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- 1 Turbonmachine blade with fluidically cool ed shroud

Technical field 5 The invention relates to a

turbomachi ne blade with a fluidically cool ed shroud
according to the preanble of iclaim1. Prior art 10

On account of the high turbine inlet tenperatures

which are nornmal nowadays in nodern gas turbines or

gas Turbomathinatbledet wilk Bladddcefllyhgodlest shroud

turbine stages nust often be cooled. 15 To cool the

bl ades, a cooling fluid, frequently air, which has
b&arhndgaktEe¥d om t he conpressor, is passed through

fl ow passages inside the airfoil. The cooling i's

ef fected by convectjve heat transf r n1th ssa

welits EBVEREL1ETol THAFFRI ¢ The tHE e‘al 335 Wi a

f 14l d sScd 1ep oébeaddehrwrdechctdwrmgtg bt:oeshlen prtmamble of
egi_on q% the trailing edge of the blade into the

surroundi ngs. A turbine blade fluidically

cooled in this way has been di scl osed, for exanpl e,

by S Patent 4 820 123 or al so by European Patent

Appllcatlon EP 0O 25 649 975 Al. On account of the

ever increasing turbine inlet tenperatures of nodern

g (A bWes, of t the aligh eikeindcafissartehpecoohras| which

the co onents which are . subjected to th f t
TR o SOHACR § 190 PRECHTT { S0P bP-RiLs S net gas
bltadnﬂoasmttshasatt olbastooi]ml blE@%eoﬁortehel first turbine
pagg%%ég af, Pl agdes. of %té‘&?ié are often provided with
e

hro | enent s are t en |likewise to be at
| Bst cpait |t§he:ob>|ledeSA congeriisgal T hetfod frgquently air,

CQ@AM}Q hhe sbeQUExE-aPRBES Frdnd %é%&nﬁeéé‘@rpoﬂbl pgssed
35 fluid mhlch flows throuygh.the airfoil fo
CRAT g of 168 RegsAdaR) LHPOAGH "}%oaﬁrﬁa% i ofgoling
priayi defféaréde B?roddnﬁleelﬂfﬁﬁb amgeftor qtansféhenfbem the
daéé%ﬁ&@ %gifar% tﬁétggb fﬁéogﬂgh gsﬂﬂétﬁ§%§%§dgooling
fluid is then often delivered through bores in the
region of the trailing edge of the blade into the blade
surroundings. A turbine blade fluidically cooled 1in
this way has been disclosed, for example, by US Patent
4 820 123 or also by European Patent Application EP 0
649 975 Al.
On account of the ever increasing turbine inlet
temperatures of modern gas turbines, it is also often
necessary to cool all the components which are
subjected to the flow of hot gas. Therefore, not only
the airfoil but also the blade root has to be cocoled.
Furthermore, in particular blades of stators are often
provided with shroud elements, which are then likewise
to be at least partly cooled. A conventional method for
coocling the shroud elements is for scme of the cooling
fluid which flows through the airfoil for cooling the
latter to be passed through a coeling-fluid Dbore
provided in the shroud element and for it to then be
delivered outward into the surroundings of the blade.
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2 Fromhere, the released cooling fluid ultimtely
passes via conponent gaps into the main flow of the
turbine. However, due to the inflow of the cooling
fluid via conmponent gaps, fl@w-l osses of the main

fl ow are caused 5 on the one hand. Furthernore, the

d%Aivered Cookhggreﬁlu%gd %agffﬂ§5%%#ﬁd'ﬁ?tf$$¥éﬁ&'ﬁasses

consurreqe]fo‘r cool I'ng~ "purposes
r esid t sonponenhe gaAREy NbRY @ thesaim hfypwer of the turbine.

CoRldtksf | Uisdeess fiw Earigguidediher cdolngyi radhid via
cool 1 ng capacity. Both these factors | ead t

dErsmRRrent oBrPh- t ReC¥ LPEFERC P Ioften&ayds ﬂﬁ%?ﬂée ofaused
Jdam t whekosghe CGoghdng lerﬁl‘i‘eﬁ:tﬁtbﬁéi,es e cHelldveaed cooling

SRS TReRLa0 LR B, SRR A LB
elm.th:ra&knom thatf radm s h@lsptm vesalts dmeventhermodynamic
Hdd buli gﬂg% I}%ocqq{g} uPPAgsLY fﬂ%wall%o Pé%@f‘ré@ for

be observe ECtS I n partlcu ar t
Co¥ ﬂ@ww@ngogilﬂﬁecgﬁa@a@y elBofdhtthesm LGk s ehgad to

tq tcﬁ@c@:@ié‘ﬁéti@ﬁ' QAStak e i Skmeyd o foﬁiltgiaéloturblne or
be| n uatel y coolﬁd and Ln t 0.case

S > hot
PR ot He?POhilg, 3 Bl‘i;?n dPi???ﬁutV%h‘:%f tRe
coniamd cag@cilpoolead heo sdsnr paduekdmeeirviicealsife of the
oftlen not required, but rather there are regions
Whl c‘-’h Fiave to be cool ed to a greater extent, and
otherthegtans ofii ¢Aulbiveddysiaqmledrilyrend o‘@\k‘?m%lléEF eETIOWI

Offlfcﬂ'gl tRe.- Pi%rc%ﬂg't' ngun@*fréﬁcﬁlgf;rtlﬁﬁtci@ﬁ' 'dl‘g tf.lﬁé“ g8ooling

r ef oreoten not opti mal . ryo
eﬂrov?&és often

| (RARARGHH 307 TR v &Hhish it9 i ??Pen
r%mepé'ctf@ren E&Qtl@i!ﬂl%ﬁ:t tgietberneyemegamss dihetleé oshroud

R R R e
prsMoxaitel&Eeate netdubedngr adegjuwraklyTheookedmndnin this
helpse 10, CORL: ML S Sk ectively a

On the other hand, uniform distribution of the cooling
capacity over the shroud element 1is also often not
required, but rather there are regions which have to be
cooled to a greater extent, and other regions which
necessitate only a lower degree of cooling. The cooling
effect of the cooling £fluid is therefore often not

optimal.
Summary of the invention

The invention is intended to provide a remedy here. The
object of the invention is therefore to specify a
turbomachine blade of the type mentioned at the
beginning with which the disadvantages of the prior art
are reduced or avoided.

The invention helps to cool more effectively a
turbomachine blade designed with a shroud element or to

increase the cooling effectiveness of a cooling-fluid
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r GQUI r errenqu

turbomachi ne bl ade designed with a shroud el enment or

to increase the cooling effectiveness of a

cooling-fluid 3 - B04/073-0 nmss flow to be used for

the cooling. The invention -aBso hel ps to cool tHa04/073-0
regions of the turbomachine blade which are to be

coaled iR eac@%C%%_e Q%é LALLRR 4 dn?%co;r e J.nventn.on

I's achi eve %%
t rd dnvéstlicon by @h@ltmlb%nmﬁﬂm%l &de *a@em%w gnagFhine

CliAidRel - wiktét here BEVAR! 330 GONTdAHH atdfnsiwfadigration
i nvention are found in the subclainms. 10 The

tGFb&ﬁﬁﬂﬁ?ﬁP%ﬁ%ﬁ@Pﬂ%5|gned according to the
|nvention conprises a blade root, a blade tip and an

foil., Th foil tends b t d

SR hebRPERe 1 PPATE R ads eg%%%ﬁ%%%, Adicion by
ammdm$u150mash¢naomkaim andcdapmeskute slgém 1. Further
F%343ﬂ6g§§6$5h@on?&ﬁﬂ%a&ﬁenbsd¥CWthQDW%hQr%ﬁﬂﬁﬁwdfound

el ement east hr oughf | ow passage whi ch
edtreridie i subakanrAde | ongi tudi nal direction runs
inside the airfoil.  Furthernore, a shroud cooling

f d d el t at t
B3 2c SEEPRERBSPCL h P AR orde S RPEdcnABGIREISH ngt®  the
passage: hen ngospiieeteds vbdade wopen ng twldde tip and an
”Jar f]'[ 0%19332@ ﬁ‘”%x%e%%%' 'b&ufel{ﬂdchéjeéfgdé’afésg and

throug his shrou coo passage_durin operati on
ofthdweblmexomhhneabmade Henashirslialoofirgepbon and has

paasség@t'lﬁnpr&{@é ally of f)lr%tss%li@%ﬁg@s' %rthermore, the
Fur.t her nor e, | east _one fl ow gui d ﬂgd ﬁ:iment or
t

gl ARy ERE é@ol?’?@vﬂl%ﬁidwﬁFBwafl%W SGRtrhht least
Sh:frs:wd QU RS S agisdagar rafiged iexddiglsshrioudthe blade

CoRLASEBASSa0 LOL 1 on oo 909 QL cosa
aﬂnuﬂhegmmmes gss@mbmdqu¢lnqgupesaagele&ﬂfQﬂm&doin the
%ﬁféﬁ&'ggé&éﬂtd Jgéwgf@h%ﬂ %%tl%%?dﬁ”é%@ latter,

I Ng passage |s case
this shrou coollng passage belng connected via an

opening to the throughflow passage, and a cooling fluid
being passed through this shroud cooling passage during.
operation of the turbcmachine blade. The shroud cooling
passage .is preferably of slot-shaped design.

Furthermore, at least one flow-guiding element for
guiding the cooling-fluid flow flowing through the

shroud cooling passage is arranged in the ghroud
cooling passage and/or in an inflow or outflow to or
from the shroud cooling passage.

