GAS TURBINE Field of the Invention The present invention lies in the filed
of gas turbines. It is related to gas turbines according to the preanble of
claiml. Bockgrossyd of the Invention It is comobn practipce/ErRo1ps3shae

bl ades or vanes of gas turbines with some formof cooling in order to

wi t hstand the high tenperatures of the 1hot gases flow ng through 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

cool ing ducts have the convol ut eddms MUBBINEBEr pentine, so that there is
one flow of cooling fluid or cooling air passing through the airfoil in
alternating and opposite directions. However, such a convol uted passageway
necessarily requires bends, which give rise to pressure |osses w thout heat
transfer. Furthernore, as there is only one flow of cooling fluid, it is
diffigult to adapt this flow t Fielkkotthd Biventiopl i Ng requi renents exi sting
at different locations of the airfoil. To achieve nore flexibility in the
cooling of the airfoil, it has been already proposed (US-B2-6,874,992) to
provi de t ' I | : | i Y a
bl ur i ty i earoy ndhich edtihd e ofhec fivhag RRERARES SRR 2
t owar ds tdeeotdimg teethieqreamibidef blaadd.and a plurality of return passages

al ong which cooling air flows fromthe tip towards the base region of the
bl ade, whereby at |east some of said inlet and return passages being
connggted by a common chanber |ocated within the tip region of the

bl ade. However, as these known cooling passages are in fluid conmunication
wi th each 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 one flow of cooling fluid
or cooling air passing through the airfoil in alternating 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 airfoil with a plurality of cooling passages
comprising a plurality of inlet passages along which cooling air flows from the 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 blade, whereby at

30 least some of said inlet and return passages being connected by a common
chamber located within the tip region of the blade.



ot her by nmeans of said conmon chanber |ocated within the tip region of the
blade, it is still difficult to adjust the individual mass fl ows of cooling
fluid fl owbngiciosgragh t he various cool i ng passages. Anotrh@mEppsiobsmm which
is related to the supply of the cooling fluid through the root of the bl ade
or vane, may be explained wwth reference to Fig. 1-3: According to Fig. 1 a
bl ade 10 of a gas turbine conprises an airfoil 14 with a |eading edge 17

and a trailing ed 16., The airfail 14 extends,along a |lo |tu na axis X
of sai d DI et nie oML FOURg Rasageh P iy P upica Bnd of

sai d ai rfophér ByAmeanbloadaid srhmbA dhanitsebetadd fvathik eiadp ?égjl@ﬁbﬁﬂwet Badedr oove
3 1inarotor 11 of said gas turbine. A hollow blade core 18 is arranged

wi t hi n séliig sl eifteult tp4adin@t thgtirgividual mags flrwsddwgptingilvis flawing thiobgtiween
said bl aqﬁe(/Q%usl%o&fﬁ%fﬁfés%ggeade tip 1. The blade core 18 is provided for

the flo a coo Whi ch enters said blade core 18 through a
bl adesi nl et 20 at sald blade root 12 and exits said blade core 18 through
at | east one dust ho aid bl ade ti

shown in Fig. 1, 2%@ ﬁ 15. The
cool i ng Anat f&?r(QTQBM%gN@PP)'S f%a@ﬁ'ﬂﬁlth%éuﬁl_@)’@éé CB‘P“%Q g daroyghd & §00hahi ch
runs thr%@?h?sg% ebcﬁé% 1#%% Ihmetjl\/v'i,._kgré?f@@,ﬂé@'tﬁ 0of13 with said bl ade

inlet 20 o own I'n the rectlon of the rotor
bore 19 is aligned with the blade orientation, i.e. the |ongitudinal axis

X. A uni ue sSNoo rlbute theflowall oye he, cross
sect’ on MECORITGILES drd HECEab0bn 0A8 BRIBCTRPEReSEN ARALUAM e
ar eaﬁéhaFPé‘ad?ﬁg bﬂ@eﬁ‘?‘éﬁd BoRirkyedge ¥6. ‘Me 5#’1‘0‘”51 ALC¥ERESE By a @h@lth&ﬁal nl et
20 of the bl ade, "which iIs racetracks aped, are different, leading to a
noncont i rxisuX of isaist lade beseecrFagowsy, enchand criviede Aipekd. it tbehimw)end of

said airfoil 14, a blade root 12 is provided for being attached to a groove 31 in a

rotor 11 of said gas turbine. A hollow blade core 18 is arranged within said airfoil

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-
continuous interface (see Fig. 3, the common area is shaded).

