23 AUGUST 2006 Leak Resistant Vane C uster Technical FizdAuSu$Odd] This
invention relates to shrouded:, vane clusters of the t, e 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
typi cal gas turbine engine conprises a case circunscribing an engine axis
and axially alternatinglseakyResglstafitondayne afdusipdrr ot at 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 vane.fgéggfgafq@péiées a radially inner shroud,
a radially outer shroud, and t | s extending between the
shrouds. Collectively, the inner and outer 20 shrouds define the inner and
out er boundaries of aL%Fof_an_ annul ar _fl owpat h for a working nedium fluid.
[0030] During endPt@lop&iat ito R8Ty ARECERTs 6 STHW IR AR Hd* S f or m
heating angd:coald RG-eThEACCHMARY:AG 25 :hemneralurg Aradignts, can £ause
damage by overstresSing the <clusters. To help alleviate these“thermally

i nduced st réssesr onghore tlieek wesshtends megrsatdididetbuidit o segnents by
slots that sever the shroud at locations circunferentially internediate two
nei ghboring airfoils. 30 Since the outer shroud of each cluster connects the
cluster to the case, it i|ispacnyenirdnat tioe sSegventibhe i nner shroud rather

than the outer shroud. The slots reduce the risk of
10 ,

[0020] The compressor section of a typical gas turbine
engine tomprises a case circumscribing an engine axis and
axially alternating arrays of stationary vanes and rotatable
blades. Each vane array may be constructed of multiple wvane
clusters distributed circumferentially about the interior of
the case with each cluster being supported by the case.

Each vane cluster comprises a radially inner shroud, a
radially outer shroud, and two or more airfoils 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 medium fluid.

[0030] During engine operation, the vane clusters are

subject to nonuniform heating and cooling. The accompanying

(8]
w

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 locations
circumferentially intermediate two neighboring airfoils.

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

father than the outer shroud. The slots reduce the risk of



1 23 AUGUST 2006 darmage by all owi ng the shroud segment S23tAVESI2480 and
contract independently of each other. [0040] One technique for formng the
slots is wire 5 electro-discharge machining (EDM. Wre EDM uses an
electrically charged electrode in the forma wire wound around a source
spool and extending to a take-up spool. The vane cluster shroud is exposed
to the wre between the spools. During the EDM operation, the wire travels

fromthe to source spool to the takeup spool and sinultaneously advances
towar d tIFERaIR .2 IV HRS f e ntE 94T S5 Cal e HafRfed ketdween the wire

el ect r ode,and dihe; SOk SAUBE S Abace] @dHd€al di scharge that renpves
material fromthe shroud. As material is renoved, the wire advances through

the shroud is until the slot is conpletely forned. [0050] One drawback of

t he shroud sl i t . ' ' wor king medium fluid
can | eak out @@4(%?664‘{10%%%%1%8% %dgrdgr?ginﬁg{%p%r/%\t,\%ﬂooﬁ&orlgb& % ch

non- wor kd ngr 260 i ¢t £ d&li bk Gamdreak(HDM)o. t hel f4 onpatdsed egkage can be
mtigated, to sone extent, (Ey using a small diameter EDM wire to cut a thin
slot, i .%o W th LRITTLI PO MHSE Hartw K&t .2 MoVt FO¥HE use of thin
EDM Wi r el eads 4 G0 A6 easesh nBedi diidihdidee. « VoL eovies . ud gy DM whye is nore
25 susceptible to breakage than thick EDMw re during the EDM operation.

Thi n EDM3#¢ c}sstgsoshpeed | § kedxPadnrth thitdke EDWe ivetevasn beahst al | ed by the

pr esence, ofo 1 nutig, pard | cul 3G, SO Ldes duanped. | dhe yane.fl st er
Finally, =~ commercially avai l abl e 'EDM equi pnent capabl e of using thin
10 source spool to the takeup spool and simultaneously advances
toward the shroud. The difference in electrical charge
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 operation or by which non-working

20 medium fluid can leak into the flowpath. Leakage can be
mitigated, to some extent, by using a small diameter EDM
wire to cut a thin slot, i.e. one with a correspondingly
narrow kerf. However the use of thin EDM wire leads™to

increased machining time. Moreover, thin EDM wire is more

{0
w

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 1s more specialized than EDM equipment 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 pnent capabl e B3iAVGUSTRMSker wire.
As a result, a manufacturer may find it economcally unattractive to invest
in the nore specialized, 2 23 AUGUST 2006 thin w re equipnent. accordingly,
it may be desirable to avoid thin slots in favor of relatively w der slots
[ 0060] One way to reduce | eakage through a wide slot is 5 to provide a
recess in the interior of the slot and install a seal in the recess- US
Patents 3,728,041, 3,970,318, and 5, 167,485 show arrangenents of this type.
Al t hougl “dic i Te B RBE e ea?ﬁcl%rdllﬁ’&*dl | &l EWetifedtt IR otls of

i ndi vi dualojvanesn 1l Wweenrhe o cwternentialyedremddies 10 of adjacent
vane clusters, they are not easily installable in the inter-airfoil shroud

