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1 - B04/073-0 Turbonmachine blade with fluidically

cool ed shroud Technical field 5 The invention rel ates

to a turbomachine blade with a fluidically cool ed

shroud according to the preanple of claim1l. Prior _
art 10 On account of the high turbine inlet BBk /072 -0
tenperatures which are normal nowadays in nodern gas

turbipes, c&l} addfne I DOSE) Sen a:’f'l&fc@ﬁaiff Rbades ohrdhe

first tur stages nust often be co 15 To cool
the bl ades, a cooling fluid, frequently alr, whi ch

hag heer axteiaateed from the conpressor, is passed
t hrough fl ow passages inside the airfoil. The cooling

is effected by convective heat transfer fromthe
pa&%agﬁm\h@ht sott 0 rieheateeol t vg af | witbordldeh heat ed adeolwhgh a
t hen -of dellv S

e i e AT ng bags BFCFRa Brade inio Trentife of

bba@entgurroundlngs A turbine blade fluidically

cooled in this way has been disclosed, for exanple,

by US Patent 4 820 123 or al so by European Patent
pric¢afi¥én EP 0 25 649 975 Al. On account of the

ever increasing turbine inlet tenperatures of nodern

as turbin is also often nec I :

IR oo Ve e Cutihel SaTes FrEbPraserlhapicn
ga&e Thermﬁ@renowaﬂagalylﬁo m¢@ezmrfgﬁ$ Butrtalss t g gas
bl.ade 1.Qqt, ha§ to,%afesé:oghgd p1 &L d h%rfm)tt.ﬁe 'ﬂrst turbine

partlcular ‘bl ades stators are often provided wth
s IFt@Es selmevpentos tawhibeh cacd &chen | i kewi se to be at

| gast-pal t ltheCOol £4s A ﬁork\!@é‘lir@aklmiﬂf)Odffélﬁuently air,
cool,ing . the shroud el ene

3§hﬂF@|@QHNQﬁ?WI?ﬁ%???ﬁ%%gﬁr?%et%?r?BWPr?g?OEOOFS Eagsed
t herrcuatt ef 140 bhespasged irhricisghtae c ealrifing-1f.| uTlde bopeling

prowd%qE ouﬁpe shro ékf% Sment agga{ortkg?égﬁgheﬁ gﬁ the

dér” vére e surroundi ngs o
passage walls to the cooling f£luid.” The heated cooling

fluid is then often delivered through bores 1in the
region of the trailing edge of the blade into the blade
surroundings. A turbine blade fluidically cocled in
this way has been digclosed, for example, by US Patent
4 820 123 or also by European Patent Application EP ¢
649 975 Al.

On  account of the ever increasing turbine inlet
temperatures of modern gas turbines, it 1s also often
necessary to c¢ool all the components which are
subiected toc the flow of hot gas. Therefore, not only
the airfeoil but alsc the blade root has to be cooled.
Furthermore, in particular blades of stators are often
provided with shroud elements, which are then likewise
to be at least partly cooled. A conventicnal method for
cooling the shroud elements is for some of the cooling
fluid which flows through the airfoil for cooling the
latter to be pasged through a cooling-fluid bore
provided in the shroud element and for it to then be

delivered outward into the surroundings of the blade.
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2 - B04/073-0 Fromhere, the released cooling fluid
ultimately passes via conponent gaps into the main
flow of the turbine. However, due to the inflow of

the cooling fluid via conponent gaps, flow | osses4¢gh73-0
the main flow are caused 5 on the one hand.

Furthernore, the delivered cooling _fluid

stiEPm fere hetr%ur%l%?%%r@%olfb@g c%%wﬁgulbaw%gig pggees

thata tdr o S0 r?éﬁdbt Stk aHdenapdyfiamic od osise Aurbine.
her coolin

d _mass Io red f
rg HErEd + c ooF n§ uéﬁ%@lﬁﬁl]§8¥%|?hé§%y}ac?or§glégﬁxfi via
1@capdeteerti graatd ot liaw thessedd i of eley oiinhélgasare caused
LGOI PR O fadd bogs& Opobi-ag ofnd Neydliadas.aihiehing

i S no reduced service
Iiﬂ@l@f1ﬁh@fﬁﬂnuﬁﬁ#11rﬂ@%et@%S@ab¥YfP9P§P@§@l§0808P8&1n9

SE%Q%%§@§”“HBSt%@@m@hlé5aﬁ%%mﬂéghﬂﬂé(Hnaétthé@&%aynamlc
distributi'on of the coollgg §a§90|ty is al so often Lo, .
bé O&serfy WL SHRT sCEPt eRd - SEFeEt 357 party cif af “EHa™®

car nejguie@dnsdifind ecspuoudy . e$@mmnthesahfscnaysléadd to

Qt carner_.regi.ons_of d n 1
b3|é§%%ﬁ? e31yrrqcoolsth é%g%Cl%ﬁﬁg Ogogggséé Eﬁb ne o
sg@Es"tuﬁh0$he .ot ¥ lHaned, Qinlﬁ@ﬁWI@ﬂ§ﬁﬁﬁbuwhéﬁhoflﬁhenOt

% @4 %@aﬁfgcéié/o OYQ%dt be shroud eleneit,is al s of the

not qui r ed, rather there are regions
wﬁﬂ@ﬁeﬁave to be cooled to a greater extent, and

OtrRer- Hee @48 i @iuﬂélcflﬁﬁpﬁs&iuﬁlédoahyoadl elemedegr &@mown

of_ cool in The coolin effec f COO|I g ui :

RO IO DT oR oot CRGHEr S SR of ] e coeLing

|nm@mtua@~ 3@ Thésbnvefitéon s |b&emﬂeﬁﬂn6ﬂbro€%d§ acften
%t@er:ﬁi nget obj g€t QL tc ?{'DEQ’V%él%é So £ henef %‘h@‘oud

to specitfy t ur bonachi ne bl a the type nentioned
aﬁlﬁh@ntﬁegfﬁhlﬁgmﬁﬁtﬂ@ﬁﬂcﬁotﬁémﬂl§@69§ﬁt5@&§Qﬁ5t%% the

P o1 B L dfducethora vl sesi y Thecl 8yenhioAn this
hel ps to cool nore effectively a
case to “hot spots”.
On the other hand, uniform distribution of the cooling
capacity over the sghroud element is 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 coocling
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 1is therefore to specify a
turbomachine blade o©f the type mentioned at the
beginning with which the disadvantages of the prior art
are reduced or avoided.

The invention helps to cocl wmore effectively a
turbomachine blade designed with a shroud element or to

increase the cooling effectiveness of a cooling-fluid
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tur bomachi ne bl ade designed with a shroud el ement or

to increase the cooling effectiveness of a

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

the cooling. The invention -also helps to cool thes/073-0
regi ons of the turbomachine blade which are to be

cooled in each case in adaptation to_the

r 8§Fier ehefts £S5 TRi $1568) ebPTi ShschFevedndcecortfi ngnrention
tﬁﬁsanﬁ@lp@n by ddwe t uneonaefipesbl@fle tas: chairtedachine

1. Further advanta epus conf | ratlons of .t
CRIGHE e TOUAE T THe Shbekariel SPgnen nasBfation
tumbm@&chmmalhka&®t¢65|gned according to the
i nvention conprises a blade root, a blade tip and an
airfoil. The airfoil extends between the bl ade root
afdtist biedeisi pahiearasl aarecPohyid udbndhedi Fedeionon by

andehas,; 4@ Statd op1 gide a@dcpaﬁﬁ@@suhe Sid& 1. Further
Furthernmore, the bl ade tj E ided with a shrou
%ﬁ@h? oW

ePETER 29RO e dstn E Site A hir AR e found
extents ismHheilblsade | ongitudinal direction runs

inside the airfoil. Furthernore, a shroud cooling
passage is fornmed in the 20 shroud el enent at | east

alfbry & wdoarhiofe t helhdet edesichies saardiow i nge  the

pé%%%gﬁfl%?ﬂ n&or&%‘f&é& eg W s ~openi %9 EPa&Qe tip and an

hr ou |'ow passage, and a cooling fl el ng passe
tﬁﬁtélﬁgﬁlt huTélesmdeﬁfdﬂcloo%trﬁgﬂtb%s%%@ée%r?lﬁ% b%‘ﬁg?aFPB‘ﬁ and

ofthteh@)ltawequ@ﬁmrn% bbBglee Thegshn@udactogliegt25n and has
pass 13 I S prefera I¥ of sl ot-shaped de5|§hrt ermore. the
Fér t AEr mb?e, Saf BnP FTHVLI ding " el eHerteF o e

gbildideg tie meopmmgaﬁbd!dnﬂﬂomafbowpng Eﬁmm&gh:th®t least
S%E%Udtﬁ%hgﬁgleéﬁsggsséﬁ af&ﬁ{‘?ﬁ?d dfdhes shpudhe plade

coomg pasaean an I n ow or outflow to or
3dorearudiaadhr oddresblPRg padBage. 1T | oW Gui dpAgToll-

elrerR Rl r$RrLeS £5s8Rb LAl b&soigngu?@%s&ge ligastosm® of the
the cool i ng-f 1 uid rovvrovmn%9 rou t he Ehroud
t

cEOEPHG FHSERIE At tREST c&d879¢t e Srﬁ%on ot the latter,

this shroud cooling passage being connected wvia an
opening to the throughflow passage, and a cocling fluid
being passed through this shroud cooling passage during
operation of the turbomachine blade. The shroud cooling
passage is preferably of slot-shaped design.
Furthermore, at least one flow-guiding element for
guiding the coocling-fluid flow flowing through the
shroud cooling passage 1g arranged in the shroud
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 reguirements and is variable in sections within

the gshroud cooling passage 1is 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 requirenments_and-is variable in Bo2/073-0
sections within the shroud cooling passage is

achieved. On the one 4 - B04/073-0_ hand,_ the cooli n%
ePEngi-endye 0Fothin@oBf f gl ENEYdChsddie O Hetef btatd weed

| AR QVRGe I Qfpridedt hetd hat, cideothsk hehdf hehe risk
fornatlon of hot spots s reduced

re uIt of
whitcHtehet %5@?5%?%n8r|Q99£ﬂﬁ???y18frfﬁ cegli as e result
tuﬁbon&ﬂhkﬂe bl@ade | sopswcaeasesl overal iablhiaddi t p6n, the

