FLOW DI RECTI NG DEVI CE Fl ow Directing Device Federal Research Statenent The
U. S. CGovernnent may have rights in this invention pursuant to Contract
Nunber F33615 -98-C-2905 with the United States Air Force. Background of
Invention [0001 ] This invention relates to flow directing devices for use
in gas turbine engines. Specifically, the present invention relates to an
apparatus and a nethod of reducing heat |oad on an airfoil exposed to a
gas flow. [0002] The major conponents of a gas turbine engine include

(begi nning at the upstream end, or inlet) a fan section, one or nore
conpressor sections, a burner section, one or nore turbine sections, and a
nozzl e. The engine may al so include an afterburner. [0003] Air enters the

engi ne through t ' NV, s conpressed
by the conpr essormw mmmc%ﬂmslmhe bur ner
section. The gases fromthe burner section drive the turbine sections, then
exit the engine through the nozzle to produce thrust. If present, the
afterburner_ coul d augnent the thrust of the engine by igniting additional
fuel downstFleyRsgcting levingtisderabResepesh. St4tomenf] The conpressor and tur bi ne
sections i ncl udeThe PlurGdviernment maythave sghte nbthisavenidn piraanvodiontmene
assenbl i es. Rot oNubibbadER3dAP8sCAI0F wuthrths Uaited Btasssplieok. st ruct ures
(i.e., "flowdirecting structures”) that direct core gas flow within a gas
turbine engine. Air entering the conpressor and traveling aft through the
burner andgidlelbiifd s€hiveRAsSni S typically referred to as "core gas." In and
af t ‘of the b \eThisAVEnibh PGS R ARSctink MV AL for S88ind 1 L VBnel ghobiles
cooling air ent eéﬂ’&gﬁ‘} e ow mﬁe} eand the graonducts 0 %onbu%t f
proauct’s. [000s) SR re Mot iiher L) PR OE S BEL a e of
the core gas reqifitPes hegddPadop at aiinK exBssd A8 IM%t contact the core gas.
One such cooling schemes passes cooling air internally through the
conponent alR80ZI Themalpr icompeness ef a gﬁﬁﬁb‘%@ﬂ@ gpgEs dpdudeNbeginaing ahtheriipstream
external wal | of endaer gdetpa fasrgection ond er mosacsmpresshi sagtiond) e purngt péctipn,sons
filmof cooling aimotertashahe segtiansoamd 4 hezzin fTae esginé ame alsofindudoaponent . The
filmof cooling afterbumstl ates t he conponent fromthe high tenperature core
gas and increases the uniformty of cooling along the conponent |
[0003] Air enters the engine through the inlet, travels past the fan section, becomes

compressed by the compressor sections, mixes with fuel, and combusts in the

burner section. The gases from the burner section drive the turbine sections, then

exit the engine through the nozzle to produce thrust. If present, the afterburner

could augment the thrust of the engine by igniting additional fuel downstream of

the burner section.

[0004] The compressor and turbine sections include a plurality of rotor assemblies and
stationary vane assemblies. Rotor blades and stator vanes are examples of
structures (1.e., "flow directing structures") that direct core gas flow within a gas
turbine engine. Air entering the compressor and traveling aft through the burner
and turbine sections is typically referred to as "core gas." In and aft of the burner
and turbine sections, the core gas further includes cooling air entering the flow
path and the products of combustion products.

[0005] In and aft of the burner section, the high temperature of the core gas requires
cooling of the components that contact the core gas. One such cooling schemes
passes cooling air internally through the component and allowing it to exit
through passages disposed within an external wall of the component. Another
such cooling scheme utilizes a film of cooling air traveling along the outer surface
of a component. The film of cooling air insulates the component from the high
temperature core gas and increases the uniformity of cooling along the component



surface. [0006] Core gas tenperature varies significantly within the core
gas flow path, particularly in the first few stages of the turbine section
aft of the bumer section. |In the axial direction, core gas tenperature
decreases in the dowmstreamdirection as the distance fromthe bune r
section increases. In the radial direction, core gas tenperature has a
peak at the nedial region of the core gas flow path. The radially outer
region and the radially inner region of the core gas flow path have the

