WD 2010/ 108879PCT/ 1, P2010/ 053670 1 GAS TURBI NE 5Field of the Invention The
present invention lies in the filed of gas turbines. It is related to gas
turbi nes according to the preanble of claim1. 10 Background of the

I nvention It is common practice to provide blades or vanes of gas turbines
with some YO8 ¥00ling in order to withstand the hWﬁHEF%Hﬁ$$§Wures of
the hot gases flow ng 15t hrough such turbines. Typically, cooling ducts are
provided within the airfoil of the bl ades or vanes, which are supplied in
operation with pressurised cooling air derived fromthe conpressor part of
the gas turbine. Usually, the cooling ducts have the convoluted formof a

serpentine, so that there is one ling fluid or cooling air
passi ng through the airfoil in aléég\#ﬁ%lg&gnd opposite directions.

20However, such a convol uted passageway necessarily requires bends, which
give rise to pressure | osses without heat transfer. Furthernore, as there
is only one flow of cooling fluid, it is difficult to adapt this flowto
the vasi ous cooling requi renmentFilexi tié myeatiodi fferent | ocations of the
airfoil. 25To achieve nore flexibility in the cooling of the airfoil, it
has been al ready proposed (US-B2-6,874,992) to provide the airfoil with a

plurality Tok esdn MY cPRSSIREAR tieorNies bk taotebihe s tidk taael ibges urpmesages
fiongn(i n%euum ., frnvhaS0 towards the tip region of the blade and a
plurality ?Orfjé‘tgdPr‘ihepa@élﬁg]é%OfaQ'%ﬁbT whi ch cooling air flows fromthe tip

towards the base region of the blade, whereby at 30l east sone of said inlet
and r%%urn passages being connected by a comon

Background of the Invention

It is common practice to provide blades or vanes of gas turbines with some form of
cooling in order to withstand the high temperatures of the hot gases flowing

15 through such turbines. Typically, cooling ducts are provided within the airfoil of the
blades or vanes, which are supplied in operation with pressurised cooling air
derived from the compressor part of the gas turbine. Usually, the cooling ducts
have the convoluted form of a serpentine, so that there is cne flow of cooling fluid
or cooling air passing through the airfoil in aiternating and opposite directions,

20  However, such a convoluted passageway necessarily requires bends, which give
rise to pressure losses without heat transfer. Furthermore, as there is only one
flow of cooling fluid, it is difficult to adapt this flow to the various cooling
requirements existing at different locations of the airfoil.

25 To achieve more flexibility in the cooling of the airfoil, it has been already proposed
(US-B2-6,874,992) to provide the airfoit with a plurality of cooling passages
conmprisivia A plurality of indet passages along which cooling air flows from {he base
towards the tip region of the blade and a plurality of return passages along which
cooling air flows from the tip towards the base region of the biade, whereby at

30 least some of said inlet and relurn passages being connected by a common

chamber located within the tip region of the blade.



chanber | ocated within the tip region of the blade. WD

2010/ 108879PCT/ E1) 2010/ 053670 2 However, as these known cool i ng passages
are in fluid communi cation with each other by nmeans of said commobn chanber
| ocated within the tip region of the blade, it is still difficult to adjust
the indi vifa""AH8E f1 ows of cooling fluid flowing t hFELFR2YNES3Sr i ous
cool i ng passages. 5 Another problem which is related to the supply of the
cooling fluid through the root of the blade or vane, may be expl ained with
reference to Fig. 1-3: According to Fig. 1 a blade 10 of a gas turbine
conpr i ses H@weaet, fgithespknaivnicoaling phesade s greiddkidlGoramdnigatarawith rgeledge  16.

The airfoi ] i i I I etween a
over endush Y TEERET B Do ERghbolabaRa RN B R B P T o b T, "ol are
root 12 i ¢ ipsioitdied! foordjbgitnginghicdishedss doas gf omtieg 3id flovang ttroughll of sai d
gas turbinge, A haol | b ore 18 is arranged wthin said airfoil 14 and
ext ends aﬂ%ﬂ&ﬁpﬁchgﬁg¥#%%§W%i axis X between said blade root 12 and said
15bl ade tip 1. The bl ade core 18 is provided for the flow of a cooling
fluid, which enters said blade core 18 through a hlade inlet 20 at said

bl ade’ r ool R eE el hieBit el g sty of g & o eton i Guke hot e
(not shownf ihe Brdb orflvand) maly teadxgiamadeitt iferbhee hEigcogting fluid (cooling
air) is supplied by means of a rotor bore 19, which runs through the rotor
11 and is in fluid communication with said bl ade inlet 2020 of said bl ade