The consequences of this design are:
30 (a) The flow accelerates through the relatively small common area between the
exit of the rotor bore 19 and the blade inlet 20. This produces flow
separation near the blade inlet 20, leading to local low values of the internal



The consequences of this design are: (a) The flow accel erates through the

relatively small comon area between the exit of the rotor bore 19 and the
bl ade i nlwo 280)/108870s produces fl ow separati on near the kpcadeimwiosic’@0,

| eading to |l ocal | ow values of the i nt%rnal heat transfer coefficient. Hot

nmetal tenperature regions may be detected further downstream of the bl ade.
In addition, the pressure loss is increased. (b) The orientation of the

rotor bore 19 is.not flexible  1f posjtioned inclined with respect to the
bl ade (see r ottet Bangler 856 igfapt o lobiielal HaMpPis e paEI bRy praRiE ke
expanded and tflyeh& daididtasaniver fRNBladd NinsadditiRtthé préssuld |odsi it iifdtbasdd.t he
fl ow separati on zone extends above the inner dianeter platform 13 of the

bl ade 10 (Fiky.The)oriqriqtic atetrntoriqasey 1§de sohbexigle: Ifrasitonedupclinedawiiiei ght
far enough fr LAl e |1 hel t he
I nner di anet e?&p{%&ﬁ#@k@é’ﬁl@b@fﬁéﬁ ff&gF g?rétl\ﬁgznc%ﬁf [ ghh%gfévgﬁggggggﬁcﬁ?ygl low to
havi ng a nul t igeiespaeicdiand Drssitugpibhavoreéns. Enis iy paricolarll tcritisaltingyeef or e an
obj ective of the invention, to provide a IEc1;a,s turbine with a cool ed bl ade,
whi ch al | ows flW $eRaraliohEen] esicyds agved ?H?j‘%id'ﬁrﬁét%@dﬂtf%@ b%@&ﬁ'@‘es, and
especial l'y al lpys, ﬁ@rFi@ Q}JI ti-pass design. This objective is achieved by
t he nmeasures accordi rgg to’'the characterizing part of claiml, i.e. a rotor
bore is pro{d) @&dcemhenflav dioes mekgesheifort nptoma Heighd faxenqugtutbmtthat t he
cross section area of the rotor bore exit at the interface between rotor
bor e and bl ad&1948 E1et A0 BPAVERLCR? BE SOSEONEE Pelie e Fneh Siasm aigh PIaviost
Q(r:g\?iﬁgleggat 0 Qe TRERAGHTRME cBhfig(iatibR\HRRE R alléR tb MaQlng?s Tudi-pRYEN | S

design.

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 to one embodiment of the invention, an interface plenum is provided at
the interface of said blade inlet and said rotor bore exit between the bottom
surface of said blade root and the upper surface of said blade-root-receiving rotor
groove, said interface plenum being 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.

30 Advantageously, said blade root has a blade root height h in longitudinal direction,
and said interface plenum has a plenum gap & with a ratio &/h of 0.02 < &/h <0.05,
and preferably &/h = 0.03.



the interface of said blade inlet and said rotor bore exit between the
bottom surface of said blade root and the upper surface of said

bl ade- r oovereneioss7wg rotor groove, said interface plenurchairpgodssizgned to
have a pl enum bl eed of cooling fluid tg the outside of the blade root at
the | eadi ng edge side or trailing edge side. Advantageously, said bl ade
root has a blade root height h in |ongitudinal direction, and sai d
interfac | enum. has pl enum. gap, d th a.ratio d/h. o <. d/h_< 0.05,
e o I SRR B ARR S e rRnt® el s s 05,
sai d bl agguramyefipgarall| icboliny ﬂu@ Rlcs, alhdrgincdadresiaddi@cosiney fline duced @ iduct s,

