SPANW SELY VARI ABLE. DENSI TY PEDESTAL ARRAY BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The present invention relates to a conponent for
use in a turbine engine, such as a vane or bl ade, having inproved
trailing edge cooldp, ) [ y i engi \ ‘ths such as
vanes and bl ades are—stbj Hot e perat Ut e P Ea AL 45 it becones
necessary to cool various portions of the conponents. Typically, the
trailing edge portions of such conponents are provided with cooling
passages and a series of outlets along the trailing edge conmmunication
wi th the passages. Despite the existence of such structures, there
remains a need for inproved trailing edge cooling of such conponents.
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide a turbine engine conponent having a spanw sely
vari abl e density pedestal array for inproving spanwise uniformty of the
exhaustive coolant. It is a further object of the present invention to
provi de a turbine engine conponent having a spanwi sely variable density
pedestal array which optigi } l | heat up_ The

f oregoi ng objects are att%%%ggﬂggbﬁﬁgéFJﬁg??gvgﬁghﬁgpconponent of the
present (1) Hisldnrifitteinvémioaccor dance with the present invention, a turbine
engi ne conpo&gnt has neans fqr cooling a@ééaiang edge portion, which
nmeans conpri S&§ PESpRtURntipy rejptes BViscarPase f BiesiniHpEmne SRIRE, BYEhRSIEsi t y
al ong a.ghas wiad R iﬁgﬂ?&@@gﬁtraip gdoéyc%ﬁﬁé ed enbodi rent of the present
i nvention, the nunber”of rows o H%e estal s”i ncreases as one noves al ong
the span of the conponent froman inner dianmeter region to an outer
dianeter_region. 1 OQher details of the spanwi sely variable density
pedestal(2 r‘Hf?TOf the present invention, as well as other objects and

advant ages atefiaBgikd &Il dhen@sBetbRlvah@d 4nd d18ds3fe subject to temperature

extremes. Thus, it becomes necessary to cool various portions of the components. Typically,

the trailing edge portions of such components are provided with cooling passages and a series
of outlets along the trailing edge communication with the passages. Despite the existence of

such structures, there remains a need for improved trailing edge cooling of such components.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a turbine engine
component having a spanwisely variable density pedestal array for improving spanwise
uniformity of the exhaustive coolant.

It is a further object of the present invention to provide a turbine engine component
having a spanwisely variable density pedestal array which optimizes internal cooling fluid
heat up.

The foregoing objects are attained by the turbine engine component of the present
invention.

In accordance with the present invention, a turbine engine component has means for
cooling a trailing edge portion, which means comprises a plurality of rows of pedestals which
vary in density along a span of the component. In a preferred embodiment of the present
invention, the number of rows of pedestals increases as one moves along the span of the

component from an inner diameter region to an outer diameter region.



foll owi ng detail ed description and the acconpanying draw ngs wherein |ike
reference nunerals depict |ike elenents. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a schematic representation of a turbine vane having a

spanwi sel y \lél%gh@rgde?zglsq)?%é ﬁ&)XmBﬁ Wa?ilab@][d%ﬁﬁg ﬂ&g%gél%%ﬂ?? 6Ft \émpg%e@he present

I nvention; an enlarged-view o arr n outer

di anmet efinyatibh,eis vadll dshgher'vdfretsaindatl@ntdges Eitéadant thére®) af¥et F@@dn \theew of the
pedestal array at an inner dianeter portion of the vane of FIG 1; FIG 4

i s a grdpiowingdstatled desgriptien andathe pegprensgringdsawings whersugikaneferénste rows of
pedest_alnﬁn{'epalgag%tqﬁ(ré%?emvgngh the present invention; FIG 5 is a graph
Il lustrating eppressure dsr'op across the trailing edge of the vane using
t he pedestal array of the present invention; and FIG 6 is a graph show ng
the flow distribution through the trailing edge of a vane wusing the

pedestal array of the pBESERDESORIRTION. ODEHN DERBWBEER PTI ON OF THE
PREFERRED E | MENT .ncorporat.ion.of a spanwi sely variab]e density
bedestal ar YOt b (B BAIERBREEHEIRO R fefis PR e LR Bebv B ady,
enabl es deh@tyqRidesthiZatayQn a@ord M€ Wil the pREEMVehithdl, typically air, heat
up by bal anci n(%at he héat up and pressure | oss of the cooling fluid in both

the radi al arfdGaZisan efilarged viewsof thitpedeblial array 4t @nopter dianetdripertiont efithal
convect ivve eh%f'r(%i ency, which is a nmeasure of the potential a fluid has to
extract “heaf it a known heat source, is critical in establishing the