| owest core gas tenperatures 10007] Various flow anonalies can affect the
core gas flow. One such flow anomaly is a "horseshoe vortex," A horseshoe
vortex typicallygfergs where an airfoil abuts a surface formng one of the
radi al boundarles of the gas path, such as the pI atform of a stator vane.
The horsesh tex b ns alo the | ar ea of airfoil,
travel i ng atd9ek Fars g%igfﬂaﬂﬁt&re Vg oo Wtﬁa@%&ﬁwqﬁ? PO S FGURS 1 he st at or
vane platform TREUGHaERN thefirstf 6W|S§1g5§I\ﬁ he fughing sectignafioefithe byragsertiony
along the wall hydessil diectionr ewregas tﬁn@watls@uﬂg@w@mm the dpwastveam direction | s
around to form t hethe distarsa wni thewuper sestion inkneaseso s tetradialdirdcern, core gas
detrinmental |y af fengiesaturerhasaeoilsat theardiaheginrdfohd corf @ROBw path. Thargdiatly t he
hor seshoe vort exoakf &gich dnld@he!mdfallly ihidr eidn b the vBdel gas BORCHAth Rdel the lovstdgﬁ

hor seshoe vort eXcae@aeingpetdirefieat 1 oad of the stator vane platforin

urging higher terrperature nmedi al region core gas flowto t he pl atform
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vortex draws hig faCFéw’p"@%Pa?e eﬁ a@&eawso thce,sa@a@ hy sush, 2

radial boundary 8 aﬁtﬁ@rd&‘? Jag Rorseie ﬁ"ﬁgﬁ’f ¢eanscplong thedend,

the liner in theab@ilngaveliagamey finmthe meddal regien of the asr@haﬂﬂqtpw bht? stator
upstream to thevategtlatfornadbe pbrex nextrollsCEvay]froin thicverfod ucdveilingwlengahml y i s
a "passage vort ewalltapaihstdhy edrepas flowt Sbsppratgehe bettseanlsaapacin tform theoi | S

in a stator or rpifésakeGbwqitterthTho hssaboe Voré:clettimentally affadty asmpomeatsof t he
pressure side poptdr@ke siffofihe horseshoe vortex, core gas crossflow between

adj acent airfoils, anq the entrained air fromthe freesteam core gas flow
passi ng bet neé‘]pir é"ﬂl@h rgéah{;cf%de‘ﬁeifﬁéms% fﬁh If?gv?ﬁimr\@a‘ﬂt gf){ec?ﬁc%a?l?/

encour age s ﬁqen Mede Wlite augmen Dnab?,’é‘F ae
5;2\/? : owa:‘ (r)(r;?n ? hE5 er temp reiure G‘nedlal fegion cor gas tot (?)if?l Alike the alrgfoﬂ core
the platform lacks any cooling schemes that can offset the augmented heat load.
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[0009] The horseshoe vortex also affects the useful life of the burner section. As
discussed above, the horseshoe vortex draws higher temperature medial region
core gas flow towards the radial boundary of the gas path. Such heat load
augmentation may damage the liner in the burner section since the liner is
adjacent (albeit upstream) to the stator vane platform.

[0010] Another such flow anomaly is a "passage vortex" that develops in the passage
between adjacent airfoils in a stator or rotor section. The passage vortex is an
amalgamation of the pressure side portion of the horseshoe vortex, core gas
crossflow between adjacent airfoils, and the entrained air from the freesteam core
gas flow passing between the airfoils. Collectively, these flow characteristics
encourage some percentage of the flow passing between the airfoils to travel
along a helical path (i.e., the "passage vortex"} that diverts core gas flow from the
center of the core gas path toward one or both radial boundaries of the core gas
path. As with a horseshoe vortex, the passage vortex draws higher temperature
center core gas flow towards the radial boundaries of the core gas path. This



center of the core gas path toward one or both radial boundaries of the
core gas path. As with a horseshoe vortex, the passage vortex draws higher
tenperature center core gas flow towards the radial boundaries of the core
gas path. This 2 detrinmentally affects the useful life of the stator vane
platform [0011 ] United States Patent nunber 6,419, 446, al so owned by

assi gnee of the present application, is an attenpt to prevent horseshoe
vortex and passage vortex formation. The patent describes the use of a
fillet adjacent the stagnation line of the airfoil. While hel ping prevent
hor seshoe and passage vortex formation, the fillet does not reduce the

heat Ioad on t Neqgkilidly 01 Ble ACRTRR S Lanor VIfE b5 or an apparatus

and a net hod of ucin ah arrforl osed'to a gas flow.