wherein each of said cooling fluid ducts is in fluid comunication wth
sai d bl adleid epramunicatioaswith gaisliblade ilelanshinas aldugkheleAt saitkbleds . plural ity

of | ongi I ¢ ' i ded

W t hin sé’“ﬁé i %élu?%lrtg%f d?%stnﬁ ta['?%gﬁ%gil od ﬁ?ﬂzé(’aég%fsél V@%"%@Yegfsq urality of
cool i pg fdrwudedwnhm sadmlmb@nen‘or fspllittla@ salel blate edre e saig pmraugx of bl ade,
an individual cross section area and an i ndividual cooling fluid mass fl ow

i s associcRPA0 ﬂpndml&&%rar@twagr% FPLARIOPHINIZAC eI A PRdguat's.
Advant ag gMaI a%lsglsb%ﬁ/? ok 59%@@8%{ EObIRG Hid AR GoueRi d 1 ndivi dual

cool i ng nass OWs 0 cool I'n ucts are equal wthin %
25% Accmsdoagtetd)wsh ieath ah saiceplueatiboo cntmimgcffuid Hectisnhdnantageossly, dsalot or

b bl t d th t t
angi t Y Clg| SoBR Secidh Bleasc ot aNBUaHAcna TS (as eMbrPibet ween

sai 160t Qides AindTHid Blhs! #BUduatiAAln 25591 s 1n the range 0° < bl < S0 *
, and preferably . According to still another enbodi nent of the

i nvention, sai d d| ffuser shaped rotor bore exit has a diffuser angle a,
consi sti f.th 19| n The ser. can_.he net ri cal or
exanpi ¢ AtoBloihq o Hafsingr §iboAmgNThk iEliohz SiaTeRY BORE ¢ Eflauely
positioned in a axial plane with respect to said longitudinal axis of said blade,
wherein the angle B 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 a4 and oz, The diffuser
can be symmetrical, for example a; = 11°and a, = 11°, or non-symmetrical as

20 defined by a4 and a, According to this the angular aperture of the both angles can

be7°<04<13° and 7°< 0, < 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 theratio h/wis 2.0 < h/w < 3.5, preferably h/w = 2.5.

Brief Description of the Drawings
30 The subject matter of the invention will be explained in more detail in the following

text with reference to preferred exemplary embodiments, which are illustrated in
the attached drawings, in which:



defined by a-i and a2 According to this the angul ar aperture of the both
angles can be 7° £ ai < 13°, and 7° < a2 < 13°. According to still another
enbodi renwoahiwiesdnventi on, said bl ade root has a bl adecr@rrolo@smhe h in
| ongi tudi nal direction, said blade inl &f has a maxi umw dth w, and the
ratio h/wis 2.0 < h/w< 3.5, preferabl'’y h/w = 2.5. Brief Description of
the Drawi ngs The subject matter of the invention wll be explained in nore

detail in.the follow text. with referenc o .preferred. exenplary

erbodi metis uhi ch_ arBoMbRueF o A SPRBEl G e BPEERIEES T ch i o
1 shows a side view ehmdiehest 4 piciiold Blelee GBS %H@Eubmaﬂ%fe'xfe&fdi@bom ment
of a previous blade with a longitudinally extending rotor bore; Fig. 2
shows a side view of refoebelfesd rot or bl ade according to a second enbodi ment
of a previous blade with an obliquely oriented rotor bore; Fig. 3 shows the
m smat ch between the rotor bore exit and the blade inlet in a previous

bl adesacdig.ct ng to Fispows aosid@ viewbfla céoirasoreladelacvbremmgpio @seesiced rot or
bl ade according to an enbodi nent of the invention with an obliquely

oriented rotor bore EBRAABPALOLA BIFUQMshladh iR sbiaualhpEeRledrotdti g. 5
shows in a side viewgg.detail of the blade tip of a blade according to a
second enbodi nent of t[’ue’ invention wit a plurality of individually

adj ust abl e parallel cooling ducts; Fig. 5a Flow cross section of Fig. 5 and

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 oriented 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 plurality of
individually adjustable parallel cooling ducts;

