HEAT TRANSFERRI NG COOLI NG FEATURES FOR AN Al RFO L BACKGROUND OF THE

| NVENTI ON The U. S. Governnent nmay have certain rights in this invention in
accordance 5 with Contract Nunber N00019-02-C- 3003 awarded by the United
States Navy. Thi s inventi on relates generally to a cooling passage for an
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t hr ough eaq:lassagestfoeam gitfoiilne bl ades and exhausted out filmholes on the
surface of the 20 turbine bl ade. The 05|t|on of the filmholes on the
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conbusti on gasses insulating the turbine rom exposure to the hot
conbust i on thrsswsestand driveda wemipreasis:. rEadcha)lﬁltlha tuybiae dladse fncludes fam airfoil great | y
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mat eri al t hgly bSmbiRRembuSidmogaidshe tur b| ne bl ade. Once the nolten materi al
utilized to formthe turbine blade is solidified the core material is
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al ong WI th eg( auste %Si‘lr(gr%dthg %gInlbggtE)ra to% 0he gas tfulrblnrlg gr(l);gllé.ngfhe?)tgmgerlature of the
combustion gasses exhausted through and over the turbine blade assemblies can
decrease the useful life of a turbine blade assembly. It is for this reason that each
turbine blade is provided with a plurality of cooling air passages. Cooling air is fed
through each of the turbine blades and exhausted out film holes on the surface of the

20  turbine blade. The position of the film holes on the turbine blade creates a layer of
cooling air over the surfaces of the turbine blade. The cooling air insulates the
turbine blade from the hot combustion gasses. By insulating the turbine blade from
exposure to the hot combustion gasses the turbine blade reliability and useful life is
greatly extended.

25 Typically, the cooling passages within a turbine blade are formed by a
ceramic core that is provided with and surrounded with molted material that is used
to form the turbine blade. Once the molten material utilized to form the turbine
blade is solidified the core material is removed. Removing the core material leaves
the desired cooling air passages along with the desired configuration of film cooling

30  holes.

As appreciated, each turbine blade assembly represents a dead end or an end

of a cooling airflow path. This is so because cooling air flowing from an inner side



As appreci ated, each turbine bl ade assenbly represents a dead end or an end
of a cooling airflow path. This is so because cooling air flow ng from an
inner side 1 or platformof the turbine blade flowradially outward to a tip
of the turbine blade. The tip of the turbine blade is closed off form ng
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Accordingly, it is desirable to develop a core assembly that is robust enough
to provide for reliable manufacturing process results while still providing for the
20  formation of the smaller cooling air passages in the thinner sections of the turbine
blade assembly.
Another concern in the design and configuration of cooling air passages is
the direction of cooling air on an inner side of the cooling passage. The cooling
passage typically receives air from a main core section. The main core section of
25  the turbine blade is in turn in communication with a cooling air source. The cooling
air passage therefore includes an inner surface that is adjacent the main core and an
outer surface that is adjacent an exterior surface of the turbine blade. Impingement
holes within the cooling air passages communicate air from the main core into the
cooling air passage and against the outer surface.
30 Accordingly, it is desirable to develop a core assembly to form a cooling air

passage within a turbine blade assembly that is both reliable during manufacturing



outer surface that is adjacent an exterior surface of the turbine blade.

| npi ngenent holes within the cooling air passages conmunicate air fromthe
main core into the cooling air passage and agai nst the outer surface. 30
Accordingly, it is desirable to develop a core assenbly to forma cooling
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air passage that is in communication with a main core. The main core is in
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i npi ngenent holes prevents cross flow between inpingenment holes to inprove

cool i ng ai manbtagtugghilityst an outer surface of the cooling passage. 20 The
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form the cHéAARCEMMAN{aLiAN P cooling Ay frome odgesystams. Thorenlmgingssagepi ngenent
openi ngs. %&%Qdo{hr(guhg% the use of a unique core assembly that includes a plurality of
impingement holes that are isolated from each other. Isolating each of the
impingement holes from at least some of the other impingement holes prevents cross
flow between impingement holes to improve cooling air flow against an outer
surface of the cooling passage.

20 The core assembly provides the configuration of the cooling passages and
includes impingement structures for forming the impingement openings. Each of
the impingement structures is isolated from at least some of the other impingement
structures by separation structures. The separation structures form the channels
within the cooling passages that isolate the impingement openings. Each of the

25  channels formed by the core assembly is in communication with expanded chambers
at a side of the cooling passage. Within the expanded chamber are film structures
that are provided for creating the film openings between the cooling air passage and
an exterior surface of the turbine blade assembly.

