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GAS TURBINE 5 FIELD OF THE | NVENTI ON The present

invention deals with the field of gas turbine

technology. It relates to a cooled blade or vaggsfeio-0 sF
a gas turbine in accordance with the preanble 10 of
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Modern high-efficiency gas turbines use blades or vanes

which are provided with a cover strip and, during

operation, are exposed to hot gases at temperatures of
20 more than 1200 K and pressures of more than & bar.

Fig. 1 illustrates a basic configuration of a blade or
vane with cover strip of this type. The blade or vane
10 comprises a main blade or vane part 11 which toward
25 the bottom merges via a blade or vane shank 25 into a
blade or vane root 12. At the upper end, the main blade
or vane part 11 merges into a cover-strip section 21,
which, in a complete ring of blades or vanes, together
with the cover-strip sections of the other blades or
30 vanes, forms a continuous, annular cover strip. The
main blade or vane part 11 has a leading edge 19, onto
which the hot gas flows, and a trailing edge 20. A
plurality of radial cooling ducts 13, 14 and 15, which
are connected to one another in terms of flow by
35 diverter regions 17, 18 and form a serpentine with a
plurality of turns, are arranged in the interior of the
main blade or vane part 11 (cf. the flow arrows in the

cooling ducts 13, 14, 15 in fig. 1).



cooling ducts 13, 14, 15 in fig. 1). 2 - B03/010-0 SF

On account of the single passage of the cooling nmedi um

t hrough the cooling ducts 13, 14, 15 which are

connected in series in the farmaof a serpentinegothe1b-o0 sF
tenperature of the cooling nmediumincreases as it

flows through the cooling ducts, reaching a maxi mum

in the final cooling duct 15 of the trailing edge 20.
Therefore, under certain operating conditions the
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cover strip as shown 1in 1 is tilting of the
cover-strip segments 21 in the axial, radial and
circumferential directions. The tilting of the

20 cover-strip segments 21 can lead to the gaps between
individual cover-strip segments opening up, allowing
high-temperature hot gas to enter the cover-strip
cavity. This can significantly increase the
temperatures of the cover-strip metal and can rapidly

25 give rise to creeping of the cover strip and ultimately
can lead to high-temperature failure of the cover

strip.

Document US-A 4,278,400, which was mentioned in the
30 introduction, has already proposed a multiple supply of
medium for cooling blades or vanes with a cocled tip
and finely distributed cooling openings at the leading
edge (film cooling) . An ejector is arranged
transversely to the direction of flow of the main
35 cooling stream at the end of a 90° diversion of the
main cooling stream, which injector injects an
additional stream of cooler cooling medium into the
cooling duct running along the trailing edge. The



and finely distributed cooling openings at the | eading

edge (filmcooling). An ejector is arranged
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single supply through the inlet of the cooling duct at

the leading edge. In particular, it 1is necessary to

find an equilibrium between the cooling medium flowing

20 out for film cooling at the leading edge and the

cooling medium sucked in by the injector and then to

set this equilibrium. This requires a completely new

design of the blade or wvane cooling, which can only be

adapted to changing requirements with difficulty. The

25 injector principle and the associated reduced-pressure

generation are unsuitable for blades or vanes without

film cooling of the leading edge and blades or vanes

with a cooled cover strip,.
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30 SUMMARY OF THE INVENTION

Therefore, it is an object of the invention to provide
a cocoled blade or vane for gas turbines with a multiple
supply of the cooling medium which avoids the drawbacks
35 of known blades or vanes, can be applied to blades or
vanes with a cooled cover strip and without film
cooling of the leading edge, and can be realized easily
and without major additional outlay even for existing



adapted to changing requirenents with difficulty. The

O 25 injector principle and the associ at ed

reduced- pressure generation are unsuitable for bl ades

or vanes wi thout filmcoolinggf-the |eading egge/and-0 sr
bl ades or vanes wth a cool ed cover strip. 30 SUWARY

OF THE I NVENTI ON Therefore, it is an object of the
invention to provide_  a cooled blade or vane for gas
turBlade oFtveRenGPREpIBrasyppey of the cool i ng medi um

whi ch avoi ds the drawbacks 35 of known bl ades or

vanes, can be applied.to Ql ades .or vanes wi.th a

coolt BBIEFEs pRahicRREhGY THT nPORRORRACRT Aheteatures
| eaghi vign edge, @mslimah. beTheal ¢adedl ehdedy ofindthet hDovention