%%%a %h%t H%g&%ng ! d?é%g@g éy@}a hSO ful fil

furt unctions. Thus, for e, due to the
afPargehgriorac durH iRy ¢ &hmﬁwm%@m%%%%% can alsc

gwuq'friq 1€l eneptert ROMRERENt TRUELT a%xavakbapn@ faue to
10 the heat transfer can al so be enlar I ncr eased

héde AT adLreEnd2FRESIA"FodA | Y15 neP 285458061 ng S-°%"
capdciity easmbet achitevedompohketr ebevanter egicon s&slea for

resul t of the co onent urf ace r 0
ﬁ%'055?| r?|u| an a T%é %ﬁﬁ%%%%g f£8£é¥§e& heat
flt@wngsdfleoh rfgldal Telrmesmt arrsl_\;ucbaélafr rigrgpeeh sgd W@lsmogépamty

caali ng p&éﬁ ;‘gpﬁ\f&fe félé%/n@ §Q?9§n %&p%{j'?@éuYt of

arranged in t e [ wto or outflow from the shroud
CEOE RETpRTSAGe, S o @x pl B IS tHRL athroughf FBR cool-ng-
passage ral-gse to the openlng, in such a way 20 that an

effect on.the flowin the shroud coolin age i
bg%ﬁgﬁi aE%ﬁFtagﬁﬁrégﬁth éﬁ?%e ﬁPFBg/ E?%?%glgr peec
caaetHanSmmammleoommEg senBagk. tm@wayanrmptfmawdalso be

9{? %%eﬁ%lwea%ﬂr?ﬁ%w ngt@l%ssﬂg@léJé dir egt ecgutflow from

Ing el énment past the inflowto
tﬁélGZS Shir DU CQ@pﬂﬁggpaW?ﬁ?r i stgpecicrieemiliey By the

t @ HtBRGHENLAU G GRQAIIANG RAES AGe. ) dhen Obd f | oM, shBhSa way
is the” case, for exanple, when the co I|n% fluid

F@@tngaautef@?¢?he®?¢w?ﬁﬁﬂﬁ#%ﬂvpé%%a&'eis G- Sflar Gegting
b)batg@%gfd o gubdbhg ellenent aknza speelific Imannesr . i8Flow,

this is the case, for example, when some of the cooling
fluid flowing in the throughflow passage 1s directed
through the flow-guiding element past the inflow to the
shroud cooling passage or 1s specifically fed to the
shroud cooling passage. In the outflow, this is the
case, for example, when the coocling fluid flowing out
of the throughflow passage is discharged by the flow-

guiding element in a specific manner.

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

The cooling ribs are designed with a minimum thickness
at which heat is dissgipated by the cooling rib to an
appreciable degree. The cooling ribs are therefore

nermally 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

expedi ently arranged in the. shroud cooling passages/392-0
The cooling ribs are designed with a m ninumthickness

at which heat is dissipated by the cooling rib to_an
appbsci airedegitde. TE bl i EY | bshar esFhefef oFécarance

ng@qg%kyogbggg 3@ uamdRisGlse Furthernore, the cooling
04/ 073-0 ribs expedientl Sxtegd over. the entire

cfestdmSe THRF gl of OFhd 'éhr 84 ge &l i AGEFFbLT 2
aauc@nghhalagedﬂyménd1Hyuthﬁﬂﬁﬁbwﬁbéunél@m&geddamgng the
ele the flow.bein ui | ong caaling
mE‘Ll'l‘urg‘t h%%%lrjmrél'l %o%v%ogfeqcoglﬁ%&e% ég? O Bri %Bé“ also
ab@umga kbcak |ﬂcrbasel|rﬂm¢me$%®t:Hraﬁ§ﬁerhebétmééﬁn5fer

%%t%%%ln' ng fJ u'c%&q%g he: sty pud, g9ol u@g passage. cben ing

urpose, the cooling ribs are preferably
d@@.sgﬁ@& i n BsHe pilet® WPHKPPRE shidfd qP'cgHl i ngibs are

p@&%&@&abme CRYJiigHed | bror die phbikedi tyioh cohki nghroud
are expediently integrally cast in the shroud

c88PFﬁ§9 paS§4§E. - The cooling ribs are therefore
al ready 15 produced together with the blade during the

C%&ITEL of néh§1B|QQ$ P8 %fﬂyé%u?ﬁwgﬁtcgk11%§ ribs are

ing TIbs i5 no 1onger ‘necessa
c&§@ﬁﬁgeD¢ﬁYpameQQEﬂlkﬁIMR?S%HI4%cr%%%ed5§EPP§ce0001ln9

W%‘é%@%%%s pregiices better hﬁ‘ﬁﬁs t paasf efhe@eA@€d Or already

ich i's usually desirable 20 The shr aud co0 I n
pRESAYESFURSLIT e ‘%h‘%%uﬁhﬁl OhRE ‘ﬁ% ing of
essentdlaldey, pay ad | ehiléo aawbmnebfswmkammmﬁlngrmﬂbs is no
shr.oud elenent and ed| ntI ds. ov
oA EP S e e e st B ey Spgt PBular since
sabdlvndedassdln$@réap¢esgwmgh@ﬁ$ﬁarpxydyﬁeaa oenteal heat

regionsand g f%lé‘t‘:%'ro Rrgicge ike Qﬂs%% 1110 %e%fl&%lﬂﬂ £elyicng
passage extends at |east part y over

pressure-side region of the shroud elenent 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 region and a
suction-side region.

The shroud cooling passage extends at least partly over
the pressure-side region of the shroud element and
likewise 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-side region of the shroud cooling passage
and/or in the suction-side region of the shroud cooling
passage in such a way that the cooling-fluid flow
produces greater cooling capacity in the pressure-side
region of the shroud cooling passage than 1n the
suction-side region of the shroud ccoling 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-side region of the shrgod/c73-¢
cool i ng passage and/or in the suction-side region of

the shroud cooling passage in such a way that, the
cosEsRgIE-gildef | 98381 pddut e SIgie%t ef L 8BBIFngts normally

capacicb¥clan the Hrpssir e=sbdenafeg cn®@f tthenstlr ovdading.

cooling passage than in.the suction-side region.of .
t RESshrou 2bofing paSsafe c@&PFﬁ§ybﬁ%¢a€?%nggPT%ﬁg fluid
t dinbomachiote: Hiade:d Theo B ng B ©F3= Oinptesspresside-side
r egi_on_of hr o I .S .hor. I .ec t ;

P ORaP e ot S ERerERic | Ga e SEesE rgtae | fegton
gréat ehe catliowg capateny ofan hdecoohergatlvii el SO

t he -shroud U % PARSAT € kfle £ hen P £SSHEG2 81 dBoPogenecus
ion of the shroud el enent, the pressure-side region

re ,
of- hegEadhlodd iePe R eddn be thermal Iy relieved, so
that the shroud el enent experiences |argely

hgnogeneous | t her nal di . '

agFﬁgfﬁépga&V%ﬁ?aggaﬁéggeéggggééégoo #%QQ&%%%%%??O%? the
anniveflcdwrof srheirdoaivw ngf fihg doeol ite EhebdidtocbbEi Agroud
p%%‘?ﬁﬁ%gl dzf%ér]g%%fg[sl %ﬁéétfeﬁ Eﬁg|a°nf9{"sﬁh%eg§%o®f the

el enent ~a ow fromthe shroud cooling

pabsayd sl erdrlet 88Yi e SEEOHI r £5P8n O tRRT I ofCL 11T
15-@l-enrnt;ist Berbiksh rgi an i@ arsqnged ofpstiieaghroud
of . the second r&gion with regard to a_min f|&wvg¥eanl of
t Fd S"ERbonEdRi fe BradeSI TR HowGuPar njo el emtnis
athangescond tregipnessirie- sederdegionaofmathe §hrpud>f the
cool a en %ﬁge%ﬁ%ﬂL| UL LSS %ﬁéﬁ%éyarran ed
p%&gkﬁgpc?%§§bqgﬁéﬂ%1rection_ofg%ﬁe néfn f ow, and the?
f Low ¢biedi pyeseberestisiear Fagges i ALt hEhsucBPERYS dgcol+ng
regi-onef then shroud 600l ngupassagent v essidaaller to
transvérsely to the direction_of the Hﬁlqﬁalggz ThISd.
| éads Foreeloobli ngl® | BRd T | oW or AfHg Fter éa5FRgHy @+ 19
| R1khen2% pressHpedside re@ opuotibhessheoutegooting the
passage. AL, ihe sare Lime, an jncredsad heal.irapsley vo
the direction of the main flow. This leads to the
cooling-fluid flow forming increasingly in the
pressure-side region of the shroud cooling passage. AL
the same time, an increased heat transfer coefficient
compared with the suction-side region of the shroud
cooling passage 1is thus alsc 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
directicn 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 of the shroud coolingoa/073-0
passage. The expression "essentially parallel to the
direction of the main flow' conprises deviations from

t hecodiiegt iton of frhdhesl refpewi ot 00oRdLlpHUsLAPRUSLE the

4§9vegg§onexaﬂ%§STQQw %%%@H?@@léYe&éﬁ@S%%raﬁéyléﬂeﬁhQu; a
direction 35 of the main flomr 32¥g§1 Igt/latlog 1£i11
f E6Rit healdilfect® oit e unnftng ttPins ULb1iLs
dbé@éht@ﬁiQQ't@ﬁlyTﬁﬂHEflﬂMNcQﬁo& t@fplﬂhﬁlﬂfﬂww 45uidance.

