Leak Resistant Vane Cluster Technical Field 5 [0010] This invention
reklates to shrouded vane clusters of the type used in turbine engines, and
particularly to a cluster with a |eak resistant, segnented shroud.
Background of the Invention 10 [0020] The conpressor section of a typical
gas turbine engine conprises a case circunscribing an engine axis and
axially alternating arrlyakofReshstarer yWasresCanukstetat abl e bl ades. Each
vane array may be constructed of nmultiple vane 15 clusters distributed
circunferentially about the interior of the case with each cluster being
supported by the case. Each vangegﬁﬁgggi §§Q§éises a radially inner shroud,
a radially outer shroud, and t oils extending between the
shrouds. Collectively, the inner and outer 20 shrouds define the inner and
outer boundaries of part of an annular flowpath for_ a working nmedi um

flui d3 [0030] BiRi%g g neGPertar sf1aERE FanelUsisd vVaire csimjeet to
nonuni f orm h g .an al i ng....-Et (oY o]¢) nyi le rature gradients
can causé)J'd(;fe‘lrrif;e{;et‘%ye g\%gi&s)t‘rdes“g‘i"r?ﬁp%h%“%Elg%%t’erasr}‘.gi %‘htgjl@gﬁéﬁaﬁtl&/i‘a eaat hese

t her mal | yliumsthecedii 3t resses rorse sghntthe stagmestirsglidsh:rmyd be di vided into
segnents by slots that sever the shroud at locations circunferentially
internmedi ate two nei ghboring airfoils. 30 Since the outer shroud of each
cluster connects the cluskgekgiteuhdeofasks Thveéft&enventional to segnent

t he Hgner shroud rather than the outer shroud. The slots reduce the risk
of

[0020] The compressor section of a typical gas turbine
engine tomprises a case circumscribing an engine axis and
axizally alternating arrays of stationary wvanes and rotatable
blades. Each vane array may be constructed of multiple vane

15 clusters distributed circumferentially about the interior of
the case with each cluster being supported by the case.
Each wvane cluster comprises a radially inner shroud, a
radiallv cuter shroud, and two or more airfoils extending
petween the shrouds. Collectively, the inner and outer

20 shrouds define the inner and outer boundaries of part of an

annular flowpath for a working medium fluid.

[0030] During engine operation, the vane clusters are

subject to nonuniform heating and cooling. The accompanying

25 temperature gradients can cause damage by overstressing the
clusters. To help alleviate these thermally induced
stresses, one of the two shrouds may be divided into
segments by slots that sever the shroud at locatiocons
circumferentially intermediate two neighboring airfoils.

30 Since =he outer shroud of each cluster connects the cluster
to the case, it is conventional to segment the inner shroud

rather than the outer shroud. The slots reduce the risk of
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E1-1-10733 Danage by allowi ng the shroud segnents to expand and contract
I ndependently of each other. [0040] One technique for formng the slots is
wifre 5 electro-discharge nachining (EDM. Wre EDM uses an ectrically
charged electrode in the form a wre wound around a source _spool and

ext endi ng-T 7% t2ke2 upCEpodl IThE E Vane T Uster  shr GRS @%Posed to the

W re bet ween:ther 5@@%§ﬂdgqgipgoih@£ﬂ\dja@@fation, the wire travels from
the to source spool to the takeup spool and sinmultaneously advances toward
the shroud. The difference in electrical charge between the wire el ectrode

and -t he shroudy ggupsoAD - gbegieloatosl ssharge Lhat -{sppves qmierial from

the shroud. As material s renbved, the wre advances through fhe shroud
15 unti| ¢hecstotdiiscoamtenetyifiongedEDf0050f L Caezdy anbaskanf the shroud
slots is tha{;ﬂtﬁhe%/1 proyide g fth by.whj ch working nmedjium f| uig can | eak
out of the~fiowpath dofrnge n‘g ‘?\%tb%%ﬁ at¥ o or - By~ whi €h* fofieWarki ng 20
nedi um f latgugana | sakreat oobbe ihovwaidndleakages caaxbeupntbbgat edynko sonme
extent, by using a smal| dianeter EDM wire to cut a thin slot, i.e. one
with a co‘r‘%%%p%ﬁ‘d%@w%é@w@wRe?ﬂﬁ?ome%rt%e*wg% BECYRPR EBRI wire | eads

