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 ‘blade, having inproved trailing edge

cooling. ( (2) Prior Art Turbine engine conmponents such as vanes and bl ades
are subject to tenpﬁRAENﬂ§EL%dﬁ&&h&éLEﬂﬁﬁﬁLIXiﬁﬁﬂﬂﬁﬁﬁLﬁﬂﬂ&AXary to coo
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 conmunication with the passages. Despite the
exi stence of such structures, there remains a need for inproved trailing
edge cool i ng of such conmponents. SUMMARY OF THE | NVENTI ON Accordingly, it
is an object of the present invention to provide a turbine engine conponent
having a spanwi sely variable density pedestal array for inproving spanw se
uniformty of the exhaustive coolant. It is a further object of the present
invention to provide a turbine engine conponent having a spanw sely

vari abl e density pedestal array which optimzes internal cooling fluid heat
up. The foregoi ng objects ?Lﬁcﬁbkihﬂ@ﬂ(?HI%ﬁﬁﬁ$@Eﬁﬁﬂ§Ne”9i”e conmponent of
the present invention. In accordance wth the present invention, a turbine
engi ne coflpbiedhsf thadnvertious for cooling a trailing edge portion, which neans

conprises a plurality of rows of pedestals ich .vary in density along a
span of the co gffnt IVANUPTeles P @ FoRRpBt dFed?aF%@“ﬁF@@%ﬁt““hﬁ%éntion,

the nunbeg,afor hRYE, LRSS RUSrlING Q38 8801, ONe moves al ong the span of the
conponent from an inner dianeter region to an outer dianmeter region. 1 Oher
Qet ails of the spanwisely variable density pedestal arrays of the present
i‘navention S || as other objects and advantages attendant thereto, are
set forthczi)ﬁ“f)ﬁgrt

Turbine engine components such as vanes and blades are 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, if is an object of the present invention to provide a turbine engine
component having a spanwisely variable density pedestal array for improving spanwise
(s 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.



follow ng detail ed description and the acconpanying draw ngs wherein |ike
reference nunerals depict |ike elenents. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a schematic representation of a turbine vane having a spanw sely
vari abl e density pedestal array in accordance with the present invention;

FIG 2 is an el dedilyplie spanpeelpuarediafengty aydestal amasuafdhe eficamt er
porti on Ofybfifon, 48481 AL ofitiBbidets BdadvintafeAlicRBARKARMo VA2 Yeidbrth RpREdeSt 2

array at an I nnér anmeter portion o vane of FIG 1; FIG 4 1s a graph
i || ust r at follgpwiteddtaikid desgripsichg ent ¢zt 2copmp hrnongframin gsivilegein dilvs referenpedest al s

I n accordance gnéeh tpg resent invention; FIG 5 is a graph illustrating the
pressure WHBHASABCLIFHESPFHR i ng edge of the vane using the pedestal array
of the present invention; and FIG 6 is a graph showi ng the flow
distribution through the trailing edge of a vane wusing the pedestal array
of the present inventi on.BREFAPEEORDESCRI PFI GIE ORAWENPREFERRED

EVMBODI MENT( S) corporation of a spanwisely.variable density. pedestal array
Tha turbi e, eRFri AOHPBREHETe R T WS e Bepnadarelisiy saiite

opt i ni zat aaﬁitg)gyeaé&a@mim%ﬂdagcefwme preséRi fRbdpndi 1, heat up by bal ancing
the heat up and pressure |l oss of the cooling fluid in both the radial and
axi al directi of¥:. ZMisenablargedyicw ob fiei pridestaltamayiahaeoutet diematee poitive of the

ef fici enc%/ c\ﬁtg‘u&h is a neasure of the potential a fluid has to extract heat
froma kn e a{ "source, is critical in establishing the oxidation

capability of FI@.@E%%Iaéée@rvié\b%fEﬁd}ieﬂéﬁhlgﬁr\@&t ad Mkt diRimetck beMiohdlFéhe
allotted. Increasing the density of the pedestal array in the axial