Accordingly, the turbine blade assembly of this invention includes cooling

30  air passages that provide desirable cooling characteristics for the turbine blade.



25 channel s fornmed by the core assenbly is in comuni cation with expanded
chanbers at a side of the cooling passage. Wthin the expanded chanber are
filmstructures that are provided for creating the fil m openings between
the cooling air passage and an exterior surface of the turbine blade
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fol I owi ng OFSSHRHE™ is a brief description. 5 BRI EF DESCR PTI ON OF THE
DRAW NGS Figure A is a side view of a turbine bl ade assenbly according to
this invention. Figure IBis a cross-section view of a portion of the
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assenbly amhgbﬁ]g tothis invention with a portion broken away to
illustrate the cooling air passage. Figure 5 is a prospective view of a core
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an opposit ¢hisindeniadn.a core assenbly illustrated in Figure 9. DETAILED

DESCRI PTI ON OF E P FERRED ENBODI. MENT
gure a prospective view of an airfoil assembly according to this

invention with a portion broken away to illustrate the cooling air passage.
Figure 5 is a prospective view of a core assembly according to this invention.
15 Figure 6 is a view of an exterior surface of a cooling passage.
Figure 7 is a plan view of a side of a core assembly according to this
invention.
Figure 8 is a plan view of the other side of a core assembly as shown in
Figure 7.
20 Figure 9 is a view of one side of a core assembly according to this invention.
Figure 10 is a view of an opposite side of a core assembly illustrated in

Figure 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25 Referring to Figures 1A and 1B, turbine blade assembly 10 includes an
airfoil section 12, a root section 14, and a platform section 16. The root section 14
extends into a hub portion (not shown) as is known in the art. The root section 14
extends to the platform section 16. The airfoil 12 extends upwardly from the
platform section 16. Turbine airfoil section 12 extends from the platform section 16
30 toatip 18. The turbine blade assembly 10 includes a leading edge 20 and a trailing
edge 22. Between the leading edge 20 and the trailing edge 22 is the exterior surface

24. The exterior surface 24 is shaped to provide the desired transition or conversion



25 Referring to Figures I A and 1B, turbine bl ade assenbly 10 incl udes an
airfoil section 12, a root section 14, and a platform section 16. The root
section 14 extends into a hub portion (not shown) as is known in the art.
The root section 14 extends to the platformsection 16. The airfoil 12

ext ends ) j 12

extends 11 omeharehefphi oBBhANRRAAAEH SRedl: ALBLRb IRl R O

iassg_nbl y é(ﬁurbmel bldm?ﬁeinbadﬂ(:mgs edgboxﬁﬁ)énzamigm? tiraaid itmg; keohge t@ 2. wﬁé:grdffvee_rll_ht he
eading e an e trailin e i's e exterior sur e

ext eri gr sgﬁ‘#]ﬁgé ¢ g g aﬁ%@l‘e’f gklﬁf“g\}‘il dee ?‘ﬁé”‘gbél?er Bepefif é’ﬁéylts CE?F?

conver si on vy i uf@Ssiatd %F‘ofﬂe?‘%r?d?l EQf %&ﬁ%ﬂé ulBERAN G ere%'i‘%% Yeatibgs Shoul d

be understood, the turbine blade asse as I's shown in gure 1A is as
is knowh tovcmld/\berdcét fromkthe Hsdlosmreashmiwcﬂmggamgdsmf tiskiinveetdon.n the art with

the benefit of L. scl.osure erstand that other _airfoj

conf i gurati ons dOFIPUE PR PRPePBNlS inseRE APaie PEsoBurd BBREPPINS r om ¢ he
di scl osur ega@age 30N m@@)se@sﬁme&eqﬁrbh{y lﬁadé‘é‘s@&hbl‘?rl() ThGo1ingr i SRelimde
assenbly 10 includes a cool IB% passage . The coOoling passage 30 is

di sposed witerhing bclm asmlbbluelO ecwgha?a@egb"l 36 wighinGbolrpetgpeetion bht Epslinghe

t ur bi ne blade 0 throu ssages 26 hi n ot section 14.
Cool i ng et calS Lot R g P RS HBEaR B bete AP SRl T SRR o€ EBiGur o 16
Main cqgpe %&dll%wlpoxﬁoﬂ%{mmmmdm owmehtu%lh@@ladeta@gdnwl ab. tdwolingr & ne bl ade
assenbly 10. Cooling air comunicated through the passa es 26 and into the

mai n core zen@nmeqa@dc@mughgthe [rassgee 80 30d dniopihis auaind aoe AStdnters wpplinge bl ade