5%%?%1%? i':%ll:g a: tlggt la@’diecviec;hglor s%%%ﬁ%n: ricgeingdl'_h'éau lg)jlé'cetd via

10

15

20

25

30

35

ade or vane configurati ons.
| s keteevedioh tne(ﬁﬁﬁﬁﬂﬂﬂﬁ&ﬂixﬁthégmwhe§hegb@ﬂdﬁr?r vane
claim Ly JThe e ifea Qfnd NgnaRkeNkh@N a2eCORi SE$rkBt or
the additional stream being supplied via bores which
r untREBFRGer SEMPUNACAEIPT hel bl addeord et 1Ry @Rgion. The

bl ashes 4uManeashankepperatrien @ifr eatheor addiii®f4l stream

conmunication with the diverting regi on. The r.essure
amf%&ﬁﬁkﬁéuﬁ?@othtﬁgea&ﬂQq n%ﬁbeﬁﬁ?lénsﬁgﬁﬁeﬁfse the
t hreamgh talke €otte tpenimginAr estirednni €leadedg héntsanthas main

for_the nain strea &Iowlw knto fhe in i

i nl €0 he &u”gﬁty \r/r}r %t hguggggs ‘ﬁ%dlﬁg‘gés go%%%xt E?8d3FES a

t heuitwinizs r eanfs, vitieh |weels totreammi ficeni¢ly leads to

'”@'Qiﬁlﬁdfl%ﬁaq{ DhpkBGelr ¥ddiNg£49e Phe 12aliN&nk alfye of

or V% e. e‘%gges ﬁay gpen out éﬁrect?y into thela

di Vié¥a idgade eqji orengHowever, they may al so open out

into a radially running duct beneath the diverting

region, which is in . .
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region. However, they may also open ocut into a radially
running duct beneath the diverting region, which is in

communication with the diverting region.

A first preferred embodiment of the - invention is
characterized in that a radially oriented core opening
is provided in the blade or vane root, and in that the
bores run through the blade or vane shank and open out

into the core opening.

According to a second preferred embodiment of the
invention, there are at least two opposite bores which
run obliquely upward in the direction of flow and each
include an angle of between 30° and 90° with the
vertical, In ©particular, the bores are . arranged
staggered in the radial and axial directions, with the
bores having a predetermined internal diameter, the
radial distance between the bores, standardized on the
basis of the internal diameter, being in the range
between 1 and 4, and the axial distance, standardized
on the basis of the internal diameter, being in the



20 comuni cation with the diverting region. A first
preferred enbodi nent of the- invention is

characterized in that a radially oriented core opening
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a partial stream of the main stream of cooling medium
emerges. In this context, it is particularly favorable

if, according to a refinement, the blade or vane, at

20 the upper end, has a cover-strip section, and the
additional outlet openings are bores arranged in the
cover-strip section. This simultaneously allows

significantly improved cooling of the cover strip.

25 Further embodiments will emerge from the dependent

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

30 The invention is to be explained in more detail below
on the basis of exemplary embodiments in conjunction

with the drawing, in which:

fig. 1 shows a longitudinal section through the

35 configuration of a cooled gas turbine
blade or vane with a multiple supply of

the cooling medium and a cooled cover

strip in accordance with a preferred
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to the additional stream of cooling medium;
15
fig. 5 shows a plan view from above o¢f the
cover-strip section of the blade or vane
shown in figs. 1, 2; and
20 figs. 6 - 8 show various sections through the cover-
strip region of the blade or vane from
figs. 1, 2 along the parallel section
planes A-A, B-B and C-C shown in fig. 5.
25 WAYS OF CARRYING OUT THE INVENTION
One preferred exemplary embodiment of a cooled gas
turbine blade or vane with a multiple supply of the
'cooling medium according to the invention is reproduced
30 in figs. 1 to 4. The main stream of the cooling medium
enters the cooling duct 13 from below through a main
cooling inlet 16 in the region of the blade or vane
shank 25 and in part emerges again through openings in
the cover-strip section 21 (bores 27, .., 29 in figs. 5
35 to 8) and in part emerges again along the trailing edge

20 (cf. the arrows shown in fig. 1 at the cover-strip
section 21 and at the trailing edge 20).
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sectional plane in fig. 2, through one of the two

bores for supplying the additional stream of cooling
medium 15 fig. 5 shows a plan view from above of the
cover-strip section of the blade or vane shown

figs. 1, 2; and 20 figs. 6 - 8 ?hOM/varlous secﬂQ%4glo ~0 SE
through the cover- strip region of the blade or vane

from figs. 1, 2 along the parallel section planes
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region 18. Furthermore, it is conceivable for a
radially arranged gquartz rod to be provided instead of
20 the core opening, ensuring that the bores are connected
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to the diverting region.