Summary of on, [L001 I s, an ct of the_ present vention to
provi de an doﬁﬁﬂﬁéﬂeq %@&95?4‘%’{:??‘?? %‘g@.#@ “ﬂF@@Y&j’d M%gnéwﬁﬁ%er%?sewbj ect

of the present i ARRIGRYIQM it 3n Fheamt de P ventdprsgshasiortsy aad passegearmitexa net hod
of reduced heat fosmatiom Fhepatansdesgiibescthe ney efafiltes adfpogit she stagnatiomlingief her
obj ect of the prteantfoil Whik hdping gproeovhassshod dmlpadsage obrtay fatenation the hat
does not producefilethdnes astreduceché Beat IdaddQ@ihGhe hirfoils a further object of the
present invention to provide a flow directing device that directs gas flow

froma | oweol gnpaiced @kﬁtss%ﬁdf&@ 1k ah BSpardtanartli 4 SEthod Gf deiicH@ hehtOloadd Bh gher
tenperature sectbjpg,rfgﬁlgx §sclilt@W odi fis&t 1 ng device. [0017] These and ot her

objects of the present ventlo are achieved in one aspect by a flow

directing Vi ce, de¥J ce corrprl ses: an airfoil having a | eadi ng edge, a
trailing e ressure si.de; a wall, abutting the
airfoll: %g?;*% I P%PEJB%H et ARPR G toqrar i Miecd PV dirends an

enl arged sectlon deficg he | eading edge, al ong the suction and pressure
sides, and towards the trailing edge. [0018] These and ot her objects of the
present i nvidli4bH ima &urthenpbigetdofithe presenh envengpretet proyide a floandirestiggderice e
vane segnent conpmestest ofatdicedbeatdom qul the flowndireatipg devdte. ty of airfoils
extending fromthe at |east one platform each of the airfoils having a

| eadi ng edg@o1§] [triak lfirtier 9Bj@EL ofahé Pebér® invehEéh RNodide b Fosuditecting devieid a
fillet between gachofnct pRodats § Rbls&shBfdodtdde Pl atform Each of the fillets
have an enlarged section at the |eading edge, along the suction and

pressure si ﬁ')%%] ﬂqga% gﬁjc&h& the present invention to provide a flow directing device
that directs gas flow from a lower temperature section of the flow directing device

to a higher temperature section of the flow directing device.

[0017] These and other objects of the present invention are achieved in one aspect by a
flow directing device. The device comprises: an airfoil having a leading edge, a
trailing edge, a suction side and a pressure side; a wall abutting the airfoil; and a
fillet between the airfoil and wall. The fillet has an enlarged section at the leading
edge, along the suction and pressure sides, and towards the trailing edge.

[0018] These and other objects of the present invention are achieved in another aspect by
a vane segment. The vane segment comprises: at least one platform, a plurality of
airfoils extending from the at least one platform, each of the airfoils having a
leading edge, a trailing edge, a suction side and a pressure side; and a fillet
between each of the airfoils and the platform. Each of the fillets have an enlarged
section at the leading edge, along the suction and pressure sides, and towards the
trailing edge.

[0019] These and other objects of the present invention are achieved in another aspect by
a method of reducing heat load on an airfoil. The method comprises the steps of:




trailing edge. [0019] These and ot her objects of the present invention are
achi eved in another aspect by a nethod of reducing heat |oad on an

airfoil. The nmethod conprises the steps of 3 providing an airfoil with a
proxi mal end that abuts a wall, a distal end and a nedial section between
said ends; flowing a gas over the airfoil, the gas adjacent the nedial
section of said airfoil having a higher tenperature than the gas flow ng
over the proxinmal end of the airfoil; and directing the gas fromthe
proximal end of the airfoil to the nedial section of the airfoil. Brief