10. As shawBoidihghbFig. 1 a biGle DT R &l danuMind Snpriearanoni@l 1Pwits 2l i gned with
the bl ade orjentation, i tudi nal axis X. A uni que passage

.e. the |
snmoot APy ¢3sknG eifeel’ %rl"dea fﬂawﬁﬂ ;ﬂggggeﬁ@ Aol 1 4 sxtende oy diEngiedinrict

further ahg; i I r ea/ f the rotor
bore exi tgglé% %g?acl:dﬁb?gggywﬁr%%ge?égﬁ\gﬁyﬁem?%{@ @Sz.oﬁg];ﬁ@tﬁ)ﬁ\ger%ngﬁ, which is

race- t r acRaishaaheib4, grldady fooen 1t provigladifergpaing altanbed (GAINIOGVEGD 0500 Fig 3 ne
o <o SRE R oo BRORABHENRAR)IN oL Rote b it geatlgl o

14 and extends along the longitudinal axis X between said blade root 12 and said

15 blade tip 1. The blade core 18 is provided for the flow of a cooling fluid, which

enters said blade core 18 through a blade inlet 20 at said blade root 12 and exits

said blade core 18 through at least one dust hole (not shown in Fig. 1, 2) at said

blade tip 15. The cooling fluid (cooling air) is supplied by means of a rotor bore 19,

which runs through the rotor 11 and is in fluid communication with said blade inlet

20 20 of said blade 10.

As shown in Fig. 1, the direction of the rotor bore 19 is aligned with the blade
orientation, i.e. the longitudinal axis X. A unique passage smoothly distributes the
flow all over the cross section of the duct further above the blade inlet 20.

25 However, the area/shape of the rotor bore exit 19, which is cylindrical, and the inlet
20 of the blade, which is race-track shaped, are different, leading to a non-

coniinuous miorfans (see Fig. 3 me commaen area 15 shaded)

The consequences of this design are:
30 (a) The fiow accelerates through the relatively small common area belween the
exit of the rotor bore 18 and the blade inlet 20. This produces flow

separation near the blade inlet 20, leading to local low values of the internal



exit of the rotor bore 19 and the blade inlet 20. This produces flow
separation near the blade inlet 20, leading to |local |ow values of the
internal WD 20101108879PC17E1' 2010/ 053670 3 heat transfer coefficient. Hot
nmetal tenperature regions may be detected further downstream of the bl ade.
I n addi ti oKO 241Hé"8Pessure | oss is increased. (b) The SFFERIAIPBHof the
rotor bore 19 is not flexible. If posidioned inclined with respect to the
bl ade (see rotor bore 19" in Fig. 2), the flow separation area 5 gets
expanded and the situation worsens. This is particularly critical if the

fl ow separ at i ohezdrmmstx reaftisicab oioe e témperatudée segeer mpy at fdetantdB of t he

bl ade 10 (Fig. . i hce fl ow, does. no Ltar hei ght
far enough f rom%%wﬁre&@%%%ee "ﬁPTteqqgf’éfG%h@ %‘gcﬁté"%cg%eg@%‘s%é ilc%sg%ggr%aglegw t he

i nner di anet (el Tht atigontoril6li8e rdibebekoircds nbhileildenf pegiticadedoncidedsvithot al | ow
to having a multi-pass, design. Description of ipvention. 15 It is
therefore an oEﬁsgggil%Zh%glsafj%reasqenr\?zcﬁtq%%,18t”8%k9r%gﬁ%ﬂgwé‘ggarlamrﬁ)??? with a
cool edsbl ade, yhis@pahdanend v sausliexivblsengagiigie panturalicngeafif thbe cool i ng
passages, and ﬁs\ﬁem ally all ows f(gqr a nmujti-pass design 20Th|fs obj ective
i s achi eved by'? éeﬂ%rég‘é? EYHREBTCH AP VESNE H@%H@F%%ﬁ@%w Hartheof claim
1, i.e. a rotopgbere (Fg.pyovided with a diffuser-shaped rotor bore exit,

such that the cross section area of the rotor bore exit at the interface
bet ween r ot of) BBICE thdHowdaas NPHILUNERRHR 19 Adeighbias cagegh BamdPea of the

blade inlet. 25@@@%9@2‘@nb%éﬂ%%a%rﬂéoﬁdsﬁmbg%fgll&mhﬁeiirﬁ\?’e@@ér@é‘cer B er face

plenumis provided at the interface of sai ade inlet and said rotor bore
exit B8l ween t A8 Darelons, <pip saefigiration doestnotallew b bapnes nuli-Paste O sair
i.liflace-root aé&ﬁﬁ’ﬁ ving rotor