,' 10 increaseds mchi.pi AY L1 0esplYDEEOVLF; oh hi PhEDM WeT erd S B 1025t he
susceptible to breakage than thick EDM wire during the EDM operation. Thin
EDM wir e $8UAFS0SHOPE FPkEng E@apup hieke EDMA wh Faut bapeoss by | edvencehe

presence b, 18U o PALLLCH al g | gPUELLLES. [ APDED-LDs Lhe yADe ! Uster

Finally, comercially avail abl e EDM equi pnent capable of usi n% thin
between the wire electrode and the shroud causes an
electrical discharge that removes material from the shroud.
As material is removed, the wire advances through the shroud

until the slot is completely formed.

[0050] One drawback of the shroud slots is that they
provide a path by which working medium fluid can leak out of
the flowpath during engine operatiocn or by which non-working

20 medium fluid can leak into the flowpath. Leakage can be
mitigated, to some exteni, by using a small diameter EDM
wire to cut a thin slot, i.e. one with & correspondingly
narrow kerf. However the use of thin EDM wire leads*to
increased machining time. Moreover, thin EDM wire is more

25 susceptible to breakage than thick EDM wire during the EDM
operation. Thin EDM wire is also more likely than thick EDM
wire to be stalled by the presence of minute particulate
impurities trapped in the vane cluster. Finally,
commercially available EDM equipment capable of using thin

30 wire is more specialized than EDM eqguipment capable using
thicker wire. As a result, a manufacturer may find it

economically unattractive to invest in the more specialized,



30 wire is nore specialized than EDM equi pnment capable using thicker wre.
As a result, a manufacturer may find it economcally unattractive to
invest in the nore specialized, 2 thin wire equi pment. accordingly, it -:a;
be desirahle to, avoid.thin slofs. in,favor of relatively :eider slots

[ 0060] Ow“é“\Ar/éypT%gr% Lm:~tf,=m?x=fa1<ag‘te‘:‘:t‘?fr“*o*u%ﬁ{'*fa’ Wi de sy o%ei§¥55~f~8—‘ﬁro9i de a
recess irmethiedithienioloof imefstot ahdenstialéla seabripibhe recess. LS
Patents 3,728,041, 3,970,319, and 5, 167,485 show arrangenents of this
type. Although such seals may be easily installable between the shrouds of
i ndi-vi dual vangsoe®r dheiweep g&m%éag@gnﬁégﬁgﬁéaéhggé gn&twggelglgg_ggjacent
vane clusters, they are not easily installable in the inter-airfoil shroud
sl ot sSof “h DIdereR se vRtess yin vEe Sluetierr ¢f e $1on, ahdr oiagalhbe
intra-slat Ss. lngreas manuf ag ' Qs d. degr e nuf acturing
t hr oughptit .giﬁgth‘ér“ﬁ%s]g?‘bﬁg% Way“Lg o ér#%‘?%%t% 1%%1?2@16' ig’ ?23 1§lgﬁs?h | an
ext ernal Sead7, 4%€hskasw t ner sepdnary: staf peyBs shewa. | 01 4o Pahestcd, 422, 827,
to bridge a oss‘quh sl ot However. .such external seals also increase
manuf act UtTty”® ¢O3f . ©F 0070t - MWt = 1 % TSV e P ST RS wPth thermal |y
20 i ndependent i &l Dugh segmest o il | S1 SEaNOEF &t 1 AN LaS¥nit fes

manuf acture. summary of the Invention 25 [0080] According to the invention,
a varn8 clUstErI 2Tt udEs® o S GircP wi THA $ohl Fhea?asi b BxEendiagle

therethrough#® dhvédesthe, shraudddto dheramldy &ndependent; shroud
segnments. The s|ot is bordered by matchi ng nonlinear
vane cluster. In addition, forming the intra-slot recess

increases manufacturing cost and decreases manufacturing

throughput. Another possibkle way to mitigate leakage is to
15 install an external seal, such as the sealing strip 78 shown

in US Patent 4,422,827, to bridge across each slot. However

such external seals also increase manufacturing cost.
[0070] What is needed is a vane cluster with thermally
20 independent shroud segments and which is economical and easy

to manufacture.