B 4/ 73-0 . According,to,a furtqgr ex edleqhno

REC g RS 517 tRELY | FOERET dnoThe 11 awigui-di ng e ©7
eheuenhtlsﬁﬁeshgne@laslaely|@quﬁftblpka@és‘Qﬂlqw¢ Flow

gg&%%geﬂﬁ¥§%éL%f Bkﬁy'%§3§§E'ﬂhg¥1ﬂgk¥rgheﬁwﬁﬁéwOBaffle

dance. 5 Heat conduction only takes
pPagéset ®ay /m BRESNPOBN 2 1HEYEUNEXSEEh T at fvepptire

spakhrhAkekpesgnef dehenkl ew-dhaf e 1phat @aekaorly a

fewmllinmeters. A flow baffle plate may, but need

not al ways, extend over the entire clearance height

o thersthr ahdctodlfilng passages HhdA &i rsstodrit oughblhight Low

passa e and eco oughf | pa e c te
aggcﬁecaggﬁﬁwtté§ﬁ§£de Fon%%%ﬁdln éghlrg%tr%ﬁéarg rade

ekp@gllémillyxaér rdingeet iaTsi dee eheedilersilly, FHaTgeSt inside

Ha!’h%ughéwwowssagﬁhés 15; pseef eraplan Qﬁﬁtega@tsalgtes is
bl ade-root-side end to the coolin | ui d ang

i PEEBF&AeLYI FRHESH 3o the DBR efP% §'|
t hecseegnd 1uhdoughid emdpassages bﬂmstexmmnde end to the

ht l.ow sage.1 s cannect [
bggaég ~GdE- §P§ %%Fto agﬂfeas%ggﬁé g% SUES %%deigsa?e'
dESehaBgeonﬁhetBhoogUft@@l|@%ﬁ$%$%ag@5hé@néﬁfhéﬁétaénelts
F%ﬁeogggknglﬁgd and easd one optlel opsdi Ngoolihag-fiuig

et openin shroud_cool i ng passage openj ng
| AscERETR - 4 ml@wﬂm o9PpasgagesSangct lieSoutl et &3St one

openi-Rg ghehhggshi@ud sz00l bagrpassage-ofieni ngdentiogt, hethe
inlet opening of the shroud coecling 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 wia 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 least nostly discharged4/073-0
again via the second throughflow passage. 30 The

first throughfl ow passage and the secaond throughflow
pabsagd carce expedeahely Waothetied 18R - fAmdtherasf attov

ayfyrthers Qbé@CEc%Onﬂ§§Ii@@ tEQISﬂﬁkﬂﬁttco@bﬁ@@CbE@@age
serves to all ow_sone e total ooI#%%_SS f

t
mad€ f FonAto s Tl Tedtly FRom thelY thou&ﬁ?lflrSt
pa&&mmgnﬂﬂuwtp&ssegendjihthaghfbcw;ﬁﬁﬁmﬁﬁd wethoute one

g{st haV|quto flom1 E&%H%h shr g%;cq@h&pg which 1isg
| -

age to%a? c60 nass | ow ma -
B@Wr@m:e@ uﬂmgmrtéuaoeskgzrcm ecreocphqazrnatmssé@aﬁ ha PrarPg t°

m@S%ﬁ'éH% gﬁ%&ﬁﬁ'él@ﬁégtfgﬁdco%ﬂ'Hhéfﬁtﬁﬁﬁowﬁnd 1nto a

cool i ng passage. The total coqling-fluid mass th

f g TFET heoPi FRE- f%ﬁ%@umﬁsowfbﬁgsaﬁél% PﬁéFSFor‘”a €
difvirder ofbrirhe-tone: Shend; 13 ntots heheoskingdf ltardughflow
mass flow which is directed through the shroud

c&6155F Spassage in order to cool the shroud el ement

amthe ofithe ohheughdidw i pavsagef dist heredbinnby f Bgrgnged

nﬁ§§ % QW whiceh |pagses,, hazihQaKfQﬁ$h€6 %@ﬂ@ﬁﬁf'@nleadlng

direc info the secon hr ou low_ 10 passa

f iecste tqfr Jutfhfa o0 Pass aged | *éh%xﬁ@apéﬁt Fprawaﬁgea Pﬁﬁsage
”1% altfQilerddl S UG-y a8 tiee aﬁiﬁf(ﬁl}a i radiing aedge as
of the_airfoil, and.the se ond qﬂghflo Q§354g§ E%esh

exfedrentty & r ahgediid t add,

n“sic
1&daiﬂn§(nf&uudracbnegqadgelgf ﬁﬂ@w&rfﬁnﬁstThélbneshthe

coqling f | Geda&qu U fagsts%?@atgae to high

air |ch 'S subjected i gh .
t Wérammial oah@m@mqhentbﬁﬂougtﬁlwfshrm c®orPRg cooling

Pga%%%%%@ngn&l nallan 18} opgohbe @id f aik-rbrai |ing piige, edge,
whi ch is subjected to |OMItE§rnH| dﬁ%%%ﬂﬂ% TP@ leads
| a4t 1 0° aaubr 68CEG0lihg OF ERETarD 4@
a&@)tadapted. cooling of the turbomachine blade and to
high coocling effectiveness of the cocoling 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 airfoil.

A flow baffle plate is preferably arranged only in the
region of the outlet opening. Here, the flow Dbaffle
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 bl ade 25

| ongi tudi nal direction are expediently arranged ro4/0732-0
between the first throughflow passage and the second

t hroughfl ow passage in the airfoil. The throu%hfIOM/ ,
pdssages ar el tenheCBd ad Iode ahbEherla"h BaERIS te 1is

t Ral e iSerpeNt hpeahike passagencour sy sthet methe cooling
overall . 30°in the airfoil. A flow baffle Qlate 1S e is
prétefablySarraagad oS i hEhe TGt oh°Bt 1P He WtTTH
openifrgmlbereinihel fdiovih batd |eoohlag ef Buidngédwingt he via
r%%%pﬁr%fc&hecp%g %Hﬁgpening 35 ensures that the

coolti g Ui §4FScharging fromthe shroud cooling
passage flows uniformy into the second throughflow

Passage:; Jf theasepnd Liuoughthbawnpassage thé invention,
connected™to the tlrst_throughflom1passa%e via a gﬁ-
BOAE073°0 L ifgrttHerd d didiechedBitne SOMBR 15ERe Rllow HEFF e 01
pb@%&lk&r;ﬁ%ﬁﬁdﬁfnwﬁyc@{ﬁgn?e&ahgﬁ&udﬁ.aﬂmayré$3mnthé the
coaql i ui.d di schar gi romthe shrou iy

D39EEg0 Y AT o Bt e U HOTRe So0t iag Frargases:
fliowi Rglin wéaalbyt hee dierpetiiconnetorome Avddndiligitty of
a_preferre I t | Nt PNy et ion of the
e i L A

o @RIV Lo peifi ig Tehi *F86 sitar® angetcT ALY ndiFEgiBHEGE RENEY
10 iy f ohlt tdatfdND adgRyrrFor tThhe €ooling- flluiidl consumed
di scharge, it \M||,lﬁ%ﬁ§| bf exgedient L?g a ening or
mMHASEEES 15 oUitF | d%%n 793t 1 " be "r FaRgedern-19

t e ar egisommoeitipei catyf of|l cutdillowvngredgengsn Bnto the main

u%ilfo%r.m Xndi ‘?llglg_ébuct;éje ,ma%n%r -Qver té}% '#dloééléﬁn%ﬂ-‘ the
The “cool i'ng UT d consuned 15 thefefore ows via the
atutddstv oresmunds owhopbniiy BrOWYi Ot MdremPe T HPR cisty L Led

of; outifl ow,-ppeRiRgS.i it Do N€ MBI 2 Qo1 f he SFEaS€d in
due to a configuration of the outflow o en%ﬁ%@d“h%Ch
i $UHowh t'8Yt He'Per 56 SMUH'&rinT FhReland, orms a

outdd1awd sradyasiageaus! yieffadt edrd 11 2y sedhe aduaypst ream
t%%t s: g Og& lf?‘c’:\nwngoggrqlzl‘lggflﬁléd a]:orrnessu%.t, the airfoil
trailing edge is coocled 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 cne corner region
of the shroud coocling passage, via which opening
cooling fluid flows from the shroud cocling 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 least some of the cooling fluid
located in the corner region is discharged through the

opening into the surroundings. The constant outflow of



10

15

20

25

30

35

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, jthe m xing | osses gp4/0732-0
produced 25 by the adm xing of the cooling fluid with

the main flow can thus be mnimzed. According to an

expediiant fdevisl dprEmalbftiheat nlentt oflle apPenélst PeRYENICS

openidg Wabgh %96%“@d¥ﬂfﬁ§V!ﬁhthgec@ﬁﬁ@% yion. A wake
surroundings is arran%ed in st one corn I reg:PnhOt

of e Shr 6kd oot Fhg &%%%g% R thTopBRITAGT ©
cepldtag fluid flows fromthe shroud cool i ng passage
into the blade surroundi ngs during operation of the
turbomachi ne bl ade. Due to the arrangenent of the at
3@chea§un@net@p@n1nQXPﬁduhetcomﬁ%rCﬁ%ngﬁ offigyEcion, the

%%%ma%@ﬂl NG, 1RARS A0, adle 1 SAST SONB @urbhﬁecg%aagof a
located in the corner region is disch

tﬁ@@ugHUFﬁéHeop%ﬁlﬁb it FHébgﬁﬁFounﬂ?nd%arﬁ' Lr as a

C @S-t pyﬂﬁldaNaﬁtgwhrnéBO4/O73 0 coollng fluid
rough the | east 0O

t
o 77 UL T CRE GO REALT Byl D A VaKe “Zone TS o
oftthen serericauskel of aflohalbﬂ@ﬁﬁ&“&ﬂ?(ﬁbﬂﬁﬂHE%prsal$ the

Aggarding 0 eﬁ%ﬁ%%enéugﬁ% of,nihe '%fen%'oﬂurkﬁﬁe are

turbonachlne bl'ade is de oped as a turbine bl ade of
adegagnegr bithetlor BmagRST @ﬁ@@gétmgu Fparitd ciiygprasor- The

Stf%tn%rtl%%ﬁthfo@ dry biane. td}@gixﬁb Pasti €HEAr also be changed
consug$rabl dvantages g@gpﬁ ard to the service

itPe 'Gt€ t RELBFaded % 6?0 q@%ﬂlt?Tﬁﬁ P Atfes Sgpratl

amannl Bk gmdﬁ@smh&ehjoft&etuthrhEnare odesilgnedempetrhéure

nner. .accor t i £ 0 T cti.oni -
S R N T LA i
etAf eotmpdzaturdi ghefiial ef t@h@eﬁﬁfbﬁ@eo@ﬂlﬁlq f%%‘ﬁ e ich

adj usied: j n Lhe tupbinen ofnEhet.emmerdd upe  HHof bbﬁndary
over "t he bl ade height can be nade_ nore uniform 4
t ¥igdeat UF e PricH | BEEESEREVL RBIFHETTI ef f%@\f‘-m% avel

overheating of the boundary walls.