Description of Drawi nu [ 0020] O her uses and advant ages of the present

invention will MlyilPa bIARRRal B bl Lk B fsialgﬁg ggf erence
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to the speC|f|ca .S a
cross-secti onal |wr°8'|1§ ‘?ﬁﬂp‘m‘ gq§| Aﬂ‘%ﬂtZ is
a perspective vi 3] seeipnAfsp lr?érl %‘W‘%I t?)E T'J&re 3
is a perspecti veo‘(ﬁréw Xl cBdBbhe il gp élrthB\&t B@cﬁf‘l’lﬁé %@KE’@ISF t he
present inventi off tthgﬁlqto#hgmeélahschoraﬁf@p@vmll onal view of the flow

di recting device of F| gure 3; [0025] Figure 5 is a cross-sectional view of
the flow diBeiefD ionod Dra salong line 5-5 of Figure 4; [0026] Figure
6 is an el e0aLdloOdier bavindfadedinidee bf fHe@resent iaodritiog \ﬂﬁ\bee@n@ﬁppda@tm thoent

invention; and [ &8GR 1nﬁh@h!l&%§or7re¢é'i€n& tahike SeaiPidaticH andaRE Bfdwanss, ff which:
tenperature contours of a fluid flowing past the flow directing devices of

Fi gures 2 t %ﬁ.}# 9%23% slgure 1

di spl ays aa[gg%ﬁt F{ggﬁggﬁedneg%%sei hwg%g?%?lrs]dgrcﬁagg%agqm[b an sngi:t lon 11,

conpressor n 13 .15 a burner ction r bi,ne se |ons 19, 21 and
osor e 5004 Eibucd i teotheativg Gow ok Greamnlftal oy A BE vl o

conpressor sections 13, 15 and the turbine sections 19, 21 each I ncl ude

al t er nat i ngd08¢3laRgarrchisse RTspsetiteoyiey sl eneg eabediment afrifllowdaectingdpicend therhe

stat or vane stagp&semtvgotien core gas flow into or out of an adjacent rotor

stage 29. [0029] Figure 2 displays one of the stator vane stages 27. The

stage 27 i S[0S24nBiguec4 isninCelevatiohal viewaofthe lflost direstir® de e df Biputler 29 has

one or nore airfoils 31 extending between an inner platform 33 and an

outer pl at f0PFPRiguld®isk] @bisNedBordBviedDof the flow directing device taken along line 5-5
of Figure 4;

[0026] Figure 6 is an elevational view of another flow directing device of the present
invention; and

[0027] Figures 7 and 8 are graphical depictions of temperature contours of a fluid flowing
past the flow directing devices of Figures 2 and 3, respectively.

Detailed Description

[0028] Figure 1 displays a gas turbine engine 10. The engine 10 has a fan section 11,
compressor section 13, 15, a burner section 17, turbine sections 19, 21 and a
nozzle 23. The engine could also include an afterburner 25. The compressor
sections 13, 15 and the turbine sections 19, 21 each include alternating
arrangements of stator vane stages 27 and rotor stages 29. The stator vane stages
27 guide core gas flow into or out of an adjacent rotor stage 29.

[0029] Figure 2 displays one of the stator vane stages 27. The stage 27 is segmented into
stator vane clusters 29. Each cluster 29 has one or more airfoils 31 extending
between an inner platform 33 and an outer platform 35. The platforms 33, 35
define the radial boundaries of the annular core gas path through the engine 10.

[0030] The clusters 29 are typically cast into a rough shape, then machined into a final




define the radial boundaries of the annular core gas path through the
engi ne 10. [0030] The clusters 29 are typically cast into a rough shape,
then machined into a final 4 form The machining process does not create a
per pendi cul ar intersection between the airfoil 31 and the platforns 33,

35. Instead, the machining process provides a fillet F between the airfoi
31 and the platfornms 33, 35. In other words, the fillet F is the materi al
that fills in at the intersection of two surfaces. [0031] Like al

airfoils, airfoils 31 each have a stagnation line S. The stagnation lines S
reside at the front of the airfoils 31 (in terns of core gas fl ow
direction) and denégfles the | ocati,on mh ow. h
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pressure side 1000iMsofalingaotshown) thaedefings thgmingmem digtance bzgveemaﬁﬁpgm t he
clusters 101 hatigfods i1l et F between the airfoil 103 and the platforns 105
as aresult of the machining process. In addition, the airfoils 103 have
st agnat i on [00BZsFignreg 3ge display whs efabsdiaient bfths poiseanin&inties. Higiredsiogage
points G p on t hgapr essldlested aswhRR, foln0shid]se et&Qﬂ'%stdﬂoﬂ&Brsﬁgéof 4 p&
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1 have a let F between the airfoil 103 and the platforms 105 as a result of the
machmmg process. In addition, the airfoils 103 have stagnation lines S, gage
points G s on the suction sides 107 and gage points G p on the pressure sides 109.

