FANNED TRAI LI NG EDGE TEARDROP ARRAY BACKGROUND OF THE I NVENTION (a) Field
of the Invention The present invention relates to a turbine engine
conponent having a fanned trailing edge teardrop array for inproving
aerodynam c and thermal performance. (b) Prior Art A |l arge nunber of
turbi ne bl ades have internal cooling passages. Oten, fluid in the
rearnost cooling passage is ejected externally of the blade. One such
cool ant ejection systemis shown in U S. Patent No. 5,503,529 to Anselm
et al. Another such blade is shown in U S. Patent No. 6,164,913 to Reddy.
The Anselm et al. patent shows a turbine blade having angled ejection
slots- The ejection slots are fornmed in one of the airfoil sidewalls.

Adj acent the slots are a plurality of tapering ribs for directing the
fluid aftward. In order for the flowin a coolant passageway to enter one
of the slots, the flE8&NER TRALHINGr EDERad=08DREG @&RAYAS a result, the
Ansel m et al. blade has poor thermal perfornmance. The Reddy bl ade is
simlar in design to the Anselm et al. blade. In Reddy, the ejection

slots enpty the cool ant fENEKFGFERE @Fs i gVEMEM™h trough arranged in a
colum i i.at J.8.C ailing edge. The columm of troughs is

di sposed @ﬂE?ﬁ%ﬂ§#§§§S¥§35| éﬁgﬁf%%f the bl ade. Each trough has sidewalls
whi ch decr eas&hen peptanf dmydreandimg-dlze da cughs tuddwnst reamto t he

trailing edge. Further, the sidewalls of 1
gcom onent having a f;nnégatrafilng edge teardrop array for

improving aerodynamic and thermal performance.

(b) Prior Art

A large number of turbine blades have internal cooling
passages. Often, fluid in the rearmost cooling passage is
ejected externally of the blade. One such coolant ejection
system is shown in U.S. Patent No. 5,503,529 to Anselmi et al.
Another such blade is shown in U.S. Patent No. 6,164,913 to
Reddy.

The Anselmi et al. patent shows a turbine blade having
angled ejection slots. The ejection slotg are formed in one of
the airfoil sidewalls. Adjacent the slots are a plurality of
tapering ribs for directing the fluid aftward. In order for
the flow in a coolant passageway to enter one of the slots,
the flow must turn more than %0 degrees. As a result, the
Anselmi et al. blade has poor thermal performance.

The Reddy blade is similar in design to the Anselmi et
al. blade. In Reddy, the ejection slots empty the coolant
fluid being discharged into a trough arranged in a column
immediately adjacent the trailing edge. The column of troughs
is disposed in the pressure sidewall of the blade. Each trough
has sidewalls which decrease in depth for blending the troughs

downstream to the trailing edge. Further, the sidewalls of



each trough diverge radially for distributing the coolant ejected fromthe
slots. This blade is also suffers frompoor thermal performance. In
turbine applications, coolant air flowing through film holes and trailing
edge exits in the airfoil portion of a turbine blade contributes

ef ficiencyslQssrduent @i ¢opbantaci £ eptEON M X PO LAt PRe0aS RPARR and
accelerating the Tcoolant into the free strean1veIOC|?y. The greater the

angl es beiereadt feoreke sstebin gisiparhadadishal soobuhfeirnj éxvinonport he
greater t@ﬁ Iogi of ﬁfficiency. Wil e teardrop designs are known in the
art, they RavE& conventtBA4aTTy been designed axially regardl ess of the gas

path strean1in@naﬁgfﬁﬁmeS&%@@f@é@fbﬁ%fi&@&iﬁﬂlcahftfl@w@ﬂﬁoeh@@hgﬁff&m@

present invention to provide a turbine engine conponent having a reduced
aero m xi Aegledsanytrall ypg ngdevotwhtsi hileth¢onisfois pPertupesoli &#h non

axial - alrfgll o sufage stieantlpes yhich Lypoyes,oyerall tugbige m xing
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efficiency and mnim zes additional ~m Xing SS. i's a farther "obj ect of

the presentjétvestioixing PLoNi dee agdsirpitle engi aecedspavenysthbat has
i nproved thermal  performance as a result of a reduction in the relative
diffusionc%ﬂb?%tbb@ﬁﬁe%h%hﬁr?%j%%?%@“66%1%ﬁ%tYroﬁh%nﬂr?ﬁEersﬁhéaﬁﬁﬁﬁés

direct!on,of ,Lhg TBLNEELEAM 083n Lds! oVl aflg! UL NEL0PRLECLOb L DB PY esent
invention to provide an inproved'trailing edge slot filmeffectiveness and
i nproved tinegnahtperfioe nbose. offhef f beiegoeng Bhi bet seardrapt denednbyathe
present ﬁggggtignthe art, they have conventionally been designed

axially regardless of the gas path streamliine angles.

