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. This invention relates generally to a cooling passage for an
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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



of a cooling airflow path. This is so because cooling air flow ng from an
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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



cooling air passage and agai nst the outer surface. 30 Accordingly, it is
desirable to develop a core assenbly to forma cooling air passage within a
turbi ne bl ade assenbly that is both reliable during manufacturing 2
processes and that provides the desirable cooling air flow properties to
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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.



an exterior surface of the turbine bl ade assenbly. Accordingly, the turbine
bl ade assenbly of this invention includes cooling 30 air passages that
provi de desirabl e cooling characteristics for the turbine blade. 3 These and
ot her features of the present invention can be best understood fron1the
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cross-section view of a portion of the turbine bl ade assenbly. Figure 2 is

a prospect idescrifitiow. of an airfoil assenbly. 10 Figure 3 is a prospective view
of a portion of a core assenbly according to this invention. Figure 4 is a
prospective view of an airfoil assenbly according to this invention with a

por tionsbroken away t o gREEFSHESCRIPTIONOF THEDRAVIENGSE: Figure 5 is a
prospective view of a core assenbly according to this invention. 15 Figure

6 is a view of drigeet bAiisra sidefvdew off agurind blage pasenlgy. adcomling ta this a pl an
view of a side of a core assenbly according to this invention. Figure 8 is
a plan vi ed"¥%Re ot her side of a core assembly as shown in Figure 7. 20

Figure 9 is a V'ﬁéﬁx‘éfll‘ﬁﬁ"a Sbd8eorvieR ot a@%ﬁfdﬁtﬁth@ﬁfahéb&aefa&emw
invention. Figure 10 is a view of an opposite side of a core assenbly

illustrated in HFggerksa prépéetiieBieweSaRhiPDilGNs¢dRblYHE PREFERRED ENMBODI MENT

25 Referring to .Ei | A and 1B, .t ur nebla assenbl 10 i nc¢l udes an
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section 14 grh&gdenl Nto 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 upwar dl yFigumen# tihea 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



pl atform section 16. Turbine airfoil section 12 extends fromthe platform
section 16 30 to a tip 18. The turbine blade assenbly 10 includes a | eading
edge 20 and a trailing edge 22. Between the | eading edge 20 and the
trailing edge 22 is the exterior surface 24. The exterior surface 24 is
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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



cooling flow that is inpinged upon an outer surface of the cooling passage
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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



conprise various processes including | eeching or oxidation process where a
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Referring to Figure 5, an exanple Core assenbly 44 is shown and i ncl udes
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al so i ncl udgs ihpRgement 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



20 separation structures 48 that utilize and provide for the separation of
cooling air through each adjacent inpingenent opening 32. The core assenbly
44 includes a reverse structure fromthat which will be formed within the
conpl eted turbine blade airfoil 12. The inpingenent structures 46 therefore
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i ncrease hegbpériiad)s Date altthadeRh8d tHRNexpansion 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



properties. Once air has reached the expansion chanbers 42 it is accumul ated
and exhausted out the filmholes 34. Through the filmholes 34 the air wll
then be exhausted into the nmain conbustion gas stream The exanple core

assenbly 44 is 20 substantially straight. However, the core assenbly 44 may

i nclude a cuyryed, shape to conformto an. a ication specifjc ajrfoil shape.
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32. Wthin each of the channels are a plurality of the heat transfer
enhancenentousersigde 36 emale tnnex side\p4 prefngt phavefod ekarity puippsige Hawyryehaat
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duri ng t he dmil_§1=§ﬂ@greﬁérﬂ%sﬁdisﬁedﬁﬁéﬁihhﬁsﬁ)wr dly extended ri d_ges. 5
Referring to Figure 8, an inner side of the core assenblg%}44 is shown and

i'ncl udes t he i npRefgaingrio Hgyres P @ndd 04anotimsexamplercore assembhuél aeeosding ar e
shown in ashed lines to i.ndicate.that they woul d not tend f.rom.this side
but would daaandmea, rseghn Bl OF smbgtmeRi ol & PO iRty es ¢ ha
woul d be f qepRédtethahids 3@UlithisSdo#e a&EmbIy0T0, thee impiREembsiatDdtuddsaggt shown
for clarity purposes. However, as 10 appreciated those features would extend

out war dPy fdigpasehewihipostche ofi the serarahiop channgl b¥.r ePye Peoidiagbseveralhed
e sl SRCAE b B R Bk o TR Rl e So
i npi ngenentcodlihg airflo® SmpthgeeROGES spdcifiy 4tea can be tailored 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



separate channels 36. In this core assenbly 70, three inpingenent structures
46 are 15 di sposed within each of the separation channel 36. By providing
several inpingenent openings within each chanber the specific air flow
requi renents and cooling airflow inpingenent on a specific area can be

tailored tqg_accgo aft. S 1 fic _he fer. and, absorpti
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cooling in a cooling 30 passage. Referring to Figure 10, the core assenbly
70 i s showPP§sANghe side opposite that shown in Figure 9 and illustrates the
si de of,the core,as Y .0 f OF M i .of the
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film structfer ése ﬁﬁoﬁh%tanmmbfbv‘éﬁfem biheodlingnaihpropertidd withih Returlsigeblited
airfoil 12. Further, heat transfer structures 60 are illustrated that woul d
fiorm t he heasserblyd8f durther ghescosarassemblytdcipplyies asingls sormiabepnrgedee.
Further, as_.S; : I.R{.N tr : ' ashed