20 Fig. 5a 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 ay and a..

Detailed Description of the preferred Embodiments
30
According to the invention several measures are taken (Fig. 4-6), that substantially
contribute to solve the problems/limitations described above:



Fig. 6 shows 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 twe 2bioades7woot and t he bottom of the rootrecei viPog/EPRI100STTOOVE,
including a focusing figure of the diffuser with the both angles c¢c and aZ2.
Det ai | ed Description of the preferred Enbodi nents According to the

I nvention several neasures are taken (Fig. 4-6), that substantially

contribute solve .t he probl Jimtatigns descri abpve:. n

nter face plAdihNETacE RBAER L Tin o s reraReEatiea i SPRME PR 200 of

the bl ade 30 Bye bRRIE IWbF WEiIERBoMeRRINE BB fhet PtorURiRl seHataaetHen the
rotor groove 23 and the bottom surface of the blade root 12, confined by

the fir-tree d&otorgeogyus: 3% and thg pptigresyrtacsrofiibe &lade too242j sonfegskietheni t h a

di f fuser - shaped ., (coui.cal m ext endi ng over the whole wdth w of the
bl ade i nl et Zgﬁitr%%&,&ﬁ%é%tt&g?'the cooling fluid flowis conveniently bled

from she | efy)iThg rettgrebaredit(241ig reworkacavith aglifdse-stiaped((cdtirabforhe pl enum
slot (28). Both the interface plenum 28 and the diffuser-shaped rotor bore

e>r<]i t\M%AfI act | n@}URE BY T HESVRGle VEdE Wi the ma@eflnlakﬁan? to extend it al ong
the wnol e mcgaﬁt‘u%é’l‘h%? tﬁé‘@o@b@%id'ﬂbﬁ/tis%angﬁ]é?@tsg%g:fé@r}h?ﬁ%ﬁi}@@?g{;‘%r bor e

I nterface slot 2 ports thrs task

23 i s inclinedjde (e doénadingtexlgef sidli($6 cafrthe gleratm ciotd®). (a) By the tine

t he 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

ther ghor BliRthE ntesdd pleRLIRI2&8aha%Re HitRISBREhASed FBF b8RCEXIPP4 Bkting 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 well below the inner diameter
platform 13 anyway, even for quite short shanks.

(b) Inlet pressure losses are reduced.

(c) 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 requires so (Fig. 4).

(d) Further, as the feed coolant conditions are already quite uniform sufficiently
below the inner diameter platform 13, the invention allows the introduction
of webs 25, 26 for a multi-pass cooling design with independent passages

30 (blade 30 in Fig. 5, 6). In particular, a 3-pass design with two webs 25, 26
and three parallel ducts 27a, 27b and 27c¢ is chosen as best compromise
between cooling effectiveness and weight. Such a design is more effective
than the current unique passage design, because it allows a better control



the blade 30, mtigating or cancelling the presence of flow separation
(Fig. 4). If flow separation still exists, it is confined well below the

i nner di awetero/pesbf orm 13 anyway, even for quite short pelmapeeooisyo | nl et
pressure | osses are reduced. (c) The sty eam manages to qui ckly adapt to the
orientation of the blade 10 regardl ess of the feed direction of the rotor
bore 23. As a consequence, the invention allows inclining the rotor bore 23

feeding the blade 10 jf the rotor design requi so.(Fig 4).. Furt her,
ns the read oM ocabmacETBHTar g iRy Tatieh dfe iRts titesotoh dfi Iy ber ow
the inner di ampietsoritloriol BieMchd splitftardureshdrost meldusss bhe, 271 andogtion of
webs 25, 26 for a nulti-pass cooling design with independent {)assages

(bl ade 30 i n moge with dyst haleppesitienecat the Hagadip Iheisegrarawnat ihe bade 25,
26 and three r.ald.el-\d £ e S - rom se
bet ween cool i E\E' '@fd@'cﬁ)i %k@s@@%%@f%ﬁ?aggﬂﬁggﬁ]em grtﬁi gnﬁﬁeg?wecti ve
than ghe curr edsumiaddiiopaidortciesitgihe bexsawseetioh taksliovesstullyeddrar a
controlof the |local mass flow mi, n2, and nB through the entire core
section 18. THAMYA ilblEoLKedS | ow split through each of the ducts 27a,