Description of the invention
15
It is therefore an objective of the invention, to provide a gas turbine with a cooled
blade, which allows for a flexible design and rating of the cooling passages, and
especially allows for a multi-pass design.

20  This objective is achieved by the measures according to the characterizing part of
claim 1, i.e. a rotor bore is provided with a diffuser-shaped rotor bore exit, such
that the cross section area of the rotor bore exit at the interface between rotor bore

and blade inlet covers the cross section area of the blade inlet.

25  According lo one embodiment of the invention, an interface plenum is provided at
the interface of said blade inlel and said rotor bore exil between the botiom
surface of sald bade oot and the unner surface of sad DIRda-ro0kraceving rofor
groove, said interface plenum being designed to have a plenum bleed of cooling
fiuid to the outside of the blade root at the leading edge side or traling edge side.

3¢ Advantageously, said blade rooi has a blade roofl height h in fongitudinal direction,
and said interface plenum has a plenum gap & with a ratio 6/h of 0.02 = &/h < 0.05,
and preferably 8/h = 0.03.



groove, said interface plenum being designed to have a pl enum bl eed of
cooling fluid to the outside of the blade root at the |eading edge side or
trailing edge side. 30 Advantageously, said blade root has a bl ade root
height h in longitudinal direction, and said interface plenumhas a plenum
gap 6 withVa2H849887%/ h of 0.02 s: 6/h s: 0.05, and pr&F&FEHIYYEPR 0.03. WO
2010/ 108879PCDEP2010/ 053670 4 Accordi ng to anot her enbodi nent of the
invention, said blade core is split into a plurality of parallel cooling
fluid ducts, wherein each of said cooling fluid ducts is in fluid

conmmuni catAcoording o mtf@rbhﬂ:@eﬁimeﬂt@f tl’@hdvmais:nasedkﬁlbtadh@b@ latspgaint &l ade tip,

wherein a pl ural tendln not rdl rall el
webs is 5;5) 9“%811[3%&?%(380{1%@‘1% %B‘? rlf%arCh USISF@th§E&§§$§dHF§d§%core into
sai d pl ur dluictgonefiucioatdnngitf $aid dlaﬂhcmlst arahichavh dugiho)e étoaamainiadpusbm zed
cooling of said blad 0SS _section. ar egueg an i ndi vi dual

Cool i g 2 iRt agudtafiy o ool e T RSB Al I M Grs 1 ) o

cool i ng flpdbiddtietisin sAdMARdAgRo UG 3plitingistid mglcue/t@l@amo@amu@m/tafon ar eas
and/ or said |nd|V| dual cooling fluid mass f| ows of 10§gag cooling fluid

ducts ar e “BEYM WiF EHFt aEbyperaie B @NriPi2est 599N RbE4 fbBdi ment of the

i nventi on,n@@kGhl e RrscbfdRaleh @ﬂ'drﬂMéﬂvbﬂu@p&icﬂlh@ﬂ@l@ mhassFloaisal plane with
respect to said |ongitudinal axis of said blade, wherein the angle 13 of

devi at i on A58P&iRIEH R ech of SRIATYyality 9f ceeling fiu&]@;q%&qygptagg@%slnﬁa@ in the
range 0< it 31439 cr@Rd:dRi&H gFe%QlaY]der3@%3:‘1&@?88&%3‘0[}99 fiQa phdsklro@airher

enbodi nent of the i1nvention, said fuser-shaped Totor bore exit has a

di ffusér sagl @Démgﬁblﬁs:it@taarrg egtiatwWighimAadgods al and az The diffuser can be
symmetrical, for exanple al = 11 and a 2 = 11 , or non-symetrical as
20def i ned by al and a 2. According to this the angular aperture of the both
angl es carfdserdmoptoadtill BinoBer amiodiBna@R obihe3nvention, said rotor bore is obliquely

positioned in a axial plane with respect to said longitudinal axis of said blade,
wherein the angle 3 of deviation between said rotor bore and said longitudinal axis
15 isinthe range 0° < IBl < 30° and preferably B = 13°.