The flow-guiding element serves essentially to guide at

least some of the cooling-fluid flow flowing through
the shroud cooling passage. In this case, the flow-

guiding element causes the cooling-fluid flow to flow
through the shroud cooling passage in a desired manner
in such a way that a cooling capacity which is suited
to the requirements and is variable in sections within

the shroud cooling passage is achieved. On the one
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gui di ng el enment causes the cooling-fluid flowto flow
35 through the shroud cooling passage in a desired
manner in such a way that a cooling capacity which is
suited to the requirenents-afd-is variable in
sections within the shroud cool i ng passage is

?‘I%rﬁi/edth cggfetllglgd effic 1'@'“%/ 5f]etf;ﬁ8°|c0%91%fgf df:lmyused

€ c00 t herefore |rrprove
onis w@@tmrmamprwsdn skld oPnt flef i5hay dnst, hpe risk

Sﬂﬁtstt:hé E?%@?QOgalso? ﬁS?ULs ot%f5 1¥H7|§é1du86d absl aa result
operational reliability o ur a
i €5 ncreasdy ovebal | . Pﬁrﬁ‘&&f’ﬂa&n &%e\r;g)r il r]'_% of  the
f |tﬁwl:g:hﬂta(ttl‘nﬂl£|lﬁm ;C@m.ﬁd::seasédl 6véi‘a1ﬂ1rt her
Thus exapple, e

a &r%‘?@’gtjt%nt hlgo‘fv%vth gﬁ offla!)ld’f Igbgdl%&edealén?éyﬁgnent , also
t Harldoingon e tdent afenavaphabl &Hus, 1®0tfhee*ﬁ,iatt>1€: due to
tr%fgfrﬁﬁgeﬁ%ﬁe he KUAAede ol RELASSF RN of a flow-
transfer | ocally i ncreased cooling ca iﬂﬁy
c &L ikl ngE hied $EETIth th@ereq:%‘t]@?i‘t‘e?‘égl%ﬂf%s:ea rgiéf ﬁ@ for
tEQ}@QET@@?FBEa&ﬁEEQCQ:fgﬂ[réﬁlgﬁdbtéeleﬁﬂ.la\tgetﬂ thﬁ:reajsed heat
cqol i ng: ui W. e east _on ui

A sy ABe SR b Orel TYe 1ER bR RS T Y bifacicy
pmag]ee mohsesed iin malgleatradetmntem@mt By & reerjett of
| e d rﬁk}&?&m{ °s8 fQHEf' ﬁ‘i"a 224 lfé%%éﬂf&% copl i ?Soling—

passage exanp n t ow passage cl ose

t & lttied 0@ ng, in such a way 20 that an effect on the
flovg | Bet R a3hr adide cgqbwn@ula%gag@lérﬁe@t omalyt w@oatcranged
as,aresult. Inthe_.inflow, this js the

etV s  RRERUGo S e SATeAT Ty FOVEFETY | o M LSO be

‘t Iw:ﬁ&umgtut;l- owraasgaae i eheedigdow htougl theflow from

W gui el ene ast_the_inflo t hr
ei ng g ge S1° Jsrp%pegF?Fggﬁl'y \f/%e toggﬁé l%hrglﬁ the
c¢diltcrt.ggl'pab$ag[eas$ageheloaef Eowthehiopamsindge iragech a way

fVHéQﬂ: tRe cepld ng1Hlui dyf | Ql‘i’lengsI;lL"l":mdo‘c cooling

the t roug ow passage 1s discharged b I Qw
glRafsRpel dehraught spbenE| @Frmﬂné-”res@d'—- In the inflow,

this is the case, for example, when some of the cooling
fluid flowing in the throughflow passage is directed
through the flow-guiding element past the inflow to the
shroud cooling passage or is specifically fed to the
shroud cooling passage. In the outflow, this is the
case, for example, when the cooling fluid flowing out
of the throughflow passage is discharged by the flow-
guiding element in a specific manner.

According to an expedient configuration o©of the
invention, the flow-guiding element is designed as a
cooling rib. A plurality of —cooling <ribs are
expediently arranged in the shroud cooiing passage.

The cooling ribs are designed with a minimum thickness
at which heat is dissipated by the cooling rib to an
appreciable degree. The cooling ribs are therefore
normally about 3-10 mm thick. Furthermore, the cooling
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According to an expedi ent configuration of the
invention, the flow guiding elenent is designed as a
cooling rib. A plurality of cooling ribs are
expediently arranged in the-sBroud cooling passage. 35
The cooling ribs are designed with a m ninumthickness

a&fﬁg(j%#ﬁg%léﬁtﬁ§ss g@éﬁg byehe qopl i f18% { OcBBarance

apprecra egree cooling ribs are therefore
tyfaﬁad'trre Fhroweh paFeRIeFurt hernore, the cool i ng

c%olrlr@ expedi gat | yyrextgad cneer nhhg e | l:EieC|§Qxﬁ§@CQJf a

oo i e L LRGP o508 2020 M S el "} e
t keod1liowy beiibg gEh:deHeafnong tneowévenpl icgplriyy ribs also
F‘Hzt;]'h%{ My %ué‘o‘é{e"ﬁﬁgaﬁg 1 Rg Ls %hSOtB[a' ”ﬂegPOUEré‘nsfer

ncrease trans bet we

c &I tivReTs | u¢@ean@0©hénghr§&dldoolaﬂ'ﬂg tﬁ@ssaﬂéroﬁr cooling
t R duiPOSerothecngal i g, Fidise ar echr el@ally ribs are
dési gned .in one |ece with the shroud 10 cqglrgg
p@s%e%g@er 193eRi biBr PRE pPAEAS t Y/ df ¢ ngShroud
rideolairey wxgeent|ly integrally cast in the shroud

cool ing .passage. The cooling ribs are therefore

al ready 15 produced together with the bl ade during the
c&te ngoolingherilll ade. the apiutelitpwertk cpolhng ribs are

castlj&gléﬂ 'Slﬂeegfé’fg r pgeessay aHLr dlfoud cooling

ng, It n-partic nce _an increased surface
r PRFFES pr dBfcesRkIRG h&Edbs t raFRf ethexefamer already

Wﬁﬁﬁdc&&%éf{héﬁsw&@l&' &H@rma@@ &heishr Qllﬂa ot gy of

passa ns jn t he shroud el enen xpedi_ent

e tq?e]aﬂ‘ pafafl &is HPYHEC éuFF‘Ecé’ 8f‘i r‘t%erlbs is no
shmmgtnﬂnﬁuﬁﬁsaww akpedi ehtl yaextiewys iovegatthibcular since
entjr I o Th eI '
sg%%i3%%%ﬁﬁ%§%dfn?g§§%6$bs§8§g5§%%g r ﬁhce% cgﬁFtSF heat
r égagsfanl & factidnwkicke i@gﬁl@ualwedshmableoblemg

passage extends at |east partly over the

pressure side region of the shroud el emrent and
The shroud cooling passage runs in the shroud element

expediently essentially parallel to an inner surface of
the shroud element and expediently extends over the
entire shroud element. The shroud element is subdivided
into a pressure-side region, a central regicon and a
suction-side region.

The shroud cooling passage extends at least partly over
the pressure-side region of the shroud element and
likewigse at least partly over the suction-side region
of the shroud element. In this case, the flow-guiding
element or elements is/are preferably arranged in the
pressure-gide region of the shroud cooling passage
and/or in the suction-side region of the shroud cooling
passage 1in such a way that the cooling-fluid flow
produces greater cooling capacity in the pressure-side
region of the shroud cooling passage than in the
suction-gide region of the shroud cooling passage
during operation of the turbomachine blade. The
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i kewi se at |east partly over the suction-side region
30 of the shroud element. In this case, the
flowguiding elenent or elenents is/are preferably
arranged in the pressure- sird& regi on of the shroud
cooling passage and/or in the suction-side region of

I% | ng&%{ %I 0 gl%éllssége 64 nSﬁfﬂlSnda é’?é"mérll‘@t 1tshenormally

w~35 produces greater coolin

caﬁ@&aqvq% tRe Piebstr ATRRMIBHF oRTKY Fﬁérglﬁ#ouhoadmg-
CQ‘ﬁié Ngo PaS spe@ tidharcddl ik capstion- sifdeHegtedl Dhg-£fluid

8 300 S00LEg, BISERIE UL DG 0G0 et Bire oo

: sh:rag,nabrel efrenhel shendl éyems:mb} ethed pmedsupteerside region

d m r oadi
coof10| %glgca%é%g\q tl’Telé“gﬁéem!cog I'ng- ?I l?%%xtnﬁﬂ\f ?%tlE%VEd se
shheid el $hgo19@s§ég@enﬁ erpeFiennnte-uge b rgregeneous
oft Hd¥anaShrish Bhe e rai De pressure-side region of

the shroud el enment can be thermally relieved, so that

the shroud el enent experiences |argely honngeneous

thﬁj’dﬁi}dir@dt@gamﬁﬂaﬂﬂer lddvenoadgengst deaellapmeeit of the
ant age ous devel nent -of.th i 0
\{-t 8t coo ng ff‘%?go‘f'oofc'hte:hghr%gu&l\ﬁ?;oq | ng pass%‘l‘é %rOUd

efdoaﬂtnecglpaasﬁgestls egEbacbedt Har shridustel saghenamf the

a 0 t hg.Qu S e
SR M URBEL, NP MO G TP T o980 iona, cooting

t RRS9398  Eegidhfasdiaty anr@ngéacaaét rEeGhost ofh&he shroud

sesqmﬂtegl eReW £ 1§ Jdediln abemhg fdrvarejed hepstream of

rulfr bomachi ng bl ade. The fl ovv- eI enent s ﬂr‘gn%%d th
N8\ eSpreBdurETi YL FaGPo r%uH‘ ¢l €
pa:ssa‘gm&dtameaxbéddent II}her uﬁlesssguidahgy ejamarited @aoranged

2Q th W, Aan e :
fIQLcl)lvv- St&%cgm gﬁtésosﬂferren j{sk?%%ér%{éﬁ © hgtltéguct?%ﬁo%dd cooling
r @F SRR i:hen sﬁxpﬁdlcbbh’ngnyas@@@@m}mlé'ééeﬁﬁﬂféllllysl to

trasvel sebyiba dhecdir eh%tir?” £9bwl N Rhll oM odhy8iding
Ieads fo the cooling-fluid flow form ng._increasi ng

Flemes ppEssmeessi 4B r"e%‘? oIt 1 QU SHET nﬁ)’(E the
p@r&aﬁﬂ dboling paBRaljeMrudnNespentastlyheatardswwnsely to

C%&Iflghrectlon of the main flow. This leads to the
cooling-fluid flow forming 1ncreasiﬁgly in the
pressure-side region of the shroud cooling passage. At
the same time, an increased heat transfer coefficient
compared with the suction-side region of the shroud
cooling passage is thus also obtained here on account
of the higher flow velocities of the cooling fluid in
the pressure-side region of the shroud cooling passage.
The expression “essentially parallel to the direction
of the main flow” comprises deviations from the
direction of the main flow of 0° to plus/minus 45°. The
expression “essentially transversely to the direction
of the main flow” comprises deviations from the
direction running transversely to the direction of the

main flow of 0° to plus/minus 45°.
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conpared with the suction-side region of the shroud

cool ing passage is thus al so obtai ned here on account

of the higher flow velocities of the cooling fluid in

30 the pressure-side region-o¥ the shroud cooling

passage. The expression "essentially parallel to the

diirectiqn of the pui | ow, i.se Vi b L ONSH f 6¥M e h

CRSTURRRG R 8 TRECHEE TP e T o0 T e B o ehe

A8 nvEmE icaxpr ebsi ohl Sweswaiding | ﬁlﬁf@ﬁ@ve?ﬂ%eliﬁﬁtﬁﬂ% as a

dienegt i ot 861 Of Lhgemmi naf | omfogonpaESES dpiiadlel ONBUlfills

fromthe _direction running transversel§ to Lhe .

diessentam1dfy t RBlYmaFRet | IWROFIeR t @Ipl G8Fni hteWgsTuidance.

