SCALLOPED SURFACE TURBINE STAGE WITH PURGE TROUGH BACKGROUND [0001] The
present disclosure relates generally to gas turbine engines, any turbomachinery, and, more
specifically, to turbines therein. [0002] In a gas turbine engine air is pressurized in a compressor and
mixed with fuel in a combustor for generating hot combustion gases. Turbine stages extract energy
from the combustion gases to power the compressor, while also powering an upstream fan in a

turbofan aircraft ' icati [ rnal dyj h ' industrial
applications. [00 ﬁ@%ﬁ%ﬁé% H—(%?ﬂ%rgni'gg elgyollov?sbt (EB ?&%@Q%nd includes a
stationary turbine nozzle which discharges combustion gases into a row of rotating first stage turbine
rotor blades extendirl%q radially outwardly from a supporting rotor disk. The HPT may include one or
more stages and corresponding turbine nozzles. [0004] Following the HPT is a low
pressure turbine (LPT) which typically includes multiple stages of rotor blades and corresponding

turbine nozz[@80[Q0N% Epastinbirtisotralednakidessa ypmefatiataovayesimavieggadisllyanyter and

inner endwakls(g?n the fﬁ)rm of arcuate bands wt icﬂ S pﬁgét e vanes. Correspondingly, the turbine
rotor blades THCIATESHBFE N am?f&r?gg(f & ?élligi dalls or platforms supported in turn by

corresponding dovetails which provide mounting of the individual blades in dovetail slots formed in the
perimeter of (PROZL pperwyes tordinkskngineaiuianshssud zearisuparesRer afidinied wigs oiethe rotor

airfoils in eagh &’@Bﬂ%ﬁtﬁ%-quogéﬁmgﬁé%ﬁéamv@&%@%W%ﬂ%ﬁ% @&ﬁg&%ﬁﬁ%‘&g.‘@ﬂ@@”‘)”s
including generally concave pressure sides and generally convex suction sfdes extending axially
from the combustion gases to power the compregssole also powering an upstream
fan in a turbofan aircraft engine application, omgring an external drive shaft for

marine and industrial applications.

[0003] A high pressure turbine (HPT) immediately followsetcombustor and
includes a stationary turbine nozzle which dischargombustion gases into a row of
rotating first stage turbine rotor blades extendiamjally outwardly from a supporting
rotor disk. The HPT may include one or more stagésrotor blades and

corresponding turbine nozzles.

[0004] Following the HPT is a low pressure turbine (LPT)iet typically includes
multiple stages of rotor blades and correspondinigine nozzles.

[0005] Each turbine nozzle includes a row of stator vamesng radially outer and
inner endwalls in the form of arcuate bands whichppert the vanes.
Correspondingly, the turbine rotor blades includ®gs integrally joined to radially
inner endwalls or platforms supported in turn byresponding dovetails which
provide mounting of the individual blades in dovies#ots formed in the perimeter of
the supporting rotor disk. An annular shroud sundsuthe radially outer tips of the

rotor airfoils in each turbine stage.

[0006] The stator vanes and rotor blades have correspgndirfoils including
generally concave pressure sides and generallyegaswction sides extending axially

in chord between opposite leading and trailing sddaljacent vanes and adjacent



in chord between opposite leading and trailing edges. Adjacent vanes and adjacent blades form
corresponding flow passages therebetween bound by the radially inner and outer endwalls.
[0007]During operation, combustion gases are discharged from the combustor and flow axially
downstream as a core flow through the respective flow passages defined between the stator vanes
and rotor blades. In addition, purge air from a purge cavity existing upstream of the airfoil leading edge

is discharge purge flow that prev. In ing hot core fl I he main path. and
potentially p%%%é}s gérggoﬁﬁg%?ééﬁ(&nﬁg% a (?rgr%sg%ensdttﬁ%(;%%&&ezeeg%\:fg&y%aemﬁ% corE’(o'LfiIl r}%egf the
vanes and butesuterderoinedisonding flow passages therebetween, are precisely configured for

maximizing energy extraction from the combustion gases which in turn rotate the rotor from which the

blaies extendoi9ROSI e ORUR)iCE APBESIANaLEIR SR TGuHGRPHOR AR 20A Hage aifols

is tailored for maximizing efficiency of operation, and varies radially in Span along the airfoils as well as
axially alongfi@W eptntls @e\rsHrRis asefverie thevehdmiphriberartyelespazsauemasiines velocity

and pressure gigjelbiinBs.plibieyeprl SHipRAB BRI PHAR AL AYEr dhardiiol Bifgecsaanyvell as

within the corresponding flow passages also vary. [0009] Undesirable pressure losses in the
combustion §3SHAWpARYeRBIeRirdnCoREERIbBadIOUR Qﬁraﬁﬁﬂﬂ&ﬁét@h i RiFHse o dyAtmics

and overall tyrbipg, &fT|AGESn § PoBXIRP ol BABMIHEURABASAR ARG HotcFRERFRABIIAES QS Of

vanes and blades in the flow passages therebetween and are necessarily split atthe respective
leading edg&$elifgeaiffeli0 IHhadaiabarmixa it purdesFEHBAMA LHEQUYR Abihen4§nead to

turbine ineffigiengya RALNedAespOhaIRGTRIRHRSEHSEY thed 'edﬂbcﬁﬂ@&ké%ﬂ%&ﬂ?@?réfends

along the leading edge of each airfoil, and corresponding boundary layers are formed along the

pressure andOSUPASHTURIRE 6658 AXHGS IR\ TOM NS G OABTRRAS Y IGE MY TnifdaEnERall which
collectively howhckibs inrigidase efgashdlavneassage. In the boundary layers, the local velocity of the

combustion gases varies from zero along the endwalls and airfoil surfaces to the unrestrained velocity
in the Comb%%g]grahsg chgrm%ﬁeé)gh%ng-%?r%gng %[51 tgrlg)ing;[)erifiguration tbé vane and blade
airfoils is tailored for maximizing efficiency ofperation, and varies radially in span
along the airfoils as well as axially along the s of the airfoils between the
leading and trailing edges. Accordingly, the vetp@nd pressure distributions of the
combustion gases and purge air over the airfoifases as well as within the

corresponding flow passages also vary.

[0009] Undesirable pressure losses in the combustion gaspdths therefore

correspond with undesirable reduction in turbineodgnamics and overall turbine
efficiency. For example, the combustion gases ghtercorresponding rows of vanes
and blades in the flow passages therebetween amdnegcessarily split at the
respective leading edges of the airfoils. In additimixing of the purge air flow and

the core flow may lead to turbine inefficiency.

[0010] The locus of stagnation points of the incident castion gases extends along
the leading edge of each airfoil, and correspontimgndary layers are formed along
the pressure and suction sides of each airfollyelsas along each radially outer and
inner endwall which collectively bound the four esdof each flow passage. In the
boundary layers, the local velocity of the combusiyases varies from zero along the



[0011] Turbine losses can occur from a variety of sources, for example, secondary flows, shock loss
mechanism and mixing losses. One common source of turbine pressure losses is the formation of
horseshoe vortices generated as the combustion gases are split in their travel around the airfoll
leading edges. A total pressure gradient is affected in the boundary layer flow at the junction of the
leading edge and endwalls of the airfoil. This pressure gradient at the airfoil leading edges forms a pair

of counterrotatin rseshoe vorti which trayel downstr n th osite sides of h_airfoil
near the end TG B8 LS e SASRME e STRb BRI SREERBITRE S8
airfoil and betlaere diffe enthydeaog [y die thiffersatgressure and velocity distributions therealong. For

example, computational analysis indicates that the suction side vortex migrates away from the endwall

toward the ool aiAgiAeds<aad e BUEIRCHDRIQNAALY o ol A SRR VDI pigSSure

side vortex flowing aft thereto. [0012] The interaction of the pressure and suction side vortices occurs
near the midPaR. reffkolosRe BIFBNaHAM crEskaBiiRE 1PeSESre BB RIRN aSEwNies s nlifYNeduction

in turbine effiiencyreT RIS YHIGRS RRMAIRM I RINHR BRESIERRPEEAUES ITREIG ARBIRAGS the

endwalls. [0013] Since the horseshoe vortices are formed at thé(%gnctions of turbine rotor blades and
their integral9R pRIGoTAE IaShed tEavakaimib HicoriERkiE & REGeSaneld tl dIRBHUSB SR Thner

bands, corregponsingassae iR eiliiensy aeiseteormysdATRAdiIgnal heatiaaafdhe

correspondiniendwall components. [0014] Similarly, cross-passage pressure gradients between the
pressure an@siREoAidRike ditise WRRRUE Sinstiadt sabdRaaM teadisguedies At ordicBaitnat alter the

desired aerogymaaifs fnaenirdargying rise JARTE & iV B e S GRNRL Appsdirs fesibie

heating of the endwalls and even the blade. [0015] At the leading edges of the turbine blades, and
more particu@at?\‘I@Vl a@t'HC}Uﬁ&@n%?tﬁ@%ﬁ“na@é‘é’%wrﬂ'ﬁe% b@&@g Hﬂﬁg‘é%’é\ﬁt&ﬁ SEeoridI&ry flow
structures angh@aiiegd 3iRHEISHIONEH AURTENIedRadHR0 SHOAPWIDE FR BYHE e EnTprBgsigeses. In

addition, the secondary flow structures result in mixing of the purge flow with the main core flow,
resulting in 2fej¥SIORBIARE IR FRAIRNGNTARE PRAIBTRRBIN A A KEEoRdig REwW
structures regid thdiglichBAIGABGRIHELIAIGHAEICAIER HEI1AEMERRAIN BINSBIaHe dnfoinedaiage endwall

structure. [0016] Accordingly, it is desired to provide an improved turbine stage for reducing horseshoe
and second&Y9RANGLHIER AfecactadWeigitecalEinl EBISHARNE BEIMESTHIR St Mfift heat

distribution qm;l,\m@cggpﬂyeﬁaét@proving efficiency and thermal loading while maintaining aerodynamic
loading and/or torque production. BRIEF DESCRIPTION

[0012] The interaction of the pressure and suction siddices occurs near the
midspan region of the airfoils and creates totaspure loss and a corresponding
reduction in turbine efficiency. These vorticesoatseate turbulence and increase

undesirable heating of the endwalls.

[0013] Since the horseshoe vortices are formed at theiqunscof turbine rotor blades
and their integral root platforms, as well at thadtions of nozzle stator vanes and
their outer and inner bands, corresponding lossésrbine efficiency are created, as

well as additional heating of the correspondingveadticomponents.

[0014] Similarly, cross-passage pressure gradients betteepressure and suction
side of the blade give rise to secondary flow $tnes and vortices that alter the
desired aerodynamics of the blade, giving ris@$sés in turbine efficiency as well as

possible heating of the endwalls and even the blade

[0015] At the leading edges of the turbine blades, anderparticularly at a junction

of the leading edge and the leading edge purgéycadcondary flow structures and



[0017] In accordance with one exemplary embodiment, disclosed is a scalloped surface turbine stage
with a purge trough. The turbine stage comprising a row of airfoils integrally joined to corresponding
platforms and spaced laterally apart to define respective flow passages therebetween for channeling
gases. Each of the flow passage having a width. Each of said airfoils including a concave pressure
side and a laterally opposite convex suction side extending in chord between opposite leading and

trailing edges..At least some of said platfoyms _hayvin all flow surface includin rge trough
extending ta%d)ghlgeaﬁ/ ?n?%)uglggléib(\f&%gﬁ;rﬁg j?%a'@?a%%%i rglI %%{&FSSS%C'%\/@ (/nvqéﬁlqgf E%%%%‘tform and
extending axialhdtbtiardtthe seaiotesidaf thieuminfiods ok flbhie g dinth e qn e g ftbsinwigh ahurge flow.
[0018]In acc n [ other lar [ ' is.a scall syrface, turbine
stage with & DL DR THE Bl M SRR e e BT (8 e e A
correspondindapiatforméhesd spermttiate tidy siarctor defiesuiispe diveat floynpeisatiessheréietween

for channelirbqeg‘faﬁ%r QHQ gfgwaﬁglg%gg &%gt%% %ﬂ&g&%}nﬁg{gldth Each of said airfoils including

a concave pressure side an erally opposite convex su e extending in chord between
opposite leading and trailing edges. At least some of said platforms having a scalloped flow surface

including a JORJSkrOaeRrdialydifgtaRRIFRRAIL iRte\Udfend KAPAYIIRINe pae dPlideHIEHlrge
cavity wall of,HieRHRMNG WdesrRARM IS I RIESsHER §I0@ LRI RRIFL AN hersR i bowl

adjoining said purge trough and said suction side aft of said leading edge of said respective airfoils.