Summary of the Invention

+J
wn

[00BO] According to the invention, a vane cluster
includes a shroud with a nonlinear slot extending
therethrough to divide the shroud into thermally independent
shroud segments. The slot is bordered by matching nonlinear
surfaces that are easy and inexpensive to produce with
30 conventional wire EDM egquipment. The nonlinear slots

effectively resist fluid leakage.



surfaces that are easy and inexpensive to produce with 30 conventional wre
EDM equi pnent. The nonlinear slots effectively resist fluid | eakage. 3
Brief Description of the Drawings [0090] Figure 1 is a perspective view of
a vane cluster 5 whose radially inner shroud is segnented by slots
enbraced by the present invention. [0100] Figures 2-5 are enlarged views
of the slots shown i nBFigfrBegcription19f rhguPsswdngsare enl arged vi ews
of slots having curved portions. [0120] Flgure 9is aviewsimlar to
Figure 1 showing a 15 vane cluster with a nonlinear profile at the |ateral
extremties of (A mieg'umhmolida Bestr sedter ifvey VGars Yo Hoge Quiné helhoyenti on
20 [0130] .Referri to Figures 1-5, a vane clq5ter for.a turbine engine
conpréssd‘ 95 Iite 1 % ad?f’ﬁ*l f“tﬁ?t“élr ShitGrF e e 2 b § yerRhefeShroud 12
and two @F, e widdid s tAnexdending radially or spanwi sely between the
shrouds. Hooks 16 at the axial extremties of the outer shroud facilitate
25 its attachnent to an engi ne case, not shown. Feet 18 at the axial
extrem ties off i o &g sed! .. al so not
shown. The cl usr{ler exten&iJgr gjﬁcﬁd%f%gr en%alia%%%%bleétlhr%eonk I a%%r% egt remties
20. Wienstsewerial Buplrellusters are installed in a turbine engine, the 30
shroqgs define the radially inner and outer boundaries of a

[0110] Figures 6-8 are enlarged views of slots having

curved portions.
[0120] Figure 9 is a view similar to Figure 1 showing a
15 wvane cluster with a nonlinear prcfile at the lateral

extremities of its inner shroud.

Best Mode for Carrying Out the Invention

20 [0130] Referring to Figures 1-5, a vane cluster for a
turbine engine compressor includes a radially outer shroud
10, a radially inner shroud 12 and two or more airfoils 14
extending radially or spanwisely betweenr the shrouds. Hooks
16 at the axial extremities of the outer shroud facilitate

25 1ts attachment to an engine case, not shown. Feet 18 at the
axial extremities of the inner shroud accommodate an inner
airseal, also not shown. The cluster extends
circumferentially between lateral extremities 20. When
several such clusters are installed in a turbine engine, the

30 shrouds define the radially inner and outer boundaries of a
portion of an annular fluid flowpath 22. The flowpath

circumscribes an engine axis, not shown. The vane cluster



portion of an annular fluid flowath 22. The flowpath circunscribes an
engi ne axi s, not shown. The vane cluster 4 itself is typically a cast
nmetallic article finish machined to prescri bed di mensions. [0140] The

i nner shr.qud 12 | $ divi i nto le vi.d 5, segne y nonl i near
slots 26 ‘between Ti TG a2‘r‘efntéi aqe1 Vel g G r'ia‘g“a“lcr‘f%l"sjs’”iﬂ* FhHesT8ts are
I nst al | edt oy geer 1 HefdM Dirmeaidieinsui t abl e process. Four different types of
slots are depicted in Figure 1, however only one type of slot would
ordinarily be used in a given cluster. The left 10 nost portion of the
inner shroud igodap) ofied i dd Sn@8q 93Sti's ik Qied - &e Erh@“‘tlc?ué’{ s. Each
slot is nonlinear, but may conprise two or nore straight [1ne portions as
seen 3 beﬁemﬁ@&%@ﬁ-mnlﬁmmsﬁou$ Zﬁ)rmaernea:b'bw:arq:)anfenéqtnalml ng
surfaces, such_ as. % use¢ herein, the 15 term "t chi ng" surfaces
refers tg“mﬁ?oocre%qq H%ntr s st antd A143F ikt cﬁfrﬂ]eir%%r‘f‘é BFTRach

other, i oy strdaces dbaiaClomy s eagh, ot herss s ishds coptrast to
the surfaces shown in US Patents 3,728, 041, 3, 970 318, and 5, 167, 485, all