Aseeitdi dhd@c i dnr bhak edias eplacenficgur aninorofextemt on

invention, the fl ow._gquidi ele t .S si gned-a

f POTDIY |%£p$£‘fae.r%%r’o‘6$ng%f PREL]) R A PR f10w

edsdiftlieal pyaval pft mlwnat few oiillhendtene guhdddow bbaffle

O'H?—?Lg?“ 0 t@*&%s ! Oe 2t BhAOLvEX! @He Qnt

Al & i Bl ﬁ%%d ik Ryl e e ire

account the relativ smal 1° thi ckness of the flow
b&fliaar asics efolvnIgf £hewhiFeyd ngeet s0d APFBREBaff | e
pl ate may, but need not always, extend over the entire

CLTENEE 15k IS SRR TR BERSTEE oo
paesaggyehiwhi et easittendeadn casechn thsebl dde the Dblade
L ANl BECLiLRoR! B RXD :E‘%&@léﬂt%‘%r WY fiside

r'rs hrioughfTow passage 1s 1 .
pitéfeer abliy fodinect 84eat Edizsbl adthrovghflaw end2Egaghe 1S

C%@éﬁ%k%#ﬁQQCéﬁﬁgcégg ak 1itts bhpslgel{Boel 638NN to the
the _blade-tip-side_end_ of the second throughfl ow h
DES9AGES - A oheR TRA oBBhAE SvipaaEaga HE Lo P the

alplidde - thipderdOobndl dsf eglet sedondashrenghflow passage.
o304 MU 2. eRlac e, clg.loud caglbugRACeaee e
olttllzele -omert i d¢ heend nl €6 opéni Agasft t tmeshreeel ing-fluid
COHS IS B CBEOLIN (LIS 44 Sle! DAY bt one
passaie opemimg i and tae least one outlet opening, the
inlet opening of the shroud cooling passage opening
into the first throughflow passage and the outlet
opening of the shroud cooling passage opening into the
second throughflow passage. The cooling-fluid mass flow
is fed via the first throughflow passage to the shroud
cooling passage, flows through the shroud cooling
passage and is at least mostly discharged again via the

second throughflow passage.

The first throughflow passage and the second
throughflow passage are expediently connected to one
another wvia a further, direct connection. This direct
connection serves to allow some of the total cooling-
fluid mass flow to pass directly from the first
throughflow passage into the second throughflow passage
without first having to flow through the shroud cooling
passage. The total cooling-fluid mass flow may
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25 second throughfl ow passage. The cooling-fluid nass
flow is fed via the first throughfl ow passage to the
shroud cooling passage, flows through the shroud
cooling passage and is at lredst nostly di scharged
again via the second throughflow passage. 30 The

fidtrd A AUIRE] Q¥ 9enand tthfée 866008y - ENLOHIR{HLW Flow
passa e-are expedl ent Yy connected to one anot her via

a tirdhets #sesctiebnreeLing. the sShreedt cadimsttPafsage.

sexrnees tb@aa| | oo 30H8 - o1 uihe rﬁa&sﬂl faeml i Pga35fd uitthe first
q} to pass directly f lwnnéhe fijrst . throughfl ow

" t RES§EEGN - i FFITHGW pds¥aded: wi PRols one
hhandMaylngotothbowdﬁulmng?ﬁ]ua&hrmadsco@ﬂmmg whlch is

S8 ed I [
|tO E%r ef oreed E%l%%%lt) eﬁﬁ‘tghgﬂg?ﬁleiu (k:: %8 E&%E 8?%‘3\?r £o
e

wWiaH i shesebreed edermeny tand sHeBul o@ltihﬁg pbe?s*éﬂagemto a
Tifalﬁmie%& eeehing-fhuiid nasssf Ifawy eghyta t;h@sééé stua the
hf | ow passa t herefore divided, on gh
e CORRSeEttn i HPEF Ivragett (i viraand (ehPBaReLow
mpaﬂﬂagbthrough t he shroud cool i ng passage in order
t co e t
q?%aagh¥%gtﬁé¥gq%%}ln -f %ggﬁss F16 Qi wﬁﬁgﬁtﬁgﬁ arraHQEd

vuléi1 t hee faimbesil c@nn@ml'onadmaefttag |tm>t oadmlse@onbeadmg
t@H@éﬂgf(Whel§1995§§geanah%hg'%deHH(Eﬁﬁgdéﬂffﬁﬁsﬁﬂ§sage

is éxpediently arranged in the airfail _in such_a way
ad & FEREDIINELY e%fﬁﬁr@ge‘édg’é bhet RéTARifoin SR thevay as
seeongddybiaughf hew:.mas@ag@dges oIXpeHeedidf T Angee | Aresh

th foil 15 t dj |
G 0 not W19 oi FORFRBUETEIN. cDlfTho FIOPE  2Lofs  the
caisdgquant | heddovwp fedge, alwhgchhelsalHﬁhjeduﬁﬁhrgp high

e Jmﬁﬁ j ec herfa
t%ﬁ% oug%6§%§ﬂghroﬁggcoollng ﬁ sg e an?¥§r1IICOOllng
aPgfFagee andf dfinakky | aﬂ@ngdg'éhe 2@ gl i §r§aﬁp@et egdge,

t QHiew ther gabkeadianto Thbg |t@féd§nalt 01888pPhgd @eald Nbeads
of the .t urbqmachi ne bl ade and t
to adapted cooling of the turbomachlne blade and to
high cooling effectiveness of the cooling fluid used.
Furthermore, at least one pair of further throughflow
passages which in each case extend in the blade
longitudinal direction are expediently arranged between
the first throughflow passage and the gsecond
throughflow passage in the airfoil. The throughflow
passages are connected to one another in such a way
that a serpentine-like passage course is formed overall

in the airfeil.

A flow baffle plate is preferably arranged only in the
region of the outlet opening. Here, the flow baffle
plate arranged in the region of the outlet opening
ensures that the cooling fluid discharging from the
shroud cooling passage flows uniformly into the second
throughflow passage. If the second throughflow passage

is connected to the first throughflow passage via a
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hi gh cooling effectiveness of the cooling fluid used.
Furthernore, at |east one pair of further throughflow
passages which in each case extend in the blade 25

| ongi tudi nal direction are exfediently arranged
between the first throughflom1passage and the second

thngughd | owdﬁ%%%ge?bﬁn%ggléhr fade Fhgyt I'Eé)fjﬁm | Wate is

passages ‘are connec one’ another in such a.way
t Ietped ke tpent iaFaandesl pass ek odr s¥aY's ‘?kb'?tqre&he cooling

O\ﬁr@d d%%ch@trgi% Ift:etnl trféfbﬁ%ﬁaffécﬁapit@éepa%sage is

refe an nl t he of . t outlet
g;%i—ﬁ dmiFed p F\%bﬁ €°°&|1é’%e%g% Y pet via

renhanﬁxﬁedﬁmtamméeﬁlonen|ng 35 ensures that the
cooling fluid discharging fromthe shroud cooling
passage flows uniformy into the second throughflow

pdsteapding the asepvafierhedugiicslineysagé the invention,

C@H@Ct%fﬁélﬁﬁicﬁﬁdiﬂﬂgﬂﬁél OMRSSS3E8 Vhe al8ast one
further, direct connection e flow baffle plate S

e Pl ki | GPEREBEQEAICE dftPEARFEE hAE £ of the
F laLil £F ol 5 cho 01 g f eagel heozh ol dﬁm]lirigg— ﬂasisdtgélssharge,

forn ' | f '
wnJIat %} ltj%jre b‘g]}lggﬁyco%ﬁec?x%% Eﬁ%@orgao %toklg&ll|}>:r§g’f-L '%11:3 of
eMmﬁﬁhmmtopénuth|nmenbamarrangeioom|qp5|ueglon of the
dischasoe Cogpii Sseé%;ﬁl eash, Qi f 1&} QM OPLER%ed manner

which 1's arrange e region of 10 airftol
t r9 % nghedgairfed 1t hkergbhi nglhe w"—‘d’%%alfﬂ;é‘ld j ponsumed

Wdﬂef@ﬁ@fé yfo@v@X@EQ' efb fa@.r 128 I il 1Ok openlng or
e ar

outflo pen s_to n the re |on
oM PhePRRLRIR1G8 RS, BL QI F oW boRnibB it 't main
nefires. aQeer thie abcabkei | feagtto Ehecoadligurafdidrd of the

#ﬁﬁOMIOég gIrJl%r"%forwa “@SVk%§%§I€§tkﬁgS&> s Skllled

enrng y "of “ou
optsrmhge lantto ttee naufuflblwovuslndtfhnt,aea@eslarueeitl‘:cﬁ%ted in

ogtt ugat‘.} Hhecgleouz,ttt YRPRY mlvmg?hfttalhn%ms a
totepers eart the out™!l ow i

Faideolisly eveacttdr | Al pBodlic kralddps 1pddg ndownstream
0l5ﬂ| AMNY RRATIRY Dgdrd .23 a result, the airfoil

trailing edge is cooled especially effectively on the
one hand. On the other hand, the mixing losses produced
by the admixing of the cooling fluid with the main flow

can thus be minimized.

According to an expedient development of the invention,
at least one opening which communicates with the blade
surroundings is arranged in at least one corner region
of the shroud cooling passage, via which opening
cooling fluid flows from the shroud cooling passage
into the blade surroundings during operation of the
turbomachine blade. Due to the arrangement of the at
least one opening in the corner region of the shroud
cooling passage, at 1least some of the cooling fluid
located in the corner region is discharged through the
opening into the surroundings. The constant outflow of
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cooling filmover the airfoil trailing edge downstream

of the outflow openings. As a result, the airfoi

trailing edge is cooled especially effectively on the

one hand. On the other hand; the mixing | osses

produced 25 by the adm xing of the cooling fluid with

t i f c LR [ . '
eS|l Ceroluf BRp el Tet AT agvencs
oferivaige wapar darmmunfesmEBa wirh e ®PEger zggion. A wake
SWdrUINGENGSEieh aEhangethidd af |£asbcane FOFRLEiéRYicE hot
of the shroud cooling passage, via which opening

cB9ERy fluid flows fromthe shroud cooling passage

into the blade surroundi ngs during operation of the

tg\rcf) o) i‘l{ﬁet%' agﬁ : e%ec{ﬁerg@eu%g apge sy ?Bv%ﬁ%i%fn, the
35 1e€as e opening i'n thé corner region of the
shnotpmaguinagobade aye, davelenst esn@ dfunligiedolady of a

flgyd chQeatRd bR the QL NaILMQUON | Sl pehefidedar as a
t Airough the opening into the surroundi ngs. The
ctAtH RAKYT 1O dFEWHPIRBol ing fluid through the at

I qas:] pQREiBARAKNY dSeyEdd Babbe Walderahareefs onithr Maymrd to
in.,the corner region. A.wa one_is o n_t .