25 hr ougn Pasaer S B SPHTE Tt Ain® BBk AR 0T Algp i MRE . om

t he i npi ngesslig PR/AERIIN 312)n‘f |tl€B/\/ﬁlai19\661Fed283)ﬂﬂ@ﬁ§1 Qnplufdligyride rimphidedicapos ed
opposite the inpingenment opening 32. Cooling airflow then proceeds through

the wal | s @Peripg32urbi ne bl ade assenbly 10 through film openl ngs 34.
Cool Mgty exL ol g DnPHPARAR H IR G, LB RER GG 34
provi de a chahbéig 422kspasel dpiodit@tienghpimpeaienobpadig 32. Cooling airflow then
proceeds through the walls of the turbine blade assembly 10 through film openings
34. Cooling air exiting the cooling passage 30 through the film openings 34 flows
over the exterior surface 24 of the turbine blade assembly 10 to provide a cooling
20  and insulating layer of air.
The turbine blade assembly 10 of this invention includes the cooling passage
30. Each of the cooling passages 30 includes the impingement openings 32. The
impingement openings 32 are isolated from each other by channels 36. The
channels 36 are formed by a series of separating structures 38. Separation and
25 isolation of each of the impingement openings 32 provides for the separation of
cooling flow that is impinged upon an outer surface of the cooling passage 30.
Further, isolation of adjacent impingement opening 32 prevents and reduces cross
flow problems encountered with typical conventional prior art impingement opening
designs. The flow from the impingement openings 32 passes through the channel 36
30 to the plurality of film holes 34. Film holes 34 are in communication with the
expanded chamber 42. The expanded chamber 42 provides a portion of the cooling

passage for the accumulation of cooling air that is to be communicated to the film



The turbine bl ade assenbly 10 of this invention includes the cooling passage
30. Each of the cooling passages 30 includes the inpingenent openings 32.
The i npingenent openings 32 are isolated fromeach other by channels 36.
The channels 36 are fornmed by a series of separating structures 38.
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i ' Tustrat edhlzlechsstasislyi ethrowghhihe dsbicf dbirs akbsesibiye 44 ReTler coregaskemblygty e 3, the
cooling passage 30 is formed within the turbine bl]ade assenbly 10 through
the use of PEYAESatosdhp|fgrmationTefe theoyarions simpiugesqand gerfigugeiions yicl
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through the use of a conventional molding process. The core assembly 44 can be fabricated
from known core materials such as specially formulated ceramic and refractory
metals. The core assembly 44 is placed within a mold and then surrounded by
20 molten material that will comprise the turbine blade assembly 10. Upon
solidification of the material forming the turbine blade assembly 10, the core
assembly 44 is removed. Removal of the core assembly 44 is as known and can
comprise various processes including leeching or oxidation process where a
chemical are used to destroy and leech out the core assembly 44. As appreciated, a
25  worker versed in the art with the benefit of this disclosure would understand that the
use of other molding process and materials as are known are within the
contemplation and scope of this invention. The type of removal process that is
utilized to remove the core 44 from the turbine blade assembly 10 will depend on
various factors. These factors include the type of turbine blade material, the type of
30 core material used and the specific configuration of the cooling air passage.

The core assembly 44 utilized to form intricate cooling air passages required

to provide the desired cooling properties within the turbine blade assembly 10. The



the use of a conventional nolding process. The core assenbly 44 can be
fabricated fromknown core materials such as specially fornulated ceramc
and refractory netals. The core assenbly 44 is placed within a nold and
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30. the impingement structures 46 utilized to form the impingement openings 32 within
the airfoil 12. The impingement openings 32 communicate cooling air from the
main core 28 into the cooling passage 30. The core assembly 44 also includes the
20  separation structures 48 that utilize and provide for the separation of cooling air
through each adjacent impingement opening 32. The core assembly 44 includes a
reverse structure from that which will be formed within the completed turbine blade
airfoil 12. The impingement structures 46 therefore are extensions that will extend
through and provide the openings through the airfoil 12 to the main core 28. The
25  structure and space of the core assembly 44 provides for the open spaces within the
completed airfoil 12.
The core assembly 44 also includes a plurality of heat transfer enhancement
features 60. These heat transfer enhancement features 60 are formed in the core
assembly 44 as openings such that within the completed cooling air passage 30 the
30 heat transfer enhancement features 60 will form a plurality of ridges that extend