of whi ch Fe&fturars meniciesd iedigre thathPEYRNdEL Y lenadi@entt sl ot
surfaces ch %Lgh# r&fd][r?a]‘ng_l]y Ei E:_g 2-5 Shaw trpe f our ];I ot,%hl n+$éeat er
. _ B 1o

detail . Terrlng I rst gure t hé' ol near conp ®s three
st raitght rdsie portiaonol68e MeﬁmrceabthEiaﬁimctmrhasta jaLEEPE:t ure 32

wi th at Ieassé,. eatog t.he_ ot her. ort. %t}b unct ure cor gonds to a
change of hgul arCdi recti off i the S c'Y:t Xt e85 g’ Fure 32

bet ween but may comprise two or more straight line portions as seen
best in Figures 2-4. Each slot is bordered by a pair of
matching surfaces, such as 28a, 28b. As used herein, the

15 term "matching" surfaces refers to surfaces that are
substantially exact counterparts of each other, i.e.
surfaces that complement each other. This is in contrast to
the surfaces shown in US Patents 3,728,041, 3,970,318, and
5,167,485, all of which feature intra-slot recesses that

20 render the adjacent slot surfaces non-matching.

[0150] Figures 2-5 show the four slots in greater
detail. Referring first toc Figure 2, the nonlinear slot 26

omprises three straight line portions 26a, 26b, 26c, each

[ 5%
i

of which has a juncture 32 with at least one of the other
portions. Each juncture corresponds to a change of angular
direction in the slot. For example, one juncture 32 between
slot portions 26a and 26b corresponds to an approximate 90
degree change of angular orientation from the radial

30 direction to the lateral direction. The other juncture 32
between slot portions 26b and 26¢ corresponds to another

change of approximately 90 degrees from lateral to radial.



sl ot portions 26a and 26b corresponds to an approximate 90 degree change
of .angul ar orientation fromthe radial 30 direction to the |ateral
direction. The other juncture 32 between slot portions 26b and 26¢
correspond5ﬁtg anot her .change_ of .approxi mately govdegrees fromlateral to
radial . 5 The"accunuf afed*Baguf arCchamge T s-thefePorechBbht 1880 degr ees.
[01601 Figiteedsshows a variant in which the slot 5 conprises three
straight line portions and two junctures. Each juncture corresponds to an
approximately 120 degree change of angular orientation for an accunul at ed

angul ar changgo 96o Abaut:, 2403 deaiees, I {701, Fguee dnshgys.a variant in

whi ch the slot conprises seven straight [i1ne portions and six junctures.
Each jSuncturertoesespoadsstoaaghaphroxivmttel yn90adégtee johangeeef angul ar
orientaliégLio.quL@ggunuLgted aggulgrapchan e of gbputléﬁo degrees. 15
[0180] The abrupt - change?” T icaRguT ar off ettat Ton arthel <[ uicFargs 32 hel p
resi st flaitahseakfgenybl avgbribe: st oin afsk dhexefonelpeea engheause of

i nexpensi vely ins aléed, gba%ivel wi de slots that m ght otherw se be 20
unsati sf actory. Bach %ﬂ%né of*dFFehtati on increases the resistance to
fluid | eakage. As a result, larger and/or nore abrupt changes are superior
to smaller and/or_less. abrupt changes. Accordingly, although a slot having
only ¥two straf@htCiiheopset fomaound ovferﬂqu%tu?ewgaﬁhbéhaséaptit

comprises seven straight line portions and six junctures.
Each juncture corresponds to an approximately 90 degree
change of angular orientation for an accumulated angular
change of about 540 degrees.

15

[0180] The abrupt changes in angular orientation at the

junctures 32 help resist fluid leakage through the slot and
therefore permit the use of inexpensively installed,
relatively wide slots that might otherwise be

20 unsatisfactory. Each change of orientation increases the
resistance to fluid leakage. As a result, larger and/or
more abrupt changes are superior to smaller and/or less
abrupt changes. Accordingly, although a slot having“only
two straight line portions and one juncture can be used, it

25 is believed that the most practical and cost effective slots
are those with at least three straight line portions and two
changes of orientation totaling at least about 180 degrees.
A larger quantity of straight line portions would be
exnected to further increase leak resistance of the slot,