The purge triOagnextitsePaliali eohRRH dHEriIiRm ansheltgy arfsIreviea&litieasy Be# and
channel a pyrEeHaW KA ]Wﬂéqw&ﬁ%ﬁiﬁ%é@@?@ﬁﬁé REERGIDr BRdimsatcisslosed is a

scalloped surface turbine stage with a purge trough. The turbine stage comprising a turbine blade. The
turbine blade comrprisin an airfoil integrally joined to a platform, and having laterally opposite pressure
and suction BB eRERHRITH BBd between axially opposite leading and trailing edges. The platform
including a purge trough extending tangentially into a blend area and at least a portion of a purge
cavity wall of @827 latfaxocorftienoer geitino wgle eekemdpigrax i tolivash thelsohticn sidealdpedirfoil, aft
of the leading edge, to channel a purge flow. [00 her qbject d advantages of the present
disclosure W%FB%gré%réb%aﬁgﬁﬁﬁop%ﬁeaa&%é&%e%gl%vvinﬁg@ﬁe%p%%%sccr%%ﬁﬁ Sé{ﬁg t%er%a\%;éjnded
claims with reidodacitegted! yagoomepattyicgraeapamgbn  helsdicn duath sp fezd résst enad yraparie toents of
the present icati il]. e rent rdin il in.the. art revi e
folloning ce L AP e s s R Bt S, AR SR A e
claims. DRANUR$G$ [ baRiidrasvatiby ebzanh aiheaiid aivieisLaine cts;crchee artsyre sfdbeapresent

disclosure wj ug%; n follpwi ‘? i cription js read with reference
to the accorr!%@r@w;@%%ﬁés In wé%#ﬂféﬁgﬁgﬁggte%é%\ﬁ@% eﬁk@ éﬁgeggﬁé tﬁpﬂgi%%t Fﬁéﬁgﬂg\/ings,
wherein:  and trailing edges. At least some of said platfolasing a scalloped flow surface
including a purge trough extending tangentiallpiatblend area and at least a portion
of a purge cavity wall of the platform and extergdaxially toward the suction side of

the airfoil, aft of the leading edge, to channplage flow.

[0018] In accordance with another exemplary embodimensclased is a
scalloped surface turbine stage with a purge trougie turbine stage comprising a
row of airfoils integrally joined to correspondiptatforms and spaced laterally apart
to define respective flow passages therebetweerhanneling gases. Each of the
flow passages having a defined width. Each of saifbils including a concave
pressure side and a laterally opposite convex@uside extending in chord between
opposite leading and trailing edges. At least sarhesaid platforms having a
scalloped flow surface including a purge trougheaging tangentially into a blend

area and at least a portion of a purge cavity whthe platform, a bulge adjoining



[0022]FIG. 1 is a forward-facing-aft elevational view of exemplary turbine blades in a turbine stage row
according to an embodiment; [0023]FIG. 2 is a planiform sectional view through the blades illustrated
in FIG. 1 and taken along line 2--2 of FIG. 1 according to an embodiment; [0024]FIG. 3 is a isometric
view of the suction side of the blades illustrated in FIG. 1 according to an embodiment; [0025]FIG. 4 is
an isometric view of the pressure side of the blades illustrated in FIG. 1 according to an embodiment;

said pressure side aft of said leading edge, @ adjoining said purge trough and
said suction side aft of said leading edge of sagpective airfoils. The purge trough
extending axially toward the suction side of thdadi to blend with the bowl and

channel a purge flow.

[0019] In accordance with yet another exemplary embodimdisiclosed is a

scalloped surface turbine stage with a purge trougte turbine stage comprising a
turbine blade. The turbine blade comprising aforintegrally joined to a platform,

and having laterally opposite pressure and sudides extending in chord between
axially opposite leading and trailing edges. Thatfprm including a purge trough
extending tangentially into a blend area and attlagortion of a purge cavity wall of
the platform. The purge trough extending axiabbyvard the suction side of the

airfoil, aft of the leading edge, to channel a ufigw.

[0020] Other objects and advantages of the present diselagill become apparent
upon reading the following detailed description atim@ appended claims with
reference to the accompanying drawings. These Hrad teatures and improvements
of the present application will become apparerdrte of ordinary skill in the art upon
review of the following detailed description wheakén in conjunction with the

several drawings and the appended claims.
DRAWINGS

[0021] The above and other features, aspects, and adeantafj the present
disclosure will become better understood when thlewing detailed description is
read with reference to the accompanying drawingshith like characters represent

like parts throughout the drawings, wherein:

[0022] FIG. 1 is a forward-facing-aft elevational viewetemplary turbine blades

in a turbine stage row according to an embodiment;

[0023] FIG. 2 is a planiform sectional view through thads#s illustrated in FIG. 1

and taken along line 2--2 of FIG. 1 according teearbodiment;



[0026]FIG. 5 is a isometric view aft-facing-forward of the blades illustrated in FIG. 1 according to an
embodiment; [0027]FIG. 6 is a forward-facing-aft elevational view of exemplary turbine blades in a
turbine stage row according to another embodiment; and [0028]FIG. 7 is a planiform sectional view
through the blades illustrated in FIG. 6 and taken along line 7-7 of FIG. 6 according to an embodiment.
DETAILED DESCRIPTION [0029]Referring to the drawings wherein identical reference numerals

denote the s e flglgﬁgsl%rguaghout g}Pv Fl |aﬁ 8] SIH&?&&TS%: I%Ia}dﬁrow %Féga‘u Iary first

stage turbin Which eircumteren olineac erina ereof in a
correspondnfgl@rbmecsﬁatyegdtmgmmhnbmmemlne As indicated above, combustion gases 12 are
formed in a conventional combustor (not shown) and discharged in the axial downstream direction

through the yeif turkife Hades 13 &rO Rdl S| 'E'r"e&@é‘%#&'é%?%I%%Sé"irlﬁﬁt%i@l’:g}hfrom the

combustion gases 12 for(Fowerlng a supporting rotor disk (not shown) on which the blades 10 are

mounted. FIG. 1 according to an embodiment;

[0026] FIG. 5 is a isometric view aft-facing-forward ofettblades illustrated in

FIG. 1 according to an embodiment;

[0027] FIG. 6 is a forward-facing-aft elevational viewetemplary turbine blades

in a turbine stage row according to another embedtmand

[0028] FIG. 7 is a planiform sectional view through thads#s illustrated in FIG. 6

and taken along line 7-7 of FIG. 6 according tearbodiment.

DETAILED DESCRIPTION

[0029] Referring to the drawings wherein identical refeeemumerals denote the
same elements throughout the various views, ilitstr in FIG. 1 are two exemplary
first stage turbine rotor blades 10 which circurafgially adjoin each other in a full

row thereof in a corresponding turbine stage ofaa wrbine engine. As indicated
above, combustion gases 12 are formed in a comreitcombustor (not shown) and
discharged in the axial downstream direction thiotinge row of turbine blades 10 as a
core flow 13. The turbine blades 10 extract enérgy the combustion gases 12 for

powering a supporting rotor disk (not shown) onchithe blades 10 are mounted.

[0030] The turbine stage includes a complete row of thddd 10, with each blade
10 having a corresponding airfoil 14 integrallyned at a root end to a corresponding
radially inner endwall or platform 16. Each platfod.6 is in turn integrally joined to a
corresponding axial-entry dovetail 18 conventionalbnfigured for supporting the
corresponding turbine blade 10 in the perimetehefrotor disk.

[0031] Each airfoil 14 includes a generally concave pressside 20 and a

circumferentially or laterally opposite, generatignvex suction side 22 extending



[0030]The turbine stage includes a complete row of the blades 10, with each blade 10 having a
corresponding airfoil 14 integrally joined at a root end to a corresponding radially inner endwall or
platform 16. Each platform 16 is in turn integrally joined to a corresponding axial-entry dovetail 18
conventionally configured for supporting the corresponding turbine blade 10 in the perimeter of the
rotor disk. [0031]Each airfoil 14 includes a generally concave pressure side 20 and a circumferentially

or laterally o ite. generally convex suction side,22 extendir X in, chord between osite

leading and ﬁg%ﬁpé Ig%gé%@hé fg/e reeﬁsgg%)t%vsgﬁ?/i?ﬁgl%oagggg%qgﬂsa%a%%(te%r% Eggpﬁéli\ﬁeéﬁan rom root
to tip of the awfoikdde §00822 A\s)xieodmadi&lie & Ipandr@nedohipidbihgésairfall bé.hollow and include an
internal cooling circuit 28 bound by the opposite pressure and suction sides 20, 22. The cooling circuit

28 may have gy ronyentRpg) FAHISEUNARCANEAe SIS AANAGD ERFAHAG RO he

platform 16 and dovetail 18 for receiving cooling air 30 bled from the compressor of the engine (not

shown). [003B191MRlc6BRRBGFIENIL AhRauydiBrHAR SPRRFHRIIH Qe BICHRILGIHEE\PaldBws of
film cooling W@%ﬁﬂ?gﬁ%ﬁh%@ AES/TRERD é*ﬁg RIGTRE G RAHIRIO I3 AR cRiek thaairfoll 14,

and typically concentrated near the leading edge 24 thereof. Each airfoil 14 typically also includes a
row of trailin§leHite SoBKRNHBIES O UStic @rﬁ%nj@rmréﬁgaﬂdw%@%é@rerngm&@ﬁérwr@n 14 just

before the thig RINGRAIRLEINRIRYs0r of the engine (not show

[0033] The cooling air 30 is typically discharged from leaarfoil 14 through
several rows of film cooling holes 32 located wheesired on the pressure and
suction sides 20, 22 of the airfoil 14, and tydicabncentrated near the leading edge
24 thereof. Each airfoil 14 typically also inclucesow of trailing edge cooling holes
34 which emerge through the pressure side 20 otitheil 14 just before the thin
trailing edge 26 thereof.

[0034] The exemplary turbine blades 10 illustrated in FIG&nd 2 may have any
conventional configuration of the airfoil 14, plath 16, and dovetail 18 for
extracting energy from the combustion gases 12dwperation. As indicated above,
the platform 16 is integrally joined to the rootdeof the airfoil 14 and defines the

radially inner flow boundary for the combustion gad 2, or the core flow 13.

[0035] The blades 10 are mounted in a row around the pé&smof the rotor disk,
with the adjacent airfoils 14 being spaced circuerigally or laterally apart to define
therebetween flow passages 36 having a passage widtefined between adjacent
leading edges 24 (as best illustrated in FIG. Rrhanneling the combustion gases 12
and a purge flow 15 of purge air from a purge floavity (not shown) axially in the

downstream direction during operation.

[0036] Each inter-airfoil flow passage 36 in the turbim&ge illustrated in FIGS. 1
and 2 is therefore defined and bounded by the pressde 20 of one airfoil 14, the
suction side 22 of the next adjacent airfoil 14 dorresponding pressure and suction
side portions 20, 22 of the adjacent platformsal@) the radially outer turbine shroud



[0034]The exemplary turbine blades 10 illustrated in FIGS. 1 and 2 may have any conventional
configuration of the airfoil 14, platform 16, and dovetail 18 for extracting energy from the combustion
gases 12 during operation. As indicated above, the platform 16 is integrally joined to the root end of
the airfoil 14 and defines the radially inner flow boundary for the combustion gases 12, or the core flow
13. [0035]The blades 10 are mounted in a row around the perimeter of the rotor disk, with the adjacent

airfoils 14 being spaced.circumferentially or laterall art fine thergbetween fl es 36
having a pa n%e%?ﬁﬁ),xv% 8Hn88r[)%?fvr\}//%%r# ﬁa%jé%:g{r??&eé)&!ﬁeggggggs(f4%§s %'eﬁsﬁlkﬁu%\ga{?@ﬁﬁ%gﬂ& 2)
for channelirmptheleembwstbiugzseditiand 8. purge flow 15 of purge air from a purge flow cavity (not

shown) axially in the downstream direction during operation. [0036]Each inter-airfoil flow passage 36 in

the turbine sfggeAllustied dpAHGSab AR i iﬁw@%ﬁﬁ?@@ﬁﬁﬂ%@ﬂgrﬁo&hﬁ%%ﬁéfﬁh&a%'&s%e side 20

of one airfoil 14, the suction side 22 of the next adjacent airfoil 14, the corresponding pressure and

suction side MBI LY) Mectare SRpAChG HlaiPrrS28ea RPME LRI dREINBI R SIR MM (not
Elha?dvg)fg)hiCQrﬂJ%{Fé“ﬁ%%éQ%a{ﬁ@/aéMPW‘iﬁ@ FRAGQIANRERISTHE IRiHIS COBEIG IR SR tiBFPine
gases are circumferentially split at the correspapairfoil leading edges 24 with a
stagnation pressure thereat, and with the formaifarorresponding boundary layers
along the opposite pressure and suction sides20f #he airfoil 14. Furthermore,
the combustion gases 12 also form a boundary laj@rg the individual blade
platforms 16 as the gases are split around theilaieading edge 24 at its juncture

with the platform 16.

