that it causes no significant increase in the mass of 25the
shroud segnent and no si gni f Deantiptioe oédxeinyentihe mechani cal | oadi ng.
However, as there is either no side rail or a constant height side rail on
the prior art shroud segnents, there is still a lot of roomfor optim zing
t he geonet itys thkrdfdre =i abdedtiae bsthednvantiopgo pebdde a sias dwdinedgagntviteaupl i ng and
simplified manufacturi 30m nim zation, of hot s.ingestiqn, inproved
stifiness SHAUS mooBoac S Bodl Bedld hihbes gl AR SARATEWMS) 063367 3
Descri psi orespbettiiehd sidepdilson It is therefore an objective of the
invention, to provide a gas turbine blade with a shroud segnent at the tip
of the bl ade, which has and optim zed geonetry with 5respect to the side

rails. Thi $m§f@b%@tiw@ dohicREA b vty actokdidgle) A&ROr A Maintieattl@bithe A Mai n
feature of the blade accordi ngg_ to the invention is, that each of said side
rails is sBBEP arerseinpie BredBeantighds. dhatpach of anifl siis r@ﬂ% Isv@ryidegigen. 10 A

first enmbogiwBAS oLdifb e haYR Y wh@de is characterized in that, the

shroud segnent conprises oh its upper side a plurality of fins running
paral | & in a circunferential direction, and said side rails are subdivided

into said gechiAnsafthefich iRNiFMn0E MY 804 AL [h P TRANSQ4 said fins.

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 1.0sh/b=1.3.

According to another embodiment of the invention, in order 1o avoid dead zohes
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.



15 A second enbodi nent of the blade according to the invention is
characterized in that, said fins are inclined with respect to said

| ongi tudi n s, of said bl ade. Especially, the ratio,plh of height to
width of sg’?‘éﬁéf’@é’g{jai I's lies in the gange 0.5 5 h/b y?f%ﬁ@”@@%@er abl y
the ratio h/b of height to width of said side rails lies in the 20range 1.0
5 h/b 5 1.3. According to another enbodi nent of the invention, in order to
avoi d dead zones for the cooling air in the space between said side rails
the shroud segnment is provided with a fillet at the transition from each
side rail to the upper side of the 25shroud segnent, with a fillet radius
inarange 0.5 mrl ,r2 5 4.0 nm According to another enbodi nent of the
i nvention openings are provided in said shroud segnent bet ween said fins
for injecting cooling air 0% PeRerRtiQnIe! e 4% rfoil into the space
between said fins. 30 WD 2010/ 046283PCT/ EP2009/ 063367 4 Brief Description
of the Drawi ng 5The subject matter of the invention wll be exglained in

more det ai MM Aukipe mallarehhrgnvastionwitl ke explainedde nase peisldr Hedfolgeinpl ary
erbodi ment g i Rer@fofiob kd WASALLLribiaferAbdRGBRE WiahhRIRsualodtyl ch: F 0.
1shows in a side view a blade for a gas turbine according to a 10preferred
enmbodi nent thefattagbed daavingsom 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



Fig. 2the blade of Fig. 1 in a perspective view, Fig. 3a view from above on
the bl ade according to Fig. 1; 15 Fig. 4a cross-section of the shroud
segnent of Fig. 3 along the plane AD-AD;, Fig. 5a cross-section of the

shr oud segﬁ%‘h?‘”?ﬁ"“?—*ﬁg. 3 along the plane 20AE- AE; and Bf§EPBAYeB#Is- section
of the shroud segnent of Fig. 3 along’the plane AF-AF. 25 Detailed
Description of Preferred Enbodi nents Fig. 1 shows in a side view a bl ade 10
for a gas turbine according to a preferred enbodi ment of the invention. The
bl ade 10 conprises an airfoil 11, which extends 30 along a | ongitudinal
axis 21 fr ok 830 Biged}t agringtGiniter ghluddeoreptsiof adignenbblades ttomake up a
platforml jkex ' tﬁﬂfi | ) L.Lhin the gas
t ur bi ne thg@H%%ﬁHg%’éﬁgﬁ?Bﬁ@ég%iﬂFﬁgig?% e 85 g@&%i”%“%%@ﬁ%éfweg%d second
edges WO ROy 48288 PETHERRGOIALOGER6IMd the surrounding stator, which is filled

with cooling air. According to the invention, the first an second edges 22, 23 are
5 each provided with a respective side rail 18 and 19 (18a,b and 19a,b in Fig. 5 and
6) on the upper side of said shroud segment 14.