oxi dation capEgi bii§ ¥ &flar@ed PRRSTARE ?é&etat AYPayt A TRHEr Qiahfer pAVin @lthe T ow
rate allotted. Increasing the density of the pedestal array in the axial

di rect i omneef FiKs lout er diameter (OD) inlet of the conmponent, where the

cooling fl ui oyr.ce is | der. | 1.0 re, conpeneni cross sectional
area to be cgﬂéu#ré%? ggp @quga%%@it@?y@}gr%gﬁggﬁﬂp tglf?élg guiltple rows of 1ot e
| evel ofpeliéstdly fhadcb@an&Avith helYRedeninvBfiont 0 be achi eved to neet oxidation
life requirenents adjacent to the trailing edge through the flow cavity.
FIG. 5 1s a graph illustrating the pressure drop across the trailing edge of the vane
using the pedestal array of the present invention; and
FIG. 6 is a graph showing the flow distribution through the trailing edge of a vane

using the pedestal array of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Incorporation of a spanwisely variable density pedestal array in a turbine engine
component, such as a vane or a blade, enables the optimization of internal cooling fluid,
typically air, heat up by balancing the heat up and pressure loss of the cooling fluid in both
the radial and axial directions. The ability to optimize the internal convective efficiency,
which is a measure of the potential a fluid has to extract heat from a known heat source, is
critical in establishing the oxidation capability of a component for the minimum given
available flow rate allotted.

Increasing the density of the pedestal array in the axial direction at the outer diameter
(OD) inlet of the component, where the cooling fluid source is colder, allows more
component cross sectional area to be consumed. This is beneficial since it enables an
adequate level of through flow cavity Mach number to be achieved to meet oxidation life
requirements adjacent to the trailing edge through the flow cavity.

Referring now to FIGS. 1 - 3, a turbine engine component 10, such as an airfoil
portion of a vane or blade, is illustrated. The component 10 has an OD edge 12 and an inner
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Referring nowto FIGS. 1 - 3, a turbine engine conponent 10, such as an
airfoil portion of a vane or blade, is illustrated. The conponent 10 has
an OD edge 12 and an inner 2 diameter (ID) edge 14. To cool the trailing

edge 16 1 I|n hrou h which a
cogl i ng d%%t%,?ngg%%g%ng%ﬁgﬁé IF e 5(95 1%""%%@9&121}(0 Héj@r Qf’ B8 into the
conpone phssifewabhs, mohgr hieA 8 Toe1WEoRid SsudRSs anindbletd 219 ﬂ@tvstiaenéai%&%& 12
of the _conponent 10 he cooling fluid in the cooling passageway 18 Is

exhaust d@&o e gomepanert 0. Fhe cealing pagagewahkS basrapdnleh20 agthe Bdedge k2 ¢lithe al ity

of trail, ot s T. rove cooling effi.ci trailing
edge a pFBg .ﬂg g#hec \Rﬁ“gzﬂ“@f‘“g}gﬁ é)gf 4% Bassggeg"aﬁfrlg\}m gﬁgé’ﬁ&’ﬁ wRE) row
24 conprisess @fﬁk@éﬁbbﬁdﬁt%ttﬁ@%&ﬁ Ll max dg%%lcﬁ@@zshape or
configuration. Adjacent ones of the pedest al s orm a cooling channel 28

whi ch recei vd® lnwmemghmg @ﬂfmlehﬂoanthharald:mgledguga plasaldy efienwsIBl afiptdedials h
distributes t fluid.for exhaut h one nore of the
Slots 59t Tat e T0eh phfhsh Kol 2k ot Phirghty ol 5hikesils 26 o6 drpbtiise al
rows 24y %ﬂfﬁ%rﬁloﬂnﬁdjaﬁé}ﬁ on B 1RE ?Ecﬁgtafsl*ﬁrﬁ%ﬂﬁ aRBGIE AP hicl QecefiRs €N
be seen fro , the nunber o pedestal rows 24 1 ncreases as one

noves alcopitng fiud Swamthefcooling passagowen 8 40d Whahn disiebutEs thedgelidglfltid fohe OD

edge 12. In rti uI ar, the ns; of the pedestal rows 24 is greater in
t he gﬁr (?F’ef’hg’oﬁ% PlélﬂE ZfO than the ID region 32. In a

preferr ed e”md:'aﬂ'%@tsecntﬁ’@rﬁ%%tﬁ"ésel ag, ﬂh@%@ﬁsx%"&f@ﬁe PSR WRSAGSHAL of gﬂg\’s 24