[0033] As seen in Figure 5, the fillet F extends a distance d from the airfoil 103 around
the perimeter thereof. Similarly, the fillet extends a height h along the airfoil 103
around the perimeter thereof.

[0034] Differently than clusters 29, the fillets F of clusters 101 have enlarged sections E
and normal sections. Within the normal sections of the fillet F, the distance d and
the height h typically remain constant. Within the enlarged sections E of the fillet
F, however, the distance d and height h vary independently. Both the distance d
and height h preferably follow continuous functions, such as a spline or a cosine.
The use of continuous functions ensures that the enlarged section E lacks any
discontinuities in slope while varying in curvature around the airfoil 103.

[0035] Distance d can vary between a minimum (d min ) and a maximum {d max ). The
minimum distance d min preferably resides where the enlarged section E



F, however, the distance d and height h vary independently. Both the
di stance d and height h preferably follow continuous functions, such as a
spline or a cosine. The use of continuous functions ensures that the
enl arged section E |lacks any discontinuities in slope while varying in
curvature around the airfoil 103. [0035] Di stance d can vary between a
mnimm(d mn) and a maximum (d nmax ). The mninmmdistance d mn
preferably resides where the enlarged section E 5 transitions to the nornmal
section of the fillet F. This typically occurs near the gage points Gs ,
G p . The maxi num di stance d max preferably resides near the stagnation
line Swithin th secti ure. 5, the maxi num
di stance d max pﬁ%lf %Bq%rﬁ}g% gsef'gmtﬁithgﬁﬁgrgﬁhéq 8'51"6 ]yPﬁ‘é‘r%P the gagA
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transitions gﬂeeteﬂﬂfamte&ﬁﬁhhﬁm]ﬁfméettﬁntd.' let F. s typically occurs
near the gage points Gs . The maxi num hei ght h max preferably
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’ resides at thc leading edge of the airfo 1 103. However, Figure 5 also shows that
the enlarged section E of the fillet F extends downstream along both the suction
side 107 and pressure side 109 of the airfoil 103 towards the trailing edgc of the
airfoil 103. Preferably, the enlarged section E transitions to normal size near the
gage points G s, G p on both sides 107, 109 of the airfoil 103. By returning to the
normal size of ﬁllet F near the gage points G s, G p, the present invention does
not interfere with the flow capacity of the vane stage. Without reducing the flow
area through the stage, the present invention does not alter the exit Mach number
nor the reaction of the stage (which impacts thrust load of the turbine).

eam.al ong

[0038] Although Figure 5 shows the enlarged section E residing entirely upstream of the
gage points G s, G p, the present invention contemplates that the enlarged section
E could reside both upstream and downstream of the gage points Gs, G p (not
shown). In this arrangement, the enlarged section E would return to a normal size
fillet F adjacent the gage points, then return to an enlarged section downstream
(not shown).Figure 4 shows that the profile of the enlarged section E of the fillet F
is linear. However, Figure 6 shows an alternative embodiment, in which an
enlarged section E' of the fillet F has an arcuate profile. Preferably, the arcuate



normal size of fillet F near the gage points Gs , Gp , the present

I nvention does not interfere with the flow capacity of the vane stage.
Wthout reducing the flow area through the stage, the present invention
does not alter the exit Mach nunber nor the reaction of the stage (which

I npacts thrust | oad of the turbine). [0038] Although Figure 5 shows the

enl arged section E residing entirely upstreamof the gage points Gs , Gp
, the present invention contenplates that the enlarged section E could
resi de both upstream and downstream of the gage points Gs , G p (not
shown). In this arrangenent, the enlarged section E would return to a
normal size fil]et. F | acent ,t he, e_points, then return to an enl arged
section domstre%rr?]ﬂe(?ﬁgé S‘ﬁﬁ&ﬁﬁﬁ‘?ﬁ“@g%goft&gﬂﬁkﬁﬁﬂwelbn@qbswl e of the