The shroud segment 14 has on its upper side a plurality of fins 15, 16, 17, which
are inclined with respect to the longitudinal axis 21 and run parallel 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 h
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. Qutside 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 5 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 tins 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.



(22, 23 in Fig. 3) against simlar shroud segnents of adjacent blades to
make up a ring-like shroud, which borders the hot gas channel of the
turbi ne an a hoIIOM/space bet ween the shroud rjn ,
surroundlngwgg{bpg%mwhlch is filled wiith cooling air. ccg? Rgﬁ}?o t he
invention, the first an second edges 32 23 are 5each provided with a
respective side rail 18 and 19 (18a,b and 19a,b in Fig. Sand 6) on the
upper side of said shr oud segnent 14 The shroud segnent 14 has on its
upper side a ns .15 i.nclined mnth respect

uralit are
o e he | onbT el keavoid P& 0rtador b Saii dieh s ederotieen Sa6l Hvs
ci rcunf er epdilsalls & heGht@R defridnt G pr%)ndea’ Rethsd SRt kedheSradkRioBYRM, vi ded into
sections 18, 19 of different height (hl, h2 in FI% 5 und 62 and/ or wi dth
(bl, b2 i neeq:?gs&dg reihtbasly apy 19@«%‘@ U URREY $Fide ¢{dhq shroyd segment 14 withhet ween
fin 15 andyfd r%sé@chb@?iﬂ@t rhfiud o o8 Irlerdidllo.5 fifh oM 28 A@hpss- secti on
AE-AE in Fig. 3, fir'st height hT and a first wdth bl, and
bet ween®fin 16 and f|n 17 there is a second side rail 15section 19
(cross-sec E- ) §£$§b i ond
wi dth b2. %E&gnﬁ S?'ém EE’I ghthrég'rlésan\r?osteg? é‘? I a?%a(?me( %ﬁg?@gg@@ﬁﬁn AD- AD
in Fig. 3,14pre Asheped, bdm@anthbcadgeﬁﬁ@ 2BanmdpBalial hetvasinghns tBlamd 17 he si de

rail secti [ r r bet ween
fin 15 and8€d§§§kﬂvﬁ%ﬁ&§§w@ﬁ? shoﬁ&%?@$8t nﬁyég ﬁ%ﬁm%ﬁgngﬁ ¢}4%e si de
rail section 19 between fin 16 and fin 17. The ratio h/b of height hl, h2
to the1@espective width bl, b2 of said side rails 18, 19 lies in the range
0.5 .5 h/b 5 2, and preferably in the range 1.0 5 h/b 5 1.3. Especially,
the ratio hl/bl anobunts to 1.3, while the ratio h2/b2 is 1.0. 25 The shroud
segnents 14 of the shroud ring with their fins 15, 16 and 17establi sh,
together with the surrounding stator, two ring-Ilike hollow spaces, which
are cooled by cooling air. To receive cooling air fromthe holl ow inside of
the airfoil 11 (see Fig. 4-6), openings 24, 25 are provided in each shroud
segnment 14 between said 30fins 15, 16 and 17, through which cooling air is
injected into the space between said fins 15, 16 and 17.



WO 2010/ 046283PCT/ EP2009/ 063367 6 In order to avoid dead zones for the
cooling air in the space between said side rails 18 19 the shroud segnent
14 is provided with a fillet at the transition fromeach side rail 18a,b
and 19a, b t¥OPNE¥B¥er side of the shroud segnent 14, WARPENEIGEEpective
fillet radius rl, r2 lying in a range70.5 mmrl ,r2 4.0 nm As can be seen
in Fig. 3, the first and second edges 22, 23 of the shroud segnent 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-1ike curvature between fins 15 and
16. WO 2010/ 046283PCT/ EP2009/ 063367 7 List of Reference Nunmerals 10Bl ade

S11Airfoil 12Blade tip 13Platf.orm ﬁé@éﬁé&dNﬁﬁ%@Qt 15,16, 17Fi n

10 Blade
5 11 Airfoil
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
rt, 12 Filet radius
hi, h2 Height
b1, b2 Width
200 X Axial direction (machine axis)

Y Circumferential direction (direction of rotation)



1018, 19Side rail 18a,bSide rail 19a,bSide rail 20Bl ade root 21Longi tudi nal
axis (blade) 15 22, 23Edge 24, 250penind® r1, r2Filet radius hl, h2Hei ght bl ,
b2W dt h 20XAxi al direction (machine axis) Crcunferential direction

(direction of rotation) 8 Cains .
Claims

1. Blade (10) for a gas turbine, comprising an airfoil (11), which extends along a
longitudinal axis (21) from a blade root (20) to a blade tip (12}, and having a shroud
segment (14) at said blade tip (12), which shroud segment (14) abuts with first and
second edges (22, 23) against similar shroud segments of adjacent blades fo make
up a ring-like 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
segment (14), wherein

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 (18a,b;19a,b) are
subdivided into sections (18, 19) by means of said fins (15, 16, 17) such that
between fin (15) and fin (16) there is the first side rail section (18) with side rails (18a,
18b) of a first height (h1) and a first width (b1), and between fin (16) and fin {17)
there is a second side rail section (19) with side rails (19a, 19b) of a second height
(h2) and a second width (b2).