According to still another embodiment of the invention, said diffuser-shaped rotor
bore exit has a diffuser angle a, consisting of the angles ay and a, The diffuser
can be symmetrical, for example ay = 11°and oz = 11°, or non-symmetrical as

20 defined by a4 and ¢ According to this the anguiar aperture of the both angles can
be7°sa;=13% and 7°s ap £ 13°

According to still another embodiment of the invention, said blade root has a blade
root height h in longitudinal direction, said blade inlet has a maximum width w, and
25 the ratio h/iw is 2.0 = h/w < 3.5, preferably h/w = 2.5,

Brief Degcription of the Drawings
30 The subject malier of the invenlion will be explained in more detait in the lollowing

text with reference to preferred exemplary embodiments, which are iflustraled in

the attached drawings, in which:



According to still another enbodi ment of the invention, said blade root has
a bl ade root height h in longitudinal direction, said blade inlet has a
maxi rum wi dth w, and 25the ratio h/wis 2.0 5 h/w 3.5, preferably h/w =
2.5. Brief Description of The Drawi ngs 30The subject matter of the

i nvention le‘i””/lﬂ%‘gg’xpl ained in nore detail in the fol FEWMRY &7 t h
reference to preferred exenplary enbodi nents, which are illustrated in the
attached drawi ngs, in which: WD 2010/ 108879PCT/ EP2010/ 053670 5 Fi g. lshows
a side view of a cooled rotor blade according to a first enbodi mrent of a
previ ous Bligade with shovwagi sidriviaaldiva w@etashdiandladstapcoisinetp &fisy. 2shows a

side view of a coole I I - : ipent of a
previ ous blade with ar?q%{)ﬁf]aﬁeﬁ%e%%ﬁg% glgag(\)r\%tﬁraaigﬁggﬁﬂgllg@%gﬁo t he

m smat ch bet ween t he root dnrehore exit and the blade 10inlet in a previous
bl ade according to Fig. 1 or 2; Fig. 4shows a side view of a cooled rotor
bl ade according to an enbodi nent of the invention with an obliquely
oriented rrod.@r bore cowpsisssitgviawdisfsf ctstrd whapedier axicordidipives exddnd 15 Fi g.

sshous in aside view g detall of, L bl ade hhp, o688 28,2858l "9

embodiment of a previou
bore;
Fig. 3 shows the mismatch between the rotor bore exit and the blade
10 inlet in a previous blade according to Fig. 1 or 2;
Fig. 4 shows a side view of a cooled rotor blade according to an

embodiment of the invention with an obliquely criented rotor bore
comprising a diffuser-shaped rotor bore exit;
15
Fig. 5 shows in a side view a detail of the blade tip of a blade according
to a second embodiment of the invention wit a piurality of

individually adjustable parailel cooling ducts;

20  Fig. Ba Flow cross section of Fig. 5 and

Fig. 6 shows in a side view a detail of the blade root of the blade
according to Fig. 5 with an bleeding interface plenum at the
interface between the blade root and the bottom of the root-

25 receiving rotor groove, including a focusing figure of the diffuser

with the both angles gy and a,.

Detalled Descripiion of the preferred Embodimenis
30
According to the inveniion several measures are taken {Fig. 4-6), that substantially

contribute o solve the problems/limitations described above:



to a second enbodi mrent of the invention wit a plurality of individually

adj ust abl e parallel cooling ducts; 20Fi g. 5aFl ow cross section of Fig. 5
and Fig. 6shows in a side view a detail of the blade root of the bl ade
according to Fig. 5 with an bleeding interface plenumat the interface

bet ween t HEOBYEA®S oot and the bottom of the root- 25F&EEFHIAYSHFBt or
groove, including a focusing figure ofgthe diffuser wiwth the both angl es at
and a2. Detailed Description of the preferred Enbodi nents 30 WO

2010/ 108879PC17EL1' 2010/ 053670 6 (a) An interface plenum 28 (Fig. 6) is
creat ed undefandatiftetfaes pleade danFet. 626 wéatebenbéadeti30e bladedalet By oSome gap 5
bet ween t he ro ar Sy rface in the ro or oove 23 and .the bottom
surface of thel'll AHEE POY e Molesids o b e thRreEr G ROrheS ol °Th.