30 butf the correspondingly longer slot leng:ih would increase
the time necessary to cut the slot using wire EDM. The

tradeoff between leak resistance and manufacturing



25 is believed that the nost practical and cost effective slots are those
with at least three straight line portions and two changes of orientation
totaling at | east about 180 degrees. A larger quantity of straight l|ine

por ti ons cueu d.be., expected Lo Tt hepdnarease ) ek sesisiance of the
Wou In

b 1a o

slot, 30 but the correspondingly Tonger ot 1%engt ease the

ti me necéssamanudesiiuddrs sibtiisivegenaleisERM. The tradeoff between | eak
resi stance and nanufacturing 6 conplexity is a matter for consideration by
t he designers and manufacturers of the vane cluster. [0190] As seen in

Fi gures 6-8, tltaawdnlAsnesasersliat meedess en®@, hev«<ompilisash0fsldnaateportions
as in_the abqve exanples, but may instead be a curved slot having one or
mor e 1 adiiP 0P GFRTHSES THe VS @IAdITS 6fS cdt VEturdPRe may vary

cont i nuouslzy-Aleang e dengtdsQfad he ¢ ol LHIWE - 8)a: OBy yaly
di scontinuously (Figure 7) thus defining one 10 or nore distinct junctures
32 bet wedgTiendiadidualf portiadnse 26426y sofageherssliots s seemtiurdiRjure 8,

a sl ot - ise . hoth curve d stragight . |i ortions

conbi na??%tﬁ. C%lrprycé:o?hte‘q%oa 3 esa‘::!Lscfrll (:tzi‘oﬁeg]gstlrbtonﬁe e%cﬁsl‘%h hﬁ%‘%r upt ness
and quantit yrofmagi veet enalchanges,sla 1% ismnet M)y Qs etk Sirptngynor ovi de
unsatisfactory leak resistance. A curved slot with an abrupt directional

chandé ©°§ ST teF e Be BUBEHES £33 &SHEGT IadvE dust BreF isas nor e
e example ol b Gar v STOr hauthg 20 ol (o St Gt RUGLSISar | ng radi
of curvarwreidisd eth curved and straight line portions in

combination. Since the leak resistance of a slot depends on

the abruptness and quantity of directional changes, a
15 smcothly curved slot may provide unsatisfactory leak

resistance. A curved slot with an abrupt directional change

is expected to be superior to a smooth curve, but may be

more difficult to manufacture than a slot comprised of

straight line portions. One example of a curved slot having

20 multiple, continuously varing radii of curvature is the

serventine slot of Figure 5.

[0200] The slots need not he installed

circumferentially between each and every airfoil, but may

25 1instead be installed selectively, for example between every
second or third airfoil, to achieve the desired degree of
thermal independence.

[0210] The cluster of Figure 1 is one sector of a
30 single array or stage of vanes. In some engines the vane

clusters comprise two or more circumferentially aligned sub-
clusters, integral with each other but axially separated

from each other by an interstage space. In a fully



serpentine slot of Figure S. [0200] The slots need not be installed
circunferentially between each and every airfoil, but may 25 instead be
installed selectively, for exanple between every second or third airfoil,

to achi eves theptesi eedi degres.of pilwsdred: i adependence, {0210],dhe cl ust er
of Figure, 1 is one sector of a 30 single arr f or stage of vanes. In sone

engi nes the-Vahe?9e| B8eefs COMPrisetinddr ok eces rewdd erehtiaft§val i gned

sub- clusterSceiategrabiwith @a@hlpihwrmcaaél%iy separatedsefrom each
other by an interstage space. in a fully 7 assenbl ed engl ne, rotor bl ades

extend radially into the interstage space. The invention includes such

nul tixstage cClyssg]s,ase %g,lltﬁgs_ni%ﬁg,nle%lrjsiﬁgt {Lﬁj,ﬂ%é‘et ‘%o Luster. 5

[0220f As seen In Figure geone “may al so
be enpl oygtk aslthe2é nthey f ates bet ween otde datesal : %é:fﬂﬂ:éﬂﬁét2@r=@f

adj acent vane clusters. Such a construction includes inner and outer
shrouds 18° 122 WPIRT SFCTeasiione?hitt AT a6@=hdT e beture? s he %%‘?}éuds