upward within the various of the cooling air passage 30. A worker with the benefit

of this disclosure would understand that different shapes of the heat transfer



No two adj acent i npingenent openi ngs conmuni cate cooling air to a conmon
expansi on chanber 42. In this way the specific cooling flow can be
controlled and 15 tailored to provide cooling to specific areas and
features of the airfoil 12. Referring to Figure 5, an exanple core assenbly
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utilize and proWcHETRSFO Figurey 38085t e 0P iR HotraigdaiThe QURTSIRF S EHE adj acent

| Mpi ngement,, QpeRi thedarfoil N9 iARERIASH % 44 THRGUMIERdAS6 [SHR(§Hicaly ucture
fromthat which wll be formed wthin The conpleted turbine blade rairfoil

12. TheSi npeatigeedns issshowat ir Biguked bhersedmoingegarl poetiarens thenarfoid2. wihd  ext end
t hrough and provi .the o in t hrough the airfai) 12 to the in core 28.
The 28 st r QuBhFHe aRd: aRact e Hiioropars et M youd 2 Beraas PSR open
spaces W t rer 5iae 54 &P AR Qo Phdshgd 30.1Phe ihR6r S8 B AARREMhY nfhth &dr8 @8l ncl udes
a plurality of heat transfer enhancenent features 60. These heat transfer

enhancenentt if doit thisesa®D thatgh¢ odpesdd? are phevidask en thensartside Millastrapdii ngs such
that within.the_cqompleted cogling air passage 30 the 30 heat transfer
enhancerent §850uASEPRISC R TP Rersy dPIREr §1oBe e Hea eIt end  upvar d
withinjphe vari qus ditert i€ 566QhatNG RjdceMths AR -pofti P bK e Wifoll 1hes benefit
of this disclosure would understand that different shapes of the heat

transfer 7 peovidadcempriticlf eaelingesir dpvoche mash affe¢thdesardghle sbsorptiost anst ed t hat
di srupt or direct ,.airfloware within the contenplatjon.of this,i ntion.
Rer er 1i ng. PR, ARTRY bt B bR ole e R, BhkE o iould Fab ¥ 56 &
cut away fim@ediabdy atrofPfrbmlBe ilmpihgtmaiteshehihgki3gurAirflow Wil thett pfocsdédde 56 i's
not typically 5 sectioned as is shown in Figure 6 but is an integral
portion of as HiEeded bythe channeindd Wiitaegs the Hailipg edge anficading edghude lavardsor

surfacecof jth i r.foi FhQg [ Llustr N AN j t he
cool i nSS pag%seag’g%?%f)gﬁlg&’i%ﬁrng?' ;T %86}%}15 Iﬂ%d?ﬁélgg%\]? S%éﬁglrnvgﬁﬂngégﬁlétg@&%m? is for
this reasomilop@t tbhaedtt dgetulér affectPrivui drRecasd Hehe tembfef &iddab&fptidd ust rat ed

'n properties. Once air has reached the expansion chambers 42 it is accumulated and
exhausted out the film holes 34. Through the film holes 34 the air will then be
exhausted into the main combustion gas stream. The example core assembly 44 is

20  substantially straight. However, the core assembly 44 may include a curved shape to
conform to an application specific airfoil shape.

Referring to Figure 7, a portion of the core assembly 44 is shown that

provides for the formation of the outer side 56 of the cooling air passage 30. The

core assembly 44 includes the structures that form the channels 36, film holes 34,

25 and separating structures 38. The impingement structures 46 are illustrated in

dashed lines to indicate that they do not extend outwardly from this side of the core

44. Instead the impingement openings are formed from extensions or structures 46

that extend from an opposite side of the core. This side of the core assembly 44

produces these features within the outer side 56 of the cooling air passage 30 of the

30 completed airfoil 12. In this example core assembly 44, each impingement structure

46 it opens into a separate channel 36. Therefore each of the impingement openings

32 are isolated from any of the adjacent the impingement openings 32. Within each