2701 21 i O TR A 0

i ndependent | y.of The bladlesi gn adds in addition cold material to the
cross-section to successfully carry a blade shroud if required. (e) Al
benefits nentioned above are managed with very little change/redesign of

it Egi sibggg:lor?%%@ﬁni%él B oL PRl 3-pesOblddeSBBmPEgSs b6 afandifidual Eicgs 5. 6 an
section area A4, Az, Az and an individual cooling fluid mass flow m4, m,, ms is
associated with each of ducts 27a, 27b, 27c. Favourably, the individual cross
section areas A1, Az, Az and/or the individual cooling fluid mass flows m1, mz, ms of

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

15
Furthermore it is advantageous that the rotor bore 23 is obliquely positioned in a
axial plane with respect to the longitudinal axis X of the blade 10, 30, whereby the
angle B of deviation between the rotor bore 23 and the longitudinal axis X is in the
range 0° < IBl £ 30°. Preferably, B = 13°.

20

It is also advantageous, that the diffuser-shaped rotor bore exit 24 has a diffuser
angles a4 and oo, The diffuser can be symmetrical, for example a; = 11°and az =
11°, or non-symmetrical as defined by a; and a,. According to this the angular
aperture of the both angles can be

25 7°<qay<13°%and7°<a,<13°

Preferably, the blade root 12 has a blade root height h in longitudinal direction, and
the interface plenum 28 has a plenum gap &, such that the ratio &/h is in the range
of 0.02 £ &/h < 0.05, and preferably &/h = 0.03. This leads to a plenum bleed flow

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



section area Al, A2, A3 and an individual cooling fluid mass flow Im1l, n®,
nB i s associated wth each of ducts 27a, 27b, 27c. Favourably, the

i ndi vi duavoeoosmssiecti on areas A-i, A2, A3 and/or the i pdirwpdualosmool i ng
fluid mass flows mi, n2, nB of the dugts 27a, 27b, 27c are chosen to be
equal with each other within + 25% Furthernore it is advantageous that the
rotor bore 23 is obliquely positioned in a axial plane with respect to the

| ongi tudinal, axis, X of th | ade 1 3Q, reby the angle b .of deyjation
et neen PPNl oBEBa055"2 RS iudde et naltiir iehdfudthd dietiinh. SEE o°° <
I bl < 30blad¥ micrambhas anaxidkdm width v aticsiPeadi@nhadeUusthe taabetdl@ < h/w

di ffuser-shaped rotor bore exit 24 has a diffuser angles a-i and a2 The

di f f user <A, Bed & pigkenalbban/w £@rS.exanpl e a-i = 11° and a2 = 11° , or
non-symetrical as defined by a-i and a2 According to this the angul ar
aperture of the both angles can be 7° ai < 13°, and 7°< a2 < 13°.

Pref epably, the blade root 12 has a bl ade root height h in |ongitudinal
direction, and the interface plenum 28 has a plenumgap d, such that the
ratio d/h is in the range of 0.02 < d/h < 0.05, and preferably d/h = 0.03.
This leads to a plenumbleed flowrtib, which is a fixed part of the
cooling supply flowns with a ratio of nVvnms = 0.2 £ 20% Finally, the bl ade
root 12 has a blade root height h in longitudinal direction, and the bl ade
inlet 20 has a maximumwi dth w, and the ratio h/wlies in the range 2.0 <
h/w < 3.5, and is preferably h/w = 2.5. LI ST OF REFERENCE NUMERALS 10, 30