However, the turbomachine blade designed acceording 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 toc an exemplary embodiment illustrated in the

figures. In the drawing:

figure 1 shows a greatly simplified illustraticon 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 ur bomachi ne bl ade desi gned agcording to the B04/073-0
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
detail-sbebowmbtd 3B0geetenencevigwaroexempl atyirtomachine
enbodi ment |Ilustrate%gjn thg figures. In the

at

drawi ng: fPJGFE FTSRoNE S5 Gr&dtly sinplified
iIIustratlon of a gas turboset; 35 figure 2 shows a

| engi tudi pal s iy a [ [ Aades,

dgélg%éd gccor QEO ?%QHQP%VSE #gﬁgnﬁnggqFR#S 2 An e

figure 3 shﬁmgoa deﬁalled vi ew of the turbonachlne

bl ade fromfigure 2; 5 figure 4 shows the shroud

segnent of figure 2 in_a bottomview Onl h

o Poment§ el THe conBBfioAtS GSTERIST Yo Gredeie tal for the

um@are&ts@ra@hldrigagof dihe thwenthoanatenshews i eHdher 10n the
ures The exenpl ary enbodi mrent shown is to be

E $t6od purely instructively and i s intended to
s@hee éaempherybeemleodumdetstalmcdwzmg jrut geot bgs @nderstood
rg;%gelgft é&e&reﬁ‘béﬁﬁt imatiare fed heol BRI Ofbr the
i ement in e invention Shown in figure

1bﬁ§t§m|w@r%%wgcburtl SRt afForf of ©55Tggsion of the

t wiehsel asitice f aF ldhar ihedhtedperson skilled in 20
the art and as is frequently used for the generation

of electricity or for stationary and nobile drives,
sWelys af dmpdreafen tdmigvéhef anvendigine. The gas t ur boset
shown by way of exanple conprises as essentia

subassenbl i es - .
Shown in figure 1 ig a highly schematic illustration of

a gas turobset as is familiar to the perscn ckilled in
the art and as is frequently used for the generation of
electricity or for stationary and mcbile 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 alr is compressed in the compressor 2
and fed to the combustion chamber 3. In the combustion
chawber 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 1is
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 wvia 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 coolers 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 chanber 3, -fuel -is adm xed with B8he/073-0
conpressed air and the mxture is burned. By neans of
the turbine 4, the_ hot gas produced in the c nbustlon
chanbdi= /9% 30 @3%PandB t o ipért or MWt k. STRCLH@= s are
st~@tmqr1a1rxy tair bhee pptagit shownetin ifd gune ]artt hend merely
tur 4 is connected via e

o S (U Cher® poRBt - CBLghnbe T = Fgy comEent,
ei@nplvéua:kg@rmmlmr theyving tn@tgeiﬂaercat:éaeda et PPERt ferall
and drj;wes fshe latter via the shaft 5. It 35 is of
course al $0 possible for the gas turboset to be of
mul ti-shaft construction, having a plurality of
t wr bineso-aREHGRRDUSE han chanbers asramged Himdeot weesigned

h I it f d |
130 3By 0 H%, DoTRRERC aR ST ko Tribea s SOE .

eriedirentes asrhe>wsf ami | lanctiocwheaper sextskinl | eédiriongbhe the
a%ltﬂQﬁiﬂﬁT 1&9%{5@%1?nveggbggdlntﬁhéﬁh 10 designed

appllcatlon relevan con whi ch reason they
are aretd ides drd Berk | innorel eet avhersaat [iEREepdi AEPTRIUCES

t yiRonachinebhade 10r (kR=brdiefde bl @de) desagnedied v1ew
according to the invention is sho in figur es 2.to0

FrGEE ShBHEE Forgiit it st S€et] GHa 1 eefet 14
flofi direaldyadentiernal Iy cool ed blade 10 desi gned

according to the invention, whereas figure 3

reproduces the blade tip 13 of the blade 10 in a

déteaid .edhei dw.adeFi Yuris 4dshbyred dot toem biedeopft Restator

SQﬁo%péﬁl ned %%@éﬁfi&gﬂﬁ939§ éoblééekefeanth%l@ha@%lde

10 i s as the blade of a stator of a turb f :

s pEEier] c%lfl ¢ ddbadeddf FRY Pet “§Gfde f%e%’l‘a@? g 1in
t whal neurandemay her useth fgars exagpbesti m . t uawdi ne the
4 of the as turbaset 1. \Ler., the 20 |nven%&%%tgq¥f a

al Sy e 1901 el oS8 r%?orap@ ade of°a® turbi ne of
blradés rused it anietdeer uwsesd in ano*her way.

As shown in figure 2, the blade 10 comprises a blade
roct 11 with a cooling-£fluid feed 12, a blade tip 13
which is formed with a shroud element 14, and an
airfeil 15. The airfoil 15 extends in the Dblade
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 15a -
19d are arranged inside the airfoil, these throughflow

passages 1%a - 19d each extending essentially in the

blade longitudinal directicon 8L. 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_extends in the blade gpa/073-0
| ongi tudi nal direction SL between the bl ade root 11

and the blade tip 13 and has an airfoil | eading edge

16 handighdn cai rpessageai |i%% edge®d72ar30 THENREF A Itew one

ot niheturhi ng.fhows Jhyoughcthe Qéﬁ@@nﬁﬂneflgwéecaollng—

fromright to | eft according % rrow 18, é&; c% 11

dBEE 58N g et FRhed on tPRe Tas %bf3|5h by tHEFBi%aEY=EEe

r getrell and Oﬁhfb@ghﬂboﬁlCﬁaéwa@@eeﬁhﬁnudjgjemﬁmi 24rfoil
can _be seen f n1the di hal_ [ a

Agea lpggqu ggto%al ot #é)ét r Guig h Ig%'IE aggg ggﬂ%low

19assated lfe a&m@ngéd mhsw@@hﬁHQmeﬁ&ﬁaget@@E@lnlng the

fl o e 9d; gac
LSBT P SRR RO SaISPG I 2o second
Atthtrﬁ’éllglhfél@d’s nasase - BB 07§ tHrotigWibwy passages

p&&&%@%dla@etwé&d ane connact gddt enenese@nod hehrbnghflow
such a way_that. a serpentine- Ilke oollnqonpa?é %Ki main
re he

CBeRSE S tHe Aol i $0f or'hed Bvéra
t Hileuwghf & owmasisagbradjgbrﬁﬂmwg pdesaye f di9lc S5ahdadisngfourth

g%%o%%gfgo ega%g% agy first throughflow passage
h

the rou hfIOM/passage adj oi ning the
alThEoi 11195 Fhnguelgeoy7 essgesi ghtd edSasseea@d at its

t bneughfl-ow pasgage dlab, cihe é&&m&%ﬁfmwaﬁéﬁ@egz and at
arrang%d betmeen the first and t e [ on throu hfI

10 EFashfee ar ¥ uesign&0ed |Yﬁ?h§ &r rth
f lkoweashifhiowd ddwcughf1 ow passagel, 19 amlde ablhder—tﬁlp—side
t hr ughflo assage 19d The fi t f | ow-pass

1§a%ls conﬁé%teﬁ g? Pr s “PEF Ef?%%t g%géggﬁd tggghegggond
c obiricnghiflgwd Heeethak? Bndint tuld jaosingcadel tdtp- sheeblade-

e%otwstheh%d hj rcdocﬁ%g hﬁﬁp&r&bsémgé@h;%é@%@@%@g@mch

19c and 19d, to the de-t1p-sid t he” second
tﬁﬁ@@@ﬁﬁlomﬁﬁé§§hge‘jﬁ% et L t hrlotyhf 1% paSSdge 17-

| $ulrf hetd reQnNne cher: &bl 1 dex Pl aﬁeouft@.’ﬂfouﬁidi&aﬂjmg% 21 are
COOlln fluég %&%Phggggogfsﬁgggifang' e%ge 17, wvia which
outflow openings 21 the cooling fluid flows off from
the <cooling-fluid discharge passage 20 1nto the
surroundings of the blade. The outflow openings 21 are
arranged in an approximately unifermly distributed

manner over the airfeoil 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 19%9a. From here, the
air 2%a, 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
cooling of the airfoil 15 occurs. At the end of the
second throughflow passage 19b, the cooling fluid
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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

out f | ow openi ngs 21 the cool hpag-fluid flows of f Boamo73-0
the cooling-fluid discharge passage 20 into the 25
surroundi ngs of the blade. The outfl ow openings 21 are

aNe&GEd Yo teh Eppt ot ety LRTSI ORPSTRAbRREGSS 1nto
MamRer @?é@&lh@ef@hliﬁm |dh§@§&bge|‘|erlﬁas§§g@oolgmg znd  is

fl d off f th

e G Fadr 6P8 LI CoBPPRON PHEE Feel Aot o e the

f ioste 1tchr outg:l‘édlmgqoaSEage Woa. Evohihgrefluhe aﬂrtlmately

298, 9| 100, ide of
%sse% '?2%29?% dﬁﬁff ‘ EEP% ég Qo ﬁ@g @@§S side o

ur se, 15. Due to th ow
térha@eraeamﬁceﬂofamcheth@m iLagof Itdied toorpidre dnan B hf%% heere.

3 nleyr bignemaign thew, cgonveet i vechealy t baesfiemgsocours the
alonq_the wal 's of the throug EfIOMIpassa es an? {huat fhe

c GRG0 Y HE afFFbFH01BL 0EcOPETS AR (I
se&@ﬁdlh@roa@@élOWﬁﬁassageliﬁ@ .ﬁmMmcpmbtagtﬁhgldjkﬂ thin

B%ralaln % at%qty e %Pﬁnn%_gl s, largely consuned

passes §“the coolln scharge passage 20
and is dlstrlbuted fron1here approximately uniformy

ta tW%d§¥nE&O@bgﬁe@Hgﬁ%ﬁgouahgléﬂghtnQJ|iﬂdadd1tlon to

uIt|natIH¥ asses via the outflow openings 21 to the
OGS 6 TP Tt e i T OUMCETPhS™T NDOETHE § 07 b fle SRS

f |J_@J.W tﬂr@r %hro\&ﬂeneiér@e\!\ﬂltﬂg 1@ut met Beroutif | @y Dpeni pgssage

ool.in d|t| fornB a coolin
f|2mzﬂ %%% By Q| d%é Eogplng 50 m® c%nected
pwobecamnglmhetthp@enl@gtraﬁl|ng edye f fomsthethgpughflow