Figure 6. As appreciated, thermal energy radi ates along the exterior surface
24. 10 The outer side 56 that is adjacent the exterior portion of the
airfoil 12 is provided on which cooling air flow can nost affect desired
heat absorption and transfer. Airflow through the inpingenent openings 32

strikes th L i ¢ I openi ngs
32 ATl on el [ Ren B ATt B o R o o T B B PP e
trailing edgl forml taddesiree dudzesi e heavatrahsfet Tiddee @ pathsn ahe coarpbeed 42.
Through the channels 36 air will be con led gnd _.tailored ta create
{Urbulent | ENBEROSG: hERe Pt ialser HESHUTET EOhesfah St Joire qaviBrOper e  es.
Once air h@&ei&%ﬁﬁ@ﬂaltdﬁ%ngm@ﬁ%l $08EER €S forfhdhé butwir@G e¥EHlA! Bdocand
exhausted out the filmholes 34. rough the filmholeS 34 the air will then

be exhlusted i Meferring tordiigure Gnbngniesrsidgast e roosaasstmblyedbnpblovooaed assenbl y
44 is 20 substantjally straight. Howev the core assemply 44 nmay.include a
curved- shag iR hipdpibh At Bac s 3abit el as ool ket err  ng
to Figure dastRdAfes k@ hddfatd that aaegav@wﬁ&m)denﬂ%rﬁ B QIR Bl douldER¥hdes for

the formation of the outer side 56 of the cooling air passage 30. The core

assenbl y 44ramngheuepposithsidst riivsthar, dbe other stregtwies lilkat ohewld diesfogaed pnlithe hol es

34, 25 and separat. st,ruct ure ._The i npi ment _structures 46 _are

1 ustr at e TR GRGER MeBRASER e AP EHoR oL Hay el ROE e P BRITO8 v dl y
fromthos sppeciafedtthssecfehit@resddoulll RelefdSuivitdilypdh IeTBposR 8le@d mae f or med
fromextensions or structures 46 that extend from an opposite side of the

core. Thi s aliode representeddr dashesklénasiiy thisviepr oduces these features within the
outer side 56 OfRetfé}ﬂnggcggw? A I}J)gg,izﬁx%ﬁxe?’gxa(}ﬂ lgr}%?fes%sg @ﬁ&:?%ggladldéé oi |l 12.

In this exanpl e core I mpI ' ng struc opens

into a sepas &ieimeaninglindbdes Ehgluedioy ef Bagihgaherit Reuttuis AgedBfsedpethimgs 32
are isolated fromany of the adjacent the Inpingenent openings 32. Wthin
each 8 of teRArEAsARBICYE 3 elnghis|coreaaspepblyf70; HuceiBRingamais sERCtRIeH 4A @8hent

o 0584523 ki gL bR Sy BES 1o oBlALSEel C ©2
i |l ustrat edmbpingbmghlr €enings evidar iehdheshaimbat ther @eeifi¢eaiNfberreqhirgudrtgnd he
molding pr %(c:)gl?r?g atli?ﬂc])cve ErrrH)itnggmg#ttovr\{aar sdple?:/ifig);tre%ncgﬁ%ert;ﬁ(ljogrgs to accommodate area
specific heat transfer and absorption requirements. Although there are several
impingement openings 46 disposed within each channel 36. These are still isolated
20 from at least one impingement opening is isolated from at least another impingement
opening. Further, the impingement openings are all disposed about a centerline 40.
Although each of the impingement openings 32 are disposed about a
common centerline 40 they are still isolated from at least one other impingement
opening.  Although it is shown in the example core assembly 70 that the
25 impingement openings and impingement structures 46 are disposed about a
centerline 40, other configurations and locations of impingement openings are
within the contemplation of this invention. A worker versed in the art will
understand that isolation of at least one impingement opening relative to another
impingement opening provides the desired benefits of tailoring cooling in a cooling
30 passage.

Referring to Figure 10, the core assembly 70 is shown on the side opposite

that shown in Figure 9 and illustrates the side of the core assembly 70 that would