Bl ade (gas turbine) 11 Rotor 12 Bl ade root



13 Platform (inner diameter) 14 Airfoil 15 Blade tip 16 Trailing edge 17
Leadi ng edge 18 Bl ade core 19,1 9',23 Rotor bore 20 Blade inlet 2 1
Pressur e woae102@ss3uct i on si de 24 Rotor bore exit (diffuper/epbaposic’®s, 26
Wb 27a,b,c Duct 28 Interface plenum 2% Pl enum bl eed 3 1 Rotor groove a
D ffuser angle nmade up of C and a2 (Xi (X2 Diffuser angles b Angle of
deviation d Plenumgap h Bl ade root hei ght W Maxi num wi dt h X Longi t udi nal

axi's LIST OF REFERENCE NUMERALS
10,30 Blade (gas turbine)
11 Rotor
5 12 Blade root
13 Platform (inner diameter)
14 Airfoil
15 Blade tip
16 Trailing edge
10 17 Leading edge
18 Blade core
19,19°,23 Rotor bore
20 Blade inlet
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 a,,
04, Oz Diffuser angles
B Angle of deviation
25 O Plenum gap
h Blade root height
w Maximum width
X Longitudinal axis
A, AzA; Cross section area
30 my,mym; Mass flow
M Plenum bleed flow

My Cooling supply flow



Al A2 A3 Cross section area nb Pl enum bl eed fl ow nms Cool i ng supply
flowClains 1. Gas turbine with a rotor ( 1 1) and a blade ( 1 0, 30) being
attached wo2ssymsg/@otor ( 1 1) , wherein said blade ( 1 @CT3PR01008376 SES an
airfoil ( 14) with a | eading edge ( 17% and a trailing edge ( 16) extending
along a longitudinal axis (X) of said ?ade (30) between a | ower end and a
blade tip ( 1 5), a blade root ( 12) at the lower end of said airfoil ( 14)
provi ded for being renovably recei veﬁjb a groove (31 ) in saidrotor ( 1
1) , and a hollow bl ade core ( 18) a d wthin said airfoil (14) and
extending along the longitudinal axis (X) between said blade root ( 12) and
said blade tip ( 1 5), said blade core bei ng provided for the flow of

a cool i nd-f | uiGBs iHpibA Wit 2 ratos &1 10 andsal |3@@3 @0( 3@B9elﬂ§raé@ghe@t<b5a@e i nl et
(20) at said % 9?1{0%effelé?s)€'oa§ﬂd§)i 653@6@715’ ar?gfrl%ll(ﬂgr)gxﬁlthgowh at

| east one dust at sai 'S sup y nmeans of a

rotorsbore ( ZIBéadlM@edger(Wl)SaridlaQnaﬂmgtdfr%d qtec)rex(enbhrig al@rmg d tbngnuéhhal d
conmmuni cation with said bl ade inl et of said bl ade vvhere sai d bl ade

inlet (20) ASE (0 SR SaiSERBNG 5 Gk BERTICH oW Gadsanch Dladsu ¢ t2SRA% ea of
said rotor b0r§ot(%§ at theabuleP Bl oggglog?mf‘aﬁp@ﬂoroe.g@a%#Sé. '%Qrdo@abi}at said
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char ggt eri zed pefvddiRkaidblbdd BEStAFE) Rh@8HIA blade tip (15), said blade core (18)
being 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 at said blade tip (15), and is
supplied by means of a rotor bore (23), which runs through the rotor (11)
15 and is in fluid communication with said blade inlet (20) of said blade,
whereby said blade inlet (20) has a cross section area which exceeds the
cross section area of said rotor bore (23) in at least one direction,
characterized in that said rotor bore (23) is provided with a diffuser-shaped
rotor bore exit (24), such that the cross section area of the rotor bore exit
20 (24) at the interface between rotor bore (23) and blade inlet (20) covers the

cross section area of the blade inlet (20).

2. Gas turbine according to claim 1, characterized in that an interface plenum

(28) is provided at the interface of said blade inlet (20) and said rotor bore

25 exit (24) between the bottom surface of said blade root (12) and the upper
surface of said blade-root-receiving rotor groove (31).

3. Gas turbine according to claim 2, characterized in that said interface
plenum (28) is designed to have a plenum bleed (29) of cooling fluid to the
30 outside of the blade root (12) at the leading edge side or trailing edge side.