The purpose of the multiple supply of cooling medium is
for cooler cooling medium to be introduced directly
25 into the trailing-edge region of the blade or vane 10.
This introduction is carried out in such a way that the
main stream of the cooling medium, supplied through the
main cooling inlet 16, is impeded or blocked to the
minimum possible extent. The axial distance x between
30 the bores 22 and 23, standardized on the basis of the
diameter d of the bores 22, 23, is preferably in a
range of x/d between 0 and 3 (cf. fig. 2). The radial
distance y between the bores 22 and 23, standardized on
the basis of the diameter d, is preferably in a range
35 of y/d between 1 and 4 (cf. fig. 2). The distance
between the wupper bore 22 and the second inner
diverting region 18, standardized on the basis of d, is
preferably in a range of 1/d between 1 and 4 (fig. 2).



and 90 with respect to the vertical, running obliquely
upward in the direction of flow (fromthe outside 10
inward). The bores 22, 23 end in the core opening 24
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serves to support and renove the casting core and is
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20 The cooling medium is at the same pressure and
temperature at the two feed locations for the cooling
medium, namely at the main cooling inlet 16 and at the
bores 22, 23. The cooling medium main stream is
therefore mixed with the additional stream within the

25 diverting region 18 in a way which leaves the pressure
and flow velocity substantially wunchanged. 1In the
diverting region 18, the main stream is diverted
through approximately 135°. The additional stream is
then advantageously supplied at a point in the

30 diverting region 18 where the main stream has already
been diverted through approximately 90°. If - starting
from a blade or vane configuration without a multiple
feed of the cooling medium - bores 22, 23 and bores
27, ., 29 for supplying and discharging coocling medium

35 are provided on the region of the blade or vane root 12
and in the cover-strip section 21 in accordance with
fig. 1, the cooling in the region of the trailing edge
20 is significantly improved without the main cooling
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In addition to this supply of colder cooling medi um

further bores 27, 28, 29 are provided in the cover-

strip section 21 of the blade or vane 10 5 (figs 5to

8). The purpose of these additignal bores

is to ensure that the nass flom?of t he coollng neg%%o 0 SE
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Wth the additional streamw thin the 25 diverting
region 18 in a way which | eaves the pressure and flow
vel ocity substantially unchanged. In the diverting
region 18, the main streamis diverted through
approximately 135. The additional streamis then
advant ageously supplied at a point in the 30 diverting
region 18 where the main stream has already been

di verted through approximately 90. If - starting from
a bl ade or vane configuration without a nultiple feed
of the cooling medium - bores 22, 23 and bores



27, ..., 29 for supplying and di schargi ng cooling
medi um 35 are provided on the region of the bl ade or
vane root 12 and in the cover-strip section 21 in
accordance with fig. 1, the_c?@ILng in the regigen Bfho-0 sr
the trailing edge 20 is significantly inproved

W thout the main cooling 9 - B03/010-0 SF stream and
therefore the cooling of the remainder of the bl ade

or ¥4A€ BEi RESACNATEYNS| n addition, active cooling of

the cover-strip section 21 is obtained. 5 If the bl ade

or v?@e does not have cover strip through which

some-of the cooHluﬁ%ﬁé%LﬁﬁSY?%%n1 emerges, it is

necessary to w den Maih G5Xede SEEt vaMe Opart he second

cool%gg duct 15 in§$¢Q£ a way that it takes account

of the additi onal %4 Whi T s %8hi xed in 10 the
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21 Cover-strip section

22, 23 Bore

24 Core opening

25 Blade or wvane shank

27, .., 29 Bore

d Internal diameter of the bores 22, 23

1 Distance between the upper bore 22 and
the second diverting region

¥ Distance between the bores 22, 23 in
the radial direction

X Distance between the bores 22, 23 in

the axial direction



d Internal dianeter of the bores 22, 23 1 D stance
bet ween the upper bore 22 and the second diverting
region y Distance between the bores 22, 23 in the

radi al direction x Distance hetyeen the bores 23032310-0 SF
in the axial direction O 11 - B03/010-0 SF PATENT