[0038] In addition, the purge air flows from the purgewlacavity existing
upstream of the airfoils 14 through the correspogdiow passages 36 as the purge
flow 15. Minimizing an ejection of the purge flohb as a percentage of the core
flowl3 leads to an increase of the static presdavenstream of the airfoil 14. This
effect contributes to move the trailing edge 26ckhopstream, thus decreasing the

trailing edge loss in the airfoils 14.

[0039] The split core flow 13 along the blade platforms ré6ults in a pair of
counterrotating horseshoe vortices which flow dxidobwnstream through the flow
passages 36 along the opposite pressure and ssalies 20, 22 of each airfoil 14.
These horseshoe vortices create turbulence in tumdary layers, and migrate
radially outwardly toward the mid-span regions lué &irfoils 14 and create losses of
total pressure and reduce turbine efficiency. Theséshoe vortices are energized by
the presence of the purge cavity and purge flowvhiEh modify the cross-passage

static pressure gradient.

[0040] The exemplary turbine rotor stage illustrated iGFIL may have any
conventional configuration such as that specifycalésigned as a first stage HPT
rotor for extracting energy from the combustionega$2 to power the compressor in

a typical manner. As illustrated, the incident castipn gases 12 are split along the



[0037]As indicated above in the Background section, the combustion gases 12 flow through the
corresponding flow passages 36 as the core flow 13 during operation and are necessarily split by the
individual airfoils 14. The high velocity combustion gases are circumferentially split at the
corresponding airfoil leading edges 24 with a stagnation pressure thereat, and with the formation of
corresponding boundary layers along the opposite pressure and suction sides 20, 22 of the airfoil 14.

Furthermore, the.combustion gas. 2.also for oun I r alon individual bl latforms
6 the ne B e A e e o
addition, thetpargeraifl fiowisSfrotihehdquungtr dlmw daeityi@xistie ipsteanpofgaeaiiffois BEtbssugh the

correspondi sages rge nimiz lectjon of rge flow 15 as a
percentage ?#@g&c@%?f%\%%sggg%sﬁ%g%}# ??’lcdr'fé(;élfejtgle t%(‘égs%%\@gg%ﬁe %Spwl%g rea%é(% t 8e I\§1Iirfoil 14.
This effect cdafiirutestthemduhdatiltenstdpgerge shuitl uladtrtiine platfadeerdasingane. trahieg edge
loss in the airfoils 14. | T plit.care | t la for, I in & pair of
counterrotat}?](gﬂhs%rséérsﬁg&eﬁ\%or ?c]:gs !\ﬁvlf%gc%} fO\E\\e{ ajgﬁélily? %%ewhr@&gr% ?é%ug%i%@f@vﬁ%%@a@égs 36 along
the oppositeqaesspaneing slosti pasidee 2 G 2asaheaohrgafiilia AT eyensthershdiceadicites create
turbulence in the boundary layers, and migrate radially outwardly toward the mid-span regions of the

airfoils 14 anggrepte Ipgsesontigral pr&mause MISRALRIUWRIBS Qﬁi%lé&‘ahvwdmefﬁ@%%é’ ortices

are energized by the presence of the purge cavity and pL%?e flow 15 which modify the cross-passage
static pressUEGIRRIISHICRH W | PR sReFPRAAMUEBINIIERS Jelseingsteifieaant FYSlotiaiMve any

CO”Ve”“O“ab?@&W%ﬁQﬂﬁﬂ%@f&ﬂ%é&ﬁﬁiﬁﬁﬁiﬁﬁﬁéiﬂﬁﬁ%@@ﬂﬁrﬁtﬁ%éé?n%[&%ﬁ%a@@éaﬁmg
energy from the combustion gases 12 to power the compressor in '
12. The platforms 16 define radially inner endwallkich bound the combustion

gases 12, with the gases also being bound radiatlyardly by a surrounding turbine
shroud (not shown).

[0042] In the illustrated configuration, the incident cambon gases 12 at the
junction of the platforms 16 and leading edges 24 subject to the horseshoe
vortices, fueled by modifying of the cross-passatgic pressure gradient by the
purge flow 15. The combustion gases 12 progressigin the flow passages 36 along
the opposite pressure 20 and suction sides 22eoéitfoils 14. As indicated above,
these vortices create turbulence, decrease theyaenmic efficiency of the turbine

stage, and increase the heat transfer heating gfieitforms 16.

[0043]  Accordingly, the platforms 16 illustrated initiallg FIG. 1 are specifically
configured with scalloped or contoured flow surfadkat minimize mixing of the
purge flow 15 with the core flow 13 to minimize $&s and bound the combustion
gases 12 to reduce the strength of the horseshages A first exemplary
configuration of the scalloped platforms 16 is shogenerally in FIG. 1 with
isoclines of common elevation from a nominally gwisnetric platform. FIG. 2
illustrates in more detail the isoclines of FIG.irl planiform view. A second
exemplary configuration of the scalloped platforhsis shown generally in FIG. 6
and FIG. 7 illustrating isoclines of common elegatirom a nominally axisymmetric
plattorm and a more detailed illustration of theoclnes in planiform view,

respectively.



a typical manner. As illustrated, the incident combustion gases 12 are split along the airfoil leading
edges 24 to flow axially through the corresponding flow passages 36 as the core flow 13 in the
downstream direction while the incident purge air flows across a shoulder area, or blend area, 40 of
the platforms 16, wherein the blend area 40 is defined as the radius between a purge cavity wall 41
and the platform 16 surface. The purge air flows and mixes with the core flow 13 to flow axially through

the corresponding flo ssage as, the pburge flo in th wnstr jrection. [@041]The
concave prggﬁg%the\,%fgfgrj@% sﬁl](ﬁe% 58 %ﬁ&%&c@n&é%rgﬁﬁeﬁg e@}i}i |orﬂss'i1§éilo£? la(ﬁg Ig}:)ecifically
configured falyetieuting lifferdrearelosedatal ptedgusndistfiototiscifisp@iXirodnitouestiaictiva of energy

f th [ ' i i - hich b th
combustion B TS b et e S e e AT A MRS R e
shroud (not shiogen)fl(O04F Imite ihesteatred honfigdratiuh, itge ftiddenth mbrgriccaydgesvbilat the
juncti ft I I 4 ject to.. ' db
modiying of 0 rbo e PSS ERBER R dal e ST SR e
12 progress tirdiugtirgiediowfpsSadearsb 2limetthe ascadivgopesgars @0oindSgotdigwidds@? of the
irfoils 14. Asjndical ' t bul d d ic. effici
ot the turbin S B e e B B G SR AT o, e
platforms 16nlat_§grapetﬁinh@imﬁ=lmvar aie\eqimiealryla@mamemmh @dayqppqtdc ¢uattsurad flow
surfaces that piginiag RS B BB AONL B AR SORANMNLE '0cmininigalaasenand bound
1 the th of the

the combustion gases 12 to reduce treng orseshoe vortices. A first exemplary
configuratioffasming st alRipes iznformiwughsteamim theteraigitirerpEnd wikast lares af washeon

elevation frog). a; [ iIsymmetna pl Al ' ' r j ' j of FIG.
lin planiforrﬁb v@é@vﬁ&ﬂ@g)%ﬁégrﬁ Ia@'cﬁ#ﬁré@%%é%ﬁﬁ%@%pﬁg orrﬁ%l E&%@Sﬂ%\%ﬁg
generally in @ &isiangectialyistaanyasdcires 40 camneviiEpi@dvatibe Ponge wetherMilyadkisymmetric

platform anda e dGRNRRLI SRR IS SREIRSE A RAN HApRRA AL ERDE 4B SWaith X,
between the leading edges 24 of adjacent airfdilmmay extend in a lateral direction
approximately 60% the passage 38 width “x”. Ina#ternate embodiment, the purge
trough 38 may be formed tangentially in the blerehad0 and extending into at least
a portion of the purge wall cavity 41 and havingiaximum depth location anywhere
between -10% to 60% of the passage 36 width “xtvbeh the leading edges 24 of
adjacent airfoils 14, wherein such measurementeasmwred commencing from the
leading edge 24 of a first airfoil 14 toward thestsan side 22 of the first airfoil 14
and extending toward the leading edge 24 of a skaajacent airfoil 14 at the
pressure side 20. In an embodiment, the purgglrd8 may extend in a lateral
direction approximately 60% the passage 38 width ‘ixn yet another embodiment,
the purge trough 38 may be formed substantiallgeanally in the blend area 40 and
extending into at least a portion of the purge wality 41 and having a maximum
depth location anywhere between -10% to 60% ofptssage 36 width “X” between
the leading edges 24 of adjacent airfoils 14 asipusly described, and located at a
position axially downstream of the leading edgesi2d within the passage 36 formed

therebetween.

[0045] The purge trough 38 is configured to modify thenbdl@area 40 and at least a

portion of the purge cavity wall 41 of the airf@4 to ease the purge flow 15 into the

10



[0044]Referring more specifically to FIGs. 1 and 2, modern computational fluid dynamics have been
used to study and define the specific 3D contours of the platforms 16 for weakening the horseshoe
vortices and minimizing mixing of the purge flow 15 with the core flow 13 and ingestion into the purge
cavity, while correspondingly improving turbine aerodynamic efficiency. The scalloped platforms 16
illustrated in FIGS. 1 and 2 include a scallop or a purge trough 38 configured to extend into the blend

area 40 and gl Jegel g Rortio ol auts caibnallid of the plgtierm e having adower gleyation ()

relative to a homina aX|symme{r|c pﬁla orm urFacepoL*gconv iona plaﬁ’orm that deafines he

reference zeraj@tenrfatdrengdiopaifigva dépeesstono it yghtthEbeontiiae modifes sitebRshtbarea 40
@ ova depe

d at least ion of th i I ill d embggi t t is f d
tangentally 1L 96 o ApS ey SRt B AL ol MR SR B e WFALiIAE SRHERARE oot
location apptbegimsieilylshittwbgakid|paitbdgeB6 Tidthurxgetephedd trellpadieyfenydS Benfeatiacent

b e T A R e b e

extending ink®#tdeast a portion of the purge wall cavity 41 and having a maximum depth location
anywhere between -10% to 60% of the passage 36 width "x" between the leading edges 24 of

adjacent airfpilsbt, WAGKSHLAHAY, MERSUSRERRRIS BraehGATRMERRIRE Ta\ike 18Rding edge 24 of

a first airfoil 14 toward the suction side 22 of the first airfoil 14 and extending toward the leading edge

24 of a secoRtRAtHEEIRBRTdNe 2Re@IOpA dBaFE3IdY P elmtdradinsbataem4tRbthargefabddn 38 may
extend in a lgiqeal OHECHOBAIY PENAEAI SR TA the PResaIrmBaM dinge! Byl aodes firehgiment,

the purge trough 38 may be formed substantially tangentially in the blend area 40 and extending into

at least a poPidiPBY a8 A EREIPRRYRY Read itPAaIRR YRR b SRRITR RN BHERI GRS AN between
-10% to 60%PfdhRtRESIARS IMeViEawalREMRRN HiprAdET0 BdaghPLRiRsiarenhaliRIS A as

previously described, and located at a position axialléﬁciownstream of the leading edges 24 and within

the passageB8THWREPhEfdheniiReIANZbPAS]He¥iB hf RHRGH B ENXIEEh A ey afobiRy the blend

area 40 and\glteas adierien of Shemusog ervbewalcthalribain @hAdblo faapdbenaregrlew 15 into
the core flow 13. More specifically, the purge trough 38 is configured to maintain a trajectory of the
ii'@ncg

purge flow 18RYBYEREH IRBYNRAGIFMRTE GiFHRD Kfd aBegS thinimize a subsequent downwash of
the hot core flow 13 on the pressure side 20 of the airfoil 14 to backfill with fluid. The purge trough 38

and purge flpgo4d g serve 40 medibdtheatoas paskage Riedichiess vickygdieny WbidhcRnrrgizres the
horseshoe vortices. [0046]Additionally, the presence of th rge . troygh 38 allows for the manipulation
of the operafSH I HE RO SA FEAEr G CHAE AR A 1P PGS Al e
modi?cati?]ntﬁ\ m@putgﬁiﬂawgd;assﬁnmban%eefem amﬁd@tign ;ﬁ.@@ig‘vﬁ@tiw lyéxirzagwamﬁt)fr L‘eat
transfer which can norm ring the core flow 13 in contact with.the en S. This aspect of the
oresent tisor ST REING A7 (HLCREEIAHe: Bk Rl O R BRI s TR G 8 the purge
flow 15 with tlwghraglavatlBad husveed esgeatitire (Maktisvddtatinormaabaxdiainadtantfoha
optimized, resulting in a reduction, of the cooljpng required. [0047] In an embpdiment, an optippal local
amp or bulSU ) Be TR B HASRITOA U G16 g ol A SEEAR L Py ribne fow
passage 36 aldtivedovtizs moayiha andk)dechetrad difiere tocheypiacr (F) 38. addition, in yet another
embodiment, an integral gouge or bowl 48 may be included in addition to the purge trough 38 that has

a lower elevalory(-) r‘?ﬁ@l"r‘? afﬁmEP{HH@E% sy iﬁrpéa%’é daghdfa oA é’eﬂ& sion
therein. In yi‘tsgzti;ﬁfanot er e%t%%o iment, a uEe 46 and a bo Ignyaﬁeémcluéeﬁn a dlatlon to the
purge trougH@8a particular engine design and mass flow ragéeethrough. The arcuate sidewalls

of the airfoils 14 typically define a flow passa8é circumferentially therebetween

that converges in the axial downstream directimmfrthe leading edges 24 to the

trailing edges 26.