5 Referring to Figure 8, an inner side of the core assenbly 44 is shown and
i ncl udes the inpingenment structures 46. The separation structures 48 are
shown in dashed lines to indicate that they would not extend fromthis side
but would extend fromthe opposite side. Further, the other structures that
woul d be T a6 theQludrfye SY6Ehe it Air éésggege.tﬁf 19 8o T e e ARndbRy  shown
for clarity purposes. wever, as appreci ated those features woul d extend
out war dl y f/0ottiustr@e pipo filmestaictieeardd tmy waald dodne the files dnlee 34 yn dashed

lines inthis view. Referring to Figures 9 and 1 anot her anpl e core
assenbly 7GOREISRHTHGT o FHAST B HERSR, STRENGe 4 psrapd (i srould

| npi ngementro$h el 8anst& £HigeP@s el (i dotipleted BHRMRL PsSdpaM0e | Furdr, akRs thi s
core assenbly 70, three inpingenment structures 46 are 15 di sposed within

each of 5t heheepathat ingpingdmaant estrug@resBy6 provhavmgn sisskedalines mplicage ket

openi ngs wi,t hi.n each chapber the specjfic air flowsequjrenenpts an cool i ng
oPET ouri st Bnanelyn R R bl SSBREL o I blset 3P aed ALCHL Bo st o or e
speci fic heagurt n16Msd &parfidn 3RSQLRE U8 ANA AHIJL ITRANIS: suﬁktda&tm{)ﬁobﬂfe%ar e

several inpingenment openings 46 di sposed within each channel 36. These are
still i sol dheere@®rfofontagdored egekingaiclowbionydeampingemeninepenings sokhetfélan f r om at
| east anot her .i npi ngenent openi ng. Further, the inpingenent openings are

al | di spos@@elgﬂ% t a centerline 40. Although each of the inpingenent

openi ngg 32 are AlicoRRSAY, MbRYle As&APNRAY &RNAIAGI PCoAfist Q¥ tRINEprovides
isolated fromat |east one other inpingement opening. Al though it is shown

in the exarpt dedaiering sehithgrovyemeniaif qoeling 28 prapirtigemithin 8 petbinegsladnd
i mpi ngenent__ st rLuct ur 6 ar i sposed .about ,a centerlin ot her
con | gur at isneiei it Bt e So SRARTY AR o ARG R R aRMAR

cont enpl at iphitaldfy dfih&ividuwEsHanfels désimBIekRE syRiF@iig diffldwithraligh ddchlof thnder st and
that isolation of at |east one inpingenent opening relative to another
i mpi ngementimppEamAR hele wpeiagt hdhedsplation ¢fethe impggementPPERgIPTeVEdrs ng i n a

on- 1 ho 13 adBARRERNORTREL Lo SedbBHES P ymlRfiefithE o SPIB L Porpf o7 T
cor e assenkbylingarddf@dw vRarhélestics within an airfoil.
Although a preferred embodiment of this invention has been disclosed, a
worker of ordinary skill in this art would recognize that certain modifications would
come within the scope of this invention. For that reason, the following claims

20  should be studied to determine the true scope and content of this invention.
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formthe outer side 56 of the cooling air passage 30. This side of the core

assenbly 70 illustrates the filmstructures 58 that would formthe film
holes 34 in the conpleted airfoil 12. Further, heat transfer structures 60
are illustrated that would formthe heat transfer ridges 64 in the

conpl eted cooling passage 30. Furth is 5 shown, the inpingenent

structures 46 are shown in dashed |ines indicate their |ocation relative to
the features formed on the outer side 56. As can be seen by Figure 10 the
separation structures 48 and tt}e heat tfansfer structures 60 pr,(c)ivi de for

the creatidn of “hCP%i FSFBRIYCHOB TPHYNGicrPIiRgVPRISBERSt NP M Ao Atidd98hi ngs to
the film opeRIESompdsiAgcordingly, the core assenbly 44 and airfoil 12 of
this invention provides “for the tailoring and i nprovenent of cooling air
propert bes wi t hianfist tsidebinnledirigaa elurakstyesfbinypidgemdan rstrineturest foe foommgassenbl y
44 includes a si ngil e ?or]i tﬂi}at can Fr ovide a plurality of individual