CLAIMS 1. A cool ed bl ade or vane (10) for a gas

turbi ne, having an inst gt adipmgli recti on and an
installed 5 axial direction, which blade or vane (10)

has a main bl ade or vane part (11), which starts from
a blade B&r cocdresd rbdlhdél?ér andnae b[]a@l)e drorvaae ¢dmnkurbine,
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ducts (13, extend in t radi al
di r 63RE orFoor e (égn\neéfléd 3 nblagle e8rj V3R nsshAnk | dgd) and

arde@fﬁ\ﬂs |C|.|'Jna thier &fjacplcéll. 'd‘ﬁre%ﬂﬁné 1ghdi %g@r rr@almgedblade or
al on e I N edge an a S n coO I Ng e a4 .
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10vm|@dhgé| (80)ancssesobll aagl iwmptiiwt Shlea\mam bilmelet ican vane

u ro f e n di

iR iathe o, BhutelRkY, (A P RPAp8 iR 3T 15)

st arhiehy e¢xbemdhénbltdve mdwhedmect(tqza) aarezoconnected in

dowf&aniﬁn%equg he£fif1%hy CORL ?. 9 1{1§) 089 EBoling

flurd communi cation, via a_via vertlng
rediwit (1Y) is @ﬁraageéoﬁ#ﬁggdﬁb@ deading adgg (12) and a
15betyweshd hﬁ:oiiﬁ@tdaad ges9nd sCaehbngedu@iorg 3thd Hrailing

and(? Se&?@), which first and second ccooling ducts have a
direction of through-flow for a main stream of a
cooling medium which extends in the installed radial
direction starting from the blade or wvane root (12), a

20 downstream end of the first cooling duct (13) being in
fluid communication, via a via a first diverting region
(17), a third cooling duct (14) arranged between the
first and second cooling ducts (13, 15) and a second
diverting region (18), with an inflow-side end of the

25 second coecling duct (15), and £first means (22, 23)
being provided, through which an additional stream of
cooling medium is added from the outside to the heated
main stream of the cooling medium flowing from the
third cooling duct (14} into the second cooling duct

- 30 (15}, characterized in that the £first means comprise

bores (22, 23) which run transversely through the blade
or vane shank and which are in fluid communication with

the second diverting region (18).

35 2. The blade or vane as claimed in claim 1,
characterized in that a core opening (24) oriented in
the installed radial direction is arranged in the blade
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diverting region (18), with an inflow side end of the
O 25 second cooling duct (15), and first neans (22,
23) being provided, through which an additiona

stream of cooling nediumis_agded fromthe outhggogg_o SF
the heated main stream of the cooling nmediumflow ng
fromthe third cooling duct (14) into the second

coobrngraehléctré’& (192), ngaaczi%lerﬂmrdzqae\d tRet b?tretshe( 44 rlsza) run
ores | I n ra SVGTSG
e UGB Re CBRadd 20 VortrRaphenfd Gcr oft into

flutuecounenbpahang wedh. the second dlvertlng reglon

(18). 35 2. The blade or vane as clained in claim1,
characterized in that a core opening (24) oriented in

3t he3i nst Bheéedkaxih abrdivane i @s i slaimedgethi gligim 1 or 2,
bl ANVENPED. H T 0 r
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bl deereF \VaRe Fank *(12%) opgaisgerwourhisbo fa{c’rﬁ?é ward the

opew] ade (84) vaRe3hedBe ibl ade Qhﬂ@%%bﬁﬁb£|@wéﬁﬂlé@e or vane
clal 1 or é char terlzed 'f hat the are %6 30°
|ea%’% t {B16Pp teé‘c grEes (Y% ‘2‘%‘)‘ aPhé‘ ftween
10whi okd f 2t swiohwatet hesthl heg badyamedheadtunnthe

interior of the blade or vane and which in each case

i ncl ude an angle of between 30 10 and 90 with the

i nstal | €the adbéladei reoti ovand. @he bilbatomed vane aslaim 3,

cl ai é F124 3n CFHE&; al?ltl@r bé'i'gs' n(éf'at 25'?6 DY €2rranged

(22, are arrange w th ct tO one
ancﬁﬂi%?eﬁ nWLR& |ﬁ§§ﬁ¢¢§d trs pae. aqm@theét iigh 4he iinstalled

