NON AXI S- SYMVETRI C STATOR VANE ENDWALL CONTOUR BACKGROUND [ 0001] Thi s
invention relates generally to turbomachinery, and specifically to
stator vanes for the conpressor, turbine or fan section of a gas
turbine engine. In particular, the invention concerns a stator vane
airfoil with axial and circunferential endwall contouring. [0002] Gas
turbi ne engines provide reliable, efficient power for a w de range of
applications, including aviation and industrial power generation.
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[0006] Aviation applications include turbojet, turbofan, turboprop and turboshaft
configurations. Turbojets are an older design, in which thrust is generated primarily from the
exhaust. Modern fixed-wing aircraft typically employ turbofan and turboprop engines, in which
the low pressure spool is coupled to a propulsion fan or propeller. Turboshaft engines are used
on rotary-wing aircraft, including helicopters.

[0007] Across these different gas turbine applications, engine performance depends
strongly on precise flow control over the stator vane airfoils. Flow contrel, in turn, depends not
only on atrfoil design, but also on the structure of the adjacent flowpath, as defined along the ’

mner and outer endwalls of the flow duct, adjacent the airfoil surfaces.



suction surfaces extending axially froma | eading edge to a trailing
edge, and radially froma root section to a tip section. The root and
tip sections define a nmean span therebetween. [0009] An i nner endwal |
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outer endwall contour. [0010] At |east one of the inner and outer

endwal | contours is non axis-synmetrPeMMARYarticular, the contour is
defined Qyogapn axi §haYiVEIHoh Cohdhah st At VAR iSO MThe NRTANRhs pressure and
endwal | radius, where nomnal radius is circunferentially uniform and

t he radi akctiensurbdes gstending avalhiraxisdbidingenite ¢o # tailihe cége fad tagially fiom a root

respect tg the nomnal radius, by.al l.east.three percent ,of the nean
Span. preBloBia ARty S Rl bt} RRe SR HgRind
cross-sedooogal vi ew iahereendaall teitehidnexigdhgandecirdufdr2htkall6s. fron itie @ot section of
radi al view of, . tator stage, illustrating secondary flow effects jn
the endwdff %léﬁﬁo%ﬁanfr@om PG BAEL ot Vie st SAVAN r pETES _vﬁxefﬂ’y and
axi s- sy M@gtinhferdfhaRY fr_@ﬂCihQH%%cti@ﬂ(iié’ﬁhihgQl%t@é%_reﬁdwhp%Lﬁ G 3Bis a
side view of an airfoil wth non axis-symetric inner and outer _
endwal | deldurs. Podees] et tha lingr an¢ qdicakndydpasfouss stwnoxisyyageetric. In

with ac dqi.n B [].. Fl Gy i-S..a radi )
v oy TR L0 PTRURLL B0 i L AGARE B i ) vomia
DETAI LED cbESARM4aTisONh¢ro @diajifal (adivk s sirandeessagacifoonahd theeudialf degasons vary

turbine enqgine 10, .in a two-spool.  turbofan confiquration for use as a
or opul 51 IR R T BT RIRLY 1t A PSR RN T o Pt (6 B arcent of

12 the mean span.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a cross-sectional view of a gas turbine engine.
[0012] FIG. 2 1s a radial view of a stator stage, illustrating secondary flow effects in the

endwall region.

[0013] FIG. 3A is a side view of an airfoil with axis-symmetric inner and outer endwall
contours.
[0014] FIG. 3B is a side view of an airfoil with non axis-symmetric inner and outer

endwall contours.