giwrect i onvane afHdGolit er dianeter (OD) inlet of the conponent, where the

ooling fluid r I s gohder .. al g (ol chjﬁ ent .cross .sectignal area
to be consurred%&uf'h‘?{s% 5% a@elrlllggtf%}n Ithgﬁ%élggieﬁgeeﬁa IgsrahI gErl\gh Ia?g‘g%&%foé” S%vel of
t hrough f pedestadvintagcdyimite mithhe ptedeltdnaaitioaved to neet oxidation life
requi renents adjacent to the trailijng edge through the flow cavity.
Referring now F43F 53 graph Bustzatinghe Aeesgiig Aroe ep dreerilindedaspfphdgngn
airfoil 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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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 of
the conponent 10, a cooling passageway 18, through which a cooling fluid,
such as engine bleed air flows, is incorporated into the conponent 10. The

cool i ng phaseteeiliRy cdm Hado gaol the keiling cdee | hef tipcpmganers 18fa soplingc onponent
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rows 24 of pedestals are proyjded. Each pedest al row 24 conprj ses
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t he IDre%th . I.n a preferred enbodi nent, there are at |east tw ce as
many pedeSPASt £ wggwq RHE COBSEhf ot 30 than in the IDregion 32. In a

most pref erredsephosl é@ﬂfmﬁﬁgﬁﬁs L Es Ql?é’@éﬁsi@fg%%?bdés PNFowé 24 Dati (A3 T €gi on
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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 reflected 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
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I D portion 32 of the conponent 10 is beneficial fromtwo perspectives. The
absolute driving pressure level at the ID portion 32 of the conponent 10 is
reduced, mnimzing the axial pressure loss'through the |ower density ID

pedestal array. This enables the optinmumlocal trailing edge slot cool ant
f1 ow rat epatlpfrpe the LR TagPn Thiogthe ID regionsd4 atithg pompangit fgki PRS§ASHF G 5.
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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.



becone apparent to those skilled in the art having read the foregoing
description. Accordingly, 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: 1. A turbine engi ne conponent
having a trailing edge portion, said gugoment conprising: neans for
cooling the trailing edge portion; and said cooling nmeans conprising a
cooling fluid flowing in a passageway in a first direction and a plurality
of rows l:s. which receives said cooling fluid fromsaid passageway
and mhiéﬁﬂggfggé&?ﬁ§density al ong a span of the conmponent with the nunber
of said rows of pedestals decreasing in the flow direction of said cooling
fluid. 2. A turbine engine c onent .according.to claim1, wherei.n the
nunber dt ArtbiRieGERis FoTRaRes TP e dr G e Ra i i S BHFoTh ESRBERP G e
conponembr dobRAE B3 IS cdbe HIRLARN: aﬁ@ﬁicﬂ)Bodl&g@ﬁbaﬁb‘%&hpriﬁh?%h@ﬁn%ﬁﬂﬂ Wwirk inA

t ur bi ne engi ne conponent ‘according to claim1l, wherein the number of rows of
pedest alagapsagevay iow idust dirertton end p plirdity of raves of nedessds ahichi recejvesamiskcooling t he
nunmber FWs of pedestals in.an__i.nner, di.aneter reqi of said co nent .
oAt of i B0 81 TR, B nd PuRBarPTE BB o S s ford et R G
pedest ahumbésof said fders oF pbdistadl dtRialing 1€ GieTlow Sirédtioh ®884id bwblge: @EdMmany as the
nunber of pedestal rows in the inner diameter region. 5. A turbine engine
conponent according to claim3, wherein there are seven pedestal rows in the
out er disa . I eqt r O j ' ' gi on.
o A t urpl et nb o CorITE LRl 1 Whioleh 4R Rl BE%Sr AR B0 T
conpri séscréasysaseoneansyes alohgehoipan @f deanmpoaettdnom ed idner diankter tedidn pamtduter of
sai d va?#e. 7. A turbine engine conponent according to claiml, wherein said
conponeMARYTFIFESBs a bl ade and said cooling means is located in an airfoil
portion of said blade. 8. A turbine engi ne conponent according to claiml1,
wherein said passageway has an inlet at an outer edge portion of said
conponendt A tbrbine engine component according to claim 1, wherein the number of rows of 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 component comprises a vane

and said cooling means is located in an airfoil portion of said vane.

7. A turbine engine component according to claim 1, wherein said component comprises a blade

and said cooling means is located in an airfoil portion of said blade.

