H GH COVERAGE COOLI NG HOLE SHAPE BACKGROUND OF THE | NVENTI ON Thi s
application relates a cooling hole forned wwthin a gas turbine engine 5
conponent, such as a turbine blade for exanple, where the cooling hole is
shaped to inprove cooling effectiveness. Gas turbine engines include many

different types of co i i t hermal stresses.

One exanpl e of such a%@#ﬁﬁgﬁ&(?@iﬁwmg nown, a turbine

bl ade typically includes a platform with an airfoil body 10 extendi ng above
the platform The airfoil body is curved, extending froma | eading edge to

a trailing edge. Mreover BAUKGROEND @FéHéErlél\gﬁN'EI@Nd a suction side to
the airfoil bod
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first surface of the airfoil body, through a thickness of the airfoil body,

and is openlmmoae ceding¢ffeotiyeness. of the airfoil body. One traditional type
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shaped cool §urgedd@l ® high ahdiRlaPstidiads. GRe BRafmple lof 3REY QicHRpoRIARS adlirbte of the
first and second surfaces. This shape provides inproved cooling but is

difficult abldde.i fe koowsuartumbine bladatyficaltyuneludéaa pllaefprm, witth lar atrfgikbody
trapezo sha ovi des. i hpro dco'n t her a,need for

o at or L& ooP AR AEEA Tt P Bme AN Eomhis £ IRie: PUFRINE BRI ar e
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cooling hol e shape th provi des nore effectlve cool ing, and which can be
easi | y manufigiotlurosly, BleMmaryirer dg tHECOMBANTICIONOtter thaulitlse bustiod sedebdutingent  of

this inventi on, . a cooling hole is formed within 30 a conponent for a gas
t ur bi ne engPP4%he conmponent has a first outer surface and a second outer

surface separat e@of)lri@bﬁﬁﬁ@lsoéﬂ‘%leﬁﬁreaf&meﬁ Kigss - thd Qﬁf&P‘Bbe‘go RcBlate
15  cooling air. A cooling hole extends from a first surface of the airfoil body, through a
thickness of the airfoil body, and is open to a second surface of the airfoil body.
One traditional type of cooling hole has a circular cross-section extending from the

first surface to the second surface.
A known improvement to this traditionally shaped cooling hole is a hole that
20  has a trapezoidal shape at one of the first and second surfaces. This shape provides
improved cooling but is difficult and time consuming to manufacture. Further,
while this trapezoidal shape provides improved cooling, there is a need for even
greater cooling capability for components in a gas turbine engine that are subjected

to thermal stresses.

25 > Thus, there is a need for an improved cooling hole shape that provides more

effective cooling, and which can be easily manufactured.

SUMMARY OF THE INVENTION
In a disclosed embodiment of this invention, a cooling hole is formed within
30 acomponent for a gas turbine engine. The component has a first outer surface and a
second outer surface separated from each other by a thickness. The cooling hole

extends through the thickness from a first opening at the first outer surface to a



extends through the thickness froma first opening at the first outer
surface to a | second opening at the second outer surface. At |east one of
the first and second openings has a bi-lobed shape. In one disclosed
enbodi ment, the first and second openings are defined by shapes that are
different fromeach other. In one exanple, one of the first and 5 second
openi ngs hasedond d;ienin(gbeedhs Requadandert duefaoé.heyt ledist tdne dfi ths tfirstnghds sscond

openi ngs has a .circul p I n one disclosed enbodi nent, paraneters
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bi -1 obed shape, and the radii values are vari e imze cooling for
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cooling effectiveness and an _be e thin a orrpo ent by rapid
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processes. BB@Iﬁﬁ%m aqtut&grargﬁﬁ;eur es of the pr esent |nvent| on can be best

understood fromthe follow ng specification and 15 draw ngs, the foll ow ng
of which is a brilefondedsiosetli combodBREEF pDESERIP TN NGRhT HE-10RAVEINGS #F¢ gure 1

is a schematic a_gas turbine ora the present .. inyention.
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an exanpl e of a cooling hole formed withih a gas turbine engine conponent.