in the OD region 30 than in D regi on Ina nost preferre
enbodi néhﬁspatlhéﬂe tarbénesmging qoeestrdll 0r Aswsareb sean fiiom EIG. rlemeomrrﬂﬂ:raﬁd t hree

dest al D 32. Th d
Pesoo! aPEIYA rdivs AEinkTGcs B BRF P pdions e spEpLIBs coppotEn 10 BemciemBgi on 30
of the cagpPPNRthe UD BAgdi 17 EEartififarl MeWenGBAARE pddeoit ﬁ%ﬁ%%%eaké?ﬁﬁtr{?he

mai n stream through trailing edge slot tear drop regi on
i ncr eas &P mgired0 of the geipeneat 19 thag tiR4ID regidne320M 2 pgafqrmcta@nbddmemoﬁremct ive

eff|C|e t.imzed as ¢t ant. f ol ant
e o PR R B ds RS 28 n el Htion S i Y5 Pl X s
i ncr eas e@bsdpmerfesﬂ dﬂﬂﬁﬂﬁfx@ﬁt tBéredYe Qbveh PeieRiaERARRL24 IRROODOR o?ifyosanu&hree
reflected b the raph shown in FIG 4. Since the cool ang'1 mass flow at

the -OD 1 rows Heiwtbe B regioned?. extracti on,

The increased pressure loss associated with the higher axial pedestal row density at
the OD region 30 of the component 10 minimizes the total coolant flow exhausted into the
main stream through trailing edge slot tear drop region 40. Due to the increased number of
pedestal rows 24 in the OD region 30, the convective efficiency is optimized as the cooler
coolant fluid, typically coolant air, is heated significantly more as it migrates axially through
the increased density pedestal array of the present invention. This is reflected by the graph
shown in FIG. 4. Since the coolant mass flow at the OD edge 12 incurs more heat extraction,
a higher net heat flux results for a constant radial coolant mass flow rate.

The reduced pressure loss associated with the lower axial pedestal row density in the
ID portion 32 of the component 10 is beneficial from two perspectives. The absolute driving
pressure level at the ID portion 32 of the component 10 is reduced, minimizing the axial
pressure loss through the lower density ID pedestal array. This enables the optimum local
trailing edge slot coolant flow rate to be achieved. This is refiected by the graph shown in
FIG. 5. The lower density of axial pedestals also reduces the total coolant air heat up as it
migrates axially through the reduced density pedestal array and is reflected by the graph of
FIG. 4. As a result of the increased heat up, the coolant flow as it progresses along a radial

3



a higher net heat flux results for a constant radial coolant mass fl ow
rate. The reduced pressure | oss associated with the |ower axial pedestal
row density in the [ID portion 32 of the conmponent 10 is beneficial from
two per spge { t [IRVAE . he | D portion
32 of the cgbrr%lgﬁcenotﬁﬁeg |sﬁrégéﬁ%fei%l',ré@rlré}g%zmgf;@?\S%ﬁgﬁ%xlﬁjﬂﬂtgﬁ?%esgﬁ’g%&l’Bss
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e mnim .
provi ded in A bgPasBLT k145 DfriraKidef iy sirpTdsAceith the present invention a

spanwisely variable density pedestal array which fully satisfies the objects, means, and
advantages set forth hereinbefore. While the present invention has been described in the
context of specific embodiments thereof, other alternatives, modifications, and variations will
become apparent to those skilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives, modifications, and variations will

fall within the broad scope of the appended claims.



spanwi sely variable density pedestal array which fully satisfies the

obj ects, neans, and advantages set forth hereinbefore. Wile the present
i nvention has been described in the context of specific enbodinments

t hereof, other alternatives, nodifi i , and variations will becone
apparent to those skilled in the art having read the foregoing

descri ptWbat.is clanneatidi ngly, it is intended to enbrace those alternatives,
nodi fications, and variations will fall within the broad scope of the
appended clains. 4 CLAIMS What is clained is: | . A turbine engine

reans. 1 or Ao Aeed @B ORI sk Bofhi SRSt o manle:

conprising a plurality of rows of pedestals which varies into density

al ong a span of the conponent. 2. A turbine engine conponent according to
claim 1, wheredass foicopbimpibe tisflingswge pertiopeatdst al s i ncreases as one noves
al ong the span of the conponent froman inner dianmeter region to an outer
di aneter region. 3. A turbine engi ne conponent according to claim1,

wher ei n t he nuidleblind medwscoafpriskedgsitalis; dfitods oPPéktall WRRE ShrikSgtPn of
sai d conmponent is greater than the nunber of rows of pedestals 1n an