enl arged section E of the fillet F is linear. However, Figure 6 shows an
al t er nat i veY8rilotitheueh deseritidiveith respecttel the gmdr pletfoimnf e vahe thetef 101, eie F
has an arcuate pPrefant evemiasf @nblogatetireemargethicetibngE Ok 'idf eheoffilldtdIE oR st r ged
section E of thibebiter platformof dre vaht clites alot sianein FiPR39B-Mok Bfaﬂg}z, or
described with rleshect to the inner platformof the vane cluster 101, the
present invention could |ocate the enlarged sections E, E of the fillets F
on just theo4t Fle dtady I . shawn in Figures 3-6
for clari t;[) ,mgr boblgte%iigi)vg%@n Jﬁ%ﬁ%%@fﬁ %@éﬁéﬁgggﬁé e%ﬁ?afxs ?“Fé&’le‘f[s
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hor seshoe vort ex O~ ¢6¢ "gg Qi the malial regian e hide airfeit 3 biowardsibe plagfodmf r om
the nedial regi ob- GfS{Hes hptecoragasifionatodhe platfopn 38 Thawlatiam Thissobas ngs
hotter core gas $P#Rle ebwithetanding hetrapragas fiiveasis she airfoil 38s & sesnbj thagotteapabl e
of wit hstandi ng 996t gasdlaw gasdadnhage thesplatfortniandstricairks adiscet fupstvdaim ort he
hotter core gaglomnsteanofdherpefotrhe pl atf orm and structures adjacent
(upstream or downstream) of the platform [0041] Figure 8 shows that a
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seet _ _ he'gr n, ¥j e 'V
gas flow fromt %ré'%lfﬁ)lvf]ﬁ.smt Qn{%ﬁﬁ ?i(?’gf%ﬁ ﬁ:rf%gél ?ﬁ #(gt{ngpcg;i?g%ﬁ e
o atform 105 | ke £ At E S G RO e
present inventigp o rglormsOsi opp | . ) _ :
at] €S te 9 1657 shlarged sestian Edivests flwid fram adiasenton of
i ey EOWage taF medipl aectign of theeinfeil 1 0% Thiy braigs caoler

core gas flow to the airfoil 103,

directs fluid f ﬁ)m

therplp

the airfoil 103.

[0042] The present invention also has a secondary benefit. The enlarged section E of the

ﬁ_Ilft?t.{:T helps delay the development of the passage vortex between adjacent
airfoils.

[0043] The present invention has been described in connection with the preferred
embodiments of the various figures. It is to be understood that other similar
embodiments may be used or modifications and additions may be made to the
dqscribed embodiment for performing the same function of the present invention
vylthout deviating therefrom. Therefore, the present invention should not be
limited to any single embodiment, but rather construed in breadth and scope in
accordance with the recitation of the appended claims.




[0042] The present invention also has a secondary benefit. The enl arged
section E of the fillet E helps delay the devel opnent of the passage
vortex between adjacent airfoils. [0043] The present invention has been
described in connection with the preferred enbodinments of the various
figures. It is to be understood that other simlar enbodinents may be used
or nodifications and additions nmay be nade to the described enbodi nent for
perform ng the sanme function of the present invention wthout deviating
therefrom Therefore, the present invention should not be limted to any
si ngl e enbodi nent, but rather construed in breadth and scope in accordance
wth the re 'tatjon of the appended clains. Cains: [cl] 1. A flow

di recting f for use in a gas turbine engine, conprising: an airfoi
havi ng a Ieadlng edge, a trailing edge, a suction side and a_pressure side;
a wal I abu] ng! sfé%@‘”aﬁhchﬁpg devigrifos Usg in agasiunbinscanging epraprisieg: lan aiépilal | ;
wher ei n sai d fi | hasting ileading edgt,artemlingedge Dsuction side dnd eatéssyesiigea wallong

sai d suction andaprtesssaicasfodesnd a fliet Heomeandaidsaifoil andivhllngherdgesaid ik} 2.
The flow directihg gelagediectdmitBall ledieg edge, slohg ssid shdtivn midGressind shieé,d

pressure side of afbiotadds'shi traiBRe ak?ave a gage point, said enlarged secti on
endi ng adj acent sai d gage points c3] 3. The flow directing device of

claim1, i n sﬂ{edﬂ&b 'dlr@étm %@%f@laﬂb%t%?&lﬂaﬁ@ucﬁ@ﬁ S'ndQ'a{uﬁ Olid-

di s d f
caid airfoil. : fﬁa Sﬁ‘%%‘ ofga afo Adact ﬁ@veaae%ﬁgsgow B chataed Geliohendnd ® 1