Figure 40i soahnwowllegqurfantahwcmﬁdmmg)dmnte of Figure 3. 25 Figure 5Ais a
top view of the ure 5B | vi ew of the
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P (EDM), laser drilling, or other similar processes. These and other features of the
present invention can be best understood from the following specification and

15  drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of a gas turbine engine incorporating the present
invention.
20 Figure 2A is a view of a single turbine blade.
Figure 2B is a cross-section of an airfoil of the turbine blade of Figure 2A.
Figure 3 is an example of a cooling hole formed within a gas turbine engine
component.
Figure 4 is an end view of the cooling hole of Figure 3.
25 Figure 5A is a top view of the cooling hole of Figure 4.
Figure 5B is an end view of the cooling hole of Figure 5A.
Figure 5C is a bottom view of the cooling hole of Figure 5A.
Figure 6 is a flowchart defining a method for optimizing a shape of the
cooling hole.

30



cooling hole. 30 2 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fi gure
1 shows a gas turbine engine 10, such as a gas turbine used for power
generation or propulsion, circunferentially disposed about an engi ne
centerline, or axial centerline axis 12. The engine 10 includes a fan 14, a

conpr essor 16, piT RICEPHIESCRIPPRON OF THE PREFERRED ESIBODISENT Ve known

inthe art, air conpresse t he conpressor |s m xe uel which is
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shows bl ade 26 having a platform30. As is known, a curved airfoil 32

ext ends upméleblhyxmmmnahéeqoinatﬂlﬁ@mmreozomlslhlmm réfarred truasea hBY gashsireair f oi | 32
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path through the air It should be understood that while only one
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t ur bi ne engi ne corrponents such as static 5 airfoils, vanes, etc., which

are subj ect generasiontpad airradt r esses. As shown in Figure 3, the ai rfoil 32 has

an outefssurfacng%RQQg

owsnlgiaée 26 having a platform 30. As is known, a curved
airfoil 32 extends upwardly from the platform 30.

As shown in Figure 2B, the airfoil 32 has a leading edge 34 and a trailing
edge 36. A pressure side 38 contacts a hotter fluid than a suction side 40. As shown
in Figure 3, at least one cooling hole 50 is formed within the airfoil 32 to provide a

20  cooling flow path through the airfoil 32. It should be understood that while only one
cooling hole is shown, additional cooling holes are typically provided to provide
cooling flow paths throughout the airfoil 32. Further, while the cooling hole is show
in the example of a rotating turbine blade, it should be understood that the cooling
hole could also be utilized in other gas turbine engine components such as static

25  airfoils, vanes, etc., which are subjected to thermal stresses.

As shown in Figure 3, the airfoil 32 has an outer surface 52 and an inner
surface 54 separated by a thickness. The cooling hole 50 extends through the
thickness and has a first opening 56 at the outer surface 52 and a second opening 58
at the inner surface 54. In the example shown, the first opening 56 has a shape that

30 s different than the second opening 58. The first opening 56 also has a larger cross-

sectional area than the second opening 58.



surface 54 separated by a thickness. The cooling hole 50 extends through the
t hi ckness and has a first opening 56 at the outer surface 52 and a second
opening 58 at the inner surface 54. In the exanple shown, the first opening
56 has a shape that 30 is different than the second opening 58. The first
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second width at distal tips that is larger than the first width. The |obes
62, 64 are POtmedenderdi®.t hat the second width is orientated in a direction

that is transver 0 strea se fl WOV airfoj t openin
562 which has t hangParpuEOR IS4 B SHithardey it and secong, qafoRes 0 The
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center of origin 70 outwardly to a curved distal tip 7 d the second | obe
64 is defindg fbyt widtle cBhellobasi bLH4REe foratedesuctethds thersopondheidtle st arentiitedr i gi n
70 to a curved