[0015] FIG. 4A is a radial view of a stator stage with a contoured inner diameter endwall.
[0016] FIG. 4B is a radial view of a stator stage with a contoured outer diameter endwall.
DETAILED DESCRIPTION
[0017] FIG. 1 is a cross-sectional view of gas turbine engine 10, in a two-spool turbofan

configuration for use as a propulsion engine on an aircraft. As shown in the figure, low spool 12
includes low pressure compressor (LPC) 14 and low pressure turbine (LPT) 16, rotationally
coupled via low pressure shaft 18. High spool 20 includes high pressure compressor (HPC) 22
and high pressure turbine (HPT) 24, rotationally coupled via high pressure shaft 26. High

spool 20 is coaxially oriented about low spool 12, along engine centerline (or turbine axis) Cy,



i ncl udes | ow pressure conpressor (LPC) 14 and | ow pressure turbine
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20 i ncludes high pressure conpressor (HPC) 22 and high pressure
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Hi gh spool 20 is coaxially oriented about |ow spool 12, al ong engi ne
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separation. This approach also increases overall diffusion capability, as described below.
10022} FIG. 2 is a radial view of stator row (vane row or vane stage) 40, illustrating the

secondary flow field. Stator row 40 is formed of a number of individual stator vane airfoils 42,



direction (arrow F) along gas turbine axis CL, from|eadi ng edge 45
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represent the positions of fluid elenents that have passed through a
particul ar spatial point, for exanple as indicated by dye injection.
Alternatively, streamines may be used, tangent to the direction of
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platforns) 53 and 54, with constant nom nal inner and outer radi
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increasing flow dynamic losses along suction surface 57.

[0032] Adding bow to airfoil 52 may delay comer separation, but this comes at the
expense of midspan loading capability. With non axis-symmetric endwall contouring, on the
other hand, it is possible to mitigate the effects of secondary flow along the endwalls, increasing

the overall diffusion capability without substantial negative effects on loading.



the m dspan of airfoil 42 or at the center of the flow duct, m dway
between inner radius R D and outer radius ROD. [0038] The contour of

I D endwall 43 is defined by circunferential variations about uniform
nom nal inner endwall radius RI D, as neasured from engi ne centerline
(or turbine axis) CL. Simlarly, the contour of OD endwall 44 is
defined by circunferential variations about uniform nom nal outer
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also decreased along trailing edge 46, particularly in the midspan region between root section 49
and tip section 50.

[0041] FIGS. 4A and 4B are contour plots for ID endwall 43 and OD endwall 44 of vane
row 40, illustrating non axis-symmetric contouring. Vane row 40 is shown in radially inward
and outward views along the +z axes, respectively. Camber lines C are defined for root airfoil
section 49 in FIG. 4A, adjacent ID endwall 43, and for airfoil tip section 50 in FIG. 4B, adjacent
OD endwall 44.

(0042} Suction surface 47 and pressure surface 48 extend axially along the gas turbine
centerline, from 0% axial chord L at leading edge 45 to 100% axial chord L at trailing edge 46.
ID endwall 43 extends circumferentially between root sections 49 of adjacent airfoils 42, with
inter-vane passage width W defined from camber line C (at 0% passage width), and increasing in
the +y direction from suction surface 47 toward the adjacent pressure surface 48.

[0043] Note that the coordinate system of FIGS. 4A and 4B is not necessarily orthogonal
or Cartesian, because passage width W is defined between camber lines C, which are curved. To

locate a point on ID or OD endwall 43 or 44, the relative axial chord L is identified between



0%L 0.00 0.00 0.00 0.00 0.00 25 -1.10 -5.38 -6.16 -3.83 0.00 50
-6.52 -0.22 -4.83 -1.33 -4.44

leading edge 45 (0% axial chord L) and trailing edge 46 (100% axial chord L), and extended in

the circumferential direction (perpendicular to the engine axis) to camber line C.

Circumferential passage width W is then measured between adjacent camber lines C, so that

50% passage width W is always midway between adjacent airfoil portions 42, following the

contour of adjacent camber lines C. Thus, the 50% passage width point (and other values of

passage width W) will vary in the axial direction, based on the shape of airfoil portions 42, as

defined by the curvature of camber lines C along axial chord dimension L.

[0044] The endwall contours of FIGS. 4A and 4B are based on number of discrete

control points defined in this way, as provided in Table | for ID endwall 43 and in Table 2 for

0D endwall 44, The control points determine the deviations of the endwall contours from the

circumferentially uniform nominal ID or OD radius, given as a percentage of the mean airfoil

span height, and as a function of relative (or percentage) axial chord L and relative (or

percentage) inter-vane passage width W.