oftHe e TES B PRone, A B1adiicakd RhEETAENS PR the
expedlent afse i theléemventidm, wiheelt wbonachtwebine are
blade diedleys! oped £ WhigRaPhadeookd GAention. The
turbi'me or a gas turboset, in partTcular as a stator
pdunarieping phetheogpr sarbisg san e qekdp ke changed
adantRges el raga dat tidHer senyeee denfpereft e overall
bl ades_are 8btain dif all the _blades of ?H iﬂ%et N
gfidde BfeePddPSEetur bRne BF e EUR Nired 9Fn FRE nhRRRFrature
agoayiilg dwet hehé nbbatieoheighe camndisd owdey rodre heniform.
945 é&%ﬁé? £G8 tr}%r]sial'es%f’et%%a%j?r?et%n&@g & &Ft which
t hat “a hrgher rnFét tenperfat Ur € overa can be
adjuegtsedinn edwh t gelsienelnorthechedieapbianuret Hhef i peundary
oven itde; bl adec 'Qigcfé‘téﬁ;beﬂteu%%dﬁyse YA T dBr Bo avoid

tenperature profile o rbine irnlet flow which
overheating of the boundary walls,

However, the turbomachine blade designed according to
the invention may also be used in principle in a rotor

of a gas turbine or a gas turboset.
Brief description of the drawings

The invention is explained in more detail below with
reference to an exemplary embodiment illustrated in the

figures. In the drawing:

figure 1 shows a greatly simplified illustration of a

gas turboset;

figure 2 shows a longitudinal section through a
turbomachine blade designed according to the

invention;
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drops in each case in the direction of the boundary 20
walls is often necessary nowadays in order to avoid
over heating of the boundary walls. However, the

t urbomachi ne bl ade desi gned-attording to the :
invention may al so be used in principle in a rotor 25
of a gas turbine or a gas turboset. Brief description

of the drawi ngs The invention is explained in nore
dekEgurdellowshi 80 detaibede tiPvan Adxelprar jurbomachine

enbodi ment pilystadRdriguibea;figures. In the
drawi ng: figure 1 shows a greatly sinplified

illustration of a gas turboset; 35 figure 2 shows a

| ofigniitisli Bal shewki athd hebweda ségmbnﬁaodﬁ n€ibuage 2 in a
designed according to the invention; - 11 figure 3

shows a det ??%QPSY%ﬁbe t he turbonachlne bl ade from
figure 2; 5 figure 4 shows the shroud segnent of

fige ghé”e@eﬂ@ﬂﬂé"ﬁﬂatheCEBMpBB%n%Ee@%@éhﬁﬁgltﬁ@r the

conpdnents essential for the understanding of the
i HESRTHRREES hoRA | rFl”t%e inYeRt PR es 2 ¢he WINWHI o}y the

emhggtﬁggt shown is to be understood purely

tructivel.y and ended servie for t e bet

§ CERAERT0; STROTIIY R | GF oot nBe HfBERtood
m@umﬁlpflhBEruutamahmwaﬂﬁ VGysnMEndqﬂeuensﬁmgaripr the
! ri%(us éP”uﬁ'&%‘é‘;&ta%éf MEud e B5ohy yré&F?HBE&Bn Of the

ration o as turobset as is famlirar to
pe?%h&ﬁ%klmi@@ernOfZGhPhénﬁﬁﬂtaﬁB as is frequently
used for the generatlon of electr|C|ty or for
stationary, and nobi | %ves, such as aircraft drives

f JYRH fp| B e@%%“?uF BsERVEREHA™ by way of exanple

conpri ses as essential subassenblies ,
Shown in figure 1 is a highly schematic illustration of
a gas turobset as is familiar to the person skilled in
the art and as is frequently used for the generation of
electricity or for stationary and mobile drives, such
as aircraft drives for example. The gas turboset shown
by way of example comprises as essential subassemblies
a compressor 2, a combustion chamber 3 and a turbine 4.
Incoming ambient air is compressed in the compressor 2
and fed to the combustion chamber 3. In the combustion
chamber 3, fuel is admixed with the compressed air and
the mixture is burned. By means of the turbine 4, the
hot ‘gas produced in the combustion chamber 3 is
expanded to perform work. In the stationary turbine
plant shown in figure 1, the turbine 4 is connected via
a shaft 5 to both the compressor 2 and a further power
consumer 6, for example a generator serving to generate
electricity, and drives the latter via the shaft 5. It
is of course also possible for the gas turboset to be
of multi-shaft construction, having a plurality of
turbines and combustion chambers arranged in between,

having a plurality of compressors and cooclers arranged
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a conpressor 2, a conbustion chanber 3 and a turbine
4. 25 Incomng anbient air is conpressed in the
conpressor 2 and fed to the conmbustion chanber 3. In
the conbustion chanmber 3, fukt 7s admixed with the
conpressed air and the mxture is burned. By neans of

tﬂ§1tuﬁg%ﬂ8eﬂ theg h aslPﬁQduc%ﬂes% thﬁm&ﬂﬂ?Mﬁﬁﬁ@ﬂ are

chanber s 30 expan to perform work.

stfamrieay tar dire psraﬁp ol eh Lhgdrhe 1art—hétnd mexely

t Wt nend isvennnesat e.ettw &n aa@tatcta&ctmlb@téwﬂne context,
2 and a fuyrthe consu

cQ essor

efgﬁﬁl%h%¢5e589398r Ku tBO eﬂ??ﬁfégggt&ﬁrm%t?ydEtall
argt dthespeéhecl atter via the shaft 5. It 35 is of

course al so possible for the gas turboset to be of

mul ti-shaft construction, having a pluralit

t ¥ bitneb et torbudliaste cHanbdia abrasged biaﬁéﬁ we@fisigned

haanc"&@lrttﬂ., UEE! bhi Q- RBaIgs sod ssﬁatdncgzal grigndAngedo 4.
in between, and the |jke hf nbodi nent s arﬁ the
he

faFr'ﬁ‘JLi%? to tHPYRr son SRR Eedine seCtEgR Fapg
pLﬂltlftﬁ.d'aCWBﬁt | Qi didrs By apdaladd on-brlelde;vantl_o designed

context fo ch.reason the ar e ot L i be
st ing *Le Bh8 RPERRE R hr Rt AR of chsbigauces

(|trhebrbb&deblta¢:e)13{es>|fgrtémb h&adedﬂmg io aheietmﬂelrﬂfﬂoﬁlew

'%‘E‘Q@ AN -y 63 Boﬁeoﬁ'\ vilthwd W £ ?]ﬁéh \i\ﬁ:o%d element 14

| on tudlnal section through the 10 ically
i tfertdg 191ed»] 29 bl ade 10 designed according to the
|nvent|on whereas figure 3 reproduces the bl ade tip

of th e.10_in.a detail ed view. e 4.sho
& onfr eﬂf?ﬁ]et he IRy gﬁﬁl&“@?ﬁerﬁs The otl' % %Faaewgator
1Q3f 15 terieiné hespéadélﬁ:alﬂy d@sisgrdchdes aheahl adbebf gulde
r of e, C C II a d
H@{%féu?ge {)?hg §t&fbﬂn£¥ % Qéd lBL:)%se(feir?
exdmpl éunbine hé t QFbi tﬂ@e4 @S t ttentjwatm ﬂoseﬁoreverr the
:‘%}’iﬁ’éﬁ:%tlia%xgegﬁg | AVEDt iRn BY1 8LGO e PRIRE-tBlade of a

| turbine or" to bl ades used in another
\Mﬂﬂrblne or to blades used in another way.

As shown in figure 2, the blade 10 comprises a blade
root 11 with a cooling-fluid feed 12, a blade tip 13
which is formed with a shroud element 14, and an
airfoil 15. The airfoil 15 extends in the blade
longitudinal direction SL between the blade root 11 and
the blade tip 13 and has an airfoil leading edge 16 and
an airfoil trailing edge 17. _

The main flow of the turbine flows through the blade in
figure 2 from right to left according to arrow 18, the
flow duct being defined on the casing side by the blade
root 11 and on the hub side by the shroud element 14.

As can be seen from the longitudinal section according
to figure 2, a total of four throughflow passages 1l9a -
19d are arranged inside the airfoil, these throughflow
passages 19a - 19d each extending essentially in the
blade longitudinal direction SL. At their ends, the
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As shown in figure 2, the blade 10 conprises a bl ade
root 11 with a cooling-fluid feed 12, a blade tip 13-
25 which is formed with a shroud el enent 14, and an
airfoil 15. The airfoil 15 exk®nds in the bl ade
Iongitudi nal direction SL between the bl ade root 11
%pﬁ e_Li n as_a r I

aﬁlcg'lgr ofgl%a#%aslal ??}Q edggg% 5%% The ITB.I n Q\?\J/ ,One

ofartqfélqmrbnn@umhov@ WAYoUdRt he Beagentdnea-ilgde 90011n9‘

f e ddpht cbﬁr's%ftlﬁcctq{éj' Barireiarrow L% Ebemelll odverall.

duct bel n defk"F E&the casin Sldﬁ gthe %ﬁde {rfoil
drer - Jo% dB2FPaERe 8HP BuB1BFentiE 131¥tot

Aslasanztge sekye f nem tibe Besdghadiedal asecfivatacchrdiughflow

gvassa];%egufga, ’ aﬁdt Q:thg ﬂfxrctn? 18&0;&3%%& %ﬁ%g the

are arrange i AST de e al
t ldotfghifl ovk rvbbbegesedoa - 1_1!9d l@acrde@@tgé?ﬁﬁenb as second

eI Doy N %QSsaBEadeBmg'i‘Hg' n%'hr@'u‘ﬁ@l‘dw S;Bassages
At thelir ends hr oughf | ow passa
G mhngeh THBEYEENY SHet LARG: R | PhEneR l%ﬁ%‘eglaflow

i@ﬂ’a{ﬁé}ttgéleahﬂekedQQ hﬂﬂedp&_ﬁﬁa%ﬁngﬁliﬁectf]ohheaﬂal thei | main
s forme t he throughfl ow passage
%loo"fn '1%% %‘?ri&?qoﬁ}_ieélaca'f né"%&&gele% g anscl?(:,]%%t efourth
as:l'fnms;hftmmﬁsm Padsage 19a, and the throughfl ow
Pa§RAGE; Adj Ol R g, g’ﬂ}‘iovﬁ% %Jﬁ;ér%'s' A %eésﬁgé&b& at its

designated as sec ow passage 19

t Frladghinase prisiagerd é@réhgeéo@étlmeﬁ lid figad hpnd at
tne:ssesyaaeteagugmaleovw@ Pgssagenar endes gaadedHd! fourth

ir Wa third.thr flow
o e hg LleR A okotr | 6 R e b-s1de
Thmd‘l rest  teougidfdond pasasg ey H.-E)Bows caxesge ed Thei t second

EMERIPRIG) 5 SO0 0L T A LRl o ace
f awpctth snlrde)utghfaoc\ppbssagélmd digchedge pagange 20 which
blead&sdd 'S'ﬁ?oigf theassseasthrtqtaghflr@/v Pasggee. 17.

The second ow_passage is in_turn connected
af Wi gmere., rpofudtdelisisycs i Pt F1avdovrsdRgsyell are

Passagyed) Whi Cthe airfoil trailing edge 17, via which
outflow openings 21 the cooling fluid flows off from
the cooling-fluid discharge passage 20 into the
surrocundings of the blade. The outflow openings 21 are
arranged in an approximately uniformly distributed

manner over the airfoil length.