[0049] The trailing edge 26 of one airfoil 14 typicallyrfios a throat of minimum
flow area along its perpendicular intersection rtarmidchord of the suction side 22

of an adjacent airfoil 14. The flow area of thewlgassage 36, including the

11



[0048]It is noted that the specific sizes and spacing of the airfoils 14 are selected for a particular
engine design and mass flow rate therethrough. The arcuate sidewalls of the airfoils 14 typically define
a flow passage 36 circumferentially therebetween that converges in the axial downstream direction
from the leading edges 24 to the trailing edges 26. [0049]The trailing edge 26 of one airfoil 14 typically
forms a throat of minimum flow area along its perpendicular intersection near the midchord of the

suction side 22 Pmana ent E|irfo(5lfl Ti}ﬁ %} %S?egithgrﬂowrggasoagfg 36 '%f'é % r% mrnrmum
nd therefo

flow area of & throat t ereo are prese ecte oragiven engrn app |cat|on a are
controlled byabptimaiuema&rndllﬂierreéo rendieadicohefivi el byy dhatiorinl ﬂatHyaeneeIEasIW‘edl rdelimiigpldwer

endals deoes iy he D)E EOHA Dok Ueteel O0SAINE 1FTFRce Ao LESg ey

therefore be'convenien as the conventional axrsymme ricaf surface rcular arcs
around the diiuatrﬁted)ice of the turbine stage, and may be used as the zero reference eIevation
illustrated in FIG. 2. In an embodiment including a purge trough 38, a bulge 46 and a bowl 48, the

bulge 46 risepgvardlydretavation Gradam hefae A %%?e?r'fi‘@%%?é&:lﬁfﬁﬁ? MARRAShe purge

trough 38 and the bowl 48 extend in depth (-) below the reference plane or surface. In this way, the

trough 38, btl§e %rarﬂirwlwwwﬁiﬁ@heﬁueaeeof@i%réh Afordiegin@lipiylthib@esired or
given flow a@ﬁ:[ﬁﬁ@éﬁé@‘ﬂfﬁﬁésﬁ%iﬁé {00 HRG PHEGEHECHERH SS P 98 A BB ERAMIS A8

illustrated in FIGS. 1 and
illustrated in FIG 2. In an embodiment includinguarge trough 38, a bulge 46 and a

bowl 48, the bulge 46 rises outwardly in elevafiohfrom the zero reference plane or
surface, whereas the purge trough 38 and the b8velxtend in depth (-) below the
reference plane or surface. In this way, the tro88hbulge 46 and bowl 48 may
complement and offset each other for maintainirggdasired or given flow area for

each flow passage 36.

[0051] The purge troughs 38, bulges 46 and bowls 48 ilitestl in FIGS. 1 and 2
are preferentially located specifically for redugithe strength of the horseshoe
vortices, minimizing losses due to secondary floms)imizing mixing of the purge
flow 15 from a leading edge purge cavity with thaimcore flow 13, minimizing the
ingestion of the hot core flow into the purge caviand modifying the cross passage
static pressure gradient which energizes the hioogegortexes, all improving turbine
aerodynamic efficiency. In the illustrated embodntethe purge trough 38 is
configured at a position proximate the leading ed8deat the suction side 22 and is
formed to extend onto the shoulder, or blend afsaofithe platform 16. The bulge
46 is configured to directly adjoin the airfoil geeire side 20 at a position
downstream, or aft, of the leading edge 24. Thelbt8vis configured to directly
adjoin the purge trough 38 and the airfoil sucsale 22 aft of the leading edge 24.

[0052] By using the purge trough 38, the purge flow 1Badsed into the core flow
13, with the trajectory of the purge flow 15 main&d closer to the platform 16 as it
lifts off the platform 16 on the suction side 22This minimizes a subsequent
downwash of hot core flow 13 on the pressure siilelBe result is a less mixed fluid

flow exiting the flow passages 36.

12



are preferentially located specifically for reducing the strength of the horseshoe vortices, minimizing
losses due to secondary flows, minimizing mixing of the purge flow 15 from a leading edge purge
cavity with the main core flow 13, minimizing the ingestion of the hot core flow into the purge cavity,
and modifying the cross passage static pressure gradient which energizes the horseshoe vortexes, all
improving turbine aerodynamic efficiency. In the illustrated embodiment, the purge trough 38 is

configured siti roximate the leagding e 24 at the suction side 22 and.is formed to extend
onto the shglfﬁg‘ﬂ orotlgg;(?] gPe@%é} Iﬁgtﬁg %Ialt%?rgrlr?' %éﬁég bﬁijg e464§ c%ﬂﬁg%r@éﬁt'ﬁé?regﬂy adjoin the
airfoil pressiembinldirperdt iagoditigntdevansge dnoughal8 offth e isaringy seikje24vaitiedsovdd S es
configured tg direc fo]] tr a irfoi jon. side, 22 af leading edge
24, 1005218, 50 e At Lo i; CHEACRERT e 2UAbMeRs 12 & 8 BT
trajectory of #te Gargs flondir mathairetiadip sertwatdenpigittdiontbé doiskitbodf voetioksfoan be on the

suction sidei% J&ﬁ'gig{j’gﬁ%ﬁ@ J%q&?gﬁé%%%g\%%%?{% 8{ core flow 13 on the pressure side 20.

The result is a less mixe Ow passages 36. [0053]By incorporating the leading
edge bulge 46 and bowl 48 into an embodiment including the purge trough 38, the incoming

horseshoe vifigedls caf\her6ifuidy RIBErstiOariiR P Ulafligeobr g soosharEsd 2heround the

bulge 46. CCM@%QJ&@H&!M%TF}P'@t”Yh%UFB@F%mWéaéi%Bf&lP@] hﬁé?%l??@ HBWGRRCHE RS faterrupted
early in the flow passage 36 by the bowl 48. [0054EIA5 previously eluded o, the purge trough 38 is

effective for BAVNEIREEME tepHIAIAGNRFOAPEHR R HBIXH K HTRHIESHES, YEIHRT SR HRNYIBR into the
core flow thergyEA)HIRE He-ga" a8t h8 dngUhe ATsHESRP WY arcanttriingidae dgisetory of

the purge flow and itS subsequent merging with the suction side leg of the horseshoe vortex.
[0055]When R IDeEE IMRED(AGE%6 and the bowl 48 are effective for reducing flow acceleration of the
combustion gases 12, increasing local static pressure, altering gradients in gas pressure, reducing

vortex stretcfgogspnd veskigingliegsi¢ntatonuishacrossestiee boricas agdtwietiayalcdiirgiream

through the glow pass:r:%es_ 36r.1(ghese corEbined effects Iiénit the ability of the horseshoe vortices to

migrate radid®oREFETFIQBRY HE SRDPYELABPERRSSS; LRHERAGEE SHRYGIMER LENGIFERY in trn

increasing ogesalieefiicie Rys Qirdes tie)insdsicipg. vortex stregelaind reducing reorientation of the
horseshoe vortices as they travel downstream throlbg flow passages 36. These
combined effects limit the ability of the horsesheertices to migrate radially
outwardly along the airfoil suction side 22, anduee the vortex strength and in turn

increasing overall efficiency of the turbine stage.

[0056] As indicated above, FIG. 2 is a planiform view bé tplatforms 16 with

isoclines of equal elevation relative to the refieeezero surface. FIG. 3 illustrates the
platforms 16 in isometric view with superimposedfgce gradient lines to emphasize
the 3D varying contour of the platforms 16 betwéw®n forward and aft ends of each

platform 16 and circumferentially or laterally bet®n adjacent airfoils 14.

[0057]  Since the platforms 16 extend on both sides of eadhil 14, typically
with small extensions forward of the leading edgeaRd aft of the trailing edge 26,
the purge trough 38, the elevated bulge 46 andl¢ipeessed bowl 48 will smoothly
transition with each other in a preferred mannenioimize mixing of the purge flow
15 and reduce the strength of the horseshoe vertieeeferably, the bulge 46
decreases in height or elevation as it extendardaftlaterally along the pressure side
20 to join the bowl 48 along the suction side 28 #re purge trough 38 extends into

13



[0056]As indicated above, FIG. 2 is a planiform view of the platforms 16 with isoclines of equal
elevation relative to the reference zero surface. FIG. 3 illustrates the platforms 16 in isometric view
with superimposed surface gradient lines to emphasize the 3D varying contour of the platforms 16
between the forward and aft ends of each platform 16 and circumferentially or laterally between
adjacent airfoils 14. [0057]Since the platforms 16 extend on both sides of each airfoil 14, typically with

small extensjons_ forward of leadin 24 and aft of railin 26, the purge trough 38,
the eIevateo?[ Slgjagﬂg ggga}he d%?pﬁgs%%go%% jl&vwﬁgr@oéﬁ t%%@%ﬁ)ﬁ?t@%@crﬁ e(?relﬂ%élé preferred
manner to mahimizthmsuiotj@f tidgdybdtowerdthrdeaduncpathiéhgtetgel aithH2ohomesherciagtices.

Preferably, t decr. ' ight leyatio it %é?r t I y.along the
pressure sid%eﬁ%%!g %ﬁn%hg%%ﬁﬁélgéhﬁg@h%%g%c%% %@:@é i hﬁgseﬁ)r@g%ﬁj@sgS%xt%%s into the
blend area 4@whithatipigéppnokénetedydrittevwaydbeavityil TAdydthe 8rairemesiadod.the suction side
22 between the leading and trailing edges 24, 26, commencing, for example, near the leading edge 24

and b'endinqm%bghe PI5Ee SOHEB38RRH ARTHARNG SIRRIOXBIRIRNEDItY e NG RIAAY bfrtoward the
trailing edge 26. [0058]FIGS. 2-4 best illustrate that the purge trotgh 38 is'configured laterally off-

centered witReREBHRRUNItapax ERUhe deptibatdir Suctana aeddhey eade2£deend4sedend into
the blend argg aQigh NG RIPHABILAd TAR RUBEIT QHQhﬁfwm%@fmﬁéﬁtqrmﬁgH% 48rafepf the

leading edge 24. [0059]FIGS. 2 and 4 best illustrate that the bulge 46 is centered with maximum height
at the pressUHER§SNO Hiereomitidd aff, ofithst taadeuripedie 24, and decreases in height aft of the
leading edge 24 and towards the trailing edge 26, as well as laterally or circumferentially from the

pressure sidp@eopf orra@fof khtowaresthissichienthigietde olihe nexsistsieganitaireikium
height at the pressure side 20 of the airfoil 1#4,ch the leading edge 24, and
decreases in height aft of the leading edge 24@mdrds the trailing edge 26, as well
as laterally or circumferentially from the pressaige 20 of one airfoil 14 toward the

suction side 22 of the next adjacent airfoil 14.

[0060] FIGS. 2 and 5 best illustrate that the bowl 48datered with maximum
depth at the suction side 22 near the maximumdhtbickness of each airfoil in its
hump region, and blends aft of the leading edgen&#lthe purge trough 38, while
decreasing in depth towards the trailing edge 26, weell as laterally or
circumferentially from the suction side 22 of ondadl 14 towards the pressure side

20 of the next adjacent airfoil 14 where it blemdth the elevated bulge 46.