The center egnment of the
arcuate por tTofimespia s Barkiprsd BE BN Rk b BE BN 70, i< del i ned
by a third radi UThB%réth}%%mﬂétsgn@%lchrt&@thé lBlelos&ﬂﬁlﬁlbe af defih& By 4Qchter bhe
center 68. The first and second R2 radii are greater 20 than the third
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segment 603déf$ne@ﬂfy D8&oRY ratlius R2 that extends from the center of origin 70 to a curved
distal tip 74. The center 68, which is a segment of the arcuate portion 66 that is
closest to the center of origin 70, is defined by a third radius R3 that extends from
the center of origin 70 to the center 68. The first R1 and second R2 radii are greater
20  than the third radius R3.
The base portion 60 of the bi-lobed shape is defined by a first segment 60a, a
second segment 60b on one side of the first segment 60a, and a third segment 60c on
an opposite side of the first segment 60a. The first segment 60a is defined by a
fourth radius R4 extending from the center of origin 70, the second segment 60b is
25  defined by a fifth radius R5 extending from the center of origin 70, and the third
segment 60c is defined by a sixth radius R6 extending from the center of origin 70.
In the example shown, the first R1 and second R2 radii are greater than the fourth
R4, fifth RS, and sixth R6 radii.
The cooling hole 50 transitions from the bi-lobed shape at the first opening
30 56 into a second shape that extends through the airfoil 32 to the second opening 58.

The shape of the second opening 58 corresponds to this second shape. In the



fourth radius R4 extending fromthe center of origin 70, the second segnent
60b is 25 defined by a fifth radius R5 extending fromthe center of origin
70, and the third segnent 60c is defined by a sixth radius R6 extending
fromthe center of origin 70. In the exanple shown, the first Rl and second
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optim zation process 1$'s gure

plurality otoditiguholat@nginebs @pthnided itveszashé ndotiag eigblat SALG0r theasst i nput
paraneters can include wall thickness Wof the conponent, pitch distance P,
radi cal ( 3pefRIMaNER Emipeswesiligd gPBPORRt define orientation of the cooling
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control radbi Fét & phinglitdiofifgive padinetdre ai de€idbd s indicated at 100. These input
parameters can include wall thickness W of the component, pitch distance P, radical
B and streamwise a angles that define orientation of the cooling hole, diameter D of
the circular portion of the cooling hole, and control radii R1-6 that define the shape
20  of the first opening 56. Typically, the control radii R1-6 and diameter of the circular
portion of the cooling hole are variable input parameters, with the remaining
parameters being fixed for a specified component. These input parameters provide a
parametric hole shape model that allows the shape of the hole to have an arbitrary
shape subject to certain manufacturing constraints. One example of the input
25  parameters is as follows: diameter D = .020 inches; streamwise angle o= 30°%
radical angle B = .100 inches; and wall thickness W = .050 inches.
Once the input parameters are defined, the control radii R1-6 values can be
varied or modified as needed to generate an initial hole configuration, as indicated at
110. Once a first set of control radii R1-6 have been entered, a geometry generation
30 step is performed as indicated at 120, and a grid generation step is performed as

indicated at 130. The geometry and grid generations are well known processes and



portion of the cooling hole are variable input paraneters, with the

remai ning paraneters being fixed for a specified conponent. These i nput
paranmeters provide a paranetric hole shape nodel that allows the shape of
the hole to have an arbitrary shape subject to certain nmanufacturing
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It should be understood that the above discussed method for shape
optimization, and the corresponding use of the specified control radii, are just
examples. The bi-lobe shape could be defined by fewer or more radii than that

20  discussed above. Further, the optimization process that is shown in the flowchart of
Figure 6 is just one example of a process for optimizing a shape; other processes
could also be used.

The cooling holes 50 can be easily formed within an associated component
by using rapid electrical discharge machining (EDM), laser cutting, or other similar

25  high precision cutting processes. By using these types of methods, shaped holes can
be formed within a component in a cost effective manner.

Further, the bi-lobed shape of the cooling holes provides significant
improvement in film effectiveness compared to prior art hole configurations. The
hole shape provides high coverage by flaring the hole to a large width (at the lobed

30 portion) in the direction perpendicular to the streamwise flow. Then the area ratio

across the hole is optimized to force uniform flow through the hole without

separation, and to lay a highly effective film on the surface to be cooled without



optim zation, and the correspondi ng use of the specified control radii, are
just exanples. The bi-Ilobe shape could be defined by fewer or nore radii
than that 20 di scussed above. Further, the optim zation process that is
shown in the flowhart of Figure 6 is just one exanple of a process for