Here, as cooling £fluid, air is branched off from the
compressor region and fed via the cooling-fluid feed 12
to the first throughflow passage 19a. From here, the
air 2%9a, following the serpentine-like cooling passage
course, flows through the airfoil 15. Due to the low
temperature of the cooling fluid compared with the hot
turbine main flow, convective heat transfer occurs
along the walls of the throughflow passages and thus
coocling of the airfoil 15 occurs. At the end of the
second throughflow passage 19b, the cooling fluid



10

15

20

25

30

35

20 extends along the airfoil trailing edge 17.
Furthernore, a nultiplicity of outflow openings 21 are
arranged at the airfoil trailing edge 17, via which
outfl ow openings 21 the cootibhyg fluid flows of f from

t he cooling-fluid discharge passage 20 into the 25

SR 0507 B8 BHALE S S LRI oo
nméfifer Grelinee ulfcblldle,&\ﬁ:@ﬁrgel—ler@asﬁslgﬁool g and is

f|d&ébr3§kbdté<§ rnthadraf fads A% {hee o BP RIS to che
i ng- f|UId feed 12

%ﬁgiand fed via the_cool]
flq W oUPFF B Pasdige T8 EShINS e, qug av%tlmately
29w s el |0Wang:Hé‘leoﬁeﬂDem igpeetl l@ cpol igy) pR&SaGtside of

h h. f Du he, |
S Py Lol LROMEN Y 1R £BRBAREG Atk TiY nofiere.
Sﬂﬁﬁurmﬁﬁpwwng1f¢unw abnvaet | ventEbow t repefitngscclts the
along e f‘@ulé in F‘Lohgﬂ‘iggrfé% pé‘sﬁégfigan% 'tlhrPrPSat the

cool i ng of the a|r urs e en
s&dGid e oBEREK ove:kpla%ssg@lm fhémc guratRrEing d ther4thin

heatad iy taiddefrahdhdUsot argieh yETeRsuned passes
into the cooling-fluid discharge passage 20 and is

di stributed fromhere approximately uniformy to the
odnf |lawdepenpngeocdl. tHdesboolidng lldmart ul4 i tat elddition to

e ia. dh ut f1 t O id
PRIRES ML 01 SHEBRATRRE 80, LIS Bhromged
wién thewishyong elempatout4 oWhepearhmgsi 2tociliog passage

CQ@“'“hI&H'QSWBEtéPBELEMaﬁgﬁmﬁé§£§m|h@gef”ﬂ@Eﬁoﬁﬁ@cted

il mprao ectlng the thin

trailin is coolin
ey b e R 1t 1R b e Er ddiEughELow
Cpalssihe sivpusne! efrentanlbutladdbpéwing 024t ke ajHd 0décond

ud coolln sage 22 is arranged in the
shroo&ggifg' %ng%‘r oud cool i ng passage 15 22,
whi ch is of sIot shaped design here, is connected via

aﬁc‘c%'r? r3Pe ”Ehé3 £1% guiaééé ¢ Qh%%hf 'r?Wf:dBé§éa%‘9, the

9a and vita an outl et op the secon
tﬁp@ﬂ@ﬁg]éﬁq%%s%gﬁvqgg to cool the shroud element 14 is

extracted from the total mass flow of cooling fluid fed
through the first throughflow passage 1%a and is fed to
the shroud cooling passage 22 via the inlet opening 23.
After flowing through the shroud cooling passage 22,
most of the cooling fluid is discharged wvia the outlet
opening 24 into the second throughflow passage 19b,
where the cooling fluid 29b used for cooling the shroud
element 14 is brought together again with that cooling
fluid 2%a which has been directed through the third and
fourth throughflow passages 19c and 19d. From there,
the cooling fluid passes jointly into the cooling-fluid
discharge passage 20 and via the outflow openings 21
into the turbine main flow.

The shroud cooling passage 22 shown in figure 2 is
formed in the shroud element 14 so0 as to extend over
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20 According to the flow gui dance shown in figure 2,

the cooling fluid serving to cool the shroud el enent
14 is extracted fromthe total mass flow of cooling
fluid fed through the first i%hroughfl ow passage 19a
and is fed to the shroud cooling passage 22 via the

el SREDLE0 30,2 ALELaL! QUG INANENLEE SDIOWS the
0011 n§ "passagé the cooling f
dulm gecrﬂﬂ@etlrﬂel@ﬁliéhe bekkerg 24 into the second

t pughfilowepassagael B ageherept hescoghbhg fhidi df280re 2
used for cooling the shroud eie nt.14 is bro h

t GEERTEERyaPn Wikt t haE 108013 hg WB6 R (v PeR Wit rEot
has bepnareheenbed, t br otgdpédeivdi edoande fwelst B6a and 26b
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dﬂsbham@enpagﬁagereglmmjwﬁathheamnﬁdevbpéhlhgg zdge 17

'Qﬁﬂitq%.tgé hnecggén é*ﬁ@ﬁdés:ﬁmﬁnSQﬁ&PdeQ%E'ngac1ng 25
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e|p@1@ﬁnd1w@@%1svt%0e§ endasier -- Beswaske tdift jGosure webs
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ace IOt | atter 0 t.nls te | ade
LHliStes PR EDe, FLERS  Focihg FRSiny Hdh 28s v that
whiteh oversedhbetai shaicke Hﬁtﬂheﬁ%ﬂhaefmnse ﬁac1ng 25 and
r ect] 0S . wWeb a b i n t
S e PR o FLNEC 2P0 BRERD 1] RUSNERICLA (D60l ing
r @gisRas 2he ﬁhef@nﬂet:rapennggea@eaﬂd tehﬁi qnht%%*‘ehopenmg
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to the latter. Between.th e cl osurgémebs é? 26a

26190t tirt ke 1atThgih7 1% arien fpd; 3 eand the
frdlmddteefWébts fed ngnadb J6b sued mmiuddwht ast e one-piece
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A Chor W) 15737 VoeuFELOTE | RERFouA codh nimeeTEed
pé:saﬂ:ag@rQZthéhe:Ldme:te oweps ngnly aﬁtemecompﬂ@ttlon of the
\3\%336{%%1 5a?1é alcise %Qﬁgﬁd \}ﬂatﬁ gffcfo?&;ef@Bhﬂg?ggZon 28a and

r oot eTairfoll first
f &8ng BerandthRe funlthay.e SRERN6526ARI2E] AFIPrises two
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As can readily be seen in particular from figures 3 and
4, flow-guiding elements 30, 31-d1 - 31-dl1, 31-s1 -
31-812, 32 are additionally arranged in the shroud
cooling passage 22 and in the region of the outflow
from the shroud cooling passage 22. The flow-guiding
elements 30, 31-d1 - 31-d11, 31-s1 -~ 31-s812, 32 serve
to guide the cooling-£fluid flow 29b flowing through the
shroud cooling passage.

As shown in figure 4, cooling ribs 30, 31-dl1 - 31-4d11,
31-381 ~ 31-8l12 are arranged as flow-guiding elements
inside the shroud cooling passage 22. Furthermore, a
flow baffle plate 32 is arranged as flow-guiding
element in the outflow region from the shroud cooling

passage 22.
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casting, the further, second facing 27 is inserted
bet ween the closure webs only after conpletion of the
20 casting and is fixed via a groove connection 28a
and 28b. Here, the further; B®cond facing 27
conprises two |layers 27a and 27b. As can readily be

S n [ a fi es ~3 d 4425 _ - -
PR IR EHE Reob IOy’ FapETS oY A AP Biod11, 31-s1
3BIsI2 32rapegeddi it okl ysh¥eudgegolinchePagFagy 22 and

CQ@&'EL&WSﬁQEElgzpﬁagei@ztﬁ%ﬂéﬁ?éHWiﬁ tHe outflow region
fromthe shroud cool i ng passage Z22. The fl ow gui di ng

elddferkitegrakiyy gfast g1.g1| , 31-si - 31-s12, 32 serve
30 to guide the cooling-fluid flow 29b fl ow ng t hrough

t h d | i . h Lo fi 4, -s
cahs ngopinetaor By B o9 gl S, LRt au-sa2
arrngieteds ifrl owhgui dhngudl epept ngi rpAzRagde Xhr eggdve to
Qi 9 Eﬁ%saggofgn%l:f'iﬁbﬁrrﬂrcﬁv 3985 #1 M Ref fie-ough the

c
pllate 32 1s arranged as flowguiding eleneni_in._t

ORI r E§P3A NG CRRERBIShriArd EBBI | FRPL HRSS Jg‘élézfﬁ-ow is
%@uj_l'ﬁ&éki}b%gahgeoﬁoﬁgbng:dd%fi&gﬁ&i}:%l-:{bl,l -3844dl +, 31-d11,
-SlI - -S arrange Int snr.ou coolln SSa

SPTIRE The 1150 baff 1% PRELE oStrith BantaE, RITotsh che
outH#mvd reghbing apassagegral lin cash 6 wihe thotiag optimum
ri 31- - 3]-di 31 - 231 ; r 'é§é§'l1 :

th‘%g%%%o%d]ec%o cltnggbggsg%(ae ’i@}%%?véc?%lzmg%i ?eé.lt .é 22 .ls '
costhimpdd ui dnf kb ZIMrdeowhgwhhebudhe ookingugntensity

copldditeppssage 2le TheasQakuag- f lndf dddWds 1fhe shroud
gui ded by neans of _the cpoling ribs 30, 31-dl -

3L LNG Pasgage 332 sY3TIRESa predet er mi ned nanner

t roughs ¢ hend shehedsheeudng lpaesaga £2i s newibdhvidedyinto a

IRl U0, BT Sl BB S ORk

conidtigpnrg s reglénpidducethe nshheuindiogldug passage 22

r &L ST ol B S PUL L Q0! L09: BASSAIE LReVAHRSUd element
14.
Formed in the region of the airfoil 15 in the shroud
cooling passage 22 is a central cooling rib 30 having a
contour which is similar to the airfoil 15 but
essentially only borders the region of the throughflow
passages 1%9a - 19d. By means of the central cooling rib
30 contoured in this way, the cooling £fluid in the
shroud cooling passage 22 is directed around the cavity
region of the airfoil 15. The cavity region is
approximately the region in which the throughflow
passages 1%a - 19d are arranged and which is therefore
subjected to only low thermal 1loading or is cooled
anyway .
Furthermore, as shown in £figure 4, the cooling ribs
31-dl - 31-d11 arranged in the pressure-side region 34d
of the shroud cooling passage 22 are oriented
differently from the cooling ribs 31-s1 - 31-sl2
arranged in the suction-side region 34s of the shroud
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To this end, the shroud elenent 14 is subdivided into
a pressure-side region 34d, a central region 34z and
a suction-side region 34s. The shroud cooling passage
22 20 extends over all three ¥égtons of the shroud
element 14. Forned in the region of the airfoil 15 in