[0061] FIG. 4 illustrates schematically the incident costinn gases 12 which
have a corresponding boundary layer in which tHecity of the combustion gases
12 is zero directly at the flow surface of the foah 16 and increases rapidly to the
freestream velocity. The thickness of the boundager ranges from about two
percent to about 15 percent of the radial heighgpan of the airfoil 14. In addition,
illustrated is the incident purge flow 15 upon thege trough 38. The magnitude of
the platform scalloping, encompassing the purgegina38, and the optional bulge 46
and bowl 48, can be relatively small to specificalinimize losses due to secondary
flows, minimize mixing of the purge flow 15 withedhcore flow 13 and reduce the

strength of the horseshoe vortices to increaséntiderodynamic efficiency.
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[0060]FIGS. 2 and 5 best illustrate that the bowl 48 is centered with maximum depth at the suction
side 22 near the maximum lateral thickness of each airfoil in its hump region, and blends aft of the
leading edge 24 into the purge trough 38, while decreasing in depth towards the trailing edge 26, as
well as laterally or circumferentially from the suction side 22 of one airfoil 14 towards the pressure side
20 of the next adjacent airfoil 14 where it blends with the elevated bulge 46. [0061]FIG. 4 illustrates
schematicall incident combustion s.12 which hav orgespangi oundary. r in which
the velocity g@ e]corﬂghuest gjnr eaiéosugg ?s?gzearlg \?ﬁgc I?/ lcﬁ tEIeét%vg s%ﬁélc%% )éarf)]l%t ordrgea and
increases rapidightortayg fesstredimthel peitgeTatHokeleIh eflthéhasrslwiaieFi&He2 aothdabout
two percent {9 ab 5. e fée ial-hej @ hﬁ irfoj I iti iHH ated is
the incident bﬁ?’gég f oévxi%?&%oﬁ% ﬁgﬁ\r@g’ @c‘aggi% %?%Jﬁpe%r%aﬁéﬁl uc?e,Ili %?#hégsplg for(}'lﬁ '(s?{:% op?iﬁ ,
encompassibguhdqyrigyanath@spaatichgaptsrial baltiecytzsenhbondled, @z Heagifminsmall to

specifically r@@@lg&égﬁg@ﬂ%@ﬁﬁee%oﬂ% faws @é&'mf'aﬁ]mlgggtﬂg Stﬁ’c&tﬁ?ﬁmg&‘ﬁ{ggﬁrﬁ@ ig‘eeng;re

flow 13 and reduc the horseshoe vortices to increase turbine aero
[0062] The pweghtrofighedakgshdmnlim FIGs.2 dhd 4shalinemdvdaam labpirdvinih radyitsatle with

(he purge oN), Kers TR e ehps RSB i (h0dR8 MEAWIL A ALIGH R

generally equal to the thickness of the incoming boundary lay mbustion gases ey are
first channeledesuptahe platoindel fCap@gpatdingith theebbawi sttiéasngximuieeidpte less than

bout th i joht of Ige46 : 305N I Aot
ﬁu ?nubersef:gﬁn%%{gm%?%eﬂ zéeﬁ(?)a Qﬁg?;c%, %vr{l%%tﬂh% 'ﬁfﬁg}ée ﬂ%ﬁ(@@?g ﬁ‘éﬁ n\ﬁﬁ@%&iﬁ‘?ﬁdﬂ gété& ”ﬁé?;r;ary

magnitude opBaisoliteHalenitratea BOVaf 48arpstasinglio alegh iR M axéExinn tedépof albalidu8 -5, and the
purge trough 38 blending with the bowl 48 and onto the blend area 40 of the platform 16 and having a

maximum depgsg)l abgHese [gggﬁ]y&(ﬁemﬁ’@@)ﬁf&"ﬂ@@(@l@@éﬁ@%ﬁf&ﬂﬁwmﬁm he

changing contour of the scalloped platform 16. The actual magnitudes of the purge tro 8, the

bulge 46 an@PREOH6E\0f ABS\RFRECHER PIRHEHTOL Badh® AGAURRLASS OIS tRETBREARHEN @8pth of the
purge troughS pansngsrand R barinis ANdge Bk RRYBEHRONA AR SIS @b onitR4rails and

the height of the bulge 46 ranging from about 40 mils (1 mm) to about 450 mils (11.4 mm) for turbine

airfoils rangifPHMEGhe Rt SfcHaoPake%t o5 g 3 E8AMNG STEMidq4P JMbsiRRE dhetkWhe purge

trough 38 is i seMibsnhercablangeniElyigain the REEYeaKilYg 8% MERgiRgHewarly in the
blend area 40 o th%flatform 16, and generag%?concave laterally from its origin of maximum depth

which is posRRMEIAHENE ([ dRE e RGRYL tp0sBise By ek IR B TR 9B Bdtveen the

leading edge\@fyRNRISRESSHRtIRN SifRI22 9fcdhe airfoil 14. The purge trough 38 extends aft toward the
trailing edge 26 to blend or transition smoothly into the bowl 48 when present. The bulge 46 is

generally se '-g%eri !8 ajnst the pressure side 20 o tre airfoil 14 :?gﬁ] enerally convex both
forwardly tO\Eéb e Iﬁ ?ﬁggg 241 gT? [ IH%r ??o%gitgﬁtBW%g% ' |If?|%n§(ﬁé|§’2%¢%"the axial
plane extendipbetical izl kepaiasnttie jesgingaeitgeandreqidiicaleidil louhdhsdndgaed6 are
conical in se%}onfgstwelan the ¢ veﬁéorward 93|1d aft Eortioiggtlﬁgeof in the.exe{n[fgtléar. embodiment
illustrated in : r omputatio nalysis pr igni vortex

ill d in P16 DA % H&lfrow AiA)SRYS A5 HEEN RS
strength anddeyghationct lie pasitigiay tvedths il ustatextenfi@Ss2 drel bliéhdearemlocontare
laterally fromp E’ﬁform 16 between the leading edge 24 and thiéosuside 22 of the airfoil 14. The
purge trough 38 extends aft toward the trailingee8§ to blend or transition smoothly
into the bowl 48 when present. The bulge 46 isegaly semi-spherical against the
pressure side 20 of the airfoil 14, and generatigvex both forwardly toward the
leading edge 24 and in the aft direction towardstthiling edge 26. In the axial plane
extending circumferentially between the leading exd@4 of the airfoil row, the
bulges 46 are conical in section between the cofwexard and aft portions thereof
in the exemplary embodiment illustrated in FIG. ot fvhich computational flow
analysis predicts a significant reduction in vortettength and migration. The

exemplary bowl 48 illustrated in FIGS. 2 and 5 enegrally concave laterally from its
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origin of maximum depth which is positioned directly on the suction side of each airfoil 14 and blending
with the purge trough 38. The bowl 48, like the bulge 46, is generally semi-spherical, but concave
centering on the airfoil suction side 22. [0065]FIGS. 2 and 4 illustrate the transition between the purge
trough 38 and the bowl 48 on the airfoil suction side 22, and the elevated bulge 46 on the airfoil
pressure side 20. More specifically, the bulge 46 configured aft of the leading edge 24 on the pressure

side 20, decr %iﬁsogr%]d u|g‘2§2$ ?ﬁe er. extSSIttdgf th 6&“ ST |dgucql(g% tS|dera'|t eqa%ng 26.

The gradual? sition o railif orms ari ge extension o ulge 46
that decreasaisfil elévaﬂdrbl&]ﬁﬁﬁiptvrtlestber@ung@tﬁhegbuﬁﬁef?oogh 4B, dike the hldetdmdsease in

depth grad § #{1 %@;c%é Ig&gjérp%&d%% R%H;Y%% fﬁ)ﬂ g\;ﬁ(&%ﬁg Pdﬁrgq 40 to form an inlet

for the purg e purge troug epres end e elevated bulge
46 gradually alon? the longer extent of the suction side 22 aft to the trailing edge 26 as best illustrated

in FIGS. 2 aféP85]00671Ff:2 anshd HliriEta e Atan\sienrbabress BreEgiaus thahand 4Bevhich
decreases in,dapth @lena dhe sHAIPaIdR A2 5 Ped HeRBIERIRHIRNIS oM the BitigR trough

38 near the blend area 40 of the platform to near the ‘airfoil hump toward the trailing edge 26. The

bulge 46 dedr@ssese6iimhdOudieie BERftICANgthR Brasdrfiginedaltehine|padinageeaddof the
leading edgg)g4ie tﬁf%&@'ﬂ@%?&@%@d@&%%%ﬂ&&u%ﬁ NGB & Rigichiagethe rreadfdhe

trailing edge 26 and terminate laterally or C|rcumferent|ally in the corresponding flow passages 36

between theHe¢fiRG dodBe M@itintheFepolRfdrbf & afiAltibRTHd 6B It e 4 dosthe dtriiBehat the
purge troughs;38. ReeRME% QldeeRRACiS Bieissailyonpakbridbedsading Asges 24 and

transitioning into the bowls 48 and the bulges 46 beglnnlng or commencing preferably aft of the

leading edges 24, form or define ate ally therebetween an_axiall ute or channel 4 along the
zero elevatidhiEtout1hB oo Ao 4otk L, Y her R

platform 16 lgﬁauaanwmmatmefwacmﬁg:em@eemm feengrtetind onto the blend area 40 to
form an inlet for the purge flow 15. The purge gbuw38 and the depressed bowl 48
blend with the elevated bulge 46 gradually aloreyltinger extent of the suction side
22 aft to the trailing edge 26 as best illustrateBIGS. 2 and 3.

[0067] FIGS. 2 and 5 illustrate that purge trough 38 bdeimdo the bowl 48 which
decreases in depth along the suction side 22 ftepeiak depth that extends from the
purge trough 38 near the blend area 40 of theguhatto near the airfoil hump toward
the trailing edge 26. The bulge 46 decreases aomisly in height along the pressure
side 20 from its peak height aft of the leadingee@g to the trailing edge 26. Both the
bulge 46 and bowl 48 blend together around thdirigpiedge 26 and terminate
laterally or circumferentially in the correspondifigw passages 36 between the

trailing edges 26 at the zero reference elevation.

[0068] FIGS. 2 and 4 Illustrate that the purge troughs B8ginning or

commencing preferably forward of the leading edgésand transitioning into the
bowls 48 and the bulges 46 beginning or commenpnederably aft of the leading
edges 24, form or define laterally therebetweemaally arcuate flute or channel 42
along the zero elevation contour therebetween.fllibed channel 42 extends axially
along the individual platform 16 between adjaceribés 14 commencing forward of
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the leading edges 24 and terminating at the trailing edges 26, or aft thereof as desired within the
available surface space of the platforms 16. [0069]The zero elevation contours may be a single line, or
a land of suitable width between the bulge 46 and the bowl 48. In the land embodiment, the convex
bulge 46 preferably blends with one side of the land through an inflection region having a concave
transition with the land. The purge trough 38 and concave bowl 48 preferably blends with the other

side of the Igd flrolich angines ifiseian redion haying.q cagyctansijon.ith ing land. azpIsince
the exemplary turbine %tag |ﬁustraated n me Igutes IS corfigured as’a u?blne rotor s%age, the
individual plavithrimgHi6ava atée saliyajoingbicetbé ttem pfteddisairfoil 14, with a corresponding dovetail

18 (FIG. 2) therebelow, with the platforms 16 collectively defining the radially inner boundary or

endwalls for ihgsepmbytionaas lowib: EprBReTMHEdNsrefarrrdiaine srsadiagenyplaiform at an
axial splitline 56, with the splitlines 56 blfurcatln% or splitting the'inter-airfoil bowls 48 axially between

the leading tfiwesihthedydse4628nd 48ty thetlaatiggisigohstiie epavexcBH@® AR portions
54. This is bggtillpgtiatesings! G i adisadhePirdorn d B aqperiivsisxsedine frRmigeLrposite

pressure and suctionsides 20, 22 of the airfoil 14. The bulge 461s disposed primarily on the pressure

side 20 of theqha@éeri aBsiteR wilktibie dand pdRR RUP S tipdBiRRtLERNEE VR Lthemierablil portion
52 extending, RR{dMPith FHE SRR ML & S whieag N drisiRgIRadEmdee SerdsradRiAgthe purge

cavity to form the purge trough 38. [0071]However, the first bowl portion 52 is interrupted Dy the axial
splitline 56 fRAAVAYS EaRMIGAYtArNedapRd bowl portion 54 integrally formed with the bulge 46 on the
pressure side 20 of the next adjacent platform 16. The first bowl portion 52 on one platform 16 is

o e 1 B A of
e |neaS|nge complete blende p rge trou n ow exten Ing rom the suction sige 0
Cre aion 1P GIoh S G LR e (R AL L BN SRS AP 14

[0072]The awiatrptilirgs BF, inteupt toereponteig ntiel ernlingy obihenensiselow, with the
platforms 16 collectively defining the radially i@nboundary or endwalls for the
combustion gas flow 12. Each platform 16 therefad@ins an adjacent platform at
an axial splitline 56, with the splitines 56 bifating or splitting the inter-airfoil
bowls 48 axially between the leading and trailidges 24, 26 in complementary first
bowl portions 52 and second bowl portions 54. Tikibest illustrated in FIG. 2 in
which the platform 16 has portions extending frdma bpposite pressure and suction
sides 20, 22 of the airfoil 14. The bulge 46 igpdsed primarily on the pressure side
20 of the platform 16. The suction side portiono22he platform 16 includes the first
bowl portion 52 extending over most of the platfdtfhsurface and extending into the

blend area 40 of the purge cavity to form the purgegh 38.