channel s d&STFRINENL H ULy A APPINGC RPN IPENHr ough each of the i npi ngenent
hol e openi ngs. Thecisphiat 'i&_’lucﬁﬁg Ta*}ﬁuﬂaHBJ wﬁW@Bolﬂ%eﬂhﬂﬁ%em&Vﬂo%&glé o
inproved airflow and tail oring capabilities for inplenmenting and optim zi ng
| ocal coolcprigspanding|pbwalityaf didmerpesinggsindi t hin an airfoil. Al though a
preferred enbodi mﬁnt &f tihi S it.nve tion as. been diﬁcl osed, a l\I\D{ ker of
ordinary skill iarPPHHL gk tePRraien SFUcEifoeiamme walls sqrraiingi 4t ileast PBhs woul d
cone Wiphi RftdArl 26R8HoRGink NpIaraliBy dtinPgehRht oPetingLFRM anbih@r fdl dagi ng
claims 20 should be studried to determ ne the true scope and content of this
i nvent i on. cogespoadivg pluralitysd impmgematil opehipes.f or mi ng cool i ng passages within
an airfoil, said core assenbly conprising: 5 a first side including a
plurality of inpingenent structures for formng a corresponding plurality
of i npi ngerent oPRNAsBEEH]yaasSREAEE it icliemi NCWHeteitgsaad Rbetndl §illy idfludds! an cool i ng
structures for formng a corresponding plurality of film openings; and a
plural ity olurgkétyaefaturbiaken geeqivies oo fomungritgulation Seaturesrfar imedibting east one

15  cooling air flow.

3. The assembly as recited in claim 1, wherein each of said plurality of
impingement structures forms an impingement opening within the airfoil that is
isolated from any other of said corresponding impingement openings.
20

4. The assembly as recited in claim 1, wherein said core assembly comprises a
ceramic material.

5. The assembly as recited in claim 1, wherein said plurality of impingement
structures form a corresponding plurality of impingement openings for

25 communicating cooling air between an inner core and the cooling passages.

11



10 of said corresponding plurality of inpingenent openings from another of
said corresponding plurality of inpingenent openings. 2. The assenbly as
recited in claiml1, wherein said second side includes a plurality of
turbul ation structures for formng turbulation features for nodifying 15
cooling ai flow NEr ASEY j i | al j 's%?ﬂ‘fh of
sai d plur al6|' ty \(?? H?‘!"ithr?-ygll ﬁfgerremjg)é%(orlﬁl t;fja‘?%ié%?g?ﬂnzéh glrlﬂl lglbs%%ragﬁﬁ%c?h%be ng
wi thin thetls stémidf: that is isolated fromany other of said corresponding

i mpi ngenment openings.. 20 4. The assenbly as recited in claim1, wherein said
core assenbly c ﬁ”?prl Jeanigg % 8FRoE _fﬁ?‘éﬁ'i‘%llmp‘@ge‘?ﬁ%t HECOHBY ggra@%%% ted in
claiml, WagbtiaBmSldheRindl #hd bopaPhioh TRLAGRIFH forfiphaidS isbRkiRk Tach
correspondi n 5 ural 'ty I npi-ngenent openings for 25 comuni Cati ng

cool i ng5ai of betiwpergeareni opeaings drogn amydothéra mpogdemegt psseges. 11 6. A net hod
of form ng cooling passages for.an airfoil assenbly conprising, the steps
of: (a) form ng @ | FaRdpe ol HieaTRY it S GRER SLoP L LiaPesEd fFreifiy i g

i mpi ngenmengy@peni ngs and separation structures for form ng channels

i solating each 5 of the inpingement openings fromany other inpingement
openi ngs; (b) c&sti ngembwnaihefaoird framgberbdsy aifoiln t he core of step (a)

di sposed therein; and (c) renoving the core fromthe cast airfoil. 10 7. The
method as recited in claim®6, wherein said step (a) includes the formng a
plural oy of filmehedtRodhd telied RSclAi! 6/ WhdFeiNGaRl K& (25 SRMHs M8e Rirkidg i ty of
filmholes in the airfoil assenbly. 8. The nethod as recited in claimb®,
wher ei n saiadlerekyy qfdilmi d¢ sieosured farifogning e conrsspoagdimgaturehtysaefrfiot heless f or
form ng th(la ﬁ,h%nrﬁglLss squ that a portion of each channel interfits within
anot her of "t H& hAnAEFELY:

8. The method as recited in claim 6, wherein said step (a) includes forming the
15  separation structures for forming the channels such that a portion of each channel

interfits within another of the channels.

9. The method as recited in claim 6, including the step of forming a second core
for forming a main cavity within the airfoil for receiving and communicating

20 cooling air to the cooling passages formed by the first cavity.

10.  The method as recited in claim 6, wherein said step (a) includes forming a
plurality of turbulation structures for forming a corresponding plurality of
turbulation features within the cooling passage of the airfoil.
25
11. An airfoil assembly comprising:
a main core receiving cooling air;
a cooling passage including a plurality of impingement openings in
communication with said main core; wherein said cooling passage includes channels
30 isolating at least one of said plurality of impingement openings from another of said

plurality of impingement openings.