15t herddidRld etk @i gh shdecdi ohe iRstdDeehl adeadr dizeetion.
as clainmed in claim4, characterized in that the

bores (22, 23) have a predeterm ned internal dianeter
(d)5. i nTHw@t bbede or wvane as claimed in claim 4,

characterized 1in that the bores (22, 23) have a
predetermined internal diameter (d}), in that the
20 distance (y) Dbetween the bores (22, 23) in the
installed radial direction, based on the internal
diameter (d), is in the range between 1 and 4, and in
that the distance (x) in the installed axial direction,
based on the internal diameter (d), is in the range
25 between 0 and 3.

6. The blade or vane as <claimed in <claim 5,
characterized in that the radial distance (1) between
the upper bore (22) and the second diverting region
30 (18), based on the internal diameter (d), is in the

range between 1 and 4.

7. The blade or vane as claimed in one of claims 1 to
6, characterized in that there are second means
35 (27, .., 29) which ensure that the main stream of the

cooling medium remains substantially unchanged through

AMENDED SHEET



'add I ona

20 di stance (y) between the bores (22, 23) in the

installed radial direction, based on the interna

di aneter (d) , is in the range between 1 and 4, and in

that the distance (x) in the-installed axial B0O3/010-0 SF
direction, based on the internal dianeter (d), is in

the range 25 between 0 and 3. 6. The bl ade or vane as

cl aitihed fiirstl aiculang chartactE3) zéselspite hahet hddi ddlibal of the
di s b n the upper bore (22) and the
sec%ﬁgggﬁ&é% |%§m§§glon 30 (18), based on the interna
dianeter (d), is in the range between 1 and 4. 7. The

bl age or ryane @4 ai pd iPaQ8e ofs ¢l gl ABRLgt 0 16 claim 7,
characterlzed In that there are second neans 35 (27

. chagaclgrdfednsuie t haett he-hfi nS€CPBAM dredny comprise
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g{fg ze é]rﬁh%tf .teﬁes i r}xd HERLRACO .ri %ling medium
&t Co, 55 i ch are

opéni ngs )

10arr%mgedebetmeen the main cooling inlet (16) and the

15..

second diverting region (18) and through which a

partial streamof the main stream of cooling nmedi um
10 ener gBle oblpfie pl gde ofaRmnedds cFhaiwadi n i@ ai mMaim 8,

8, cﬁéwaé@@éﬁizéad i that the bbpsge Obrvarené 1Q10)3t at the
t he has a cover-strip se

er
{ hetPHEE ; RBS Al GhafSURET BEE RLARRCLOR o A7l that
th@9addtianged ontllke coyeninysi psecibcars(2127, .., 29)

arranged in the cover-strip section (21).

10. The blade or vane as <claimed in «c¢laim 9,
characterized in that in the cover-strip section there

20 are at least three bores (27, .., 29), which have an

internal diameter in the range between 0.6 mm and 4 mm.

11. The blade or vane as claimed in one of claims 1 to
6, characterized in that the second cooling duct (15)

25 has a cross-sectional widening corresponding to the

30

35

admixed additional streamn.

12. The blade or vane as claimed in one of the
preceding claims, characterized in that the second
diverting region opens out directly into the second

cooling duct.

13. The blade or vane as claimed in one o©of the
preceding claims, chéracterized in that the first
cooling duct opens out directly into the first
diverting region, in that the first diverting region
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10. The bl ade or vane as clained in claim?9,

characterized in that in the cover-strip section there

20 are at least three bores (27, ..., 29), which have

an internal dianmeter in the rapge_between 0.6 napanRd14-0 SF
nm 11 The bl ade or vane as clainmed in one of clains

1to 6, characterized in that the second cooling duct
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a vane as ained’in one 0 precedi ng

Sl a¢ﬁ91109adacter|zed in that the first 35 cooling

duct opens out directly into the first diverting

regi on, |n that the first diverting. region ,AMENDE
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opens ouhadlrectly |n o t he_, secon iverting

re
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10di restl ingndoctse second 5 cooling duct. 14. The
bl ade or vane as clained in one of the preceding
clains, characterized in that the blade or vane has
precisely the first, the second and the third 10
cool i ng ducts. O AVENDED SHEET
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