[0071] However, the first bowl portion 52 is interruptey the axial splitine 56
from the complementary second bowl portion 54 irdathg formed with the bulge 46
on the pressure side 20 of the next adjacent phati®. The first bowl portion 52 on
one platform 16 is complementary with the secondlbportion 54 on the next
adjacent platform 16 and collectively define a Bngomplete blended purge trough
38 and bowl 48 extending from the suction side 28r® airfoil 14 to the bulge 46
and its ridge along the pressure side 20 of thé adjacent airfoil 14.
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turbine row stage, and permit the individual fabrication of each turbine blade in a conventional manner,
such as by casting. The overall configuration of the turbine blade including its airfoil 14, platform 16
and dovetail 18 may be cast in a conventional manner, and the scalloped features thereof may also be
integrally cast therein where feasible. [0073]Alternatively, the platforms 16 may be cast with nominal
axisymmetric platforms with locally elevated material for the bulge 46, which may then be machined

using conventional elegtrical discharge machinin r electrochemical machining M) for
forming the m?ntoﬁ t%)g%ﬁc:%m%{ﬁe] Sp%%f(')%ﬁ%%5%%%gfﬁ%u?ﬁl;ee?i%gﬁggﬁ%oud% ?ﬁ Ehg Sﬁgg trough
38, the bulgéutbinad the stage4adqrersindtbahodjvadientfibesofthedadwiyditienblda8eomttee suction

side 22 of the airfoil.: i ed.in.Fl u ally cir rentially, t .contours
may be altergcc)?t{(/)f(%U goégrﬁ[ﬁﬁg%%’y%l%% inggrl??/% ngt#g %?r{bulmge rég%féﬁr@(ﬁ}l Ioé{nh f%? nﬁ%rs( %@a@ %y
permitting cddtidg therkiolingintp canf@htibhaldatitng disshalve s gifalle sl dn@0 15%A cighificaat feature

of the scallo lystr i 4] rQuah, 38 [ ding
into the blen%ggré\%ﬁggnﬁﬁtﬁégéh%é %ﬁ\%tﬁqé}ggg@r%ﬁﬂfge %@H%%%éﬂg\git%}%%e%iﬁ%\%@e%éa ly each
purge troughts8ésncohfigeieaskiending laterally between the leading edges 24 of adjacent airfoils 14,
and more particularly between the leading edge 24 and suction side 22 of the airfoil. In an alternate

embodiment;dhespurge EpHgIAeR? Y BRASRgUIRS iusXisnd e talintanapulibeipaging edge 24

of an airfoil and extending in a lateral position to just forward a decreasing aspect of the bulge 46 of

the adjacentiaf@Ia wihe Ksaibn levaiethrrieipbifPbdsaidRy Hesehis)). My ptige tRfughs 38
rapidly blendygghiigicorgarpndiaaRawotdithad exigeds %%Eéﬁ&rb?é%mg”t{@bm? sygtion side
22. [0076]The purge troughs 38 provide a decrease in mixing of the purge flow 15
electrochemical machining (ECM) for forming the 3ntour of the scalloped
platform 16, including the final contours of therge trough 38, the bulge 46 and the

bowl 48.

[0074]  Since the gradient lines of the bowl portions 48tlo& suction side 22 of
the airfoil 14 as illustrated in FIG. 2 run gengratircumferentially, the 3D bowl
contours may be altered to 2D contours varyingalilye in the circumferential
direction for more readily permitting casting thafreising conventional casting die

halves, if desired.

[0075] A significant feature of the scalloped platforms illéstrated in FIGS. 2
and 4 is the purge trough 38 provided extending the blend area 40 of the purge
cavity and extending aft to blend with the bowl 4Breferably each purge trough 38
is configured extending laterally between the lagdédges 24 of adjacent airfoils 14,
and more particularly between the leading edgerf¥saiction side 22 of the airfoil.
In an alternate embodiment, the purge troughs 38 b configured to extend
laterally forward the leading edge 24 of an airfoild extending in a lateral position to
just forward a decreasing aspect of the bulge 46hefadjacent airfoil 14 to the
suction side 22 of the airfoil (described presé@ntlyrhe purge troughs 38 rapidly
blend with the corresponding bowl 48 that extendsrdhe large majority of the
suction side 22.

18



and the core flow 13, thereby minimizing a subsequent downwash of the core flow 13 on the pressure
side 20 to backfill with fluid and weaken the formation of horseshoe vortices at their inception. The
purge troughs 38 further modify the cross-passage static pressure gradient that provides energy to the
horseshoe vortices. The elevated bulge 46, configured directly aft of the leading edge 24, provides
additional weakening of the horseshoe vortices. Preferably each bulge 46 extends in most part from aft

of the leadin e 24_and in an aft directi long,th sure side 20.to the trailing edge-26. ,
10077 Ut of Lo eueEe TSl o B & e R RS esin
application sanith&ibeheokeatiovg E8lgen@ve by thiendiniaihg4afissbesatpiesenivastonftibstioorgdksg 12, typically
at an oblique le fr ial terlj XIS, : flo ing i
platonm 16 ST TN e D anct Wi A Shasecifls RERIO TSNS, ,
the core flow@BjcasdgiutirflowelBiaurn dhthew fgeytioglyidBbeurnedifiohpasrasgesBsagtween
the airfoils 1 e S I ' i ' i 2 igned with
the leading ééé{e{a Zelq%%wgr@l%?r@dﬂgtﬁ%e J%crj%%séﬁﬁpﬁo&%? %él%gear)gthgégﬁf%%s%'u r?@r{ Sglﬂaec?%%des
20, 22 of thebaildeil 48, [cONEPALedrditigigfyoradhodl pireicleadiegimt 28plipatiddest ledditionalof the
purge troug b 4 a II %é%gp i0 i [mate leading
edge region 0 %%ééﬁ%imﬁ?r‘?’e@%@fﬁﬁﬁﬁ%ﬂeﬁﬂ%}?@, Ige2 §6Q£%q§8?r£@@n§%% ;%;/? bowl 48
are specificaiigimatcifdee ieakdingdiidy 2thanglutfamast thoatatengitbinpressuisiside 20 to Huwperate
with each ottﬂ%r”w@'b%e%y for reducing the mixing of the purge flow 15 with the core flow 13 and

_p S

modifying the cro age Static pressure gradient that drives the horseshow vortices towards the
airfoil suction side 22, thereby reducing the strength of the horseshoe vortices that stretch and wrap

around the 1€8@i{fl edGBOEANQUHIORT RAFHsBER #oagH ESlolf uuiAgsias. foerrgfTiase
combination fjepebie 965 AR SBBABRARY Al cHBNS R ANt dEradBressUrRgradients

reduce migration of the vortices towards the airfoil suction side 22, and reduce the tendency for the

vortices to nTRFEIEER P 1O TPERtR sapadr EarrbseAtn gl AlEeingneisdLam wheinaxial
aerodynamiggHieifineYaxis, and the purge flow 15, keepingdse to the platform 16 surface as it

lifts off the platform 16 on the suction side 2ZPhe combustion gases 12, as the core
flow 13, and purge flow 15 turn as they flow thrbutipe curved flow passages 36
between the airfoils 14. The natural stagnatiomtpof the incoming combustion
gases 12 may be aligned with the leading edgesa¥f ibr aligned closely adjacent

thereto on either the pressure or suction side220f the airfoil 14.

[0078]  Accordingly, for each particular design applicatiat least one of the
purge trough 38 or the bulge 46 may be centerethatnatural stagnation point
proximate the leading edge region of the airfoil The so positioned purge trough
38, bulge 46 and complementary bowl 48 are spatificntroduced in the radially
inner platforms 16 of the turbine rotor blades @Ccooperate with each other with
synergy for reducing the mixing of the purge flow With the core flow 13 and
modifying the cross-passage static pressure gradieat drives the horseshow
vortices towards the airfoil suction side 22, tlhgreeducing the strength of the
horseshoe vortices that stretch and wrap aroundlghding edge 24 and flow
downstream through the flow passages 36.

[0079] The combination of reduced losses due to secorfltawg, vortex strength

and altered pressure gradients reduce migratiothefvortices towards the airfoil
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[0080] Another exemplary embodiment is depicted in FIGS. 6 and 7. Each of these figures is similar to
that of FIGS. 1 and 2, respectively, discussed above. However, in each of illustrated FIGs. 6 and 7, in
addition to the purge trough 38, the bulge 46, and the bowl 48, a trailing edge ridge 50 is configured at
the trailing edge 26 of the airfoils 14. Similar to the bulge 46 discussed previously, the trailing edge
ridge 50 is a bulged or scalloped platform which rises upwardly (+) into the flow passage 36 from the

platforms 16 w ch defin lly in lI lly note t in |II ted
embodlment o ?8 %deegfg '%ieéjp?ﬁ%“é‘ r%hgﬁ%ﬁsﬁcg gur%%%@?nén EFﬁlaé)}(lmu c& P% e leading
edge 24, andmerpéotlcotaelym:tmhpgdynadwm@%&ﬁ&herﬂmb&gec@ﬁavrdd\e’f)‘a(:(emsynnbed prewously)
and extends into both the blend area 41 and onto at least a portion of the purge cavity wall 41. It

should be undegpiood At ARRFIA SMAOEIMER R BUFIEPHIR REscROEEet a5 fissgsibed in

FIGS. 2-6 is anticipated in conjunction with the trailing edge ridge 50 described. [0081]In the
embodimentfi@eprtds fplarsoghaict kit Trallifg @ dg casihgdys 0liscsiserfl APA@® flgWeNRh Waving the

purge troug%ﬁéh%'ﬂﬁﬁeﬁ‘éﬁ‘ H1E L8/ LAR: T aYeitShRBPIRIS RGN LRBIY R8Il 38

and the trailing edges ridge 50 is present. In a further exemplary embodiment, the tralllng edge ridge

50 is coupletRiRPBhéDfaHEA INgedeadifagioR @r@ﬁef&md@eféw{ata)ﬁdmﬂ@érefsm dideibsure is
not limited in Wiss{RARIAAHE S GRB ABAIISRRIBEANRRAE M A% @é@ﬂj@éﬁeﬁﬂé%%i@éeaﬂlcumf

operational and design parameters, such as mass flow rate; etc. [0082]Similar to the discussion

regarding th€b&kfe apethelatanng @@b@‘rlﬂgé%gﬁiﬁé@iﬁt&ﬁhmfm%@geA@sﬂ@ﬁﬁntb? the
contour lines,pdiafeRt sediadinasties &e Mmdidky 7nr§@? éﬁi@aﬁflg‘ﬁd@!'%ﬁg%fm%ﬁﬂ | Steeper

than that of the bulge 46. However, in other exemplary embodiments the slopé can be similar to, or

less than, th‘éﬁ%f'Hﬁ\%“@.‘:ﬂjje%bfﬁb@‘ﬂﬁh%%ﬁn%ﬁ@@mﬁﬁl%?@rﬂﬁ%ﬁ%iﬁ apefigriet av¥inge trailing
edge ridge 59 glazast i etrriliptedeadAd'aaseesiesnasharpRan) HeasAS RisiR0ss from the

trailing edge 26, along the platform 16, increases the slope decreases and becomes more gradual,

thus providirJ éh%cﬂ%%%ﬁ%ﬁﬁ%%d&tﬂ%&%m@ﬁ fof W@Hﬁﬂﬁrﬁ%ﬁ‘gérfaé‘e %@Bﬁ]?r@%?gsence of
the trailing eggeyridge afymsdnadite ke 0asthngorl B the purgetycavall 41. It should be

understood that in an alternate embodiment a pwoggh 38 configured as described

in FIGS. 2-6 is anticipated in conjunction with tingiling edge ridge 50 described.