SUMMARY OF THE INVENTION

It is an object ¢f the present invention to provide a
turbine engine component having a reduced aero mixing loss by
aligning coolant injection slots features with non axial
airfoil surface streamlines which improves overall turbine
mixing efficiency and minimizes additional mixing loss.

It is a further object of the present invention to
provide a turbine engine components that has improved thermal
performance as a result of a reduction in the relative
diffusion angle between the injected coclant flow and the
streamline direction of the mainstream gas.

It ig yet a further object of the present invention to
provide an improved trailing edge slot film effectiveness and
improved internal performance.

The foregoing objects are attained by the present
invention.

In accordance with the present invention, a component for
use in a gas turbine engine is provided. The compcnent broadly
comprises an airfoil porticon having a trailing edge, and means
for maximizing thermal performance of the component by

reducing a relative diffusion angle between an injected



In accordance with the present invention, a conponent for wuse in a gas
turbi ne engine is provided. The conponent broadly conprises an airfoi
portion having a trailing edge, and neans for maxim zing thernal
performance of the conponent by reducing a relative diffusion angle between

an inj ectegy 2, §00F BHY éﬁ@“éa@@r@aﬁiiﬁ@”&if@c@iéﬁcéfOQ piudgfbykdingssi ng
over the airfoil portion. The conponent nay be a variety of turblne engi ne

conponent&vénctluei aprfout pmmti®mnt@@et@Dmponbmad@aﬁnheaavaﬁ91eCYhef

details of the fanned trailing edge. ro y a ot her

obj ects and AtNVanT Ag=sC ar T8 %&%?tgh% ?uglngeab%g h?%r?ﬁml%e§h fo?lomﬁng
det ai | ed ©Wes6¢1 phd o) et he acconpanyi ng draw ngs wherein |ike reference
nuneral s depict I|ike elements. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
illustrates a @E¢%¥n@e@ﬁglﬁeoﬁoﬁ%%n%%@n$® Lz tbEdAnedINi ERAFABOBr @5EAY

I nvention, LG, 2, n?P”#§i§§?s Q&véﬁfﬁééga% %n&%ral REEEQQQGQEethe

t ur bi ne englne conpone omﬁng I'ng €

teardrop @&t ajoptht he @h@sﬁ@ll@ﬂYﬁ@tdQDalB@ﬂ F&crBptibysanat eset he gas
path free stream|jne. DETAI LED DESCRI PTI ON OF THE PREFERRED. ENMBODI MENTS
Ref er ri ng® fioWRdRFHEy drauingfpsnenit 10t to° pecteeanrn BUgasa1 &r BPR& Engi ne
i's shown.qThe ggﬁgggggt 10 may be a turbine blade or a vane. The conponent
10 has an airfoll portion 12 wth a | eading edge 14 and a non-linear,
preferably arcuately, shaped trailing edge 16. Internal of the conponent

10 are BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a turbine engine component in
accordance with the present invention;
FIG. 2 is an enlarged wview of the trailing edge portion
of the turbine engine component of FIG. 1 showing the fanned
trailing edge teardrop array of the present invention; and

FIG. 3 illustrates the gas path free stream line.

DETAILED DESCRIPTIQON OF THE PREFERRED EMBODIMENTS

Referring now to FIG. 1, a component 10 to be used in a
gas turbine engine is shown. The component 10 may be a turbine
blade or a vane. The component 10 has an airfoil portion 12
with a leading edge 14 and a non-linear, preferably arcuately,
shaped trailing edge 16. Internal cof the component 10 are
cooling passageways 18, 20, 22, and 24. Also internal of the
component 10 is a trailing edge cooling pasgsage 26 which has
an inlet 28 for receiving a ccoling fluid.