12



9. The method as recited in claim6, including the step of formng a second
core for formng a maiin cavity within the airfoil for receiving and

comuni cating 20 cooling air to the cooling passages fornmed by the first
cavity. 10. The nmethod as recited in claim®6, wherein said step (a) includes

formng a 1?! ur @I'h'gtz?ésé}ﬁblkl’%sbfélcﬁéd ﬂﬂcﬁﬁrh!JﬁE teteih Yaid OACH 89 sfd @oaff3pondi ng
plurality of turbulation tTeatures wthin the cooling passage of the
airfoil. 2sothimuniatesiwifloard expesdathdhymbenpri sing: a main core receiving
cooling air; a cooling passage including a plurality of inpingenment openings
in comunication with said main core; wherein said cooling passage incl udes

channel's 38 i sofgtdsfnBly dsedsitedomeciim 321 theRIduiah iplvralfy MR GS0E:

openi ngs from another of "said plurality of inpingenent "openings. 12 12. The
assenbl § adoles comaimiqatiop apehinglair {theyrseidexpandedechember tosan ekternalrmyeiage
connunicatei wi.t h ap eﬁg nded chanber. 13. The assenbly as recited in claim
12, incl udi® éalgaﬂ'fcﬂ BPYYof filmcooli ng 5 holes comunicating cooling air
from sai d expanded chanber to an external surface of said airfoil assenbly.
14. The assenbly as recited in claim1l, wherein each of said channels

i ncl udes tldr bulTheiagsenttdas restted o claoulillywhereii each ofvsaidcbagielsaicidehannel s.
10 15. The . ass | s recited.in claimll wherein each of said plurality
of i npi ngdRBREIERSHTER L Moty st s AR PahYal bl ane and said
channellg interfit with each other such that each of said channels includes
a portion intersecting said central plane. 15 16. The assenbly as recited
in claim 195 whdhei #semblyeas gecited|igadleim id, whestingaremf syéilwghtydpEposed

W thin eac l?mBIng@x%ieﬁlt 88&1@&%' are disposed adjacent a central plane and said channels
interfit with each other such that each of said channels includes a portion
intersecting said central plane.

15
16. The assembly as recited in claim 15, wherein there is at least two

impingement openings disposed within each of said channels.

17.  The assembly as recited in claim 14, wherein said cooling passage includes
20  an inner side adjacent said main core and an outer side adjacent an exterior surface
of said airfoil assembly, wherein said turbulation features are disposed on said outer

side.

18.  The assembly as recited in claim 17, wherein said channels comprise a wall

25 extending between said inner side and said outer side.

19. The assembly as recited in claim 18, wherein air flows from said main core

through said impingement openings and upward against said outer side.

30 20. The assembly as recited in claim 17, wherein said cooling passage includes a
leading edge side and a trailing edge side and said channels extend transverse to said

leading edge side and said trailing edge side.

13



17. The assenbly as recited in claim 14, wherein said cooling passage
includes 20 an inner side adjacent said main core and an outer side

adj acent an exterior surface of said airfoil assenbly, wherein said

turbul ation features are di sposed on said outer side. 18. The assenbly as
recited inoglai I i | di ng
bet ween saizg i nn%élge ag?e\gﬁlﬁgﬁ%&ggtlé‘%ﬂloﬁpg?@@i@g?&%&d%ﬁg&%@gﬁﬁ%ﬁg@ﬁ%ﬁ%I ted in
claim18, Weelirgy ¢dggiaxphddedschimben sdjacdntesic laading edtghrsfd&gtmd&airaihngmdg@enent
openi ngs and u ai nst said ute si de. . The assenbly as recited
inclaim ﬁxwﬁ*\éﬁeﬁﬁﬂgﬂ&m dgasenti FPd aggee gﬁcql%dé‘gdaa‘iq 13€810ioRES ¥4 de and
a trailing ReaRISidinate dith ERBAAELRs SFLENGNIRNLELRE ha 3 Eagih£adi NG
edge side gnd sai ?ngle dge s?de > -a L > Z? gs re%ﬂt%d in
claim 26, wlge sideesmindedduimbeg. passage |ncludes a |eading edge expanded
chanber adj acent said | eading edge side and a trailing edge expanded
chanber adjacent said trailing edge side and adjacent ones of said channels

communicate with different ones of said trailing edge side and said | eading
5 edge si de expanded chanbers. 14
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