i nner didgrstyerlongysnan obtheseomponertponent . 4. A turbi ne engi ne conponent
according to claim 3, wherein the nunber of pedestal rows in the outer
dianeter region is at least twice as many as the nunber of pedestal rows

in the inAsrbige eipiiedonippBbmiaccdrding th Yhalth NewhB@in@e aOMbRPEMowaGEor di ng to
claim3, wherein there are seven pedestal rows in the outer dianeter

regi on Adestaly Meredasas cae moyakalpng thespameiche gempenast froayaminnesdiameteur bi ne

engi ne GOBR RS oﬁ&ccﬂﬁrﬂjat@&ck ncI aim1l, wherein said cooling nmeans further
conprises a cooling passage~naving an inlet at the outer dianeter of the

conponent, which cooling passage provides a cooling fluid to said
pedestal, rows,. and . a plurality of slots along a trailing edge of said

conponent # HFURGENEIRG COMReReY dceydingdo claimd, whersiththg suaber ohwosvs of| ot s

pedestals in an outer diameter region of said component is greater than the number of rows of

pedestals in an inner diameter region of said component.

4. A turbine engine component according to claim 3, wherein the number of pedestal rows in
the outer diameter region is at least twice as many as the number of pedestal rows in the inner

diameter region.

5. A turbine engine component according to claim 3, wherein there are seven pedestal rows in

the outer diameter region and three pedestal rows in the inner diameter region.

6. A turbine engine component according to claim 1, wherein said cooling means further
comprises a cooling passage having an inlet at the outer diameter of the component, which
cooling passage provides a cooling fluid to said pedestal rows, and a plurality of slots along a
trailing edge of said component through which said cooling fluid is exhausted, which slots

are in fluid communication with a region containing said pedestal rows.

7. A turbine engine component according to claim 6, wherein said variable density pedestal
rows optimizes trailing edge slot coolant Mach number and velocity with coolant air

temperature rise and local thermal convective efficiency and performance.
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are in fluid communication with a region containing said pedestal rows. 7.
A turbine engi ne conponent according to claim®6, wherein said variable
density pedestal rows optimzes trailing edge slot cool ant Mach nunber
and velocity with coolant air tenperature rise and |ocal thermnal
convective efficiency and performance. 5 8. A turbine engi ne conponent
accor di fgAttertoheenpits compeneitriceai thgto tjaon ¢ nwhesimyaidasngonexdenpies sai d
cooling neans,is, located in an airfoil portion of said vane. 9. A turbine
engi ne Y8RpHMEIE cROLGE Msags tsdosated iman ainigibpashian @hsaid ¥#itponent conpri ses a
bl ade and said cooling neans is |located in an airfoil portion of said

bl ade. 10. A turbine engi ne conponent conprising: an airfoil portion

havi ng &nAautbéne egiie qeaiponent aatutdag th bReH 1 eaPereRCdald @mpaefOngiBes a
passageway, | ocated in said airfoil portion for providing cooling fluid to
a trai P{adg apdgad seekingomeds isloceedin anpirfod sprtioamt saldmlaﬂ%al ity of cooling
slots in said trailing edge portion for exhausting said cooling fluid,
and nmeans for uniformy optimzing trailing edge slot coolant Mach nunber
and vel a0i Ayurbietdhgiie@bmpbnéit cofnpripiggat ure rise and | ocal thermal
convective efficiency and performance. 11. A turbine engi ne conponent
according to claim 10, wherein said uniformy optimzing neans conprises
a plurality . i . spanw se variabl e density. 12. A
t ur bi ne engi %Iela(f:rgé’?'? %ﬂ‘?ﬁg‘gﬁ%%ﬁ%g‘a%@g%g}%@ an pngs &fige I?‘Hﬁ"'?mrrber of rows
of said pedestals adjacent said inner edge is |ess than the nunber of

rows of said pedestals adjacent said outer edge. 6
a cooling passageway located in said airfoil portion for providing cooling fluid to a

tratling edge portion of said airfoil portion;

a plurality of cooling slots in said trailing edge portion for exhausting said cooling
fluid; and

means for uniformly optimizing trailing edge slot coolant Mach number and velocity

with coolant air temperature rise and local thermal convective efficiency and performance.

11. A turbine engine component according to claim 10, wherein said uniformly optimizing

means comprises a plurality of rows of pedestals having a spanwise variable density.

12. A turbine engine component according to claim 11, wherein the number of rows of said
pedestals adjacent said inner edge is less than the number of rows of said pedestals adjacent

said outer edge.