A plurality of cooling fluid injection slots 30 are
located in the trailing edge region of the component 10. The
injection slots 30 are formed by a non-linear, preferably
arcuate, array of spaced apart teardrop shaped assemblies 32.
Each teardrop shaped assembly 32 preferabkly has an arcuate
shaped leading edge 34, flat portions 36 and 38 extending
cutwardly from the leading edge 34, and tapering angled



cool i ng passageways 18, 20, 22, and 24. Also internal of the conponent 10
is atrailing edge cooling passage 26 which has an inlet 28 for receiving
a cooling fluid. A plurality of cooling fluid injection slots 30 are

|l ocated in the trailing edge region of the conponent 10. The injection

slots 30 e {onaed by, Donstifedlng PELSEI @Rl V1 2F CHaLE10AET 8Y Shgspaced
apart teardrop shaped assenblies 32.7 Each teardrop shaped assenbly 32

pr ef er abl o hast anl hitwat@ge shhpethd ez eyt edfet 34, 1ot pporippAas386andd 38

ext endin outwardly fromithe.] eadi ng edge .34 nd_t aperi gl 3

por £ ons b SIRER SERAT NG FHEmIRE 1o ore Ponsh36s L aat %t £
trailing esdgerdd, the exientoefidhe 14 adnposdieas B6 andc-388. depends upon
the flow passing through the slots 30. If desired, the flat portions 36 and
38 may betepFdren. shzped aeewhbp Shaped assenbryl 3dcnastadévatraKis

| ongi t udi pal 1 S._46.. The ipjecti o e_desi occre fan
shaped 6%%léﬁ§£f%n g%%}c %y%$%§h€%g§%é%§%§%ﬁg$r%g §%§£§%1 sggﬁF?%éfgdl
and 3). TheoTaot i figopasishge wbmhas ehelgual payh of redt setsamn0 (skbrpogh. whi ch
cooling fluid_| eaves the passage 26. The outlets 50 are also arranged in a
non-1ineat, 2t etlrably arcuate, array. Each of the individual outlets 50

s formed by anpaliooolnsnacedhapass kibs, 2108 54, posi Lhovedsl oone of

the arcuately shaped walls 53 and 55. Each cooling fluid outlet 50 has a

central axtisodgh withthh i copl oier@bhid al ¢gves Wit hpaheactohgi t Tdenalitagis 46

of one OfSéhgféeé ggo régﬁ'gg fﬁsfqﬁﬁé- iég%r, preferably arcuate,
array. Each of the individual outlets 50 is formed by a pair
of spaced apart ribs 52 and 54 positioned in one of the
arcuately shaped walls 53 and 55. Each cooling fluid cutlet 50
has a central axis 56 which is preferably aligned with the
longitudinal axis 46 of one of the teardrop shaped assemblies
32.

Intermediate the outlets 50 and the teardrop shaped
aggsemblies are a plurality of pedestals €0 which form a
plurality of flow passages 62. As can be seen from FIGS. 1 and
2, the pedestals 60 vary in density in a spanwise direction.
The pedestals 60 are configured so that the flow exiting one
of the outlets 50 impinges directly onto one of the pedestals
60. The flow passages 62 formed by the pedestals 60 are
preferably axially aligned with the injection slots 30.
Further as can be seen in FIG. 2, a plurality of the pedestals
60 may be aligned along an axis which coincides with the
central longitudinal axis 46 of the teardrop shaped assemblies
32.
By providing the above described structure, it is

possible to reduce aerc mixing loss by aligning the coolant

injection glots 30 with non axial airfoil surface streamlines.

This improves the overall turbine mixing efficiency and



Internediate the outlets 50 and the teardrop shaped assenblies are a
plurality of pedestals 60 which forma plurality of flow passages 62. As
can be seen fromFIGS. 1 and 2, the pedestals 60 vary in density in a
spanwi se direction. The pedestals 60 are configured so that the flow

exiting qngiRf ddeputd &is- Al MMiNges; disesctiy. ot o-0Pe Qf chhexpgdestal s
60. The fl ow passages 62 forned by the pedestals 60 are preferably axially

al i gned valtipndd tigjettdwn. slots 30. Further as can be seen in FIG 2, a
plurality of the pedestals _.60 may be aligned al ong an_axis_whi coi nci des
b Ehothe centt it Tug: i AT Sl a b 1 Tt Ree Fear e o hARat aECa Rt s
32. By prawihmghide mpovedeleseds i tied SéYAciw ediffudSon Pes§l bl Bet peggduce

aero mxing loss by aligning the coolant injection slots 30 with non axi al
airfoil st adel APt Thew angridiessirranloral firerbiae afxbhg

ef ficiency and 4 m ninzes tq%gl ional  m xi .Lha u ]
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maxi m zescidedaml antpesidritenaes hystedusi fipuidef Tek ati vemtikéf ushen angl e
between the injected coolant flow and the stream ine direction of the
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and the rglnstream iy d,f4 oy moimzes.dhe polentsal rEor,separat edabl ow

of f the teardrop dlﬂuser. Separ at e fefow o(? a tral?l ng edge teargrop

feature cam peadituoe preddturen oxf déte orraflihe ¢dee | regiedgeresygl bhng

resulting 10 acrelgraled seduction, in tyrpine-effl glency, pertorimace,
and airfoil life.