”E:g hrr%is? Co%' i 2‘%}!é3080$§ﬁg %b%o@lll-ﬂl - 31-

ri ng cont’ our
aid¥boj arxanmtd 2bnessent mel$uéfl¢|-ﬁll§3(ﬂ dase@lpﬁe %@. &f the

Of sHAud hEBB@EBPO‘%aé’@é@é‘QQQ 19 - eéggntﬁﬁlwaﬁfaﬂfllel to
the central coo rib 30 coggoured in th'%é¥ﬁ¥ ﬂ
c 418 n§iFREEACPn PhethEhHRAP cEoPINPhaklEgd whereas
dimt@domﬂgnﬁllbbemamt ¥ meglcm a)fratrh;echl ifiothe 15uct:.on
The avit .regi 3 pr teI

tﬁg RPOLPO%I 8&/ qﬁéeg 35 98 C?/C)ll]g’ gggrg gn 2e2d Fun
ara;tssvdfmtcialhyt heaafsvee‘s&dubj Bt chet oixﬂrﬁ:q/timv Pﬁertri’m main

I r d Y- t -
ISR e B AN ! 1R s 0Ll huns

|ﬁiqkﬂpfé§§u¢@§§QR¥rﬁﬁﬁ@ﬁp%ﬂda SEeAE LS IR RDoFRRGCLLY
paﬁﬁasﬁe%x%rs%&ré%ﬂ&d rdgibﬁr aaid Yof r eRet hshened | 88oling

ribs 31-sl -sl12, ar ed i.n the suction-si
r RS2 af sHt ol e1 UGS ‘%%s§3%é°§2qﬁ¥%r°f the
trﬁhxmuﬂlrmpélingfﬁpﬂésagel 2mlldar1399edpenathen of the
prqﬁﬁa&&a rggégg 34d of the shroud cooling

passage TN essentially parallel to the direction
ofThehe erphifg owf brid hefbpuge, vivherehs 5inhetcodPPRgNg 23

ridisratlgesd 1n3krel2,85¢ 20880 Yidyildie SHCEhEN siShsled element

regi on 34s of the shroud cooling passage 22 ruyn

eSSt i aFPg tPQﬁQ\V@rséﬁP]tJd‘q hePABFRFE| of20f S mafq the
flomtfaihe BiedAgelit deas ikeenc-iwupd, t Watchhéhawodi egntour

|4 4 S Bt eR 3 SLEELEL: SR8l GRS Y onny
cd:che ngegpassade 22 t hamoughtfiews rdsages dé9pregi ohod, - the
3Bl 14d18e1 306 LAl CROLENGHRASHINL L o SBH 10 PREEEGLCD2 is
dlstrlbuted elther to the pressure-side region 34d of
the shroud cooling passage 22 or to the suction-side
region 34s of the shroud cooling passage 22. The
cooling fluid in both cases first of all flows through
a respective inflow section in which no cooling ribs
are arranged. The inflow sections free of cooling ribs
serve to enable the cooling fluid to effectively spread
out over the entire width of the shroud cooling passage
22. This is followed in each case by sections in which
the cooling ribs 31-d1 - 31-d11 and 31-s1 - 31-sl12,
respectively, are arranged. In the pressure-side region
34d of the shroud cooling passage 22, the cooling ribs
31-d1 - 31-d11 run essgentially parallel to the
direction of the main flow of the blade. In this case,
the expression “esggentially parallel to the direction
of the main flow” comprises deviations from the
direction of the main flow of 0° to plus/minus 45°. In
the suction-side region 34s of the shroud cooling
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The cooling fluid flows via the inlet opening 23 15
arranged in the upstreamregi on of the shroud el enent

into the shroud cooling passage 22. Due to the

centrally arranged cooling rib830, which has a contour
simlar to the airfoil but essentially bordering only

t he L on th hr W g 19

26’006%% %U dggéte?ggﬁgkﬁé gﬁ%%ﬁdggbﬁgﬁng paglsaéi]E r?n
2ga@nmag,uy btredses ¥t ot @ h&hgr ebigipet PRleCfediivh main

340 8f. the shnpud C%%]bngF%ﬁéag%x%%éaéﬂdhth@essentially
suction-side reglion 34s of, the shroud coollngéFassag%low"

2E T eRHHIY ng lequr11kﬁ?F%%§%s PEr SRS
f |cQMﬁpﬂfi'§@$|9h d&uaatrmwct ifrem nf ktre sedtirertipnwhi ehnning

coolin ar,.an |an C ns o
fréfearb? e&g]%ﬂ%gt?l %ge 9&#*&%%?8 eﬁabl %ﬁé&%g #i&” of 0% to
f Inliub froireid e£%? vel y spread out over the entire width

.eaé%“@héhhgwéﬂé%ﬁér@k@ﬁsﬁﬂgecééild$'§lb§ %@ldﬁmx‘B@ dii

case sections 1n which 30 the cooling rib
SRThangen - 431 Rl BIesPuresside; re':’flééfbeéﬁfiveﬁbe afgoling

aLﬂl&Dﬂ:‘}d dfllloﬂrst h&gQ&ﬁSSﬂg@:Sladecbﬂgta@ﬁln§4gs@étidm free of

shro cool j.n cool.i ribs

SR g LB Raf RSt 1 o G D i (e g tip of

th&iemld’eﬁﬂzmllbj tatm:atrlgaeﬂa dcro]ting caige, 335 time order to
&S nt I ral l ir | 0

the gﬁrffl &gon%?% sé)s ee\gﬁlaﬁpg%g”wor# h%q':t ®e Obhroud

cﬂqqmilmﬂlmﬁs$h@en%2n flow of 00 to plus/mnus 45. In

t h&, Sypkl %é&p@nrgmgné@gc@f tbg, SfHHEJchBthQQ £1488 is
passage 22, the cooling_ri 31-si 31-s

oSt aPfy AllakiRaad RERY hETAr &S o?ﬁ%tfr%ﬂleynaffﬁanged
flcs:tymixﬁgtbib gasen th@ ipeRgSiodN sesdedt dathyr region of

n se he direction
Lo RS, PRen IR TR B¢ Y Aok, odh 31-e1 -
tr3W5w%raaﬂyﬂ3)thenmﬁm&tb@nkobgaumrmmnthﬂm@xWEQt¥©n of
m t h e ol r4 b
DI MR SR ARUT IO T BE, £60 v 1o Decond
3zmroumeoéoo¢¢<n1gmgo Hikg d3f+6vs agdilnsiifto & cooling rib

cold egd | pgnsacticdn fd eenaf centrally arranged cooling rib
and arranged between the first and the second group
prevents the cooling fluid from being able to flow
directly along the centrally arranged cooling rib 30.
Here, downstream of the second group of cooling ribs
31-87 - 31-2810 and directly upstream of the outlet
opening 24, two further cooling ribs 31-sl1l1 and 31-sl2
which run parallel to the direction of the main flow of
the blade are arranged in the suction-side region 34s
of the shroud cooling passage. These two further
cooling ribs 31-sl1 and 31-s12 prevent cooling fluid
from flowing to the outlet opening 24 over the shortest
path after discharge from the second group of cooling
ribs 31-87 - 31-810, but rather cause flow to occur in
the region directly around the outlet opening 24.
However, in addition to the guidance of the cooling-
fluid flow through the shroud cooling passage, in each
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cooling ribs and nust flow fromthere around the tip
of the centrally arranged cooling rib 30 in order to
finally reach the outlet opening 24 of the shroud
cool i ng passage 22. 15 In thel8uction-side regi on 34s,
the cooling fluid is first of all directed away from

the centrall rang ol | Isb inth :
diTECT i %ﬁeofglf%gea%%r %gr trcl'gegi %ﬁggph t eolsﬁ%ugaggg .iengzz .ls
pasissye 2 dnpedl f ilosaldroupy3imedans 3 s3hgndcoeliken ribs

feg hack agpf ngiD Lhey difegiian of_ 20>t herpant 1abh¥ to an
arranged copllng rib 30 via a second  group, of coollna
ridRcoaesy ingthg| beak EEMSIEY iR WE SEEELMRRcREQUEG the

Exgbéxiﬁgﬁlf¥bg;ragggdtﬁgQLing;gi&hjﬁuiw&yangeﬂe cooling
etween. the fir and t he, second group revents

c AR HG FY uitd f‘s:bﬁ?ﬁeilfﬁjgja%ﬁl% t'S f 8w i rc%csﬁ yEHSreased

allomoplhe. central ly arranged cooling rib 30. Here,

downstream of the second group of cooling ribs 31-s7

- 31-s10 and directly upstream of the out|et openin

2/4n t fbef uvhade  cobl Bigtriibutipns| pngnPB1CRYBL 1GR; the

[h&bcg?{ letiho té‘ﬁfé&étéétitﬁﬂ oéh{Lse wa'yg tkewiek 32n the
e b ade are, arranged in_the suction-side region 34s

of<? I%SﬁrgL‘dlgogiP%énﬁa§§5§’é‘9%Tﬁé’segut‘ab afu‘ﬁ‘%e?s £8%cover
catthe Ngurfsdcs3lof | thed BégsdAsprayént ool iafy fthe dshroud
fro | owi ng to the . qutlet. opening r

sh%égt’{els?g ﬁgi%saaqet' erZ%di gglﬁg%geg%gomg‘?hggéqc%ﬁe(%'oupIn the
ofpreetsng e i wdiing -f130d1@hui Lostimer @%@9@911 the
T 19403 Ocei i'n%4 ﬁ@%ﬁé&@' WAl echbY HUHid-d NPide region

out| et aopeni ng wever, in additign to t

. he. .
gui4Rineé &he hehreeti feoling PR$eRPE hPdudPihelBRrBEdVelY
COfhamMOt RES $A@e.i o AN redion Cage ife thy feleeoad theling

shroud cool | pg passage .22 i al.so larged locaglly b
RSS2 CobR g 1 e BE. 4itS 31 [ La ounay, . when
3les@ar i stheadsa areionscr aaséncrekisednemount of heat
trans | ceglons argund the | I RS, ;
r ko b0 LACLP RS S S GG B9 €A main
r i @dns tRisnadachbedsg ie@me@aiﬁdwdﬁ%\zlr@/bla The cooling

efficiency of the cooling fluid used for the cooling is
also increased as a result. Furthermore, the risk of
hot spots forming in particular inside the shroud
element is considerably reduced.