Lo rger; LoaGog), b e SHOUG Pl Ry hei Becona

arr oud cool 1 ng passage
Zzhﬁ§uﬂﬁﬁéﬁ@@@aﬁﬁﬁgﬁhé3§hroud el ement 14. The shroud
cool ing passage 15 22, which is of slot-shaped design

here, is connected _via an .iplet opening,23
f PESPTERPGuGHT | W &é’é?’aé’é”fgad" g}i}%ﬂaﬁn Lﬁtﬁgéire 2, the
operilng24 o & heesenond-ot hooughhleowpassagel &t 14 is

extracted from the total mass flow of cooling fluid fed
through the first throughflow passage 192a and 1s fed to
the shroud cooling passage 22 via the inlet opening 23.
After flowing through the shroud cooling passage 22,
mosgt of the cooling fluid is discharged via the outlet
cpening 24 into the second throughflow passage 19b,
where the cocling fluid 29b used for coeling the shroud
element 14 is brought together again with that cooling
fluid 29a which has been directed through the third and
fourth throughflow passages 19c and 1%d. 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 1in figure 2 is

formed in the shroud element 14 so 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:ghroughfl ow passagest9ac72-0
and is fed to the shroud cooling passage 22 via the
inlet opening 23. 25 After flowi ng through the _shroud
cObFi iy plssageroRd lsdiers thecRebRihy PREPdled to the

di sehar ged rui-a the out lefe 10peRrirng 24 into the second
t hr oughf | ow ssa e 19b, _where the co I|ng f.luid.29b
7

uséd 95008 AR shrodd etRmemt HAGE blought SEES 2
t@@&bh&@e@g&anfmmﬁh.tfmdlm@oEEnQM3ﬂﬂﬁlaode?gatﬂhichlrfOll

| rected thr hi r
Er oughlﬁtgjﬁlg%%%ages %%%ang%vt&d é%%‘?np? hggg t2%ah ana 260
coo iaraasdl passbs jwididry ¢ht sheheigdslilngleaeins edge

digchalge; passage-29; @0d ¢ a e, outEl oWroRaNiiRgs &dge 17
into the turbine main flow._ 35 The shroud coollg%rc
paEgagen222aFawrast f iegieads i §roPored ilntlitte oug 2>

eb%&@%hd%%u&@ral% @ Q‘)Heenljatﬂyeﬁil‘l 12 B4 0730 clibeure webs
tire_shra el enent entja paral | el

ﬁgr %ﬁ?f é}“14| Fat% o%?ﬁlggen %*ﬁ?d at @
bﬁaaeamcﬁ ﬂ&xshOWhelﬁﬂhqﬂnﬁﬁ@ln@oﬁﬁrKSESSQChlﬁstway that
fagi. ngLr?cFéfMgc%] &Ovﬁéc%hﬁe%ééﬁ' Ithe f]J_F%'stFLﬁé@leﬁéTDf§ and

a respective osure 26a an i s arranged

t kier e@%ﬁh%ﬂr thee 31T f 871 TeHeh hy é@geth?w %H%Pwdh Fﬁ@lmg
r@ﬁb@ﬁg@f2@heT%éfiﬂleﬂréﬁéﬂl efigeadd casdoupleachbpening

case exte d on1t rst f C|n p endi cul ar
Lot hed B e ol AU vdbs TOESBA°anac PLade
Zﬁbpta.jmrthhe %aaﬂhgjz7l$s ahaan@eduatfac1dgsﬂ5n&evi the

fromihe fiosl bagi 19,258 SUeh g-udfoldiabe Ueone. picoe

erne space ween the f acing 25 an
t kestdrther tham hgreZeresusesond timcighr o@oT’ cé6l | agserted

p%%%%%%n2%ﬁthsleh§é Q@ﬁ%‘&gﬂ%s éﬁgekh%dﬁﬂﬂéﬂlon of the
opening 15 24 are forned in the first facin

WEePEasiSt Dl ade Firsst 1312 £hedBRFTToI FOilSle%Fﬁémfu%%? and
f agibng Hia-agnd-Hdefuet 064Ul eswebad2Gacang; 26b adeprises two

Produced.as a.9ng-pl ece

As can readily ke seen in particular from figures 3 and
4, flow-guiding elements 30, 31-dl1 - 31-d11, 31-sX -
31-s812, 32 are additionally arranged in the shroud
cooling passage 22 and in the region of the outflow
from the shroud cocoling passage 22. The flow-guiding
elements 30, 31-d2 - 31-d11, 31-s1 - 31-sl1lz, 32 serve
to guide the cooling-fluid flow 29b flowing through the
shroud cooling passage.

As shown in figure 4, cooling ribs 30, 31-d1 - 31-dll,
3l-s1 - 31-s12 are arranged as flow-guiding elements
inside the shroud cooling passage 22. Furthermore, a
flow baffle plate 32 1s arranged as flow-guiding
element in the outflow region from the shroud ccoling

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, 1gecond facing 27 B04/073-0
conprises two |ayers 27a and 27b. As can readily be

seen in particular fron1f| ures 3 and_. 25

f Feweguitdithy et ’s 30, T35 10 - 31-¢4l éi dil., 31-sl -
3%18%%2 3£r§éﬁg@gghkﬂ8@Hé|%R&bhangﬁﬂolfmgﬂgagﬁﬁgéd:xz and
and inthe re n e 0
%ﬁlgi E%&ﬁ??% %%s%%@%n§?8 The %?oﬁyé §ingcIton
ebe&enh&e@&elay;wast 31-dll, 31-si - 31-s12, 32 serve
30 to guide the cooling- fluid flow 29b flow ng through

the shroud cooling passage. As shown in figure 4,
cOblei ngeel bea30;itel-db. - Brd1; P&l 3i-§i2 mrel-slZ

arhangedasifl ovkguiding, el %%%ntﬁlgl skdegthexshraude to
cool i ng passage 22. FurthernDre | ow baffle

MR ey T Nk gy Sy Lobpafle o cne
Oli;hfﬂo@ﬂ regbonngr @ngsm_;eshwud Teol tngllpgséagedZZfldjﬁ is

73-0 Here, oth the coolin 3
fU& é% % Wfan%m. '%r?%%fég 9?%e?§hrgud cool3lgdll
paslsasge 22 3an¢12t henflaovpztgﬁeett@rrpira@@ genacrangedough the

f =1 5 mum
ek R

tﬁ@oéﬁ@@udeéésptng%aﬁﬁgeS@g%lélrv%O%mgu.%@eS%%e 22 1is
CQRlHiRg~d, uiih ftew 280rkkowrngHiroughe t Beol shgoddtensity

coolln assage 22. The.coo fluid flow
%ﬁgln%ﬁu;é% tfﬂPQﬁ%ﬂ$¥éﬁhl{Eg%ﬁp 31olf %ge shroud

3towﬂlng dbcslage 3P- B2 iiew.a predeterm ned manner

t%%o%gﬁ tQSKiSrHHé“E#%%ﬂdr%ﬂé¥¥§%§g§4zgslQUEHEOlée&BXHtO a

an optinum coo ect of the shroud cooling
p@§§§@@r@2511§e atsw evRd 34r<in the CEHEESE OfeTHPRh 3tHe 2nd a

C%@E&ﬁ%d'@ﬁ%@”ﬁé@ﬂ&hpi@gucﬁge|%Hﬂ@%d'ﬁﬂd&iﬂ§“passage 22

r%%k%%%soﬂjggg %Eapughrggokgg%o%assage r%éﬁﬁ_ element
14.
Formed in the region of the airfoil 15 in the shroud
cooling passage 22 igs a central cooling rib 30 having a
contour which is similar to the airfoil 15 Dbut
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 1is
approximately the region in which the throuchflow
passages 1%a - 19d are arranged and which is therefore
subjected to only low thermal loading oxr is cooled
anyway.
Furthermore, as shown in figure 4, the cooling ribs
31-d1 - 31-dll arranged in the pressure-side regicn 34d
cft  the shroud cooling passage 22 are oriented
differently from the cooling ribs 31-s1 - 31-sl12

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:regions of the shrowds/073-0
elenent 14. Forned in the region of the airfoil 15 in
the shroud cooling passage 22 is a central coolin

r idecd0 risaiampage cont oderahi chei sosilpinidarriks the-dl - 31-

aighf;0i L-13-buk 51e%&%ﬂ%@éé%?@%@@rciergaamesa@gl@m the
of the throughflow passages 19a - nmeans o

t KETCRNRt rePCebo¥ i R§SERBS cBHE o GPEE T T L HiYs BRyA L tRe ©°
C @Ol r@lfé@womnotfheché;hmeud cRia NGE passagel 22= ) s whereas

directed around th e n_of airf
THE S &ty df&? appr%xg%%te$§a% gdr%élgh |JS’%Ctlon
Waiicke tmgidmoaglsf |cofN tpasﬁgwdlgaoolm@ FeE S@Geanged run

a%%ﬁ@ﬁﬂﬁ%ﬂf§té§%§%§%fse bjrectiad. t @; 0oLy i bawdher Bl main

i‘s coo Furt hernore, as shown i.n

2y
fﬁémWBQi the kovfenglFi bsS Fsem fpund 3ubyf | thEr SRGAATS-
| EILHE PressUEBe SEHE peghobeddd @fea&@r seb@ugngoalam@lty

assa e 22 are orlented differ e [

e 91 cprenS1Pe15 195, Pl | ft h oo onl B GR CCotine
r@@jm@sszthba &hrdlkdelé’uetBﬁﬁ#QfeeOrega@lnl n?g&s of the
Pas; %%%%.Z%OOH% %’ ?@%s l' % rh%%l % d%peg%{lo%!l the

arranged in the ssur e regi on t he
sﬁm@&@memﬁhﬂﬁgkﬁagkage 22 run essentlally parallel to

t e di rechi;on of: 1‘%_1*1% W&Il%wfsl ow;iaf the bllede,t wle@eeaslgS 23
the cooling ribs 31-s1 - 31-s12 arrang

e
SAEEEEIY eS| e Fagi oWoi4Sadt TREI hr 6hd tgt?m %%%%seégé‘ent
22mten  wssenghably t capsvegselppstsadthe i r echion o6 the

flow of the blade. |t h b 10 t ha
tggrﬂgéﬁjﬁb SHHET I oWt he eEy p?@ducescg g%%%tg bontour
ceamidgrcapacichy Hiifrilhebpr essweatsiadd v depowe B3y ofly

”&%é%@d@&goek' NG e pamgﬁq%?o& hﬁgséggégel%a _ 19d, the

suctio regi on 34s of roud”cool i ng passage .
2Ty fopeicatIeie 6N Hehe t S FoMRchPRei BY agessage 22 1s

distributed either 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 gections free cf cocling 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-dl - 31-dl1l1 and 31-s81 - 21-sl2,
respectively, are arranged. In the pressure-side regicn
34d of the shroud cocling passage 22, the cooling ribs
31-dl - 31-di1 rumn esgsgentially parallel to the
direction of the main flow of the blade. In this case,
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°. 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_rija 30, which has a cepugurs-o
simlar to the airfoil but essentially bordering only

the region of the throughflow passages 19a - 19d, the
20aseebieng 22.ui dlent exdmigitthe sHedud2 £odli ng péés&é@ run

2%sls%nt%sw but gd--elther, t ot hadrgssure: §hd@  €gh®Nmain
of the shroud cooli ng pgssage 22 or to the

sé&loiwon stde tFa§i orF 3% of “t'Re SHIRFRFTUdt | ngeﬁ§§§géglly
22;ra'ﬁlsarer©@qul ngd | uiklei ndbethtcaaes dffi rSttheOf @hln flow”
fl ows through.25.a _res ectgve |an oW s tion |o|§,1 wh|r%pmmg