The design of the present invention algso optimizes
trailing edge glot film effectivenesgs resulting from non
separated flow off ncn-axial trailing edge teardrop features
which increases trailing edge adiabatic film effectiveness and
reduces suction side lip metal temperatures resulting in
improved thermal performance.

The design of the present invention by aligning trailing
edge teardrop features with upstream coolant flow field
direction minimizes the potential for internal flow separation
and additional pressure loss off the trailing edge teardrop
features resulting in a reduction of the overall flow capacity
of the trailing edge circuit for a given trailing edge slot
geometry and flow area. The reduction in flow capacity may
advergely impact the overall thermal performance of trailing
edge design reducing its cocoling potential for a fixed
operating pressure ratio from Pguypiy, £O Pgraric dump.

The non-axial teardrop features of the present invention
improve the ceramic core producibility by minimizing the
required throat meter length between adjacent teardrop
features. Since it is important that an effective metering

length be established to accurately ccntrol the trailing edge

glot flow, a minimum slot length based on the glot hydraulic



and airfoil life. The design of the present invention also optim zes
trailing edge slot filmeffectiveness resulting fromnon separated flow
of f non-axial trailing edge teardrop features which increases trailing edge
adi abatic filmeffectiveness and reduces suction side lip netal

t enper at uesméesyl 1 NPedrii reAPr ovednt bremaki per bewnmangecutherdesi g ehet he
present invention by aligning trailin edge teardrop features with
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t eardrop atures resulting 1n a reduction of the overall ftlow capacity
of the traeteéngardgecceéscablifbr falyyveavetapkingledgeIsl dbingesmet tyeand

flow area. The.reductiion in fl ow capacit adversely inpact the overal
ther mal pRFFHThuntesbAToPal FPADT EaBeoRebrGnFadibEiRg FLENAOALRRY THot ent i al

for a fixedoropesathoombhessuse £ALLo:hr oRnPaUPRLY st 9cBsbat ke=durpi1The
non-axi al teardrop features of the present invention inprove the ceramc

core prodeddbdi teaydbypnfanrpizeéngnéhempreyadr et hvoatliessi fifergeh ofet ween
adj acent Le rQroP iIfleatéres. §incgditr£§uii gitgnt that an effective

met eri ng ?eng%% %e BstaBfi shed To-akturare y &ohtrol the trailing edge
slot flow a nepi pahshet thengéarfaspdspaptieaskombhydeaulfi ehl ghamener is
required. G ven the axial bow and curvature of the local trailing edge, it
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doi ng so, the
reduced.

It is apparent that there has been provided in accordance
with the present invention a fanned trailing edge teardrop
array which fully satisfieg the cbjects, 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 thosge
alternatives, modifications, and vafiations ag fall within the

broad scope of the appended claims.



overall teardrop length can be reduced which significantly inproves the
nmonment of inertia characteristics of the trailing edge teardrop feature
and i nproves the overall stiffness of the trailing edge core and
producibility. By fanning the teardrop shaped assenblies of the present

i nventi ongpas. showm i, 511G 1 and 2 to match the free stream shown in FIG
3, the efficiency loss can be significantly reduced. It is apparent that
there has been provided in accordance w th the present invention a fanned

trailing edge teardr%g rra which fully satisfies the obhectsi nmeans, and
advant ages’ SetCTRHPIH het® nbet of’e. * Wt T et el T eSBAL T nveRPT bR AES been

described in the context of speC|f|c enbodi nents thereof, other
alternatives, nodifications, and variations will beconme apparent to those
skilled in thei%raliﬁﬁﬂlmp@ﬁﬁkpmkhﬁ?b@@g@lh@alhé@grﬁﬁgﬁonanﬁccordlngly, it
is intended to enbrace those alternatives, nodifications, and variations
as fall within the broad scope of the appended clains. 6 Wiat is clained
is: 1. A conpaneis f Br Usexidh A1 gasc liarld Depengbhease8peEssaga an airfoil
portion having a trailing edge; and neans for maxim zing thernal

per f or man@@URFRF Y cwg%@?ﬁ PyrerfutYaglat ?‘é?h@ﬂv@na%f—‘f bstyfeanghe

bet ween ap, (U €64 ed, & f r%zéwq¥&§ﬂg éﬁ?ééﬁ?fﬁé”819&&?9%508f05 f Lhaig

passing over said air portion conponent according to C alm
mhereln:xmsbrmglmwerrgﬁldmﬁumi@:ﬂprBESOE.non-linear array of teardrop
shaped
2. A component according to claim 1, wherein said maximizing
means comprises a non-linear array of teardrop shaped
agssemblies positioned adjacent said trailing edge and said
teardrop shaped assemblies form a plurality of injection slots
for injecting a fan shaped coolant flow into said £luid

passing over sald airfoil portion.