On the other hand, the flow baffle plate 32 arranged in
the outflow region from the shroud cooling passage
serves essentially only to guide the flow. The flow
baffle plate 32 causes the cooling £luid 29%b
discharging from the shroud cooling passage 22 via the
outlet opening 24 to be admixed uniformly, and with the
lowest possible mixture losses, with the remaining
cocling-medium flow 29%a flowing through the throughflow
passages 1%a - 19d. To this end, the flow baffle plate
32 is positioned approximately centrally in the
transition region from the fourth throughflow passage
194 to the second throughflow passage 19b in such a way



10

15

20

25

30

35

On the whole, a distribution and orientation of the
10 cooling ribs effected in this way results in the
cooling fluid flowing through in such a way as to
cover the surface of the reg?®ns 34d, 34s of the
shroud cooling passage 22 which are to be cooled. In

thfkglalrgfogrou dhe coojing fluld agm&h g g, 1A 0UEh coming

coo ing pasSage coo pressure-side

région  Qml ofouneh shrlkeugabl Pig @@%%@% 2%5¢pr &8 guided
I densivel iyt Ban difee ﬁﬂ@étgmdél T rege on134ds wirthe plate

shroud coollng due.to th ct

t ek dﬁ%ﬁf‘??}% he“t V\/Bgﬁegﬁhbﬁ%c*c%\ﬁnl n%fegzled second

armmugtﬁf].mat pldage niobdumed, | o the prigdssur dagidde the

regi on, by t in |l o b [
SIS DY BT ool Oorkle 23D S9REGhal oo ing

f Indsbaged2? ok st peided| esgent iadliao amdrhenskeeP a%l%e of the

rES1by - ﬁf‘fié‘%hﬁ@&é 3t2heTﬁél&&fllﬁ@alﬁpoﬁkxfz.@rm&gahﬂ 29b

particular 1 nstde the shroud ement, is 3
P SH tbr hey AEESEGH 1 Ra - RhoSBTReFLRAAT L AT ghfien mixe

bﬁicfdnﬁs@i‘@ér@ 8|2_ gheafiges ibaf fillee pldtd @2 r ellgyonhélr oppling-
t coo ass erves e t n 0]

Lf]délcﬁ hﬁf’i""gwd%‘ae \%%?b %%Hl?em §{Sét%1 %‘; %é&%esvyatl% the
cdbirmmtidmu d£ 290 owdisetar g s gl br dmrgleéYsrﬂ’mRﬁetd).ol gagthat
%v‘}%% %n agghhﬁ-taﬂﬁ.%mtﬁ‘ﬂcéﬁ%t 9oRgeddMBXadr. This

unl owest. pos le m xture
| geiselng V\n"tﬂrttq?euryéwﬁpfﬁiengOf cddiqhglREGREm FERGF 904 turn

flow-ae:1pr omgh the t@é@ygﬁéLﬁmﬁa pﬂ$§ﬁ9939$9a1nslﬂé the
To this_end, _.the fl ow baff

0si t4 on
ORI eP) LBEnEARAaPY (21 ho i PRI gt B RrEgoted
t heitong t brétenughthewopassagmcel Bf to baekseessdre of the

thro hflog%paasagg apbigbsu Hsgdgaye%% t%ﬁ%ﬁ%&n tB®1ing

one € Coo |ng f1°uUi a com ng
f(pn$$ag©rbaghflom1passage 19d is guided essentially

'ﬁ% @E%b e ﬂ:tfﬁbilﬁﬂﬁPﬁébeaﬁbmﬁ% DraigedSin the
de ecte

direction of the second 5 throughfl ow
d§§ﬁg@ﬂI@% %h@ lﬁﬁth@PQPhég Rdnd, the cooling fluid
29b coni ng from the shroud cool i ng

Furthermore, as shown in figure 4, an opening 33-s8 is
arranged here in the suction-side corner region of the
shroud cooling passage 22, via which opening 33-s the
shroud cooling passage 22 communicates with the blade
surroundings. During operation of the turbomachine
blade, cooling fluid discharges from the shroud cooling
passage 22 through this opening into the blade
surroundings. In this case, the primary function of the
opening 33-s, which is designed as a bore, is to draw
off dust that has collected in the suction-side corner

region.

Further openings 33-dl - 33-d4 ... which are designed
as bores are located in the pressure-side boundary wall
of the shroud cooling passage, the openings
33-dl - 33-d4 ... being arranged approximately equally



passage 22 is guided essentially on the top side of

the flow baffle plate 32. The cooling-air flows 29a

and 29b wuntil then acting in the sane direction are

then m xed 10 downstream of~tHh& flow baffle plate 32.

By the cooling fluid flows 29a and 29b being m xed in
thive hetBS Eg&gﬁua N Of il o Yo bincRhel | 0ehd blade

avol ded, very sm aero amc m Xl n
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flqw 29b inside th hr ol COO|I sa e
D o B S e PSR, R bF o diei g, operAtion of
omreumomacmmmckpledeure:amﬁlntge fdmldl nfléwai £rom the

fl t |
SRR L34 8L IBRURN A0 00 B TSR, Ol prous
r jiovemts t inf | shet bpadesg 2@3 aFgRE hekproraie a§m§ﬁ6\ﬁf¥ and

| edd O W ADLONEDE N1 RS- EnbSgaplfanged here in the
suction-side corner region of t 25 shroud cooling

passage 22, via which opening 33-s the shroud cooling
pa&saBQSZ%ecgﬂnﬁmﬁc&t eHhai tzhe:thaabbé adad sffiomehingsooling

t f.th I .
DS TSR O BRE " BRTRANLDC el 20 61 biracing
t hranggh il sshepeninbinet oig henshaed Msuhﬁomcnylsnent of
l'Eﬁé"ﬁ Q&ﬁelot %dyf @’E&ngﬁéoﬁnggnkq%n.oﬁﬁﬂinﬁpots are

esi g ore, 1S draw off
dLFél‘ﬂfeh%QrfhaFééﬁbéb’t @dquetdne Thi® | dRAESIEL FPeincreased

Hggfﬁ&céslfﬂgtagrt@@eﬁlag§533 di - 33-d4 ... which
i.gned as

d | ocat
oriseretiife Fondalyowin S6f @rE ety €88RiRG Of che
p&&mnnd Ememepem|ﬁﬁ£q&§td1ani¥hﬁﬁhc1enbecngllng of the

ar | ey I 0 Qundargy
%ﬁ%en g’ﬁlp‘{aé)%(angerre S%% )bybl g(]]:l Yi%ah?l% “% %e OF the
s htotehah fhent passagesed @at I-y 19deadi e blade shown in

CONShIME] | 9N o0y ae[hc?dd:flcﬁﬂte Q‘e%‘i!ﬂtq‘i‘-lgmé@oliﬁ@ fluid flow
pressure si de boundar

During operation
Grieuathi kdep) %avéf%ﬁm .%9 f Edry f$%a$$%m%eﬁe’#cte§] here

for the «c¢ooling fluid 1leads to improved cooling
effectiveness of the cooling £fluid overall compared
with conventional blades known from the prior art.

The turbomachine blade 10 shown in figures 2 to 4 only

- represents an exemplary embodiment of the invention, it
being possible for this embodiment to be readily
modified in many different ways by the person skilled
in the art. Thus, for example, the outflow openings at
the blade trailing edge may be dispensed with, and the
cooling-fluid discharge may be effected via a cooling-
fluid discharge passage arranged in the blade.
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shroud cool i ng passage into the gap between the shroud
el emrents of the blades adjacent to one another and
cools the walls defining the gap. 10 It has been found
that reliable and efficient-c®dltng of the shroud
el ement 14 over the entire operating range of the
tyrdhjne is ; the enbodi nent of the blade 10
at:hclgér@di%% ?%Q?#égiglhg%%tion. Hot spots are therefore
reliably avoided. This |eads to an increased 15
sgrvice life;of thepbkades. In addition to reliable
and efficient cooling of the shroud el enent, adequate
arfd ef fi ci erftCBREFFHGTof the entire blade is ensured
bys t he arrangefieaét Dbnt BRambBfoughf | ow passages 19a -
19d of the aoﬁ.shovvn in 20 figures 2 to 4 and of the
resulting co ini bg?luid flow through the airfoil. The
f ISow gui dancghatt ected here for the cooling fluid
| gads to i npyoved &ﬁ‘?é\'ﬁ:ﬂgr ef fecti veness of the
cooling fluid overall conpared wth conventional
bliddes knowTy¥lpmaginejbtadet. 25 The turbomachi ne
bliade 10 shoywwude F#ogtires 2 to 4 only represents an
exenpl ary enpodj pent _of  the ingvention, it being
possi bl e fo;@?%jr’sn%h%g‘d?éreﬁ?eao be readily nodified
i i3amany dif fErede wigys by the person skilled 30 in the
art, Thus, f X e outfl ow openings at the
biade traili ngr‘g“a‘ge@irr%{}e‘gg di spensed with, “and the
cddld ng- f | ui Bks chiar feceagf behef #broud elamgngool i ng-
flyg d di schatgerpppsage arranged in the blade. - 22 -
Li st of designations.1 Gas turboset 2 Conpressor 5 3
ustion d%%ﬁ%%*l41Q%@bﬁﬂeed338haft 6 Power
cawuner 10 Hifbeimchiael bhadedge :

18 Direction of the main flow
1%2a First throughflow passage
1%9b Second throughflow passage
19¢c Third throughflow passage
l19d Fourth throughflow passage
20 Cooling fluid discharge passage
21 Outflow opening

22 Shroud cooling passage

23 Inlet opening

24 Outlet opening

25 First facing

26a, 26b Closure webs

27 Second facing

27a, 27b Layers
28a, 28b Groove connection

29a Cooling-fluid flow through the throughflow
passages

2%9b Cooling-fluid flow through the shroud cooling
passage

29b-s Cooling-fluid flow through the suction-side

region of the shroud cooling passage
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10 11 Bl ade root 12 Cooling-fluid feed 13 Blade tip
14 Shroud el ement 14i Inner surface of the shroud
elenment 15 15 Airfoil 16 Airfoil |eading edge 17
Airfoil trailing edge 18 Dire28ion of the main flow.
19a First throughflow passage 20 19b Second

ughf | ow hi h 0 S d.s
é%%gufwcné#ﬁfomﬁpéggégegﬁ#J Eﬁygﬁgﬁlﬁ$ggd§ggﬁg?%§ side
passage 21 Cegibowobpehenghzoud cepling ESISAgEs
pagpage 23 é@ﬁ@%appggbmgng4 Q4t l et opening 25 First

facin 26a, 26b Cl osure mebs 30 27 Second faC|ng
27 - Dy py L3a3yeq1151 28aclng Glé‘é‘vénc&rﬂ?ecl?‘r’%%s‘ﬁ’g%“ de region
Cool i ng-fluid fl owft Bheughriohel dvoaugly sa@;eessages

35 9b CD n id.flow_t.hrough e shrqud co .
REE S g %Flsug% FforBlddregion
suctlon S|de regodntbe sheoaﬁr@mwhmmg|pﬁﬁ$ﬁ5$age-

5 29b-d Cb@ié opfkE d ?hg@%through t he pressure-side

reglon of the s roud coof i ng passage 30 Centra
cotditg rib @@eming 3indigheo@uaigantiide tpgion of the

pressure- S|d§hf§gaoaoo§l E bhessheoud cool i ng passage
31-s1. - 31 sl Cbolln s in_the suction-side re |on