The 10 |3éeé§$s§¥ﬁé€%ﬂ'ﬁ5cﬂd§§ igast one &]ﬁ] cd eSS0 u&lgsloe ner

shroud 12, has a nonlinear profile that matches a co er par non T near

profile ot t hea et e ¢yrofih ettamtald W@Wwent-.aasi&-aahcﬁSterThéS [ 0230]
Al t hagugh t+he. jnye has_been ent.ed |n t he text .of stator vanes
for chonlpArlgss%ir/ QL%P TnltlesI(i)y ZPapp‘?lcab e t%*t%r%l U addfti on, the
i nvent i oninmet uglesoud| 1B} eiss i o wdnCindde o 11 shiloud, maedhes 4 han t he

I nner counterpart nonlinear profile on the extremity of a

laterally adjacent wvane cluster,

[0230] Although the invention has been presented in the
context of stator vanes for a compressor, it is equally
applicable to turbines. In addition, the invention includes
clusters in which the outer shroud, rather than the inner
shroud is the segmented shroud. It will be understood by
20 those skilled in the art that these and other changes in
form and cetail may be made without departing from the

invention as set forth in the accompanying claims.

[0240] I claim:



shroud is the segnented shroud. It wll be understood by 20 those skilled
in.the art that these and other changes in formand detail nay be made

wi t hout departing fromthe invention as set forth in the acconpanyi ng
claims. [0240] | claim 25 S I. A vane cluster, conprising: an outer
shroud; an inner shroud; 5 at least two airfoils extending between the
shrouds; 1.one %ofvarte shrows hawipyg sangonl i near sl ot extending through the
shroud between, nejghbori.ng ajrfoils to define shroud segnents, each sl ot
bei ng bor der edarbyoi“%a‘?rctﬁ}?fg? nlinear surfaces. 10 2. The cluster of claim1
wherei n the na iimesdr Hrotoudonpri ses at | east two slot portions wth a

juncture thereb;:tween, each j:légfclturg corresponding to a change_of angul ar
orienfation. 5 3-2%He fUANE G TISHHRBIICEHT STIR T eds¥ 8B ee sl ot

portions wth @e |easind Wh,changes whargwWa ord entatdOne. dondhgy cl ust er
of claim3 wherein the changes of angular 20 orientation define an

accunul attétr Aitgul e ey ofe tategre a5 O hdsin a1 80 e e st o 5ie fihee ¢l ust er
of clai meh MAE! &l dbrddif 10U PN Y YA n L YPUASL A YA POLE T on.
nonliinear surfaces.
10
2. The cluster of claim 1 wherein the nonlinear slot
comprises at least two slot portions with a juncture
therebetween, each juncture corresponding to a change of

angular orientation.

3. The cluster of claim 2 comprising at least three slot

portions with at least two changes of angular orientation.

4. The cluster of claim 3 wherein the changes of angular
20 orientation define an accurulated angular change of at least

about 180 degrees.

5. The cluster of claim 1 wherein the nonlinear slots

comprise a curved portion.

6. The cluster of claim 1 wherein each nonlinear slot

comprises at least two straight line segments.

7. The cluster of claim 1 wherein the shroud having a

30 nonlinear slot extending therethrough is the inner shroud.



25 6. The cluster of claim1l wherein each nonlinear slot conprises at

| east two straight line segnents. 7. The cluster of claim1 wherein the
shroud having a 30 nonlinear slot extending therethrough is the inner
shroud. g 8. The cluster of claim] wherein the nonlinear slots are present
bet ween 2ach ang &vEFyhefghborifig-al rFoft of Che~Hif%r S Fife
cluster gtegkaimpbrwbeneknchhans! eteks hatFREcRY nel8ctdap-dischaige

machi ning. 10. A vane cluster, conprising: an outer shroud having outer

| ateral ©XxtF&RFties; 10 an inner shroud having inner lateral extrenities;
at least one airfoil extending between the shrouds; The lateral '
extremties of at |east one of the outer and inner shrouds having a

nonl i3nea? . pr offiiee ctlhat emabched zam dowheeepar throslioneadrs praofidde on t he

| at er al gfgégghghggC%Erg%Smggagggkgy nei ghbori ng vane clusters. 10

10. A vane cluster, comprising:
an outer shroud having outer lateral extremities;
10 an inner shroud having inner lateral extremities:
at least one airfoil extending between the shrouds;
The lateral extremities of at least one of the cuter
and inner shrouds having a nonlinear profile that matches a
counterpart nonlinear profile on the lateral extremities of

15 laterally neighboring vane clusters.

10