optim zing g|shape; Tﬁfshi%rac%ﬂﬁﬁs?’réﬁsoy coHl LR 3% BEWHSRAm fHae Go@kimge hol es
50 can be easily forned within an associ ated conponent by using rapid
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hi gh preci sign cutting processes. By using these types of nethods, shaped
holes can B8™%rmed within a conponent in a cost effective manner. Further,
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the diffusi 'afmegsetshe hole, resulting in the bi-lobed shape. One benefit
with this configuration is that the bi-|obe shape forces flowto 5 nore

uni forniig fill thdtHoable.a peebrfddosrabddimenthelf &iDimentbn Mas deemldisoksddt® be
renoved to create the hol e shape is reduced, which results in decreased
costs. The praskamf ordipanyskghin hissarhveauldfecognizgiha sertaindpedifisations wyld ng hol e
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woul d recogni ze that certain nodifications would conme within the scope of
this invention. For that reason, the following clainms should be studied to
determ ne the true scope and content of this invention.



7 CLAIMS 1. A conponent for a gas turbine engine conprising: a conponent
body having a first surface separated froma second surface by 5 a

t hi ckness; and at | east one cooling hole formed within said conponent body,
said cooling hole defining a first opening to one of said first and second
surfaces, said first opening having(?LRtM%pbed shape. 10 2. The conponent
according to claim1l wherein said cooling hole defines a second opening to
the other of said first and second surfaces, said second opening having a
shape different than said Pi'|0bfdb5ha€§' 3. The conmponent according to
claim 2 wherein ShfYPRHEREIGA 835 [HDILE EB#BC CABP RS ng is circular. 4. The
conmponent accor dign@nipdnéhtaiodly haWner£fiRt Safade képasite@ PO/ Adedddd sarfa@ber  of
origin wwth said bi-lobed shape being defined by a first |obe extending to a
first dbst althickgessitand first radius extending fromsaid center of origin, a

second | obe 20 extending to.a secopd distal. ti.g at a second radi us.extendi ng
fromsaid center aE) castoQ g?%lmgﬁmg?eaﬂor%egmgfhén 5%)‘56%08}?08&‘?6‘\3?‘%?3’ IsaHaaCPaM}g from
said first apR a&nARE adfisst dpedihPIo @V shi@ fEENART sdtBhd i sAffaédsOs@gt fiksp sai d
center origin, said center portion being defined by a third radius

ext endi ng f openisghavisgabetobst sbategi n, and wherein said first and said
second radii are greater than said third radius. 25 5. The conponent
according to claim4 wherein said first opening defines a first

cross-segti gnal ameadngfons@i stcbidingbedlaghapehansh whidr &olingdiole @ehdsng hol e
transitions into a second shape having a second cross-sectional area |ess
than said Beqosd apenig-tadie psapf saiddirstamdesecaniesutisporiaist seaeed PBSTHRE t o

claimb5 where;. L.d s X a second opening in the other
LA S B3 R PSR iR
3. The component according to claim 2 wherein said shape of said second

15  opening is circular.

4. The component according to claim 1 wherein said first opening has a center
of origin with said bi-lobed shape being defined by a first lobe extending to a first
distal tip at a first radius extending from said center of origin, a second lobe
20 extending to a second distal tip at a second radius extending from said center of
origin, and an arcuate portion curving inwardly from said first and second distal tips
toward a center portion closest to said center origin, said center portion being
defined by a third radius extending from said center of origin, and wherein said first

and said second radii are greater than said third radius.

25
5. The component according to claim 4 wherein said first opening defines a
first cross-sectional area for said bi-lobed shape and wherein said cooling hole
transitions into a second shape having a second cross-sectional area less than said
first cross-sectional area.

30

6. The component according to claim 5 wherein said second shape extends to a

second opening in the other of said first and second surfaces.