5(b) The rot or rhior goexs 23 24ditlse e kedaos dfhhablidt frosie?; staped Hyabai cal )
form extendi ng_over the whole width w of the blade inlet 20. (c) A part of
the cooling £1 0ides P mﬁﬁgmééﬁveniently bled fromthe |eading edge side (17)

or traisl i ng @igee s EOxitOl it hevdrked it 2l Bfuse?8hapdd@ohidat) heni nt er f ace
pl enum 28 and the diffuser-shaped rotor bore exit 24 acting to decelerate

the cooling fl ﬁ?‘@”@'ﬁ@\ﬁvﬁhwet‘@%@d’“&%“ﬂf the BlsgetHet 2thol e wi dth w of the

bl ade inlet 204 @@ofhh@@%m@ ffuhcpmsvt rs%anwﬁaehw SB& &6 mbw&b%
supports thls task (especi al%?gJ @ 1e rotor bore 23 is inclined 15The
e

benefits of thEgedbhrrgiaiig 6) of the plenum slot (28).

10 Both the interface plenum 28 and the diffuser-shaped rotor bore exit 24 acting to
decelerate the cooling fluid flow and to extend it along the whole width w of the
blade inlet 20. The bleeding flow from the interface plenum slot 28 supports this
task (especially if the rotor bore 23 is inclined).

15 The benefits of this configuration are:

{a) By the time the coolant reaches the inlet section of the blade 10, flow
conditions are quite even all over the cross-section of the blade inlet 20.
The coolant is therefore better distributed across the entire cross-section of
the blade 30, mitigating or cancelling the presence of flow separation {Fig.

20 4). If flow separation still exists, it is confined weli below the inner diameter
ptatform 13 anyway, even for quite short shanks.

(b) Inlet pressure losses are reduced.

(¢} The stream manages to quickly adapt to the orientation of the blade 10
regardless of the feed direction of the rotor bore 23. As a consequence, the

25 invention allows inclining the rotor bore 23 feeding the blade 10 if the rotor
design reqguires so (Fig. 4).

{:“5:'\. Forther as e feecd conlant concdilions are airos acty x‘mw‘ ey affeies rihy
below the inner diameter platform 13, the invention allows the introduction
of webs 25, 26 tor a multi-pass cooling design with independent passages

30 {blade 30 in Fig. b, 6). In particular, a 3-pass design with two webs 25, 26
andg three parallet ducis 27a, 27b and 27¢ is chosen as best compromise
between cooling effectiveness and weight. Such a design is more effective

than the current unique passage design, because it aliows a better control



(a) By the time the cool ant reaches the inlet section of the blade 10, flow
conditions are quite even all over the cross-section of the blade inlet 20.
The coolant is therefore better distributed across the entire cross-section
of the blade 30, mtigating or cancelling the presence of flow separation
(Fig. 204)WOP#IofiessT8 separation still exists, it is coRfIHEH HEIP0bel ow t he
i nner dianmeter platform 13 anyway, even for quite short shanks. (b) Inlet
pressure | osses are reduced. (c) The stream nanages to quickly adapt to the
orientation of the blade 10 regardl ess of the feed direction of the rotor
bore 23. As a cobhihedoget ness fiolven 2 onneedmsdivoaph dwsentine tonei segtiomédr ot or bore
23 feeding the. blade 10.if the rotor design r.equires._so.fFi .

F T naror 1 e Beoedtioh s Aair ses hugt aedenind W RZ3, R 8125 1 ows the
i ngr odugt i on otiomehsth Zigst r%lﬁe%msélgonmldiithaotaaée gpcDBi(ﬁga gesvgat m’etHTEdeS

i ndependent passages ade in Fig. 5, .6). | rtjcular, a 3-pass
st o i th T aBbUCEs: 35 Whiks Giba wiree sk danseretSy sheSkEidgg 276 s
chosensas best ;g@9pr &idited QR Weahiat Rahk RebBfde@tdi eNesssshny deiyaht . Such a
design is nore effective than the current uni que passage design, because it

all ows a bett ePlaggiFid if (gOUBeA.0/ 108879PCT/ EP2010/ 053670 7 of the | ocal

mass flow m e ¥ heABts MediBheY aPotd 8 e@Rhn J RGN B R htlE @Rarddh/reHagigaont r ol - of
the flow split through each of the ducts a, 27b and 27c 1s doné with dust