airfoil has a st &GAEnf 3 EWep WRd sai d maxi num di stance is adj acent sal d

stagnation |ine. [c5] 5. The flow directing device of claim3, wherein a
m ni mum of [$al d %nEheaﬂm‘é dirpesingtdsyics f slaod mahersmoidofillesfextearisia fistanes fromn; d

maxi mum di st ancesaagpirfoxl amaxinpurg distanee doagteddn eaid ehlargesisection o1 saichsugtion ance,
[c6] 6. The fl owside pEsaid agfodevi ce of claim 1, wherein said fillet extends a
hei ght from said wall, a nmaxi mum of height |ocated in said enl arged
section on [zajd $UTHd g diibélgeviaiof cRir BOwherelnCsald Airfoilhas b k@ghdlionamei ng
device of clal m ghd ¥ErBkFRURIALE fsoddéacgﬁ’t%aﬂ stAaa ligd) |ine and said
maxi mum hei ght i s adjacent said stagnation |ine.
[c5] 5. The flow directing device of claim 3, wherein a minimum of said distance
located on a normal section of said fillet, said maximum distance approximately 8
times greater than said minimum distance.

[c6] 6. The flow directing device of claim 1, wherein said fillet extends a height from
said wall, a maximum of height located in said enlarged section on said suction
side of said airfoil.

[c7] 7. The flow directing device of claim 6, wherein said airfoil has a stagnation line
and said maximum height is adjacent said stagnation line.

[cB] 8. The flow directing device of claim 6, wherein a minimum of said height is
located in a normal section of said fillet, said maximum distance approximately 10

times greater than said minimum height.

[c9] 9. The flow direction device of claim 6, wherein said airfoil has a span and said
maximum distance is approximately 30 percent of said span.

[c10] 10. The flow directing device of claim 1, wherein said enlarged section has a
linear height profile.

[c11] 11. The flow directing device of claim 1, wherein said enlarged section has an



S

[c8] S. The flow directing device of claim®6, wherein a mninumof said
height is located in a nornmal section of said fillet, said nmaxi num

di stance approxinmately 10 times greater than said mninmmheight. [c9] 9.
The flow direction device of claim®6, wherein said airfoil has a span and
said maxi num di stance is approxi mately 30 percent of said span. [c1l0] 10.
The flow directing device of claiml, wherein said enlarged section has a
|l i near height profile. [c | i ] 11. The flow directing device of claim1l
wherein said enlarged section has an 8 arcuate height profile. [c 12] 12.
The flow directing device of claim1, wherein said enlarged section has a
vari abl e curvatu The flow directing device of claim 12,
wherein said enléﬁggg%ggh¥%§n does not have any sl ope di sconti nuiti es.

[c1l4] 14. ne conprising: at |east one platform a plurality of
airfoils gfy‘gﬂd g[q\‘e ffﬂw g‘é’?‘iﬁmgtdeY’éﬁng}é‘r%l:pWthF@rSmd endarpedbsection basad r f oi | s
havi ng a | eadi ng"f’-r ur&attllfeal ling edge, a suction side and a pressure
side; and a fillet betvveen each of said airfoils and said platform

wherei n eacdkldf thiTheffldw directing\deviaa ofelhiai U Ovhedeifi shideniirgdifietridEdshs A6t

edge, al ong sai dhasahyelpadicpitasstitse Si des, and towards said trailing
edge. [c 15] 15. The vane segnent of claim 14 wherein said sucti on si de

and sai d pressur e, ﬁ\ré}ﬁ‘es@ m%ﬁ’t' gOIﬁf)Irlgl at E%%n@?)\{a?fo?‘m Eﬁﬂ? tf'
e§

egment of ol &l rS g HRE sal iepst e iy Eiors ﬁge
ai ?f oil, a maxi ﬂﬁ; almg Hl fi?nlsé‘ge ot FTASSYER c‘eﬁP t Betwesheachn
said suction side? erejn cach sgighil rﬁnf‘@fafgﬁdal m 16,

wherein said ai r5r°8'f“lm?lta9§" ‘%ﬁ q’ ng pad sugiipn @dlpdﬂsﬁ‘ﬁﬁlsrd?m@d%‘aarde is
adj acent said st%’l‘%‘é@lilﬁg\eﬂg%e [c18] 18. The vane segnent of claim 16,
wherein a mninumof said distance is located in a normal section of said
fillet, saildl¥ax]mliedast segoenapfolaini M weleyeiBsdid SRS ionGidRaindrsaidipessari d

mi ni num di st ancesidq oflsa]d 4iffoil Eheh MaBvQ g&FQﬁ@lﬂi st eflaBen s%étloﬂ/\é}ﬂrifgnia s@hd
fillet extends asahgg@lat oimtom said wal maxi mum of sai d hei | ocat ed
in said enlarged section on said suction