8 7. The conponent according to claim5 wherein said second shape conpri ses
a circle having a center point that defines said center of origin. 8. The
conmponent according to claim7 wherein said bi-loped shape is further 5
defined by a base portion fromwhich said first and said second | obes
extend, sai g, basoRRfibfehHcien0 chithi 9 ShertRAIRNecHRE e Binphislopr th
radi us extending fromsaid cente? of origin, a second segnent on one side
of said firstrckdgmmgta atefer peiht that defirfes kil certdi ofsoregtn.endi ng from sai d center
of origin, and a third segnent on an opposite side of said first segnent
defined by a sixth radius extending fromsaid center of 10 origin, and

wher ei n sai @ fourttg, cobipohént RB6kdsigkoltl&iadT iwRkdn ls&8billbFel sabé i furher and
second radii. 9. The conponent according to claim8 wherein said circle is
defined by alefined/byerbasagptiontirem which said firstaandssaiddsecprd fobeg gkgndesiivhd, sai d

third, said. fourt said,. 15.fifth d.sai,d sixth radii.. 10. h onent
tor i ma ¢ paidrfion il ling 2l bedhork AS AR 6L McKHR AR bxiadding Hafy SR

having a cur¥@ebt Bri%in', gadididll @garnebAl ofe lsici ofl 9 e tegr@bnildefintieycoMPoOnent
according to claim10 wherein said bi-Ilobed shape includes a base portion

havi ng a fi fdth radigs xigndingifromm said gerfecoineriginbad a thid segmericPry upRROSIfC
outwardly fro i.d. base [tion., id fins d e IS ngd . tendin
away f r)(;m esgf(%]hosfﬁ ahdeflr%% ose%%e}?li%tnée)e?lgeg g’é’oan%xg\} }éﬁdﬁdgl %{‘?'%{ed?“% ﬁrgﬁl g%llj %Q?I ?gf wi dt hg

and thatioi s ori@fr, &t akkseinNsagd doures tifed) dnbadixth Sraliii ARG V&K IRart Gaidtfirtaand se f 1 ow
over said airfoil. 25 12. The conponent according to claim1 wherein said

bi -1 obed sha&p@ndéaditi ses a first |obe of a first size and a second | obe of
a second size different than said first size. 30 13. The conponent
according to claim1 wherein said first opening has a center of origin with
sai d bi-|obed shame denpugentehdcoatingyo alginul avlicksin ofaid aidtle ik hiefineddly a ext end

fromsaid center of origin. oo ) _ _ _ .
seventh radius that 1s less than said first, said second, said third, said fourth, said

15 fifth, and said sixth radii.

10.  The component according to claim 1 wherein said component body

comprises an airfoil having a curve with a leading edge and a trailing edge.

20 11.  The component according to claim 10 wherein said bi-lobed shape includes a
base portion having a first width and first and second lobes that extend radially
outwardly from said base portion, said first and said second lobes extending away
from each other to define a second width larger than said first width and that is
orientated in a direction that is transverse to streamwise flow over said airfoil.

25
12.  The component according to claim 1 wherein said bi-lobed shape comprises
a first lobe of a first size and a second lobe of a second size different than said first

size.

30 13. The component according to claim 1 wherein said first opening has a center
of origin with said bi-lobed shape being defined by a plurality of radii that each

extend from said center of origin.



14. A gas turbine engine conprising: a fan; a conpressor; a conbustion
section; 5 a turbine; and an airfoil associated with at |east one of said
fan, said conpressor, said conbustion section, and said turbine, said
airfoil having a curve with a |eading edge and a trailing edge, said

airfoil incljydi ngy gasfthfb?ﬁe &rc(ﬁﬂ; sffge and a second outer surface
separated fromsaid first outer surface by a thickness, and said airfoil 10

i ncl udi ng at | eastfamne cooling hole forned within a body of said airfoil,
said cooling hole defining a first opening to one of said first and second
outer surfaces afd°8P"€8¥%nd opening to the other of said first and second
outer surfaces, sabghbuktisdseed@ni Ng having a bi -1 obed shape. 15 15. The gas
t urbi ne engi ne according to claim14 wherein said turbine includes a
plurality of bl adddrbingagnd bl ade including a platformw th said airfoi

extending outwardly .of said at.for sal d alrf.qi}l havin ressure wal l
and a suction wall ?}{rsf %caéﬁocfart%#nwéglcﬁtn!)etaﬁtg?neaﬁ sél nﬁgtf?lﬁggggﬁrgssﬁgas(ﬁ“ﬁg and
said traili Rembdgrs sedfonl@nd JH1E @Bl tHid hitfdilENFin}ea aﬁc@m@hmglewngleagén 14
wherein said bi-lobed shape is defined by a center of origin and a

plurality ofndadisilingederiisaty pirforh ivaludingenfigst ogter syrfags andiacserond gwes at