3. A component acceording to c¢laim 2, wherein said non-linear
array comprises an arcuate array of teardrop shaped
assemblies, and wherein each of said teardrop shaped
assemblies has an arcuate leading edge, two flat portions
adjacent said leading edge, and two angled porticns connected

to said flat portions and to each other.

4. A component according to claim 2, further comprising a
coolant passageway having a plurality of coolant outlets
formed by a plurality of spaced apart ribs, and wherein each
said teardrop shaped assembly has a central longitudinal axis
and wherein said central longitudinal axis is aligned with an
axis of a respective coclant outlet formed by two of said

spaced apart ribs.



assenbl i es positioned adjacent said trailing edge and said teardrop shaped
assenblies forma plurality of injection slots for injecting a fan shaped
coolant flowinto said fluid passing over said airfoil portion. 3. A
conponent according to claim2, wherein said non-linear array conprises an

arcuate ajray Mmdsandi q-ahaped; asserdlnes, AR vberebdpeasimgfsaid

teardrop shaped assenblies has an arcuate |eading edge, two flat portions
adj acent ssdlebtaadimigedge eamitate sl @d-poraibnsaednneceedandosaafid fl at

portions %fi%oc%aec%_{eo,t N&ly s%icf‘pﬁeoc[g)%fta &grfi‘%@gn Oacéﬁémf&efu”her
conprising a coola passageway having a plurality of coofant outlets
formed bwearphiralddrsiofy spaced apart ribs, and wherein each said teardrop
shaped assenbly has a central |ongitudinal axis and wherein said central

| ongitudinal axis is aligned with an axis of a respective cool ant outl et

formed by two Qfysaidhspaced KRy Ejtcgi@Pain? P, %@@Pﬂ”@&&h%&?&%&@%éﬂ%

claim4, further conprising a pedestal array internediate said cool an
passagewayutaet siad chl tgraid iwigledye; @hdcsal dopiadesthé anrayifavedgsaal

spanwi se _variable density. 6. conmponent accordin o claim5, wherein
each sai %D ait Ci6tit I‘écfc}/]iaanhlédﬁe%p%%ﬁwl%%es%*gsﬁgﬁiﬁ%ﬂeg?g}r%ﬁi n said
pedest al imimyes bt hatiLaplantedddtifh exiting said cool ant outlet inpinges
on said one pedestal. 7. A conponent according to claim5, wherein said

pedestal array conprises a plurality of pedestals defining a plurality

7. A component according to claim 5, wherein said pedestal
array comprises a plurality of pedestals defining a plurality
of fluid passageways which extend between said coolant outlets
and said injection slots formed by said teardrop shaped

assemblies.

8. A component according to claim 7, wherein each of said
fluid passageways formed by said pedestal array is
substantially aligned with a coolant injection slot formed by

adjacent ones of said teardrop assemblies.

9. A component according to claim 7, wherein at least one of
said plurality of pedestals in said pedestal array is aligned
along an axis which coincides with a central longitudinal axis

of a teardrop shaped assembly.

10. A compcnent according to c¢laim 7, wherein a plurality of
said pedestals in s=aid pedestal array are aligned along an
axis which coincides with a central longitudinal axis of a

teardrop shaped assembly.

11. A component according to c¢laim 1, wherein said trailing

edge is non-linear.



of fluid passageways whi ch extend between said coolant outlets and said
injection slots forned by said teardrop shaped assenblies. 8. A conponent
according to claim7, wherein each of said fluid passageways forned by
said pedestal array is substantially aligned with a coolant injection slot
formed byio adj acemicnas ac&ccslaiﬂqc{ aas F i ASE e £8i n 9sa H1 COARONERE
according to claim?7, wherein at_least one of said plurality of pedestals
in said pEEstiE arfuRiely #HaRRY al ong an axis which coincides with a
central longitudinal axis of a teardrop shaped assenbly. 10. A conponent
according to claim7, wherein a plurality of said pedestals in said

pedest al lavr ay arepaldrgnettaahiha@an o axisimhl ¢hwiceorach desia tbmpocentr al

| ongi t udi nal is . of a teardr shaped assenbly. 11. A conponent according
to clai m% %&éraé?eh Lait I]?O%g u%eggje“i% - iR RRe %nqueA conponent
according to claim1, wherein said trailing edge is arcuately shaped. 13.
A conponent according to claim1, wherein said conponent is a blade or a
vane for use in a gas turbine engine. 9