[0045] In Table 1 and FIG. 4A, axial chord length L. and camber lines C are each defined

along root section 49 of airfoil 42, adjacent ID endwall 43. Circumferential passage width W is

defined between adjacent camber lines C, measured along ID endwall 43 and increasing from

suction surface 47 toward pressure surface 48. More negative values (-) indicate radial features

that deviate toward the engine centerline or gas turbine axis, below the circumferentially uniform

nominal ID radius and away from the middle of the flow passage (at the midspan of airfoil 42).

More positive values (+) indicate radial features at or above the circumferentially uniform

nominal ID radius, away from the gas turbine axis and toward the midspan.

[0046] In Table 2 and FIG. 4B, axial chord length L. and camber lines C are defined

along tip section 50, with circumferential passage width W measured circumferentially along OD

endwall 44. More negative values (—) also indicate features that deviate away from the middle of

the flow passage at midspan; that is, above the nominal OD radius and away from the gas turbine

axis. More positive values (+) indicate features on or below the nominal OD radius, toward the

gas turbine axis and toward the midspan.

[0047] Thus, negative values indicate radial features that extend away from the midspan

in both Table 1 and Table 2, tending to increase the flow area between ID endwall 43 and QD

endwall 44. More positive values, on the other hand, indicate features that extend radially

toward the midspan, decreasing the flow area.



75 -5.11 -1.39 -0.76 -1.22 -0.35 100% 0.00 0.00 0.00 0.00 0.00 Table
2: OD Endwal | Contour (Control Points, % Mean Span) Circunferential
Wdth Axial Chord

Table 1: ID Endwall Contour
{Control Points, % Mean Span)

Circumferential Width
Axial Chord | 0% W | 25 50 75 | 100%
0% L 000 0.00( 0.00; 000 0.00
25 -1.10 | =538 | -6.16 | -3.83 | 0.00
50 0652 |-022|-483|-133 | 444
73 -5.111-1.39|-0.76 | -1.22 | -0.35
100% 0.00} 0.00| 0.00| 0.00| 0.00

Table 2: OD Endwall Contour
{Control Points, % Mean Span)

Circumferential Width

Axial Chord | 0% W | 25 50 75 | 100%
0% L 0.00| 000! 0.00| 0.00| 0.00

25 -3.18 | -6.11 | -0.68 | -1.54 | 0.00

50 -6.21 | -4.62  —098 | —2.48 | -6.33

75 -430|~2.82 {043 | -2.65| -8.00

100% 0.00| 000! 0.00| 0.00| 0.00

[0048] As shown in Tables 1 and 2, the endwall contours of both ID endwall 43 and OD

endwall 44 are defined by radial deviations of at least three percent of the mean span, in both the
axial and circumferential directions, for physical points located between suction surface 47 and
pressure surface 48 of adjacent airfoils 42. In some locations, the radial deviation is more than
five or six percent of the mean span.

[0049] For some vanes 22, the ID and OD contours substantially correspond to the sets of
radial deviation values given in Tables 1 and 2, respectively. Both the ID and OD endwall
contours may be expressed for hot or cold, coated or uncoated surfaces.

[0050] Alternatively, some vanes 22 incorporate one or more individual features of the
1D or OD contour, rather than adopting a spline or polynomial fit to the set as a whole. Along ID
endwall 43, for example, there is a feature with a radial deviation greater than five percent of the
mean span, located between 25% and 50% of axial chord L, and between 25% and 75% of
circumferential passage width W. More particularly, this feature has a maximum deflection
centered at about 30 £10% of axial chord L, and about 50 +10% of circumferential width W.
[0051] Along OD endwall 44, there is a feature with a radial deviation greater than five

percent of the mean span located between 50% and 75% of axial chord L, and between 75% and