Sog‘éjglllsﬁf ri SSVlSFéOQ ran feSEd

od™ THE'S nf IFow Sect i ons

f teensivegoelling o ithe: dlerast 1@ enabtles theicoblpugot 0° to

f#:‘ih%/tm‘l %ff ti vely spread out over the entire width
rou coollng passage 22. This_ is followed in

edth s edbyCBREIF 0AS N S cRO3DLIRBe FéHS! idig H bs 31-d11

335r(i'|ange%1 h | taad pHesshire Fhidel 2regiespeatd,vetlye ateling
ar.r.an In the ressu%e side r d

4
shrdd Cg%?Wﬁg g&hs3, z%hgcgggp%ﬁagkl%gggéindlfree of
3todllnguniessentd al’ld%t perad | Btot ochéee dicendi bheofip of

t@%enaEgnEE8%ﬁ f % ?P gge +?l% % ﬁzed?§535Peorde to

expression par a rection
t e nEailir ftr@wchcoﬁbm s@sth%m RPN r oift t g  the shroud
dicbeatingn selsskhe pain flow of O to plus/mnus 45. In

t he sucti on-si de re%| on 34s of _the s%oud coql i ng f
BOZ/ 073 05UFLIORGE 1S, THRIWooPiAg rihs §Peding Bled is
rdfirsessemtadl | §iteansiensely ftront hehai c@ntr@hlpf atlrenged

min, flow,.Inthis case,, xté‘cetleerrefSM?Q ﬁ%ﬁs tggghxn of
transvelgselytotlhe IF ection of - the main
cohpr iSesudevicatlions paomrthe2di be'ctaJ drinsngmgip 31-sl -

LEangyver yléotth%% diggcpibon ofsdihe E'H' R oM AdcOon of

to plus/mnus . At the di scharge romthe cooling
ricbs BQEHFralé.‘I dﬂl’a%ﬁ%ng‘é@%ﬁlﬁ h&ipr edduretai de sEcond

regon 34d, heigeol Figs 1A fdwui d fliows ;agahn dddldidy rib
C%'l'»%%ticn&p?’eecc‘cteiﬁgntforet%eOfcentrally arranged ccoling rib
and arranged between the first and the second group
prevents the c¢ooling 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-s810 and directly upstream cf the outlet
opening 24, two further cooling ribs 31-s11 and 31-s812
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-s811 and 31-s12 prevent cooling fluid
from flowing to the outlet opening 24 over the shortest
path after discharge from the second group of cocoling
ribs 21-s7 - 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 thegsuction-side regi oRp34%.:73-0
the cooling fluid is first of all directed away from

the centrally arranged cooling rib 30 in the _
diceect | ore oburieceorafer thegidirafd thelsheolrdsEeds nge 1S

passage-32.:byer fissiigrouR, 3leshe 3% S@h@”dxkﬂjkﬂ?nrlbs
fed back again in the direction _of 20 the cenhral

aPrakged cddlicld r#Bi36lvica a- sédord? -group® o e@éﬁlﬁﬁ@ an
riiksr3bes’ i IhsSIRatA Cophshgrribh cBa- ségﬁoneeakednﬁothe
t he gntrall arran q%cqplln riblljL and arrang E
e hé: Fst Sa d e sec GPdtp Ypreven

caelpang thl uid fuleredeiragiabke i® filroweashdigaed | yncreased
ahgggﬁﬁh centrally arranged cooling rib 30. Here,

wWn am of the second group of cooling ribs 31-s7
- 31-s10 and directly upstreamof the outlet opening

24n tweef uptdier, cqol dng:- ibst 8dn S|a|ndan6r3én§&210ﬂﬁ'1lc§?fh the
run parall el to tg% direction of the main flo

t R afe &'&Sar FANGEdSh the SHEti oMY d&SPE gtén st
ofcddie rshrfdud & ddldwihpassagesh Thessudoa fuayhes to cover

CoQll n urkgéem Hand 35518 p%%&e”tﬁgo'é.ﬂg dldll dnroug

from f OW Ng he outle#'openlng 24
sh:@lotlem paslsaafet e?2 divgehdr getfer ofitt hlee seeomeEGr odpt  the

reRQldng %ﬁer'géo§;n§7 £1314 s s, buty Jiather +ads@n  the

f Ow to occur.in the region directly around the
oD PP hg 24 P2SHGREV 6700t h &l tRDTF TR et de region

guisdanse ohet kerenel | aigsl gl datkawet m:zaugdstré henskheudely
coolin assage, in e ch 19 BQ4/ 07 ca
g e o
emaﬁmggﬁ IdﬁalIyﬂbvsn@&ns<b¢etheacobhengfaﬂbs tBatdl when

'arq@% sl OB}eglaﬂ Thijg '%ﬁdf%ars%daramém €88€heat
heat e

|n t trans regi ons around the
co6l ilag Hodyse s o ntfatt he rplfeﬁﬁ%umym%er%%@mnay the main

cqp_@lw JEHIR these gegidnsshscil PACH: 625801 8CTr €asedooling
@%% é&ﬁnﬂy of the cooling fluid used for the cooling is

oollng

also increased as a result. Furthermore, the risk of
hot spots forming in particular inside the shroud

element i1s considerably reduced.

On the other hand, the flow baffle plate 32 arranged in
the outflow region from the shroud cooling passage
gserveg essentially only to guide the flow. The £flow
baffle plate 32 causes the cooling  fluid 2%9b
discharging from the shroud cocoling passage 22 wvia the
outlet opening 24 to be admixed uniformly, and with the
lowest possible mixture losses, with the remaining
cocling-medium flow 2%a flowing through the throughflow
passages 19a - 19d. To this end, the flow baffle plate
32 1is ©positioned approximately centrally in the
transition region from the fourth throughflow passage

19d to the second throughflow passage 1%5b in such a way
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On the whole, a distribution and orientation of the

10 cooling ribs effected in this way results in the
cooling fluid flowi ng through in such a way as to

cover the surface of the regipons 34d, 34s of theo4/073-0
shroud cooling passage 22 which are to be cooled. In

the process, the cooli fluid 29h fl ow t.hrou
t heats s‘hﬁaoﬁéleco‘éﬁ?nélaﬁb?gsag]éec&ﬂ%ht% Eﬁlg§§urze%gl ggming
regoan t34d ebuthe skhhewdgoegobwngppassage 22dnoie guided

i nt ensi eI than_the sucti 9 s d 4
SRPS aotng . phbBagos =t <o F s e S My g Tptace

t hat , amﬁemj;cd&ﬁéecﬁgdthent“dkregu@ﬁgtl@ﬁ-|©Eréé§EdSECOﬂd
a%%bg%ff 108A1 o 20190 ratgkpdﬁﬁed | 0 (e prgSSUNBRi deche

|'so bej ng especially
d@@pﬂ&@Be fﬂﬂ;dxxﬂﬁhm;CQW¥@%|eﬁ@V“oftFﬁe 8BEPHAg cooling

f Luisg used of org tgﬁﬁld@@'éé‘é}eﬂ@laﬂﬁ%ﬁln@lﬂ@aﬁﬁﬁ 8sda of the
result. Furthernore the ris

hot . spot s fo n -
AL ineT 8 St o8 B aibng L ave 2 0a datl 295
consiiderahd:y dedieedinOnhtheantcheti teardicrnt herd | bhen mixed
baflle hlake &2 Al anggd Ll ihe, ol on rsgl ORef EQB < ng-
t 1€ $/rodd e oo I Ng passage s essentiafly onl
gUilae & hel $waw2 9Fhearfd oPBO tsanel enipted eiB2 t@&@se‘ﬁa?{ he the

ceoling ifluide 28, di.schargkng of nom théme/ shFOLg€00kbNg hat
passage 22 via the out]et openin o be adm xed

LRt 1Y aRGeiT RTHEY 5HES L MH5F IO TR Uresss - This
|@§&g&g-Wbihtﬁﬁ@lyemanningf c@m&wngxnnﬂmynréhOMBzgal turn

fl.ow n through e thr fl R3ssAg 19 d.
T8 KIS tend © rihgkﬁloﬁogaf%ﬁ f&Iate 3 |s§§g'5|t§|nSl21 the
a@mm@mdnnqn%am@npaa$agelﬁ2théntpawﬁnqwkﬁrre@h@ndﬂ¢§mted

t PASSAYS e 196 Lophbrosecande of th
tﬁ}gggﬁgkgﬁ%ggggghﬁhgg% In sucﬁaégma S%B- B04/ 073 8 e

t kol iew -ttHelishe , the cé@ﬁﬂ@&flqﬂ% 2YUr o ngooLting
f rem=he fourth throughflom1passage 19d i s guided
essentially on the undersid e rom;bafer

3¥eEd iR ect &Y EﬂOth 3;?§c§)€ﬁ “of' % ne"s8co Q% fi the
t eaughf logw cpas sade t1 Hpeaanidg @3 .t he ot her hand, the
cooling fluid 29b com ng fromthe shroud cooling

Furthermore, as shown in figure 4, an opening 33-s is
arranged here in the suction-side corner region cof the
shroud cooling passage 22, via which opening 32-s the
shroud cocling passage 22 communicates with the Dblade
surroundings. During operation of the turbomachine
blade, cocoling fluid discharges from the shroud cooling
passage 22 through this opening into the Dblade
surroundings. In this case, the primary function of the
opening 233-s, which is designed as a bore, 1is to draw
off dust that has collected in the suction-side corner

region.