i nes i ndi cpz%’tnzdhﬁhé?l?]mfll%‘%ag'? P%ﬂrﬁgirsecggm%f rose?%éﬁlééa u(?vé/gﬁﬁ)géﬁgg&o%ﬁh%e out er
side 56. Asinfpipelfentf6R dPeningsgUIte iddlatitie of &RAIMGIh et lopehidge pravddeand t he
heat transfer structures 60 Provi de for the creation of a tailored cooling

ai r f | o3 r omprened; oy apré il asingriapgiylities fasdmplamentiggeandrepsimizimgAeedr di ngl y,

the core asgffl ¥ndAodMaiblchiGds vithiRen WM, | nveNti on provi des
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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for the tailoring and inprovenent of cooling air properties within a turbine
bl ade assenbly 10. Further, the core assenbly 44 includes a single core
that can provide a plurality of individual channels desirable for
separating airflow through each of the inpingenment hol e openings. The

i sol ati on of the inpingenment openings provides 15 inproved airflow and

tailoring capabilities for inpl emnti&%optimzi ng | ocal cooling and
fl ow characteristics within an airfoit” ough a preferred enbodi nent of

this invention has been disclosed, a worker of ordinary skill in this art
woul d recogni ze that certain nodifications would cone within the scope of
this invention. For that reason, the following clains 20 should be studied
to determine the true scope and content of this invention. 10 CLAIM5S 1. An
airfoil assenbly conprising: a main core receiving cooling air; a cooling
passage including a plurality of inpingenent openings in communication with
said main core; wherein said cooling passage includes channels isolating
adj acent airfl ow comruni cated through adjacent inpingenent openings. 2. The
assenbly as recited . in_claiml, wherein said each of said channels

conmuni cat esl- wi t Mnrfalk pssmbly COMPESEE: 3. The assenbly as recited in claim

2, including a pl kbt r&deivihd SB%iaRkirng hol es communi cating cooling air
fromsaid expandggﬁégﬁarﬁ)err e%(; éan ex?err’nal surface of said airfoil assenbly.

4. An airfoil assendwblingopsagsi rigeludiag mai rplwelity rafc émpinggmenfo| apeBings rin g

cool i ng passage incl.uding a.pluraljty of i.mi i i
ommin cat 1 GRMRFAER it P aBHiE cofgh after G R ROGRERR SRR Huded chanpels
channel s i sigdigtdgdjaRbnt! 8fISI R Eficatedl thropkh Adihdehy ingfingemEnnigsumings. openi ngs

fromanother of said plurality of inpingenent openings and wherein each of
sai d channels includes turbulation features for nodifying airflow through

;S)?iu(rjafih'?gng:‘f" 5'Tl£h§ssgﬁlﬁmi ¥ec§t§driﬁcé.1§jﬁxd li,nwﬁérzém&d e\ﬁﬁ?ro isgideé’ﬁ;agnag sai d

communicates with an expanded chamber.

3. The assembly as recited in claim 2, including a plurality of film cooling
holes communicating cooling air from said expanded chamber to an external surface

of said airfoil assembly.

4. 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; where said cooling passage includes channels
isolating at least one of said plurality of impingement openings from another of said
plurality of impingement openings and wherein each of said channels includes

turbulation features for modifying airflow through said channels.

5. The assembly as recited in claim 1, wherein each of said plurality of
impingement openings 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.

11



I npi ngenent openi ngs are di sposed adj acent a central plane and said channels
interfit with each other such that each of said channels includes a portion
intersecting said central plane. 11 6. The assenbly as recited in claimb5,
whérein there is at least two inpingenent openings di sposed within each of
said channels. 7. The assenbly as recited in claim4, wherein said cooling

passage i ncl ydes an_inner _side. adj.acent said in gore .and an ter side
adj acent an §§<t erpgef agﬁ??n@_geas Or]ec%e?fjan a‘ﬁ?lfrbi I%’ a‘gg%ﬁlﬁl El}fer%lér & ﬁeaggilfgo
turbul ation #haassnesmt 8penifksSdifsRed Kithirpdadh 0Pxd chainéR. 8. The assenbly as
recited in claim?7, wherein said channels conprise a wall 10 extending

between said inner side and said outer side. 9. The assenbly as recited in

claim8, whegein air flo fro i d in,core . theough. said inpi ment
openi ngs andJ}'upwa_ &sgggfn ass{aﬁ%g‘gb‘% 81rg%§i él’eWBTgml{%.“P?ﬁogm%%a(g%ﬁ}mgg&rseci ted
in claims, whipmet 5idsatifdceNGhidgadaeiagrl i ehtdflside adjab@adhngtedgsuFicde and a
trailing edge side and said channels extend transverse to said |eading edge

si de and sai of saihpirfolpseamfelyswhereimspid tprulationdiggutes aze disposed @njsaidquigrm 10,
wherein said.gooling passage includes a 20 |eading edge expanded chanber
adj acent sai ?eading edge side and a trailing edge expanded chanber
adj acent said trailing edge side and adj acent ones of said channels

communicate with different ones of said trailing edge side and said | eadi ng
edge si de expandedhe hssepblsas negited in claim 7, wherein said channels comprise a wall

10  extending between said inner side and said outer side.

9. The assembly as recited in claim 8, wherein air flows from said main core

through said impingement openings and upward against said outer side.

15 10. The assembly as recited in claim 7, 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.

11.  The assembly as recited in claim 10, wherein said cooling passage includes a
20 leading edge expanded chamber adjacent said leading edge side and a trailing edge
expanded chamber adjacent said trailing edge side and adjacent ones of said
channels communicate with different ones of said trailing edge side and said leading

edge side expanded chambers.
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