hol es position8dthgtbladfe bl ade tip 15 (see arrows at the blade tip in Fig.
5), which can be size-custom zed i ndependently. This design 5adds in
addition cold material to the cross-section to successfully carry a bl ade

shroud®i f hosgoiopgthizedegooing obibask pass ada G Medgabdvan adyidwahagesd with very
little Chas%gﬁcér{ 5%35A19ﬂ2,0,ﬁ{3 ér!?:earpaln@ﬂﬁiual cooling fluid mass flow my, Mg, M3 is

associated with each of ducts 27a, 27b, 27c. Favourably, the individual cross

section areas Ay, Az, Az and/or the individual cooling fiuid mass flows my, ma, m; of

the ducts 27a, 27b, 27¢ are chosen to be equal with each other within + 25%.

15
Furthermore it is advantageous that the rotor bore 23 is obliguely positioned in a
axial plane with respect to the longitudinal axis X of the blade 10, 30, whereby the
angle 3 of deviation between the rotor bore 23 and the longitudinal axis X is in the
range 0° < IR < 30°, Preferably, 8§ = 13°

20

It is also advantageous, that the diffuser-shaped rotor bore exit 24 has a diffuser
angles ay and gz, The diffuser can be symmetrical, for example oy = 11°and a; =
11°, or non-symmetrical as defined by ay and a, According to this the angular
aperture of the both angles can be

25 75y £13°% and7°s g s 13°

Pratorably the biagde ronl 12 hae a biade roat hewght v in longitucinagt direction, and
the interface plenum 28 has a plenum gap &, such that the ratio &/h is in the range
of 0.02 < d/h £ 0.05, and preterably &/h = 0.03. This leads 1o a pienum bieed How

30 my, which is a fixed part of the cooling supply flow m. with a ratio of my/ mg = 0.2 &
20%.



10For an optim zed cooling of the 3-pass blade 30 in Fig. 5 6 an

i ndi vidual cross section area Al, Az, A3 and an individual cooling fluid
mass flow m, n2, nB is associated with each of ducts 27a, 27b, 27c.
Favourably, the individual cross section areas Al, Az, A3 and/or the

i ndi vi dualWeaoniltig’f | uid mass flows ml, n2, nB of the P§EEFEIPYBE7R27h, 27c
are chosen to be equal with each othergwthin 25% 15 Furthernore it is
advant ageous that the rotor bore 23 is obliquely positioned in a axi al

pl ane with respect to the longitudinal axis X of the blade 10, 30, whereby
t he angl e Flduligf thdevadt ioon1datyeemdeheocr indignt Hianendk3ddmatditdeéoh cargi thadi nal
axis X is in the nge 0<1131 300, Preferabl 3.=.13. 20 It is also
advant agedifde 'f“r?éégﬂq%é acﬂ‘?’f'W’s’g}w’éjﬁhﬂe@“f%?cfﬁg%gl/}’ve“e&f’?hezrﬁfmﬁgsa'gsa?‘?'f user
angl es al samd, ard iEheeferdiiysr=gan be symetrical, for exanple al = lland az
= 11, or non-symetrical as defined by al and a2 According to this the
angul ar aperture of the both angles can be 2575. al 5..13, and 75. az 5.
13. ro@ 1l-ieviht hion.cuttionalcl (G the interface plenum 28 has a pl enum
gap 6, such that the ratio 6/h is in the range of 0.02 5_6/h 5.7.: 0.05,
and preferably 6/h --i-- 0.03. This leads to a plenum bl eed fl ow 30nb,
which is a fixed part of the cooling supply flowrm; with a ratio of ms/
mn , 0.2 20% WD 2010/108879PC1/ EP20 10/053670 8 Finally, the bl ade root
12 has a bl ade root height h in longitudinal direction, and the bl ade inl et
20 has a maximumw dth w, and the ratio h/wlies in the range 2.0 h/w 3.5,
and is preferably h/w= 2.5 WD 2010/ 108879PCT/ EP2010/ 053670



9 LI ST OF REFERENCE NUMERALS 10, 30Bl ade (gas turbine) 11Rotor 512Bl ade root
13Pl atform (i nner dianeter) 14Airfoil 15Blade tip 16Trailing edge

1017Leadi ng edge 18Bl ade core 19, 19, 23Rotor bore 20Bl ade inlet 21Pressure
si de 1522Suction side 24Rotor bore exit (diffuser shaped) 25, 26Web