2. Blade as claimed in claim 1, characterized in that, said fins (15, 16, 17) are

inclined with respect to said longitudinal axis (21} of said blade (10).

3. Blade as claimed in claim 1 or 2 , characterized in that, the ratio h/b of height
(h1, h2) to width (b1, b2) of said side rails (18a,b; 19a,b) lies in the range 0.5 < h/b <

2.

4. Blade as claimed in claim 3, characterized in that, the ratio h/b of height (h1,

h2) to width (b1, b2) of said side rails (18a,b; 19a,b) lies in the range 1.0 £ h/b < 1.3.

5. Blade as claimed in one of the claims 1 {0 4, characterized in that, in order to
avoid dead zones for the cooling air in the space between said side rails (18a,b;
19a,b) the shroud segment (14) is provided with a fillet at the transition from each
side rail (18a,b;19a,b) to the upper side of the shroud segment (14), with a fillet

radius (r1, r2) inarange 0.5 mm < r1,r2 £4.0 mm.



Bl ade (10) for a gas turbine, conprising an airfoil (11), which extends
along a longitudinal axis (21) fromadl ade root (20) to a blade tip (12),
and having a shroud segnent (14) at said blade tip (12), which shroud
segnent (14) abuts with first and second edges (22, 23) against simlar
shr oud segnents of adjacent blades to make up a ring-1like shroud, whereby
said fi Feson e are _ea ovided wi.th a respective
side r %@aeigchMﬂfglnfggch aﬁﬁ%1JB%2F rﬁ@35?eggpghéﬁﬁ&ﬁ@”EEgnent
(14), \(\Mr% mrbfﬁﬁoﬁbé@wg@@%‘ﬁ@&d ééﬁ%eﬁ@(ﬂ%'me@ﬁ‘ shidSirpasr 18] ‘ii?)

plurality of fins (15, 16, 17) running parallel in a C|rcunferent|a
di rect |ifajﬁ0f(n9 cocling aniramsihadnside 1o seitgairbil (b, iblo tiesrasbdiolveen shitt o
sectlo% (%%?,by means of said fins (15, 16, 17) such that between fin
(15) an l there is the first side rail section (18) with side rails

(18a, 18b) of a flrst hei ght (hl) and a first width (bl), and between fin
(16) and fin é reis a second side rail section (19) with side rails
(19a, 595 ac{ﬁa%c éfE@%’ Aee ghthe dgimaddo 8, §é@mﬁtew|zadhn(tba§ saicfirsBpade as
cl ai nme e in that, said fins (15, 16, 17) are
|ncllng E@Q é d?ﬁﬁgﬁggfgeﬁ%%gltudlnal axis (21) of said blade (10).

3. Bl ade as claimed in claim1 or 2, characterized in that, the ratio h/b
of height (hi, h2) to width (VI, b2) of said side rails (18a,b; 19a,b) lies
inthe range 0.5 5 h/b 5 2. 4. Blade as clainmed in claim3, characterized
in that, the ratio h/b of height (hl, h2) to width (bl, b2) of said side
rails (18a,b; 19a,b) lies in the range 1.05. h/b 5 1.3. 5. Blade as
claimed in one of the clains 1 to 4, characterized in that, in order to
avoi d dead zones for the cooling air in the space between said side rails
(18a, b; 19a,b) the shroud segnent (14) is provided with a fillet at the
transition fromeach side rail (18a,b;19a,b) to the upper side of the
shroud segnent (14), with a fillet radius (r1, r2) in arange 0.5 Mm S rl
,r24.0mm 9 6. Blade as clainmed in one of the clains 1 to 5,
characterized in that, openings (24, 25) are provided in said shroud
segnent (14) between said.fins (15, 16, 17) for injecting cooling air from
the inside of said airfoil (11) into the space between said fins (15, 16,
17). 7. Blade as clained in one of the clains 1 to 6, characterized in
that, said first and second edges (22, 23) are Z-shaped.