Further openings 33-d1 - 33-d4 ... which are designed
as bores are located in the pressure-side boundary wall
ct the shroud cooling passage, the openings

33-d1 - 33-d4 ... being arranged approximately equally
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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 the .fl ow baffle plateod2o73-0
By the cooling- fluid flows 29a and 29b bei ng nixed in
this way, the formation of flow vortices is |ar
a@@edeéhﬁnﬁQmﬁﬁaran?l%erﬁns@mIaﬁﬂﬁﬂﬂﬁﬂﬁﬂﬁ(P?n Fﬁgblaae

: Q$SeSz OCEUkLi RIS dn Xsngouart :éi_i'eln%nftr ee of beWedlently
osses .reacts in turn. 15 directly on.the coql.ing-fl

f FORT281 %nsFBBSFﬁBCtéﬂPoudﬁgogplnﬁdbiggﬁbeqiiﬂgi 2dBine
pahhlcpfassuthesﬂdeedﬁfmhdmwylmglﬁrev@ursngh@meratlon_ of

?Fgﬁ;ggnfgoﬁgcglﬁﬁcﬁﬁhQﬁ§ur808?15 ffﬂ%ﬁ' @qugu'f&on1 the

I nsi de fFoud coolin passage
Heheoudowsvarinchapds svgdalnfe phet @drs ketrweriedtha eheoud

regi-pR0f the iphet rORENNG 283 ackWtt hepMsgs amcthewn and
in figure 4, an opening 33-s is arranged here in the

s&@Fﬂ@nt@ﬁd@aé&@n@@fﬂéQF@ht&FEﬁﬁ%’ 25 shroud cool i ng
passage 22, via which opening 33-s the shroud cooling

th th bl
i g DpEF AL OB (HET U BARBERENG. bl SHE: Coar | Bgorine
floufl dtk:iescdnlanrcg\e@ falgmerite $Hr oodetodtliag er{t&mg@pzzatlng
h &hi %hgpe{ufwﬂwt 0st he hlade 30 swr oupdbddSent of

In “this case, primary function of"the o enln
33hg bifideh 1% @l@@@@%@%@a H6r e nVaRT Py Rt ofPots are

d%&bv@&@&eh%%lﬂﬁﬁﬁyt@Goi@e&heTﬁQQUM@&dﬁCEbC@ﬁnehcreased
1 on. a Furt her ODEHQ%% 33-dl - 33-d4 ... which

aF IyeSitgndd e &¢ bofe S-ocated in the

priessad@: sice houndal yawed | andf ¢heistewmudcoodliigg of the

p%%§%%% éf§%§§@nlQgéguggemﬁndsgfgﬁg b%hﬁglng of the

arrang roxi mat e ual 73 0 over
t pat b@@ndbﬁydwm is |<hn%mr@<ﬁr d@ﬁgeﬁ@rﬁ @frrtaﬁ@e@}ea&e Gfh the

achRighEl A Shy osch el eqeat , - 0ﬁ9§XQﬁd| €htl p1aadensihemh in
construction, of an _ adj ac nt blao!]n oi ns_ .the 1 1
PreSRTES. & ded b%uﬁagrﬁ’ wale %%e?a?%bﬁgoF Bigpglow

t thomaehi fiee blaadeEcicaol ’l[‘h]g A Jueivd @hmu}anteomdhected here
for the <cooling fluid leads to improved cooling
effectiveness of the c¢ooling fluid overall compared

with conventional blades known from the prior art.

The turbomachine blade 10 ghown 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 cutflow openings at
the blade trailing edge may be dispensed with, and the
cocling-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 bl ades adjacent to one another and
cools the walls defining the gap. 10 It has been found

that reliable and efficient eggoling of the shrowds/g73-0

el ement 14 over the entire operating range of the
turbine is ensured by the enbodi nent of the blade 10
add@tdiofg deF iigratiimpat i on. Hot spots are therefore
reliably avoided. This |leads to an increased 15
service |life of the blades. In addition to reliable
ad effici eM@TIHNIRFHT the shroud el enent, adequate
and efficiemkm@Q@ggakof the entire blade is ensured
by the arra nt_.of the hroughflom1passages 19a -
1éd of the E%Qgg §wan qﬁl |gures 2 to 4 and of the
résul ting cabldbgef luid flow through the airfoil. The
flzow gui dangg sel ected here for the cooling fluid
| eads to inproved cooling effectiveness of the
cdol i ng fl uiFPvsVercdtsWisitpared w th conventi onal
blrades knowrJfmomdhe 4 igrasg@rt. 25 The turbonmachi ne
blg 10 sho jn figures 2 to 4 only represents an
Xenpl ary e Set®of the invention, it being
passi bl e forcdadiiisieriodideided o be readily nodi fi ed
insmany diffar s by the person skilled 30 in the
a?ﬁ Thus, or%gaéﬁ%¥e, the outfl ow openings at the
blldde tralHSmgcéﬁbéﬂﬁﬁvﬂﬁe di spensed with, and the
cqalii ng- f I uirgdischarge sy heefdigchrd dlidnencool i ng-
fluid dlscharge passage arranged in the blade. 22 -
BG4 073-0 P&t G- designations 1 Gas turboset 2
Campr essor 23 :FdEaniusidiony climpber 4 Turbine 5 Shaft
61gomer Con%ﬂ@%%iﬁo Tur. nachl e bl ade

trai 1ng U

18 Direction of the main flow
1l%a First throughflow passage
19b Second throughflow passage
19c Third throughflow passage
19d Fourth throughflow passage
20 Cooling fluid discharge passage
21 Ooutflow copening

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

28b 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 Direetion of the main fhow/072-0

19a First throughfl ow passage 20 19b Second

t hr oughf | ow passage 19c Third throughfl ow passage 19d .

F@Qibt% t hr oGgeflilom-passage’ Dov CEEEPHGT I it BFSERRFGeS1de

passage 21, Qiifd-oWopen rghrZhi 221kl eoelddy

passage 23 |nlet openiing 24 .Qutlet opening 25 First

fd€ing 26a-°5683¢ &§ﬁpégﬁb5§ 0 27 Second facing

2%a,-d27b bayens 28ali28b rGreovien commeptrésau@@aside region

Cooling-fluid flow thro oughf ssages

35 29b CDoIing-ﬂ%%c#H?g%p?%ggjﬁg%#ég] %%%ﬁ cooling

padsage -29B-$1Co6lbcdgrid witbs | 6w ttheougicthen-side reglon

suction-side regionf dhe,shrout eoling sage 23

- B04/073-0__29b-d Cooling-fluid flow through the

pB8ssur e- si d&°% &Gitdn S0P ¥& shroud cool i ng passage 30

Cent-zal coolipR@imigh 3#h- dthe 3dudh 1oCooldang wddison n afhe the

pressure-side regjon .5 of the shroud cooling passage
31-§§§x%%gﬁ L

31-sl - i T1HETH e sucti on-side regi on

33-d1 - 33-d4 Openings in the pressure-side region of

the shroud cooling passage

34d Pressure-side regicn of the shroud cooling
passage

34s Suction-side region of the shroud cooling
passage

34z Zentral region of the shroud ccoling passage

SL Blade longitudinal direction
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of the shroud cooling passage 32 Flow baffle plate
33-s opening in the suction-side region of the 10
shroud cooling passage 33-di - 33-d4 Openings in the
pressure-side region of the._shroud cooling Passages /573-¢
34d Pressure-side region of the shroud cooling
passage 15 34s Suction-side region of the shroud

ddit Jassage 34z Zentral region of the shroud
coo I ng passage SL Bl ade |ongitudinal direction 24 -
B04/073-0 Patent clains 1. A turbonmachine bl ade (10),

itrl gartp% Qﬂ%ﬁor@aékﬁ&%& rl%la@%adﬁo {J}‘ angpartuebn_ge ttar @A ine
ur.nose avil n a ade oo e |

( PRI an? aPrf ol PTPEES Wi ca%sexlf%f%%é%%t aRiPHes blade
blrade rODI (131) rdnrdiet heipl ade) t epd (alﬁ)almfcalbl ade) which
| onqi t c n h i i a

0 B Ao 5 hp o atge v
on e birade t itd,adend I@tnqleta@tlr@ﬁe TG neta@ght 126w has  a

passage.d laie 193 ¥mb§@s§ﬁf§ng§dén Ehghreh@délement (14)
| ongi tudi nal direction being arran

% i nsi_de th%ﬁ?}
aifFiold  eFSPNosAd alshiidtid § n§Passage (22) Wity O
f amrehgHE e @h@@u@eel enenf (I9h)) awhlieasteatendsa in the

t f t he att th| hr oud cooI| S
(3375 berat” womiebt 84" VP8R Sheding to e oode che
thnoﬁ@hﬂlo%ﬁ5bassageéiaﬁUIQU@o@bpﬁgmglnaﬁﬁagmm hg2) Dbeing

through this ﬁ@rgﬂgxﬁﬁpléﬂgmgﬁ§sagﬁ4ﬂ2%k dyekBg zlong a

oper atl on of the turbomachi ne characteri zed |n
t FRCTHCT edlsttighel a8 F o guRHF nghePEfeAPOL oRIgBREPAGSat (22
| Qﬁﬁtngsor&rﬂfedtré@ 2Q71(‘a00|alnngof];n|elmlld19f| ew f o Nnghroughflow

ol (he S oud cooling BISaNS i L ATARY LDt NG o
t@hamntioubbmenghrpwﬂsagaolMn@ passagg. 25eRatThe Of the
t%d%%3%§3ﬂ¥ﬁéﬂﬁﬁgﬁg§ Shgkgggekgzghahﬁ)%hat at least one
flow-guiding element for guiding at least some of the
cooling-fluid flow flowing through the shroud cooling
passage 1is arranged 1in the shroud cooling passage
and/or in an inflow or outflow to or from the shroud

cocling passage.

2. The turbomachine blade as c¢laimed in claim 1,
characterized in that the flow-guiding element 1s a
cooling rib (30, 31-d1 - 31-dil, 31-sl - 31-s12).

3. The turbomachine blade as claimed in c¢laim 2,
characterized in that a plurality of cocling ribs (30,
31-d1 - 31-d11, 31-81 - 31-812) are arranged in the

shroud cooling passage.

4. The turbomachine blade ag claimed in either of
claims 2 and 2, characterized in that the cooling rib
or the plurality of cocling ribs (30, 31-dl1 - 31-d11,
31-s1 - 31-s12) are integrally cast in the shroud

cooling passage (22).
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characterized in that the flowguiding elenent is a
cooling rib (30, 31-di - 31-dil, 31-sl1 - 31-s12). 3.