27a, b, c DUCvO 2010/108879 PCT/EP20106/053670

9

LIST OF REFERENCE NUMERALS

10,30 Bilade (gas turbine)
11 Rotor
5 12 Blade root

13 Platform {inner diameter)
14 Airfol
15 Blade tip
16 Trailing edge

10 17 Leading edge
18 Blade core
19,1923 Rotor bore
20 Blade intet
21 Pressure side

15 22 Suction side
24 Rotor bore exit (diffuser shaped)
25,26 Web
27a,b,c Duct
28 Interface plenum

20 29 Plenum bleed
31 Rotor groove
a Diffuser angle made up of ay and oy
04, Uz Diffuser angles
B Angle of deviation

25 8 Plenum gap
h Biade root height

BAmvimm wiclth

X Longitudinal axis
Aq A A Cross section area

300 My, Ma Nty Mass flow
m, Plenum bleed flow

My Cooling supptly flow



28I nterface plenum 20 29PI enum bl eed 31Rot or groove abDi ffuser angle nmade up
of al and az at azDiffuser angles Angle of deviation 25 6Pl enum gap Bl ade
root hei ght mum -33din XLongitudinal axis A , A2, A3Cross section area 30
non2, nBvass fl ow muPl enum bl eed fl ow nf Cooling supply flow 10 Cainms 1.Gas
turbine with a rotor and a bl ade being!tattached to said rotor, wherein

Clabms

1. Gas turbine with a rotor and a blade being attached to said rotor, wherein
said blade comprises an airfoil with a leading edge and a trailing edge
5 extending along a longitudinal axis of said blade between a lower end and a

blade lip, a blade root at the lower end of said airfoil provided for being
removably received by a groove in said rotor, and a hollow blade core
arranged within said airfoil and extending along the longitudinat axis
between said blade root and said blade tip, said blade core being provided

10 for the flow of a cooling fluid, which enters said blade core through a blade
inlet at said blade root and exits said blade core through at least one dust
hole at said blade tip, and is supplied by means of a rotor bore, which runs
through the rotor and is in fluid communication with said blade inlet of said
blade, whereby said blade inlet has a cross section area which exceeds the

15 cross seclion area of said rotor bore in at least one direction, wherein said
rotor bore is provided with a diffuser-shaped rotor bore exit, such that the
cross section area of the rotor bore exit at the interface between rotor bore
and blade inlet covers the cross section area of the blade inlet,
wherein an interface plenum is provided at the interface of said blade inlet

20 and said rotor bore exit between the bottom surface of said blade root and
the upper surface of said blade-root-receiving rotor groove and said
interface plenum is designed to have a plenum bleed of cooling fluid to the

outside of the blade root at the leading edge side or trailing edge side.

25 2. Gas turbine according to claim 1, characterized in that said blade core is
split into a plurality of parallel cooling Tluid ducts, wherein each of said
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number of dust holes at said blade tip.

a0 4 Gas turbine according to claim 2, characterized in that each cooling fluid

ducts has at least a dust hole at said blade iip.



said bl ade conprises an airfoil wth a |leading edge and a trailing edge
S5extendi ng along a longitudinal axis of said blade between a | ower end and
a blade tip, a blade root at the |Iower end of said airfoil provided for
bei ng renovably received by a groove in said rotor, and a hol |l ow bl ade core
arranged within said airfoil and extendjng along the Iongitudinal axis

bet ween sai d bl ade root and said blade tip, said blade core being provided
10 for the flow of a cooling fluid, which enters said bl ade core through a
bl ade inl et at-saj I . X i ; h at | east
one dust hole %%@Lugp%e%]%gaéﬁﬁé E)(?Elgﬁﬁzi’ éﬁ%:ﬁa%{peﬁzgg%gﬁn %@g;ég,}wggr otor bore,
whi ch runs t hnewghudifelyrateidiangaisicl webé is grovafetunitivatsaghbladeltosaifer bl ade
inlet of said blade, whereby said bl ade iqjet hﬁg_a FK%ES section area

whi ch exceeds SPHEINgS@® Bladecars dHo £PELPIYFAlERPHCOBIGMUSPECEN at | east one
direction, wherein said rotor bore is provided with a diffuser-shaped rotor
bore exit, such that the cross section area of the rotor bore exit at the

i nt er Baces.bet eenturbineradcordingiwobé aflthd clhists 2w &r shatasiarizeddn dealt fon ar ea