0% W25 50 75 100% 0% L 0.00 0.00 0.00 0.00 0.00 25 -3.18 -6.11 -0.68
-1.54 0.00 50

100% of circumferential passage width W. More particularly, this feature has a maximum
deflection centered at about 70 =10% of axial chord L, and about 85 £10% of circumferential
width W. Another OD feature has a maximum deflection greater than five percent of the mean
span centered at about 25 £10% of axial chord L, and about 20+10% of circumferential width W,
[0052] Note that the control points at 0% and 100% of passage width W are not
necessarily equal or periodic, in order to incorporate asymmetric fits for different contouring
along suction surface 47 and pressure surface 48. In addition, the control points at 0% and 100%
of circumferential passage width W both lie on the camber line, which lies within airfoil
section 42. The physical endwall surfaces, on the other hand, extend between adjacent airfoil
sections 42, from suction surface 47 to pressure surface 48.

[0053] Thus, substantial correspondence, as wused herein, means substantial
correspondence to the actual (physical) control points in Tables 1 and 2, located between suction
surface 47 and pressure surface 48 of adjacent airfoils 42. Substantial correspondence also
encompasses a polynomial or spline fit to the complete set of control points, for example using a
third order spline fixed or anchored at the control points. For these applications, the endwall
contours substantially correspond to the fitting function between suction surface 47 of one airfoil
42 and pressure surface 48 of an adjacent airfoil 42, but not necessarily within the cross section
of the airfoil itself.

[0054] Further, substantial correspondence encompasses a nominal tolerance with respect
to the actual (physical) control points and the fit functions, for example one or two percent of the
mean span. Alternatively, the tolerance is absolute, for example two, five to ten mils; that is,
within 0.002, 0.005 or 0.010 inches, or within about 0.05, 0.10 or 0.25 mm.

[0055] While this invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thercof without departing from the spirit and
scope of the invention. In addition, modifications may be made to adapt a particular situation or
material to the teachings of the invention, without departing from the essential scope thereof.
The invention, therefore, is not limited to the particular examples disclosed herein, but includes

all embodiments falling within the scope of the appended claims.
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CLAIMS:

L. An airfoil comprising:

pressure and suction surfaces extending axially from a leading edge to a trailing
edge and radially from a root section to a tip section, the root and tip
sections defining a mean span therebetween;

an inner platform defining an inner endwall contour extending circumferentially
from the root section, the inner endwall contour defined by varying radial
deviations from a circumferentially uniform inner radius; and

an outer platform defining an outer endwall contour extending axially and
circumferentially from the tip section, the outer endwall contour defined
by varying radial deviations from a circumferentially uniform outer radius;

wherein the radial deviations of at least one of the inner and outer endwall
contours vary axially and circumferentially by at least three percent of a

mean span of the airfoil.

2. The airfoil of claim 1, wherein the radial deviations of the inner endwall contour
substantially correspond to values given in Table 1 herein, the values extending axially from the
leading edge and circumferentially from root section, the deviations expressed as a fraction of

the mean span within a tolerance of two percent of the mean span.

3. The airfoil of claim 1, wherein the radial deviations of the inner endwall contour
substantially correspond to a spline interpolation between values given in Table 1 herein, the
values extending axially from the leading edge and circumferentially from the tip section, the
deviations expressed as a fraction of the mean span within a tolerance of two percent of the mean

span.

4. The airfoil of claim 3, wherein the mean span is between 0.4 inches and

1.2 inches, or between 1.0 cm and 3.0 cm.

3. The airfoil of claim 1, wherein the radial deviations of the outer endwall contour

substantially correspond to values given in Table 2 herein, the values extending axially from the

Il



[ 0048] As shown in Tables 1 and 2, the endwall contours of both ID
endwal | 43 and OD endwal | 44 are defined by radial deviations of at
| east three percent of the nean span, in both the axial and
circunferential directions, for physical points |ocated between
suction surface 47 and pressure surface 48 of adjacent airfoils 42.
In sone |ocations, the radial deviation is nore than five or six

percent qf the an s 0049] For me vanes and CD
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endwal | contours may be expressed for hot or cold, coated or uncoat ed
surfaces. [0050]Al ternatl vel%: sone vanes 22 incorporate one or

i ndi vi dudl f eat ur ed NeRIrfolert|fsin 1, cheryhibsurdial devingipng ofhe aﬂtébﬁfiq’i@ilélomour
spline Orsupﬁirﬂﬁﬂﬂ"c@ﬁesfpbﬁd P atspﬁnesﬁﬁerﬁfﬁatﬁ)n\’mgen ARG Sl b hﬁgﬁg‘n, the

for exanple, there is'a feature with radi al deviation greater t
five per cehes oftending pxially &parthe llqadare@dgmmd/\emnﬁst%miky 5O tlef roax setion, the
chord L, yeen 25% and 75%.0f ci.gcunferenti