[0081] In the embodiment depicted in FIGS. 6 and 7 thdirtgaedge ridge 50 is
shown in a configuration having the purge trough B8lge 46 and the bowl 48.
However, in another embodiment only purge trougtaid@ the trailing edges ridge 50
is present. In a further exemplary embodiment,tthding edge ridge 50 is coupled
with one of the bulge 46 formation or the bowl 48tation. The present disclosure is
not limited in this regard as the combination oélkped surfaces employed are

selected for particular operational and designrpatars, such as mass flow rate, etc.

[0082] Similar to the discussion regarding the bulge 46, ttailing edge ridge 50
rises into the flow passage 36. As shown by thdatonliines adjacent the trailing
edge 26, in FIG. 7, the slope of the trailing eddge 50 is steeper than that of the
bulge 46. However, in other exemplary embodimenéssiope can be similar to, or

less than, that of the bulge 46.

[0083] Further, in an exemplary embodiment, the structfrehe trailing edge

ridge 50 closest to the trailing edge 26 has thepsst slope, whereas as the distance
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airfoil 14 near the endwall. This modification can result in increased lift, an alteration of the horseshoe
and secondary flow structures, a change in the shock structures and accompanying losses, as well as
a modification of the heat transfer. [0085]By blending the trailing edge ridge 50 into the trailing edge 26
of the airfoil 14 and the platform 16, an increase in the aerodynamic efficiency of the airfoil 14, and
thus turbine as a whole, can be achieved. Namely, the trailing edge ridge 50 can act to increase the

area for aer AR aliee cldacAraliming Mealie i By adino e e qugn al.eag gupport
loading, the opera |onalape Fmance of the furbing Can [)e incfeased, resuﬁln in‘more work being
extracted fropethentes binereStateti difféhestlprabiEinglgsimoef greailisgedte ralystEo of this
embodimenéo%?&ﬁﬁtfg gm;ffa the camber line of the airfoil 14 near the endwall. Thus, additional
loading beyond the trailing edge 26 can be supported. The aerodynamic effect of this additional

loading acts as an overcambering of the airfoil 14, where endwall loading is reduced near mid-passage
of the airfoil IP84t is ihBr=RERSENESr PhdNeallinl) i §6 28 rriges DRy nHRUHE Verstitie LhiBSlower,

overtuming ig; B anCREAHAERURRNT HEHRGIRU REHISERIYRTH The BUdSPAR, SGrimarditsyresult of

this effective overcamber is a reduction in skin friction and secondary flow. Thus, an overcambering

effective is aehtBeaorsasbegrsing ARERNAFRIRYINStHeteiaRaagrdn 1ae [Boee AdtiGHHAs and
presence of the iakha ﬁ)gggg, 29 allnssfar s menipwaiasetihsspaerational thermal profile at

the trailing edge 26 of the airfoil 14. This is because the modification in secondary flow (discussed
above) can chan&e or cause a reduction of conyective mixing and/or heat transfer which_can normally

bring the hot 287RlflonPYAS ARG LG HRHNG SRAFALI¢ Y TR LMELesl9 o 4P O LIRS iR Plan be the

location of high termnaapieafoancestraiomsrtise limitng stuaiialfedonyasicehef tohlade 10 and
the endwall at the trailing edge 26. The inclusigon of the trailing edge ridl(];]e 40 aIIovg for manipulation of

the thermal BfiI1UEnELPING RS 84ROl fidfs B AGBICKaR: iNENTRHCALE SIERMRA SR resulting
in a reductiogceftthénensdis tieg red. IN08 10 pnsinaiee cadirapaliaipril ¢oniong ahthaitrailing edge ridge

50 in conjunction wijth the purge tro d in conjunction with bulges 46 and/or

h 38, wheth l0)
bowls 48, is BYETAINGAS DEUATES BAtc AL AUBRY T ANRAOPEANR AL R A5E o Rh 8o, the
shape of thetitjidling eslgeedaeredseoptiesizra ¢ithemsreansibdaxicprrtofroancad tetbiability or

e LTS e R e e S T RS

act to extend the camber line of the airfoil 14 rnthee endwall. Thus, additional

loading beyond the trailing edge 26 can be supgoitbe aerodynamic effect of this
additional loading acts as an overcambering ofiffeil 14, where endwall loading is

reduced near mid-passage of the airfoil 14 bundseiased near the trailing edge 26.

Thus, near endwall velocities are slower, overtgnis enhanced and the primary

turbine flow shifts toward the mid-span section.eThesult of this effective
overcamber is a reduction in skin friction and setayy flow. Thus, an
overcambering effective is achieved in the turbimdout modifying the entire airfoll

14.

[0086] Additionally, the presence of the trailing edgegad50 allows for the
manipulation of the operational thermal profildta trailing edge 26 of the airfoil 14.
This is because the modification in secondary flovgcussed above) can change or
cause a reduction of convective mixing and/or waisfer which can normally bring
the hot core flow 13 in contact with the endwallee trailing edge 26 of the airfoil 14
can be the location of high temperature conceptnati thus limiting structural

performance of the blade 10 and the endwall atrikng edge 26. The inclusion of
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trailing edge 26 of the airfoil 14. Further, in the embodiment shown in these figures, the trailing edge
ridge 50 adjoins both the airfoil suction side 22 and the pressure side 20. In another embodiment, the
trailing edge ridge 50 adjoins and extends from the trailing edge 26 as shown and adjoins only one of
the pressure side 20 or the suction side 22, depending on design and operational parameters. In a
further alternative embodiment, the trailing edge ridge 50 adjoins and extends from the trailing edge 26

as shown but does .nat adjoin either gf.the pressure side 20 or the suction side 22 [0 In a further
exemplary et{rh%o%?rﬁﬁé[,%?ggddw enz%‘%)cé\j\l/ﬁar?djé brﬁ%nép(lﬁ& I(s)ho&/]vgn)ﬁﬂnea[{/n %eld %F)Os%ﬂ%ne sl)%)Sh t%e surface
16 at some plEsiredvihstreamdistitiieutiaitincpredbe radtpersal lanslibie arpéim xedimesty tiregbowband/or

bulge can aip i&'u\é(ﬂgﬁ)%?W@%eos&ii%@?éﬁﬁngg\’ise optimizing the operational and performance

parameters of various embodimen e present disclosure. [0090]In the embodiment shown in
FIGS. 6 and 7 the maximum height (i.e., positive (+) displacement above platform 16) of the trailing

edge ridge S0P 4t thelfigilinhartyearsl HratipeeRigiiptHe ahilhg ddadnteetattrddedas the
trailing edge gp% Ign% iail c&?ﬁ&h King &5t i oothly
transitions in(fro the sﬂﬁﬁﬁﬁg @%\lg}g{%@g‘g}fg gff%'er%ﬁs%%?ura andﬁk%arprg%%load ﬂgfﬂﬁ)@t%ﬁg}n an

embodiment4RHRNE/BebolisedPo iy K o v adiih § RIHGE A diRIBacenef dhretitals ddvansl Biehe bulge
46 and bowldgealleRpdRYHRIES R Qﬁ%ﬁ%ﬂ&fth?et@é{iﬁlﬂg%e%ad@% 20 spirAbY tafRifiqes to these

surfaces and the reference surface as optimized for design an Berformance purposes. [0091]In an
embodimenttRFRGY HENGePRTAEMAIFEY SfgdHERIIB0 pid tAatBul 'Y the'maRfn I HESENt of the

trailing edgeﬂg}lgﬁ,ﬁgm@yﬁ%m{g@ Shihenyigetinbich has a maximum height which is generally
t

equal to the thickness of the incoming boundary layer of combustion gases 12 (see discussion

previously). However, it is contemplated that based on varying operational parameters the height of
fhe traiing eHSigesb SR Fhiricinenan IOWoF TN G BLIGB B T8 I an

exemplary efriimeimite aEovathtieeaptiogel 40wt B8, the tbe@e dithand shown in these figures,
the trailing edge ridge 50 adjoins both the airfaittion side 22 and the pressure side
20. In another embodiment, the trailing edge ri@Qeadjoins and extends from the
trailing edge 26 as shown and adjoins only onéhefgressure side 20 or the suction
side 22, depending on design and operational paeasnen a further alternative
embodiment, the trailing edge ridge 50 adjoins exténds from the trailing edge 26

as shown but does not adjoin either of the pressidee20 or the suction side 22.

[0089] In a further exemplary embodiment, an additionaklband/or bulge (not
shown) may be positioned on the surface 16 at gmimg downstream of the trailing
edge ridge 50. In such an embodiment, the bowlcanblilge can aid in vortex
suppression or otherwise optimizing the operatiaral performance parameters of

various embodiments of the present disclosure.

[0090] In the embodiment shown in FIGS. 6 and 7 the marinheight (i.e.,

positive (+) displacement above platform 16) of treeling edge ridge 50 is at the
trailing edge 26, and the height of the trailingyedidge 50 reduces as the trailing
edge ridge 50 extends away from the airfoil 14 exe$. The trailing edge ridge 50
smoothly transitions into the surface 16 so adfecaefficient structural and thermal
load distribution. In an embodiment where the purgagh 28, the trailing edge ridge

50 and either one, or both, of the bulge 46 andl d&mscalloped surfaces are present,
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the bowl 48, the trailing edge ridge 50 joins the root end of the airfoil 14 and trailing edge 26 with a
fillet type structure suitable to provide the needed structural integrity and performance. [0093]As
discussed previously, in an embodiment, the platforms 16 are integrally joined to the root of each airfoil
14. Manufacturing of an embodiment with a purge trough 38 and a trailing edge ridge 50 as described
above can be similar to manufacturing methods discussed previously. Namely, the overall

configuration, of the. turbine blade inclyding its airfqil 14, platform 16, an velajl 18 m e castina
conventiona r}ﬁagrgf?}gﬁﬁ And the @ggﬁolgg%sﬁ)%gt%ﬁlx ?{r@lﬂ%}ﬁ%%gﬁgggt ﬁw%%%%%e%?u&%%%qgg trailing
edge ridge S8unfagebasiojgipraied it desigim avitepe fEasiblecgdm@natively, the platforms 16 may be
cast with nominal axisymmetric platforms with locally elevated material for the trailing edge ridge 50,

which may thghole MaghiRS iSO GRRIRIREH kRIS ERATAG %@B‘h@i\@ Blige

electrochemical machining (ECM) for forming the 3D contour of the s ed platform, including the

final contouré®fiiie: Magenandeigi, ftbenbritharrardiddeadmetnated dhataiufe lvieg ¢n be
employed as)ihg Y aRYS LRGN S &ighe \mﬁéﬁ”fsdiﬁéweﬁ%ﬂﬁ/a%ftﬁ@qﬁ%%@§ re0@kra [0094]In

an exemplary embodiment, the orientation of the trailing edge ridge 50 is such that it follows the mean
camber line fo¢QRENGTHIPYREREY HavRiva tharphesdianeradseimant GBBHRSIREd aHid4elyarding as

the orientatif,ans,@veial SomREPIR I Hihaden HHOGR DRGNS ERTaHRIRReIRPiBIZRE Such

that the desired operational and performance parameters are achieved. It is well within the ability of a
skilled artisaff thdrRiRDefacopE e 28 SR GEoBIher Sbaropel Hrafolthe RaighbabHaistlesed above

for a turbine 4gtor, but could also be applied to a turbine nozzle. In a turbine nozzle, turbine vanes are
integrally mounted in radially outer and inner endwalls or bands which are typically axisymmetrical

circular profiles around the centerline axis, Both the inner.and outer bapds may be scallgped in a
manner i S nat B8O SSETRR0L B (1 AJaS MHGE SO e PgE s
secondary vgitidesvgerergtectialiithg egpesii@égenge @ithettigharrinszte vansis BAAHICIRARTRY

B e s proving bl ol e dRPuton QR seatoped

and performance.

[0093] As discussed previously, in an embodiment, théglas 16 are integrally
joined to the root of each airfoil 14. Manufactgyiof an embodiment with a purge
trough 38 and a trailing edge ridge 50 as describbdve can be similar to
manufacturing methods discussed previously. Namntély,overall configuration of
the turbine blade including its airfoil 14, platfiorl6, and dovetail 18 may be cast in a
conventional manner, and the scalloped platfornuding at least the purge trough
38 and the trailing edge ridge 50 may be integraliygt therein where feasible.
Alternatively, the platforms 16 may be cast withmioal axisymmetric platforms
with locally elevated material for the trailing edgidge 50, which may then be
machined using conventional electrical discharge chimng (EDM) or
electrochemical machining (ECM) for forming the 3intour of the scalloped
platform, including the final contours of the ridgef course, all other known and
used methods of manufacturing can be employedeasahous embodiments of the

present disclosure are not limited in this regard.