8. A turbine engine component according to claim 1, wherein said passageway has an inlet at an

outer edge portion of said component.



9. A turbine engine conponent having a trailing edge portion, said conponent
conprising: neans for cooling the trailing edge portion; said cooling neans
conprising a plurality of rows of pedestals which varies in density along a
span of the component; and said cooling neans further conprising a cooling

passageg havirble 3lgibd b&hpadent ASviALh BhilAzRABS Fértith, saliFcdnfiMReREmpridtist heans
cool i ng passage provides a cooling flurd to sai d pedestal rows, ang a

pl ur al i £y cepling the yabing sgeuportipn; saidepoding ercans enmprisiempblveiity ohtoowgH whi ch

sal d Cogédemlsfvlrlﬂé}f’vdrfe.s‘?ﬁ‘Hé}{éﬁg%fbng%&?oﬂh%ém%ﬁenk%tndfs 1 SRR SRl QN
with a region contalning sald pedestal rows. : urbine engl ne conponent
accor di enrésing @coulifg pabsagehavisgadinanat tioloated dinsneter qfeltesimponeonsvhichpt | m zes

trailing edge sl ot cop] ant ch,nynber, . and velocity with coolant air
t enper a‘g‘tﬂ%& PREaZS BERYIdeY R SP("\{S}%QWEFO %ﬁln%cfeﬁale/@‘% ?‘%/‘H Bfﬁ’é%}lt&ﬁﬁaﬁ@@?%’rgﬁance.
11. A tysibh @d?rtﬁ‘sﬁﬁ oHPIAGR hroa N W hich! A qo%ﬁngg[d‘d% Fﬂ%@&ﬁ?@hﬂaﬁ‘ﬂoﬁ?ﬁ:@ﬂl

outer edge portion and an 1 nner edge portion; cool 1 ng passageway | ocated

i n sai dilgidrcbmintunieatipn ovithf oregiomeen@imgg seid pedestabrowsl uid to a trailing edge
portion of said airfoil portion; a plurality of cooling slots in said
trailing edge portion for exhausting said cooling fluid; and neans for

uni for m, ORkbifk ghgfe édrﬁ%véﬂeﬁﬂaq@@ﬂﬁ‘ng Bl P4imCe) AR Pdin Mag RaRabTh EnsAh Gt sdwy
with coolant air tenperature rise and | ocal thermal convective efficiency

and per PRsimiaercisailing edegtslet coalant Maeh anmberani velopity withsoplaptris tempssitanetrise
tenper al i 8o Sl Eo‘ﬁ%gctgxﬁe g c‘&oa%'d'p@%o%ag{cg. |s exhausted fromsaid cooling
C]e I nner edge pOI’l%I (0]

slots from sai n to sald outer edge portion. 12. A

t urbi ne engi ne conponent according to claim11l, wherein said uniformy

optim zing means conprises a plurality of rows of pedestals having a

spanwi sbl-vaiirhiBe engiaseqrrponeptcomprising: pi @iriilparon baviesh eneuistedgedrrPyadanaj m
19 wherei : _ y e dge
s 1 easpdep RotilELodling 12 e e od BEGREHBloR RS GE R bre i SIS CE0.
14. A t{loiditme tailigredge poponefisaid arfribporton;a phmlitp dfcoolihg sletsrin aaifl loailingat e  of

said cooling fluid is |east, at said.jnner ed ortiqn and.greatest at said

outer eng@_Pgam hextgsting i} gqofie Gl aa¢ E‘&ﬁ‘b‘gﬁéﬁ{“f%ﬁéﬁ oBhmiA T Teig e,

wher ei Ng§@dod 10 Ve R GuRBESARBRAN it AfitIREboldrR b terRberft ki QUinANoQUGRAAr ti on. 6
convective efficiency and performance so that a substantially uniformly distributed coolant
temperature is achieved as said cooling fluid is exhausted from said cooling slots from said inner

edge portion to said outer edge portion.

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

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

13. A turbine engine component according to claim 12, 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.

14. A turbine engine component according to claim 11, wherein a flow rate of said cooling fluid is

least at said inner edge portion and greatest at said outer edge portion.

15. A turbine engine component according to claim 14, wherein said cooling passageway has an

inlet at said outer edge portion.