9&19] (P J' ?1 tﬂ 1%%% ta%glsﬁragcé%vtwé)dpeé%ent of

More part'icul ar ns[%ples Tatut SUARE 4 RRlCA Y
about BOJtHéVmein@xnal chord L, and about 5010% of circunferential

width W [0051] Along OD endwal | 44, there is a feature with a radial

devi ati on, greater i.ve rcent .of .the nean s an Iocate bhet ween
5056 and 7556 of - axi AR GHOHL oL CRRG: Beitieib e, Bt Botoy G 04 Inches and 12
ci rcunf erigiet, @k bRRSER0O cW Ay WmMore particularly, this feature has

a maxi num defl ection centered at about 70 10% of axial chord L, and
about 85 10% of circunferential width W Another QD feature has a

maxi mum def | ect i on T§f eHtd} of flawn 1l veesdt deningt endrvall reaieus gglines a maximum
center ed r%zalad?:QMho@ 5@9(%&%]} ﬁ@é ?@Jcerﬁh)@'ﬁ% thearfpdn 3RO H‘Iax%%‘[@ Yol dev1at10n located
circunferential wd Note that the control points at 0%

and 100%%fallpals@ag€el \‘M%t hnd/\ﬁé?/re ofictn mdsleskad | Wenéqlgaﬁomr tlpetqadldgchgﬂn and
order to kD 0 Ss..for di cont o

suction sur\&gf:ege ﬁﬁ%b%w%”;%i%r ad 2%10% L3 SrGEn fofe laeid)& ¥£o WmHI’trl H%%egrﬁofrgﬁl mean
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the canber line, which lies within airfoil section 42. The physi cal
endwal | <OfPHtes, on the other hand, extend between adjacent airfoil
sections 42, fromsuction surface 47 to pressure surface 48.

[0053] Thus, subst amhi alrfDbf ESRONIMCRIn 8% HE8QUHIRMRI RAntolPABEnes 2 maximum
substanti al correspondence to the actual (physical) control points in

Tabl es 1 &t deviahige af aldewss fixe eercen of ithsnmediy Pae che magimnp raskiad dewation located
surface 48;.qf, @e%@&e@é%ahﬁé OisbsS oft Zm %Qsm&g Sherliffs" BIROTAEN Nifin | &, and
enconpasses a polynomal or spline fit to the conplete set of C nt ol
poi nts, fegrurefcamphidy bstlvwgn a5vhiandd 1 g1 dexf asptqunéerhnn@qbamgfamdtbrcbﬂnai from a
t he control 0| nt s hese . Lcati.on e endwal

subst ant s SRBET b hdhe SHRERR] PSR et e B e At FoRe the outr
surface lbﬁd@ﬁllaﬂ@nﬂj rfoiI 42 and pressure surface 48 of an adj acent
airfoil 42 but not necessarily within the cross section of the

airfoil self [ 00 urther, substan ence.enco ses
a nom naI toI eranc %ﬁ“ipﬁesf‘elscﬁetﬁ’fmf‘g atﬂi‘ea]lété’t 31‘ Glg g‘?@‘ﬁﬁ)‘n elaist n?cfﬁe plurality
poi nts ang dd@lsk difcuff@ehdd)Sarrah@6d EXARNRhCRN® BEfideVWP fIBSY &ﬁ:@tbemeeﬁ hﬁe inner
mean span. Alternatively, fhe tol erance is absolute, for exanpl e two,