| east a bas t] first _lo e ngj f.ro i a tL to a
firot diotarufils Smd o spie” B ATHD0e 0T SRUACR"AR AR WAt
second dost ahcliidipg avleast die @b6liR fo1¢ Eurinied vichin W ibogdy bhvad dirfoif, seidhcaalil f i r st
and second 25 distal tips toward said base portion, and wherein said first
| obe is def ihplsgdadiping ifirgk opening (psors Pl paifl Alst ashsesand) outertsarfagss aad; i n,
sai d second IS ' r.adj ' ' ent er
o ori gin AranggEnilELe BEDURE of sBE TR And A B Rl d A SR )
first and sahdngadiicbedahgs.t oward a center region that is defined by a
third radius extending fromsaid center of origin, said first and said 30
second radii being greater than said third radius. 10

15 15.  The gas turbine engine according to claim 14 wherein said turbine includes a
plurality of blades, each blade including a platform with said airfoil extending
outwardly of said platform, said airfoil having a pressure wall and a suction wall

spaced from each other and connecting said leading and said trailing edges.

20 16. The gas turbine engine according to claim 14 wherein said bi-lobed shape is
defined by a center of origin and a plurality of radii extending from said center of
origin and includes at least a base portion, a first lobe extending from said base
portion to a first distal tip, a second lobe extending from said base portion to a
second distal tip, and an arcuate portion curving inwardly from said first and second

25  distal tips toward said base portion, and wherein said first lobe is defined by a first
radius extending from said center of origin, said second lobe is defined by a second
radius extending from said center of origin, and said arcuate portion extends
inwardly from each of said first and said second lobes toward a center region that is
defined by a third radius extending from said center of origin, said first and said

30  second radii being greater than said third radius.

10



17. A nmethod for optim zing a shape of a cooling hole in a conponent for a
gas turbine engine conprising: (a) defining a plurality of fixed input
paranmeters; (b) defining at variable set of input paranmeters conprising a
plurality of 5 radii used to define a shape of the cooling hole; (c)

generating g7modey nfafhddher SRTRRARS stidpalof AREbEAE BoRlin h&@%ipoRBf fof @%hé Ng hol e
having a shape defined by the paraneters set forth in steps (a)-(c); (d)
anal yzi ng t terbmsdeginegnmptiengnodi fying the plurality of radii as needed to

optim ze the shape of 0. the .copling. hqgl.e based on the analysis of step
(d). 18. The net K%d aéjgéplﬂligﬁd)l?rgﬁb'lOgiq}ﬁe%?n‘?kﬁ@?r@flﬁ?etrﬁe conponent includes a
first outer surfiere aRfnmgSeeansblovéest if tfﬁﬁﬁn&&ﬁ%bﬁipﬁdin%wﬁmidmy bf r st
outer surface by a thickness, and including the steps of formng the

cool i ng hol gadipused tedefinera shagh obthe Soployhadé; t he conmponent fromthe first
outer surface to he second outer r e, defining a fiirst_o ing of the
cooling hole to t( e fi%'%gffra%?ﬁ ér %g)&?l?gggﬁe and Pqef nﬁh%tg l%du egc%tncf%%pgﬁ? ng to
the second eubledg I5dlé haieg WRRAMR defified by Be paRRRYIEY stiadrtR ibbrepPgdc); shape. 20
19. The method according to claim18 I ncluding the step of form ng the

second opening @ harealyzieBteamadelsaghe. 20. The method according to claim
18 wherein the C%Sp O”e&%dﬁﬁﬁgrthes Sﬁlrﬁny o?'rgciif) 54 hee%i%d ][cl' optimize the shape of

10  the cooling hole based on the analysis of step (d).

18.  The method according to claim 17 wherein the component includes a first
outer surface and a second outer surface separated from the first outer surface by a
thickness, and including the steps of forming the cooling hole to extend through a
15 body of the component from the first outer surface to the second outer surface,
defining a first opening of the cooling hole to the first outer surface, and defining a
second opening to the second outer surface where the first opening has a bi-lobed

shape.

20 19.  The method according to claim 18 including the step of forming the second

opening to have a circular shape.
20.  The method according to claim 18 wherein the component comprises an

airfoil.
25
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