4. Gas turbine according to one of the claims 1 to 3, characterized in that said
blade core (18) is split into a plurality of parallel cooling fluid ducts (27a,



(28) is provided at the interface of said blade inlet (20) and said rotor
bore exit (24) between the bottom surface of said blade root ( 12) and the
upper sunweceelmfissai d bl ade-root-recei ving rotor groovePC3EPL010/083676AS
turbi ne according to claim2, charact eﬁji| zed in that said interface plenum
(28) is designed to have a plenumbleed (29) of cooling fluid to the

out si de of the bl ade root ( 12) at the | eading edge side or traili ng edge
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27b, 27c) is in fluid communication with said blade inlet (20) and has a

nunber of dustsaigbplagedip (3&i-d blade tip ( 1 5). 5. Gas turbine according to
claim4 , characterized in that each cooling fluid ducts (27a, 27b, 27c)
has at |east a dust hole at said blade tip ( 1 5). 6. Gas turbine according
to claims Gwmbuaeiaz:edrdumg tdﬂalhura4pbuaraic'térwedfmItlmtgéatdhotbdmhgmu&i(t endi ng
par al | el webs (25, 26) ovided within said blade core 18) for
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(27a, 27b, 27c). 7. Gas turbine according to claim4 or 5 or 6,
characterized in that, for an optim zed cooling of said blade, an
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cross-secti onal area of ‘passage which 1s nof nal direction of "the flow.
ducts (27a, 27b, 27c).

7. Gas turbine according to claim 4 or 5 or 6, characterized in that, for an
optimized cooling of said blade, an individual flow cross section area (Aq,
15 A,, Az) and an individual cooling fluid mass flow (m4, m,, m3) is associated
with each of said plurality of cooling fluid ducts (27a, 27b, 27c).

8. Gas turbine according to claim 7, characterized in that the flow cross
section area (A1) is a cross-sectional area of passage which is normal to

20 direction of the flow.

9. Gas turbine according to one of the claims 1 to 8, characterized in that said
rotor bore (23) is obliquely positioned in an axial plane with respect to said
longitudinal axis (X) of said blade (30).
25
10.  Gas turbine according to claim 9, characterized in that the angle 3 of
deviation between said rotor bore (23) and said longitudinal axis (X) is in the
range 0°< IBl £30°, and preferably = 13°.

30 11. Gas turbine according to one of the claims 1 to 10, characterized in that
said diffuser-shaped rotor bore exit (24) has a diffuser angles (a4, a5 ),
whereas the diffuser is symmetric or non symmetric, with an angular

aperture of the both angles of 7°<a; <13°% and 7°<a, < 13°.



9. Gas turbine according to one of the clains 1 to 8, characterized in that
said rotor bore (23) is obliquely positioned in an axial plane wth respect
to said Iwogotomadsgral axis (X) of said blade (30). 10. GesTiEPedionsseaecor di ng
to claim9, characterized in that the zggle b of deviation between said
rotor bore (23) and said longitudinal axis (X) is in the range 0° < Ibl <
30°, and preferably b = 13°. 11. Gas turbine according to one of the clains
1 to 10, characterized in that said diffuser-shaped rotor bore exit (24)
has a diffuser angles (a-i , a2 ) , whereas the diffuser is symretric or
non symmetx i c.G&¥ fufbif8 axBerdidg teialh @ ehafactdrzcbah hhangdli@dldfe réot @y 1 <
13°, and 7° < a2 < 13°.12. Gas turbine according to claim2, characterized
in that said esdblrgetropt heightiai pnpitadisal deactive; ghe said intartaegi pleaymal
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according to @gie=a.08he clains 1 to 12, characterized in that said bl ade
root ( 12) has a blade root height h in |longitudinal direction, said blade
inlet (20) has a width w, and the ratio h/wis 2.0 < h/w < 3.5, preferably

hiw= 2 5, 14 1 urhiney i i m.7. Lzed . in that
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(273, 27b, 27¢) A 21t W8 nat & Wi 228 the ratio hiw is 2.0 < hiw < 3.5,

10 preferably h/w = 2.5.

14.  Gas turbine according to claim 7, characterized in that said individual cross
section areas (A1, Az, As) and/or said individual cooling fluid mass flows
(m4, my, ms) of said cooling fluid ducts (27a, 27b, 27¢) are equal within =
15 25%.