five to tcadvali fantourigad thieputeperdwall @nBOR, 0. 005 or 0.010 inches, or

Wi thin about 0.05, 0.10 or 0.25 mm [0055]V\h|Ie thls i nvention has

been desqnibed wi thpg e,&ﬁfﬁ%?o% OlafeX §OPL ALY AP PE bfairtbf W rles g%ane row
under st ood by those skilted in the art that va ous anges may be

made and ferpulighpwsatuge seajiolbe substituted for el ements ther eof without
departing fromthe spirit and scope of the invention. In addition,
nodi fi cations may be nade to adapt a particular situation or materi al
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1. An airfoil conprising: pressure and suction surfaces extending
axially froma leading edge to a trailing edge and radially froma

root section to a tip section, the root and tip sections defining a
mean span therebetween; an inner platformdefining an i nner endwal |
contour extending circunferentially fromthe root section, the inner
endwal | contour defined by varying radial deviations froma

Ci rcum‘er ntially uyniforminner radius; and an outer platform

defi ni ng &n outer &Wf?m@dﬂ?%ur extendi ng axial |y and
circunferentially &haifdin@ottioR ISRGHe PRssubd 8nd Whlon CREMBs! GV an axial
defined by varying radial deviations froma circunferentially uniform
outer radi us; wherein tHeécqtignifeam ddedding wsies ok tilingeedse. dudeasting sl trailing
i nner and outer endwall [ |

by at least three per ce(rilc‘tf'é%EI Q{éfl&n %{grgar%mo ey %pgrf)%f%l#%&%ﬁ)ﬂfh% ;}'sectwn
airfoil of claiml1, whenmsi ahafmhg erraehnadpaxdémehemas of the inner

endwal | cont our subst anti al |

- d.t Tabl
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circunferentiall y from retkedRatdfane alrfodl SRR IthO e ¥RIVARISBAIBSa Ron axis-
fraction of the mean span within a tol erance of two percent of the
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the tip section, the deyi t|o sedtast ctio ﬂf t he nmean
span within a t ol er ance &F % B perzgge B the Freo - ?)"5{\]”& faving, @ mon. axis-
airfoil of claim 3, \I\hegﬁmﬂeﬁlhE(:Hﬁalﬁl' Sieéified Shpetampiap Ghddali @eVigSor@NGrom a
1.2 inches, or between 1.0 cmand 3.0.cm 5. The airfoil of claiml1,
wherein the radial devi ale‘iu&#greafﬁalkmgufawé?méﬁbvmma%m our

substantial ly corr gspRRhE QadeﬁldH@%KQfs\b?fhe 1&16?@1%\)@1112%'3%@6&31‘ ll€all vary by at
val ues extending axially fromthe |eading edge and circunferentia ?’
fromthe root section, Elehé theedipaicetiesd htinprg sexprlosg et @salaanﬂrcan'mmcﬁanentlal
of the nmean span V\Athl N4 Cttol erance of two percent of the nean span.

6. The airfoil of claimi1. Whérein the radial deviations of the outer
endwal | contour substantially con-espond to a spline interpolation
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6, wherein the nean span i s between 0.4 inches and 1.2 inches
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ve por CebialiofWpRMeddeh MEfoRolBY MMTLOAAL 2 ATURAS Al peftint F3 mean
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| eadi ng edge, and circunferentially between 25% and 75% of a
circunfergntial pa fiiyn arrber

airfoil a%’d i ncr eag\;ﬁ% ¥Vloo(r1hI pﬁ@i@t%ﬁégtﬁl ?arrc% V]lamqnheotl %ﬁ’e%ﬂner SHidwall
endwal | cobtouinlly C(Si’resﬂ'dirﬁi @iarsptind fiod valuas g’nvé.n IINMcel herbiﬂ&tnﬁlﬂlﬁeafadlai deviations

endwal | ¢ our defines. a mum r adi. al ion of at |east five,

per cent iy qfwtwaﬁwgﬁﬁwstaﬁ%@wwww Foifaline gl S B able 2 heren, he
axi al l'y hateeereh@%e anmil Ef?/@rﬁ)fth@-'fhaa Eaédgg WﬁﬁQ:n%ﬁﬁlﬁé?gitl@ggfﬂ‘d?ﬁ”tﬁé"ﬁressme and
| eadi ng edge, and circunferentially DBetween 75% and 100% of a