of the blade inlet, whereip an,interface plenum.i royvid

interface of <A WHBNZEE CRIY OE@@HE)[%‘%=@W'B&Hf%&ﬁ%\%ecﬁ{%s géejrtt@)/t@eén%? %ot t om
surface of saidf BLRARH 28bIRINuE MBasPRAN |SHEdRRc@fwiBRdabh of said pluralily

bl ade-root-recelving rotor groove and said interface plenumis designed to
have a pl enumdilceetingfluidabldishg fluid to the outside of the blade root at
the | eading edge side or trailing edge side. 252. Gas turbine according to
claim1, characterized in that said blade core is split into a plurality of

par alfpel @ool imgs filrbind AeetSnWheERim BabhrafiekaidinGbly, heifpw cross
iiLiilSilUdikactt. nunber of dust holes at said bl g'deﬁh,t ir%. %8? Gas turbine
accordi ng to cleslianaresivar arassricsdandlpreRA’ PESERITYNNG G TAY Yuct s has at

| east a dust 'b?#eecti% o?i’r.\edﬂ&}vade tip. 11

7. Gas turbine according to one of the claims 1 to 6, characterized in that said
15 rotor bore is obliquely positioned in an axial plane with respect to said

longitudinal axis of said blade.

8. Gas turbine according to claim 7, characterized in that the angle {3 of
deviation between said rotor bore and said longitudinal axis is in the range
20 0° < IRl = 30°, and preferably p = 13°.
9. Gas turbine according to one of the claims 1 to 8, characterized in that said

diffuser-shaped rotor bore exit has a diffuser angles (a1, 0z ), whereas the
diffuser is symmetric or non symmetric, with an angular aperture of the both

angles of 790, £138°%, and 7° £ ap = 13°,

oh

.
Q

Gas turbine according to claim 1, characterized in that said blade root has a
blade root height h in fongitudinal direction, and said interface pienum has a
plesium gap & with a ratio 8/h of 0.02 = 8/h = 0.05, and preferably o/h =

30 (0.03.



Gas turbine according to claim?2, characterized in that a plurality of

| ongitudinally extending parallel webs is provided within said blade core
for splitting said blade core into said plurality of cooling fluid ducts.
Gas turbine according to one of the clains 2 to 4, characterized in that,
for an optim zed cooling of said bladejsan individual flow cross section
area and an individual cooling fluid nmass flow is associated with each of
said plurality of cooling fluid ducts. Gas turbine according to claimS5,

characteriged g4y ﬁﬁ@heté&@ofds@g\ft&b@%f SRALAIAE RESA0] Shatatle@ssd segidtonal area
of passage which is nornmal to direction of the flow. Gas turbine accordi ng

to one of the seichblage ro0iha®s a@m@af@péhﬁ@étjhﬂfm'qn@&ﬂd%@ﬂ dire@icr. spisty lRlafie
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the angle {3 of deviation between said rotor bore and sai d | ongi tudi nal
axis is |n the range Oc 1131 5. 30, and preferably (? G@s t ur bi ne
accor i ngito &irs wrbippacepaling torcletn 8, Cﬁ@fﬁﬁﬁ%tz@ﬁjl”ié’?ﬁtls@* Isvidigl gross

di f fuser- Shap%gcfu% QFeéioérﬁ:l/SF(ééld ﬁ:ﬁvuaugf éJdﬁﬁ%Wlu?d“%a%% oS of @4d boolMIpr eas
the diffuser is symretric or non synmet th an angul ar aperture of the
bot h angl es 0ﬁuKid&ﬂabni%duabmmhﬁ-+2§% 07< 13 Gas turbine, according to
claim1l1, characterized in that said bl ade root has a bl ade root hei ght h in
| ongi tudi nal direction, and said interface plenumhas a plenumgap 6 with a
ratio 6/h of 0.02 5, 6/h 0.05, and preferably 6/h = 300.03. 12 11. Gas
turbi ne according to one of the clains 1 to 10, characterized in that said
bl ade root has a blade root height h in |ongitudinal direction, said blade
inlet has a width w, and the ratio h/wis 2.0 5 h/wb5 3.5, preferably h/w =
2.5. 512. Gas turbine according to claim5, characterized in that said

i ndi vidual cross section areas and/or said individual cooling fluid mass
flows of said cooling fluid ducts are equal within 25%