[0094] In an exemplary embodiment, the orientation oftthding edge ridge 50

is such that it follows the mean camber line fa #irfoil shape. However, the present
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aerodynamic efficiency in any type of turbine engine, and for any type of turbine airfoil. Further
examples include turbine rotor blisks in which the airfoils are integrally formed with the perimeter of the
rotor disk. Low pressure turbine blades may include integral outer shrouds in which the scalloped
platform may also be introduced. Further, steam turbine blades and vanes may also include the
scalloped platforms at the corresponding root ends thereof. Additionally, various embodiments can be

employed in other similar.applications, such. mps. bl rs, furbin nd the like. Emhadiments as
disclosed he?(reri]rrb%crimneo Ii'%ll%(lﬁ ﬁﬁﬂel? ?ﬁggégﬁ%ﬁ%ﬁﬁ%@%ﬁ erﬁ@i%gé{/@érsﬁ? gnoﬁ(li[gles now
permits the éxailungti@dgévargas perandatisnswitthe ssallopbdipiptéolnssd® tbatihienidesgratxing of a
purge flow 1 lle r ' [ces.tg | ine effici The specific
contours of t gé?j%tr%’eﬁ %[%%%‘%%@0 u g'%csee&%?gégvﬁ\éggl% ga%dgtéﬁﬁr\?gg %%%E@?ET r\l/vllfﬁ%agr%ﬁgg 8?1% nction of
the specific s&#lgd,astisanetfoperiofthe peingeptiouzhti®d.extending into the blend area 40 of the purge
cavity, the elevated bulge 46 on the airfoil pressure side 20 at the leading edge 24, the depressed

bowl 48 alongige, sucing sidaidpdiendiRsNEMilleReR trRises Al e iakegsadseyigoe SO at

the airfoil trailing édge 26 will remain similar for specifically reducing the adverse effects of the mixing
of the purge ¢RI 8GR PR EBBHEH N B3 BiikiBERE SRy OiicBEGeReZAiSd Hi BiRECYRIRBIRIR gases

12 split Overim%ﬁﬁfgﬂﬁ?&ﬂiﬁsoeﬁ'ﬂ%%lﬁ%@?m ARFRAEIAMRY HIORANS %%W‘A?éifgeis rmal

el
distributions. [0098]In various embodiments, the purge troughs 38, bulges 46, bowls 48 and trailing
ridges 50 ar@HRABBL KRR LGN & p8igse Si0E R HE tREMBEIXIS: BathittesiRren@3he ¥escribed

herein. For exaipRlen dyerlssaispieahinand ine Pawlins vllieabierisddoeraratiifingsiMe!l as the

purge trough 38 and the bulge 46 being blended to each other with fillets while the trailing edge ridge
50 and the RAMEIBSRI R GERIFPESSR FINEIT I BSRBNRRPERHBERAEYG ARk M QRRPAIIR SNdSIs,

blending anqfiligé SHSHESER2188/ REN S AE - EiBesnd a¥fcRaRty dasteibed

herein what are considered to be preferred and exemplary embodiments of the present disclosure,
other modifiddRYitinghRe BRI igis ARerial ISHELLINABd in the art from the teachings herein, and it is,
therefore, desired to be secured in the appended claims all such modifications as fall within the true

spirit and scpp@ef thettisclgsuRpdMHAIDGLAIMEME: therefore be used dohancing
aerodynamic efficiency in any type of turbine emgiand for any type of turbine
airfoil. Further examples include turbine rotor skB in which the airfoils are
integrally formed with the perimeter of the rotdsld Low pressure turbine blades
may include integral outer shrouds in which thellspad platform may also be
introduced. Further, steam turbine blades and vams also include the scalloped
platforms at the corresponding root ends theredti#onally, various embodiments
can be employed in other similar applications sashpumps, blowers, turbines and

the like. Embodiments as disclosed herein areimoteld in this regard.

[0097] Modern computer fluid dynamics analysis now perntits evaluation of

various permutations of the scalloped platformdat@ninimizing mixing of a purge

flow 15 and a core flow 13, while reducing vorti¢esncrease turbine efficiency. The
specific contours of the purge troughs 38, bulg&sbéwls 48 and trailing ridges 50
will vary as a function of the specific design, libhe form of the purge trough 38
extending into the blend area 40 of the purge gatite elevated bulge 46 on the
airfoil pressure side 20 at the leading edge 24, dbpressed bowl 48 along the
suction side 22 blending with the purge trougha88&] the trailing edge ridge 50 at the

airfoil trailing edge 26 will remain similar for spifically reducing the adverse effects
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1. A turbine stage comprising: a row of airfoils (14) integrally joined to corresponding platforms (16)
and spaced laterally apart to define respective flow passages (36) therebetween for channeling gases
(13, 19), each flow passage (36) having a width; each of said airfoils (14) including a concave pressure
side (20) and a laterally opposite convex suction side (22) extending in chord between opposite
leading and trailing edges (24, 26); and at least some of said platforms (16) having a scalloped flow

surface including a purae trough ( xtendingtan lally. in nd grea (4 least a
portion of a Bdﬂuﬁggﬂeecﬁ\llﬁ% é(ﬁu (%T) %ﬂﬁg pg orgré &gﬁg&% zz-éx [e&ﬁﬁn%geaxa%qy%%éff?)d%ﬁg@ﬁg%% side
(22) of the agfmiefiedadsdhthededulist@dgese ) 2cphtovealrfog uegelilone (b@)s 24, Tdectadsiad stage
according to_claim. 1. wherein said ro ' i having a maximum depth laterally at
a location -18é)}sto o'§f|§1%dmt# ﬁ%ﬁé%sg%%%gﬁé%ﬁ%wnﬂé‘éﬁ%tween the leading edges (24) of
adjacent airfoils (14), wherein such measurement is measured commencing from the leading edge
(24) of a firs{ @8l (14 ééé@ﬁuﬁ@nammw%wa@ﬂw@Ltrél_wé_wggtaﬁoa&,idw@)w}% ﬁﬁstaéiﬁ‘oil (14)
and loward gt ed e &) Blchagaiipdiage Biliablidl Aiaausongays ResRYTRside (20) of

the second adjacent airfoil (14). 3. The turbine stage according to claim 2, wherein the purge

trough (38) iStEeFHHIGEPRPHIRAGE REF RQIA I e dbRBIgo A HUBY SN ot BRA KN e RAYE AR M bf the
leading edggs (3 Kb ELE BERS2%E (RRIMIGEIRIRRERNGS Marft T Bmﬁ@%%t%r?gccording

to claim 2, wherein said purge trough 38rz| is configured having a maximum depthlaterally at a location

approximateRJaRRRaiP RaG SheeWEAdIHg s dYaitethe Brdtgeeridneon end.the bayd dBRRe stage
according to ey, Wit eHLRAthRYIIE JHHED beB) FiePaibed BrthGVngIPcBRE I MisRIhgxially at
a location forward the leading edge (24) of the airfoil (14).

and fillet structure can be optimized as needed.

[0099] While there have been described herein what arsidered to be preferred

and exemplary embodiments of the present disclpsiher modifications shall be

apparent to those skilled in the art from the tesgh herein, and it is, therefore,

desired to be secured in the appended claims el swodifications as fall within the

true spirit and scope of the disclosure.
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6. The turbine stage according to claim 1, wherein at least some of said platforms (16) include a bulge
(46) extending along a portion of said airfoils (14) and coupled to said at least some platforms (16), the
bulges (46) adjoining said pressure side (20) aft of said leading edge (24) of each respective airfoll
(14) with the respective platforms (16). 7. The turbine stage according to claim 1, wherein at least
some of said platforms (16) include a bowl! (48) extending along a portion of said airfoils (14) and

coupled to said at Iwﬁt It 6), the bowls (48) adjoining said purge trough (38) and said
suction side (22) aft of éﬁﬁ%%‘l{;%%%é 24) of each respective airfoil (14) with the respective

platforms (16). 8. The turbine stage according to claim 1, wherein at least some of said platforms (16)

include a trailing edge,ridgg. ding along a portion of said airfoils (14) and coupled to
said at least some%at ﬁ?ﬁséi%g&#geérgﬁﬁég edtie ridge structures (50) adjoining said pressure side
(20), said suction sileq@2nfanidedsd(frd)lingegigdy J6inedetxicosspndiivg pletidrhs) (Akh el
respective p ; ine b 1 ISing. (rfqil i jQined g a
platform (16)?%%1%%2%%% e%h%@&éos@@ée@ﬁ%ﬁggs%@r% S egs g§9 Z%S%Eeg}:\g%%ﬁnfé ord
between axiahaopelbsitefsadindhiP)raie Hdgesa2sh s Band saiddbiatform (16) including a purge

trough (28) extendi jally: j rea (40) e ti r ity wall

(41) of the platformagéﬁqﬁ\eeé%grg'ﬁ@%aéﬁ é? C@E@‘r&’dmﬁ%ﬁgﬁé @%Sﬁ%e@gg%ﬁﬁo s%(%?fgg';f%f the

airfoil (14), aft of theppasite) catrerctiooiscd €L ) Rrigndng (18 cEneappdsite Bastiogrding to

claim 9, further incl awgfgﬂ%%eda%@ (ﬂ'o% g%ﬁg pressure side (20) aft of said leading edge (24), a
joiNing s ’

first bowl portion (52) adjoin purge trough (38) and said suction side (22) aft of said leading
edge (24), and a setfdrdsicaonperabaaislplirifermsy ¥6)rheningia swathilie sublhoe vastlgiegsure side
(20) and being co | id, i I 1Qn:(5R): ' rEMMb jacent blade
(10}, 2 collactive ggg}ﬁgj@gtﬂ%wz% S rshhny BTN iREETT S /D8 e R aliagiace

portion of a purge cavity wall (41) of the platforfh6) and extending axially

toward the suction side (22) of the airfoil (14f}, af the leading edge (22), to

channel a purge flow (19).

2. The turbine stage according to claim 1, whesaid purge trough (38) is
configured having a maximum depth laterally at@atmn -10% to 60% of the
width of the passage (36) formed between the |gadidyes (24) of adjacent
airfoils (14), wherein such measurement is measuaodmencing from the
leading edge (24) of a first airfoil (14) extendilagerally toward the convex
suction side (22) of the first airfoil (14) and tasd the leading edge (24) of a
second adjacent airfoil (14) at the concave pressidge (20) of the second

adjacent airfoil (14).

3. The turbine stage according to claim 2, whmetbe purge trough (38) is
configured having a maximum depth location at atmwsaxially downstream of the

leading edges (24) and within the passage (36)ddrtherebetween.
4. The turbine stage according to claim 2, whesaiid purge trough (38) is

configured having a maximum depth laterally at eaton approximately

midway between the leading edges (24) of adjadeioila (14).
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5. The turbine stage according to claim 1, whesaiid purge trough (38) is
configured having a maximum depth axially at a tmeaforward the leading
edge (24) of the airfoil (14).

6. The turbine stage according to claim 1, whewdirieast some of said
platforms (16) include a bulge (46) extending alengortion of said airfoils
(14) and coupled to said at least some platforré} (he bulges (46) adjoining
said pressure side (20) aft of said leading edd¢ ¢2 each respective airfoil

(14) with the respective platforms (16).

7. The turbine stage according to claim 1, wheineast some of said
platforms (16) include a bowl (48) extending alangortion of said airfoils
(14) and coupled to said at least some platforr@} (he bowls (48) adjoining
said purge trough (38) and said suction side (B2fasaid leading edge (24)
of each respective airfoil (14) with the respeciatforms (16).

8. The turbine stage according to claim 1, whegineast some of said
platforms (16) include a trailing edge ridge staset (50) extending along a
portion of said airfoils (14) and coupled to saidemast some platforms (16),
the trailing edge ridge structures (50) adjoinimgdspressure side (20), said
suction side (22), and said trailing edge (26) atherespective airfoil (14)

with the respective platforms (16).

9. A turbine blade (10) comprising:

an airfoil (14) integrally joined to a platform (16and having laterally
opposite pressure and suction sides (20, 22) exignid chord between
axially opposite leading and trailing edges (24, 26d

said platform (16) including a purge trough (28jeexling tangentially into a
blend area (40) and at least a portion of a pumetyc wall (41) of the
platform (16), the purge trough (38) extending Hxioward the suction side
(22) of the airfoil (14), aft of the leading edg#], to channel a purge flow
(29).
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10. The blade (10) according to claim 9, furthecluding a bulge (46)
adjoining said pressure side (20) aft of said legqddge (24), a first bowl
portion (52) adjoining said purge trough (38) aadissuction side (22) aft of
said leading edge (24), and a second bowl porbdi iftegrally formed with
said bulge (46) on said pressure side (20) andgbmamplementary with said
first bowl portion (52) to define therewith on awljacent blade (10), a

collective bowl (48).
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