ci r cunf erseeitangluripeesstag sadigl dleriatiers rersied adravtiam of Bwivesan| sperewsh atthlerance
airfoil the pressure surface along the outer
endwal | 2@ﬂ¥%ﬁ&£§ﬁﬁgﬁﬁi§ Hﬁ%&%ssor conprising a plurality of airfoils
as defined in claiml, the plurality of airfoils circunferentially
arranged about an axis to define a flow duct between the inner
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12. A vane conprising: an airfoil portion having pressure and suction
surfaces extending in an axial direction froma |eading edge to a
trailing edge, the leading and trailing edges extending in a radial
direction froma root section to a tip section and defining a nmean
span t herebetween; an inner endwall extending in axial and
circunferential directions adjacent the root section of the airfoi
portion, ,the inner _endwall h@viqg a.,non axi s-symmetri,c cont

bebimih

.

Gef i ned By varyi ng PadFa © oNbeRILFEADERT SRR tSrEYGeRI 1 TR apfnl 2
nom nal ijKuRes, of Betden 1.806 a0 3auéer endwal | extending in axial and
circunferential directions adjacent the tip section of the airfoil

portion, the outer endwal] having a non axjis-symretric contour .
defined BY varyi ngAr&aifHpPing&U$iat FORR T HehP STty et anflepaived inflrinp} the
nomi nal %ﬁ*ﬂrﬁftﬁrc@qﬂai%és; ci%ﬁﬁ&bﬁiaﬁl?%zfaﬁé@ﬂboqggﬁ akis Qb elic & BBw B8 between the
endwal | and the outer endwall vary by at least three percent of the
mean spannugk empoutérendwild. and circunferential directions. 13. The

vane of claim 12, wherein the radial deviations of the inner endwal |
substanti,al ly corr val i i abl i .
radi al del\?i ations gﬁ Qg%gmltc?g e&?‘%ﬁf&’&%l%@ Sb&s}?%n itg l§/1 ?Ef J?ftralvsaglg%éé@gs an exit
val ues gigugeln vame ibabfoea Bighex@bkure coinprevsal sresioext endi ng axially fromthe

| eadi ng edge and circunferentially fromthe pressure and suction

surfaces,,,t he radi devi at i ons, .expressed.as a fracti.on of the, nmean
apan i tH%a tol or ants G et arCHRRRETRE e i aks fpabi g RRg of o
of cl ai midagy fivdhperedon of it hadh Glan Ay irédidlaizSia6ibn bhet leid Give @REDOA] located axially
substantially correspond to a spline fit to values given in Table 1
herei n afabRR 2r @cnd|>Ockedl sy xint shaye extradie diom s dending «dan nd sirpypieyentially

conespongefucR 250 4ae7sbh br b QirvidhiRRidl paetgt Wid@klefndd H&HE Meart Baber line of
val ues extending axially fromthe | eadi ng edge and circunferentially
from t he Upr @deilimed mpgasng fripwiheswcfiatagiace deng tdiiaier dadradlt i ons

expressed as a fraction of the nmean span with a tol erance of two

per cent t he nea : qThe .\ i : r ej;: :

roan span’i s bet vednt O ohsi2; Whes e Bhick Lk el WIS EHA helfuion of
3.0 cm ld6t five pasertt of heneeangpanethe ondiali deviagom op buleadt ifivg pefcentaloesedsxially

described jn clajm Jhe plurality of vanes circunferentiall: :
o r anged CapRS S S5 B ShorediiG e e i s urentially
outer endeaddes 75%lahd 1009 @RaScitcumBérbiiat PRshe: WidtCHHingd £0m YRREEEdmch8ne of
plurality of vanes defines an exit guide vane row for a high pressure

conpr essde dEpil pyhincreggng tppard tha aresfure susfage along ot andwadl Gorioar.