The turbomachi ne blade as clainmed in claim2, 30
characterized in that a pluralsity of cooling ribgoe3®72-¢
31-d1 - 31-dil, 31-si - 31-s12) are arranged in the
shroud cooling passage. 4. The turbomachi ne bl ade as
clainmed in either of 35 clains 2 and 3, characterized

i@bt h?érgié"%ﬁ@?bﬂnﬂgkiigb Hradeheapl @g?ahirrtfyi ofnceeld Ngt the
ri bs - [ S

REEGTEERATE a%“ﬁ’th&hﬁﬂ%ﬁi?r%ﬁﬁﬂl ﬁ&'pﬁé@%getP§2)Shroud
2&0018@@{@E$dhgé1 (ZDhe itaurdfordctt rehdpleadeleasianl ai med

in one of the preceding clains, characterized in that
the shroud cooling passage (22) is of slot-shaped

dési gn.THe 6tuThemaghboradHiase bradelad melcai ved o opk the

ofs the s éﬁcggéﬂﬁsC|Qﬂﬂﬁ’sﬁP@uéh%Q%QE%keWﬁﬁhﬁ?ebﬂ%dlv1ded
subd|V|de into a pressure-side region

4
cémtral ar e@?%%su{%ﬂ%}d%ndf%%tl 6A9sirde? r ég%pdﬁ”a(alsﬁ)egmn
and 4zhe shdoud sktcienlidgiepassqyen ( 23% s¢xt endi nghat shroud

Ieast partly over Dressure-side on ) of
& SHrsud B Nt %g% - S1eus par%?ag%v ?Qgég offer the
Swammmdeegimc(fﬁ4@4@f ¢ohethshsbududl ehenent and at

C t a he, f gui
lgl%e%e%nt élzte%( %‘\]f- P EhE %u tq\éf'n lé:.@len%esg%cﬁ{;gmﬂl% 3833 the

|§/hén<3éldar€f:1a¢f@%@t4 nchﬁéaﬁﬁ%é@?@ sinde-hradgi BRe of lpHeSuiding
shneud coRlliseRassage, andlan in theqsuct izon<si de 31-s12,

region of the shroud.coolin passage in suc

e DGR T RGPP: 4 IO B S O ik oFogbat g ©he
C&&&@d@/IdbdﬂthNEﬁHEE&gSld@ndé@ronlnf the shucud02651de
coQuNg, RS | SACIERER Iéej o% 005 5L O 80EANACLal e nat
shroud coo

assag erat of t
t@h@ona@hpﬁenbléaeld7 ﬁh@WthRﬁﬁﬁﬁﬁﬁ%e Wirggdegs cooling

claided thn ghai phE, p2o-chacactesi zedhidhtht ahe shroud
inflow of the cooling fluid to the shroud cooljn

PESSagEY FBIA! Fetted fhE [4Qion-sice Teglonl of the

shroud cooling passage during operation of the

turbomachine blade.

7. The turbomachine blade as c¢laimed in c¢laim 6,
characterized in that an inflow of the cooling fluid to
the shroud cooling passage (22) ig effected in a first
region of the shroud element and an outflow from the
shroud cocling passage (22) 1s effected in a second
region of the shroud element, the first region being
arranged upstream of the second region with regard to a
main flow of the turbomachine blade, and the flow-
guiding elements (31-dl1 - 31-dl11) arranged in the
pressure-side region {344d) of the shroud cooling
passage running essentially parallel to the direction
of the main flow, and the flow-guiding elements (31-gl
- 31-s12) arranged in the suction-side region (34s) of
the shroud cooling passage running eggentially

transversely to the direction of the main flow.
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region of the shroud el enment and an outflow fromthe
shroud cooling passage (22) is effected in a second
region of the shroud elenent, the first regi on being

30 arranged upstream of the secand region with regard7z-o
toa main flow of the turbomachi ne bl ade, and the

flow guiding elenents (31-dl - 31-dli) arranged in

the pressure-side region (34d) of the shroud cooling
passageHUnphAdogssenhE ald1kqear ak |l ell atietdhei g rO@l‘ét i®h the
35 of the rralgflow ndtheflog—g dﬁkb(_%ele Lidin
( BFESECINRITAYYS ar FRAGRISFR-ERE Sdict sﬁad P&’g? S
(%4$hemh the) sheeddecoal icogtpassagent lamni g the airfoil

%%tﬁg%égrhﬁéf%f%&%%gﬁ%eﬁ{ﬂg % ¢ 0fs Ofth hea{'a'l'%ast

ur bo chlne bl a
cIOallerredhlr@L@hﬁél@fw t P@ssgegcediong a@rar@sd char a@ﬂﬂ@rl pegoud
| RdathA Jol-ouqgui ding el ement (30) having a contour
simlar to the airfoil 5 and bordering essentially the
region of the at |east one throughflow passage is
arr.angethd ncthgoshenute Qﬂ@ldenga@asﬂagmedQ 1ﬂ'h@ne of the

t ur bonachi ne ade as ~
p?%beggHg clczﬁgﬂmkhargé e?ﬁ%e i thé% EﬁaF gpe  tlow
g@ivdidigiceledreminti sisa o [fdvevbafaifd eplrdtcd g 3<5_8)2. 10. The

t ur bomachi ne bl ade as clained in one of the preceding

claims, characterized in that a first 15 throughfl ow
pddsagd el 9ay L Bpe a1 588 ofd Adsr oRGhilGWEAs sHge CPFoL T the
Whirehcextend &naeash C@@gﬁd@aéyaj@dadelnlomg@kudumalflrst

directi are arranged i e th alrf0|
@qoﬁéﬂ}%¥ﬁo§@ﬁﬁ Qgﬁg )% eggﬁ%ec%gaou?hflow
t e slelaaete - ¢ Db swdechnob}ttnezaﬂ cool igegH | ohde 20.1f egle blade
th d t d
&%ﬁgﬂg&&% 1 d%%] 15ﬂp é & %ﬁ%% fﬁ%fﬁé‘@he gfrfOll

tip- e end e second throu | ow passage (19

arld Sohe. seebncthchr ofighe omﬂpﬂa@,@%}gélfmgwaﬁ§aa@nnéé?éb is

atccinrﬂl%ck%le@ideatr Qals Sﬂ)pé‘d@npoéto— B 8O0k A0t bl Hi dooling-fluid
di schar (20, 21) and L ﬁ shr oud 00||ggdf Ss
BhFAG

age
cG s Zaning P Gt Dp F58)400 &R%ud erhe blade-
opemi-ag de24dnd hef itHet sopeniing H23)hdfl cishepsduwaue (15b) ,

ComIr%hga%%%g%d(%%houghflow passage (19b) 1s connected
at the blade-root-gide end to a cooling-fluid discharge
(20, 21), and the shroud cooling passage comprises an
inlet opening (23) and an outlet opening (24), the
inlet opening (23) of the shroud coocling passage (22}
opening into the first throughflow passage {(1%9a) and
the outlet opening (24) of the shroud cooling passage
(22) opening intc the second throughflow passage (19b).

11. The turbomachine blade as claimed in c¢laim 10,
characterized in that a flow baffle plate (32) 1is

arranged only in the region of the outlet opening (24).

12, The turbomachine blade as claimed in one of the
preceding claims, characterized in that at least one
opening (33-s, 332-dl - 33-d4) which communicates with

the blade surroundings is arranged in at Ileast one
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opening into the first throughflow passage (19a) and

the outl et opening (24) of the shroud cooling passage

(22) opening into the second throughfl ow passage

(19b). 30 11. The turbomachixe bl ade as clainmedgm/073-0
claim 10, characterized in that a flow baffle plate

(32) is arranged only in the region of the outlet
opiém*ﬁﬁ}’ (pagiorsof2 tehe npUso et Hed bPageads  cVapmedtich

ane . the-cpreseding cjaiqmy, &haracderized iENolbatfrom
east on openi ng (33-s, 33 dl - 33-34% whi ch .
c&ﬁmn$%%?% GPPR-DBREBISAGE ST DU nsPS arranyddings
i ratideasieonel &Y of B OAZHhmaxdiner egion of the
shroud cool i ng passage, via which opening (33-s,
33-dl - 33-d4) cooling fluid flows from the shroud
cddl i ng'lpassageomatbinke Wlatte sar rdiidiatysindwrienget the

oparatd pn, of tB?aHHébom%eﬁ_@ac@&@ﬁzeé 13:nThe that the

t dr bonachine bl ade _as clalne In one of the precedln%
clrRemaHE ot rged (Rt A&t tie PafBofdcHt netdFabe®” 2
(XYrdishd he bl ade of a stator of a turbine. 10 14.

The turbomachi ne bl ade as clainmed in one of the

preceding clains, characterized in that the first

t h]rﬂougI*Iﬂ'ﬂa)vvtpabsageh(lm@a)bliasiear pangddiined henaiarfeoi £ the

as airfo ea g
# (AQﬁ ré?yﬁ% sec%%dég ?%ﬁlﬁg?om}%asggag (Q%%) FﬁrSt
art fiPY heagEResi | (Y9%B) iF sHctrdeRy 18s tae airfoil

adjiein ihhesadd f @i kydy akki ne egﬁl?oill7)thel5alﬂ-ﬁ6ll leading
turbona hi ne bl ade. as claggfd in e_of

prEdi Nt bl af e, tofars&™ i&&?%% ﬁ%ﬁwt?ﬁ?Fﬁ%?néng is

amjﬁﬂﬁgednuhpmhé airfuilhersthnnughthom/waysage$o adjoin

(193¢, g@ #h rec]ggﬁqgﬂ%ca e,)extend in the bl ade

Iongltu anged bet ween the first
throughfIOM/passage (19a) and the second throughfl ow

25 Ppassage (APRbmhBni e BRI | abN SUCh ey thal bhe che
preceding claims, characterized in that, furthermore,
at least one pair of further throughflow passages (1°c,
1sd) which in each case extend 1in the Dblade
longitudinal direction are arranged between the first
throughflow passage (19a) and the second throughflow
pagsage (19b) in the airfoil in such a way that the
throughflow passages (1%a - 19d) form a serpentine-like

passage course in the airfoil (15).

16. The turbomachine blade as c¢laimed in cne c¢f the
preceding claims, characterized in that the cocoling-
fluid discharge comprises at least one outflow opening
(21} arranged in the region of the airfoil trailing

edge.

17. A turbine stator having a multiplicity of
turbomachine blades arranged side Dby side at the
periphery, at least one turbomachine blade (10) being

designed as claimed in one of the preceding claims.



t hroughf | ow passages (19a - 19d) forma
serpentine-like passage course in the airfoil (15).
16. The turbomachi ne bl ade as clainmed in one of the
s 30 preceding clainms, charactemized in that the B04/072-0
cooling- fluid discharge conprises at |east one
outfl ow opening (21) arranged in the region of the
airfoil trailing edge. 35 17. A turbine stator having
almmlth&é(ﬂﬁgﬁﬁﬁnetugb@ﬂaﬁhiae blAadeasneat r altgedcsatie 17,
y .side at .the i_ph ast on omachj ne .
Ae S0y 4 hot R STt 0 A ] TH e of the. inlet
plg&lo@@ nipecilaiafs.a 281xbiB@4/ 073-0 18. The turbi ne
5 stator as clainmed in claim17, characterized in that
the turbine stator is an inlet guide wheel of a ,
t Ufbi né 8239 .tuxhpeet uRPBSEE IRdvi RGREE |Wkst tgp@omachine

t wihemachige a1 bl adeihdQ) i8s Llaidred id pRecOfitfeclaims 1
precedlng clalns 1 to 16.