33-d1 - pen gs in the pressure-side r of
the shroud cocling passage
34d Pressure-side region of the shroud cooling
passage
34s Suction-gide region of the shroud cooling
passage
34z Zentral region of the shroud cooling passage

SL Blade longitudinal direction



of the shroud cooling passage 32 Flow baffle plate
33-s Opening in the suction-side region of the 10
shroud cool i ng passage 33-di - 33-d4 Openings in the
pressure-side region of the shroud cooling passage
34d Pressure-side region of the shroud cooling
passage 15 34s Suction-side region of the shroud

What is chimpdissage 34z Zentral region of the shroud
cool i ng ‘passage SL Bl ade | ongitudinal direction 24
What is clainmed is: 1. A turbomachi ne bl ade,

1CONDPIA Girttinachihe B8 confpisingd bl ade tip; an airfoil

ext endi ng between the bl ade root and the blade tip in
a bl & elrgMtyi t udi nal direction and having a suction
sideaqm%bqipressure side; a shroud el enment di sposed on
t he bl ade pr; at | east one throughfl ow passage

di spas eitfoilxteabdingtbetvedenftid bladendoranddahelblade fipint hielade

bl ade. | | Ludi nal direction:. a shroud cooling passage
eneiSimalite O e S e EaNs o bof the
shr od@h@hg eRittent difgosedo®theé blsdRltipng passage bei ng
connected via an_inflow opening and an outfl ow

openihi§ast gne theoughflpw passage disposed ingide| thgnipfald gad extending in the
bfaeti&i é‘in&lckﬁ}el:{ikgqﬂ uid flows through the shroud
| U

cool I Mg passage ring operation of the turbonmachine
bl ade,shiond woeling passagé dispanee in thg shroud klement flonga section of the
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flow guiding element disposed in at |east one of the

typpgh e skopd replivapasgee dunneapewiion pf the durbpmpchijpe blade, from the
iRANL S [ -0f. the outfl ow opening; and at

" easlt)ﬂ%ﬁn gg%enﬁﬁ%&gg%ﬁé’cati ng with a bl ade

sur r euleait ppe flowgmidiegiclementvenfigiredtooguidesit ileagt soawsddhs cooling
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dixpededtin arlest ohd\6f the SHIOWBREIVINE phdsasts a régionl&fthe inflow opening, and

tur.bomachi ne bl ade, as recited in claim1, wherein the
agegion abthe ppdlom operingsand ¢ ur bi ne bl ade of one of a gas

tur bhRaR B Spddihg Joﬂfnk?tﬁﬁceaﬁing with a blade surroundings disposed in the

shroud cooling passage, wherein the cooling fluid flows from the shroud cooling passage

into the blade surroundings during operation of the turbomachine blade.

2. The turbomachine blade as recited in claim 1, wherein the turbomachine blade is a

turbine blade of one of a gas turbine and a gas turboset.

3. The turbomachine blade as recited in claim 1, wherein the at least one flow-

guiding element is a cooling rib.

4, The turbomachine blade as recited in claim 1, wherein the at least one flow-
guiding element includes a plurality of cooling ribs disposed in the shroud cooling

passage.



3. The turbomachi ne blade as recited in claim1,
wherein the at |east one flow guiding elenent is a
cooling rib. 4. The turbonmachine blade as recited in
claim1l1l, wherein the at |east one flow guiding

el ement includes a pluralitysef cooling ribs disposed
in the shroud cooling passage. 25 5. The
turbonachine bl ade as recited inclaiml, wherein the

st pne flo ui din nEn iSs i.ntegrally cast
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cool 1 ng passage 1is slot-shaped. 7. The turbonmachine
bl ade as recited in claim1, wherein the shroud
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gt ane st s R 3 A1 IR Rl oBling passage
icsdot-shapedbassage extends at | east partly over the
pressure-side region and at |east partly over the
suction-side region, and wherein a position of a

701 es Jhe @rborflschiftd1ale Rfreditee imélaint Basheréin thef sheomd@leniingg
.element in the shroud cooling passage .is operativel
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al gaeaaer&esmrgﬂcapaﬂtyqﬁoﬂﬁed inehéfhrowcootihg pssige. t he first
regi on being arranged upstream of the second region
with regard to a main flow of the turbomachi ne bl ade,
gand e h&b&aééhﬁhefﬂl%ag Yt th Ghigi™ %ﬁerah SR AR bffthe Edbfting

pressure- e region of the shroud cooling passagerun
ﬂugis@nm ghiroyd cmhag passageds effecteddinradirsg rcgnomof thashreuil glement and

flo i di

o it i e st Yol babgacRlif PR i RPebhG Redih be\Fe shroud
elatear) thetfidsyrepion rbsingra&ehgedtugsﬁrm off the sdcofidh rdgiont\hﬂl refgRridito a
flow 9. The _ turbaomachine bl ade _as recited in claim1,

nygin flew of thedurbomaghing blade and yherein the flay-giding flemsate disposed in
Qlife-siddVelfoh of the sﬂﬁ:uﬁ'cb{;lﬁ‘loé V\;l)as&géﬂﬁ leSseRARAB Pardlel 6 the

t region of the throu sage and I's di sposed
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midweflbwr bomachi ne bl ade as recited in claim1, further
conprising a further throughflow passage di sposed
inside the airfoil and extending in the bl ade

9l ongithY elirbéthachthe tisde! 29 Recitdld & Qkith §,Rehekdih &R iéaﬁ"&ne flow-

passage 1s connected at the bl ade-root-side end to a
guidinig elemérit bavia cangobirasimilaxto theainfoih berdersessentiallyzthg region of the

ade L de;.end f th ughf | ow
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connected at the bl ade-root -
10.  The turbomachine blade as recited in claim 1, wherein the at least:one flow-

guiding element is a flow baffle plate.



side end to a cooling-fluid discharge and the shroud
cool i ng passage conprises an inlet opening that opens
into the throughfl ow passage and an outl et opening
that opens into the further throughflow passage. 12.
The turbomachi ne bl ade as reggted in claim1l, wherein
the at | east one opening comrunicating with a bl ade
surroundings is disposed in at | east one corner region
roud, .copl i.n assage, .13. T urb ch
Ut acerheSrkeniéene Bieof e RGN GRd: R P BIREL P Re
tbdoﬁ%ﬁldws sagalbda@.el dsddflnﬁdémahﬁgonmndaalﬁeﬂdhghlethebflade'lhfgltudmal
tur omachi pe ade as recited in clajm1 ere
W?‘PFGW the duaush %or@aaﬁagﬁ b%f@&nﬁﬁ%éhérlﬂ%opt-sg s%de toa
cBan?%gﬂ&’iH Fecdl dnfl %P'th@ %la%@gf? -Gde &rfdGo ?ﬁer ﬁl&lé—tap-ﬁﬂéi end\8¥ the further

hroughf| ow passage is disposed in th

thropghflow passage, and theifusther thraughflow pgssegiyis cofnected aathefbéﬂde-root-
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opelsihg thanapent hito tghhdoaphfine pagae, and an butetiopeasing g1at openk énto the
bI ade I or].giﬂt udi nal direction and di sposed between the

WRE¥EGe and the further throughflow
passage in the airfoil so that the throughflow
passage, the further throughfl ow assage and the pair,
1gf a bmrbmacmwh!%@mwegassla@e whearemn ghe at least one opening

%E"H’?‘ BH w1th5 @ &%&ﬁ‘l nogl#g%ﬁ?l ;geogeril Iﬁﬂag é%!strtf 'flom \A%pelglon of the
shived codlingpasdageli d  di scharge incl udes at Ieast one

out f | ow openi ng di sposed in the region of the airfoil
trailing edge. 27 17. A turbine stator having a

18! Ur gk frbSthadhifd AR el iPél8in 1 WIRPSE thetufRnia¥hife BRde is a

at a periphery, at |east one t ur bonachi ne bl ade bei ng
bépéigpéne@toagfa@@bmed in claim1. 18. The turbine stator
as recited in claim17, wherein the turbine stator is
an inlet guide wheel of a turbine. 19. A gas turboset
1Havi Mhe airboraachinetsisdetas réuited trhclaien bl, avtereis thedlmougldlawpassage

i‘b‘%’ oo g ity 4m B BB alneinec gt oF B AR B8 s
| o n 2 t‘)ﬁ‘glﬁdsgééetls &bstd hk 3EmillsbiAs tdladjoiRa@fling edge of the airfoil

direction and having a Suction side and a
tigilimgsur e side; a shroud el enent disposed on the bl ade
tip; a first throughfl ow passage and a second
t hroughf | ow passage, each di sposed inside the airfoil
14nd &he anbomarhine Hldde dsirevited roelgint LY ifixsher domprisingat leashone

p%ig gg g{f& eg@Lﬁg gﬁﬂo%nlpggsggés'; tsz?ohfe?({e%ﬁgsineﬂ@%?adle longltugmal
direction and disposed between the throughflow passage and the further throughflow
passage in the airfoil so that the throughflow passage, the further throughflow passage
and the pair of additional throughflow passages form a serpentine-like passage course in
the airfoil.

16.  The turbomachine blade as recited in claim 11, wherein the cooling-fluid

discharge includes at least one outflow opening disposed in the region of the airfoil

trailing edge.




a shroud cool i ng passage di sposed in the shroud

el ement along a section of the shroud el enent, the
shroud cool i ng passage bei ng connected via an openi ng
to the throughflow passage, wherein a cooling fluid
flows through the shroud coobtng passage during
operation of the turbomachi ne bl ade; at | east one

fl ow guiding el ement configured to guide at |east
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passage, a region of the inflow opening, and a region
of the outfl ow opening; and at |east one opening

o . ) . ' ki . . v
1Bre. 3R RbmE e ns sl ALEaAH, QB IR LRBRE AR iddh i
ghidewsheélrafmtttbénes hr oud cool i ng passage into the blade
surroundi ngs during operation of the turbomachi ne

bl ade.

19. A gasturboset having at least one turbomachine blade as recited in claim 1.

20. A turbomachine blade, comprising:

a blade root;

a blade tip;

an airfoil extending between the blade root and the blade tip in a blade
longitudinal direction and having a suction side and a pressure side;

a shroud element disposed on the blade tip;

a first throughflow passage and a second throughflow passage, each disposed
inside the airfoil and extending in the blade longitudinal direction, and connected to one
another to form a serpentine-like passage course in the airfoil;

a shroud cooling passage disposed in the shroud element along a section of the
shroud element, the shroud cooling passage being connected via an opening to the
throughflow passage, wherein a cooling fluid flows through the shroud cooling passage
during operation of the turbomachine blade; at least one flow-guiding element configured
to guide at least some of the cooling fluid flowing through the shroud cooling passage,
the at least one flow guiding element disposed in at least one of the shroud cooling
passage, a region of the inflow opening, and a region of the outflow opening; and at least
one opening communicating with a blade surroundings disposed in the shroud cooling
passage, wherein the cooling fluid flows from the shroud cooling passage into the blade

surroundings during operation of the turbomachine blade.