endwal I includes a radial deviation of at |east five percent of the
mean spang, the radiAagtathery,{,,agoh@gsi%: at |least five percent |ocated

axi ally between 25% and 50% of an axial chord extending fromthe

| eadi ng edge, and eipheaity ef ainfeilatlisyospe rinpemicBt6 bnaboRtan axfs, aach of the airfoils
circunferential passage,w: | fr n er .lLi f. t.he
airfoil and increasing ]flérlvcl)%?ﬁgeg;sdﬁ%?'ﬂgaﬁe%% %asgggoa %%%P? ﬁ}geﬂl ﬁﬁ%%laﬁy from
endwal | . 19. The vane bkhdiagaige f2a vehimpeidge tahé ralidlBr frendnalot section to a tip
includes a radial deviatign of at |east fi,‘é’f Eer cent of cﬁ e. mean

span, the radial deviat%6HObf thge FOL 26819 g JRt dibn SeqligR ¢ tifingx paliesn span
bet ween 50% and 75% of aRreB¥isdkn,chord extending fromthe | eading

edge, and circunferentially between 75% and 100% of a circunferenti al
passage wi dth defi Aeduier oifwalheaendiaatrxially and efcunHerentiallyobdtwegndthe airfoils
increasing toward the p f I [ | i .
contour. 20. A stator % %v&ggﬁg?%isﬁég@n% tg?glrng?ﬁd&d gfeﬁ a\g:ﬁgg \gil%}.‘sam Symmelric
di sposed ci rcunferenti atdyommbizfined by ax vayingaeatiabfletiftnafroihod kicihaferangally
a pressure surface and a .suction urfac%. extending axially froma

| eadi ng edge to a trail MY BIGEEH I Faticdli 3% rom a root section to a
tip section, the root section and the tip section defining a nean
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wherein the radial deviations of the inner endwall and the outer
endwal | each vary both axially and radially by at |east three percent
of the nmean span. 21. The stator row of claim 20, wherein the radial
devi ations of the inner endwall substantially con-espond to a spline
i nterpol ati on between values given in Table 1 herein, the val ues
extending axially fromthe | eading edge and circunferentially from
the airfoil adjacent the r80t secti.on, e r di.al devi ations

expressed as a frat?i%8" 5 ﬂéeﬁﬁﬁwngﬁéw ArUsHErY bRtwsRothe airfoils

percent of the nmean spagyjacedilihe tescetidt, Qhe 'E)Qﬁéi ehdvedlehdVirdOa nm%ﬁﬁlsﬂmmetrlc
the radial deviations of the outer endwal | substantlaII¥ correspond
T

to a spline interpol atiemidetdediaed bailusyygeviedial Aeviisine @ﬂhéﬁé@ﬁnﬁﬁﬁéﬂb’
val ues extendi ng axi all ;edge and circunferentially
fromthe airfoil jace%Fhﬁﬁgb%&%dgg% #@ﬁl the radi al deviations
expressed as a fr amhenam thé rddivd dewanons pétheinren eadwadl axancentafentiwnll each vary
percent of the nean span., 23. A com sor risin stator row
bF Crai m 20, 24 The' B reaLemERTRIERRRpsnt MRt ot e Bt ep ow

is conprised within a high pressure section. 25. The conpressor of

clai m 2321wher ei n The sGicatrow dfadite?d, neserdn texX kddil dedatimang the\Wner endwall

substantially correspond to a spline interpolation between values given in Table 1 herein, the
values extending axially from the leading edge and circumferentially from the airfoil adjacent the
root section, the radial deviations expressed as a fraction of the mean span with a tolerance of

two percent of the mean span.

22, The stator row of claim 20, wherein the radial deviations of the outer endwall
substantially correspond to a spline interpolation between values given in Table 2 herein, the
values extending axially from the leading edge and circumferentially from the airfoil adjacent the
tip section, the radial deviations expressed as a fraction of the mean span with a tolerance of two

percent of the mean span.
23. A compressor comprising the stator row of claim 20.

24, The compressor of claim 23, wherein the stator row is comprised within a high

pressure section.

25. The compressor of claim 23, wherein the stator row defines an exit guide vane

row.
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