[c16] 1_6. '1th vane segment of claim 14, wherein said fillet extends a distance from said
airfoil, a maximum of said distance located in said enlarged section on said
suction side of said airfoil.

[c17] 17. The vane segment of claim 16, wherein said airfoil has a stagnation line and
said maximum distance is adjacent said stagnation line.

[c18] 18. The vane segment of claim 16, wherein a minimum of said distance is located
in a normal section of said fillet, said maximum distance approximately 8 times
greater than said minimum distance.

[¢19] 19. The vane segment of claim 14, wherein said fillet extends a height from said
wall, a maximum of said height located in said enlarged section on said suction
side of said airfoil.

[c20] ZQ. The vane segment of claim 19, wherein said airfoil has a stagnation line and
said maximum height is adjacent said stagnation line.

[c21] 21. The vane segment of claim 19, wherein a minimum of said height is located in
a normal section of said fillet, said maximum distance approximately 10 times
greater than said minimum height.



side of said airfoil. [c20] 20. The vane segnent of claim 19, wherein said
airfoil has a stagnation line and said nmaxi num height is adjacent said
stagnation line. [c21 ] 21. The vane segnment of claim 19, wherein a m ni num
of said height is located in a normal section of said fillet, said maxi num
di stance approximately 10 tinmes greater than said mninmum height. 9 [c22]
22. The flow direction device of claim19, wherein said airfoil has a span
and said naxi num di stance is approximtely 30 percent of said span. [c23]
23. The vane segnent of claim 14, wherein said enlarged section has a

| i near height profile. [c24] 24. The vane segnent of claim 14, wherein
said enl ar S Lon has.an arcuate height profile. [c25] 25. The vane
segnent of q%‘%&ll ?212‘?'6 FRg @{%“glaﬁﬂww%qlgaal % sdheredm Smégl[r&)ik/lmsiaabhmmd said
curvat ure. [ c26]MPPNURHESaBeRIs SBPFoRimately 30|peiaenaf saidhgpari n sai d enl ar ged
section does not have any slope discontinuities. [c27] 27. A nethod of
reduci ng hded3]l Gd Tbe vare sigmeoi of, claimnip, idierigh $di@ eflhgRs s@tionMa@¥ ilidepy an
airfoil with a phegttpefilend that abuts a wall, a distal end and a nedi al
section between said ends; flowing a gas over said airfoil, said gas

adj acent satmedi The $8feldePhed I; i I ' hi gher _tenperature
than said @Zag et Bg)fgé/_eg ggti %f%%lrnglxlﬁfrg?] Qﬂéﬁlnd‘gj gc}'érg%riggd g?C?IPBth‘? mhn%(ﬁ“ﬁe
directing said gas fromsaid proximl end of said airfoil to said nedial

section of hd L3 il. [c28 .The nethod of claim 27, wherein said
directing ﬁ%@ izﬁc?fgé&“e&%%w&%%mﬁﬁr gg?fﬂﬂb%ﬂ%ﬂ@fg%mnanhﬂm varighle sai d
wal |, said fill & fng an enlarged section . 10

[c26] 26. The vane segment of claim 25, wherein said enlarged section does not have
any slope discontinuities.

[c27] 27. A rpethod of reducing heat load on an airfoil, comprising the steps of:
prov.ldmg an airfoil with a proximal end that abuts a wall, a distal end and a
qulal section between said ends; flowing a gas over said airfoil, said gas
adjacent .said medial section of said airfoil having a higher temperature than said
gas ﬂowmg over said proximal end of said airfoil, and directing said gas from said
proximal end of said airfoil to said medial section of said airfoil.

[c28] 28. The me'thoc'l of claim 27, wherein said directing step includes providing a fillet
between said airfoil and said wall, said fillet having an enlarged section .
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