slots of an otherwise unitary vane cl uster In addition, formng the

intra-slot r |dwcrqﬂ es Jran uaccet gceostt nggedecreag fg{luf cturlng
S ga

t hroughput . Anot her possi bl e way e |'ed Fhstal | an

ext e nalcsealovislech aseddws senldmg 1s~1trer|cio7.r8 shawme sclrbtU&IRati&mtémzz, 827,
to bridge across each slot. However such _external seals also increase

manuf acturiSig ce5tiNg GFRAS What'S £atéadsd 3¢ 28 \WPiide o w3t 8r3 48 t Ridher mal | y
20 i ndependents SNrd; SEARIY RS WH cdhllssotg%;womacpéh easYh to

manuf acture. Sunmary of the 1nvention 25 [0 According to the invention,
a vane dastemay md Wi ly shsdad haidle éeﬁfé\fﬂqrhe“d?e Slstowd@ endi ng

t her et hro;%%hv toQ1aO!L \Qadr?ﬁé hgars ?m&%én!‘t é@@@ln{xyefé}p&paelndé%reﬁmoéﬁd
segnent s e slot 1's bordered by mat i ng nonli near
10 of adjacent vane clusters, they are not easily installable
in the inter-airfoil shroud slots of an otherwise unitary
vane cluster. In addition, forming the intra-slot recess
increases manufacturing cost and decreases manufacturing
throughput. Another possible 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

25 [0080] According to the invention, a vane cluster
includes a shroud with a nonlinear slot extending
therethrough to divide the shroud into thermally independent
snroud segments. The slot is bordered by matching nonlinear
surfaces that are easy and inexpensive to produce with

30 conventional wire EDM equipment. The nonlinear slots

effectively resist fluid leakage.



surfaces that are easy and i nexpensive to produce with 33 AGNERMONal wire
EDM equi pnent. The nonlinear slots effectively resist fluid | eakage. 3 23
AUGUST 2006 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 in Figure 1. 10 [0110] Figures 6-8
are enlarged views of slots having curved portions. [0120] Figure 9 is a
view simlar to Figure 1 showing a 15 vane cluster with a nonlinear profile
at the lateral extrgg’{% Esbeogcf-it%ii:i_}ﬂl_%f sg}ggiuﬁia‘ﬁggéslvbde for Carrying CQut
the I nvention 20 [01 ; =5 ne cluster for a
turbi ne engi ne conpressor includes a radially outer shroud 10, a radially
inner shroud 12 and two or nore airfoils 14 extending radially or

spanwi sel y bdCRE&A FREVSRr duds. 2HBBKSPEE614f VRSWakifalR eateRiie<Sof the
outey sfreud Lachkihgl q28,l b8raLEACAMEREER 2R BH0II0 LA, MRl ShoWN.  Feet
18 at the axial extfemties of the inner shroud accommobdate an I nner

ai rseal brakse poesshéwnnveEneéiohust er extends circunferentially between

| ateral extremties 20. When several such clusters are installed in a
turbi ne engi ne, the 30 shrouds define the radially inner and outer
boundari es offoa00] Figures 2-5 are enlarged views of the slots

shown in Figure 1.
10
[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 profile 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 airfo%ls 14
extending radially or spanwisely between the shrouds. Hooks
16 at the axial extremities of the outer shroud facilitate

its attachment to an engine case, not shown. Feet 18 at the

D
i

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 fl owpath @BAUGUEST2DIses an
engi ne axi s, not shown. The vane cluster 4 23 AUGUST 2006 itself is
typically a cast netallic article finish nmachined to prescribed di nensions.
[0140] The inner shroud 12 is divided into individual 5 segnents 24 by
nonl i near slots 26 between circunferentially neighboring airfoils 14. The
slots are installed by wire EDMor other suitable process. Four different
types of slots are depicted in Figure 1, however only one type of slot
woul d oridisedrd liys bemised livn aa cgisvemetkbudtier arfhe leeffti i mostclpioreéd on of t he
i nner shroud i%r%%%kgt din.ts "as- cast" state, i.e. without slots. Each

. _to r.es 1005, . . . .
slot is no | near, cénpr|se two or nore stralght i ne portlons 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"nmtching" surfaces
refers to surfHdY (g Wrer SiEStehtralty ddvacte diterifa s 2 each ot her,

i.e. s sufages { G t her his A S . 110, t he
surf%cegefhownE%E%U§ggg?%ﬁ¥§£%f$%gg5%l?%3PS 6%?f8%%£%#aggéé§%5é£;yeuI of
whi ch f eatiyrddmitrrga-sirdioirnecadses Theats 12@ sr enderi ridwe Jddjdadentwisteot surfaces
non-mat ching. [0150] Figures 2-5 show the four, slots in greater detail.

Ref er ri 5§ % i¥stO YL ble MrOGFET i néQM st “og erdoripfi%e Lk hree strai ght

line pordiians 08,3648k 260 €8S 10f HMeGR N2%18, Jdct 3 with at
| east one of the other portions. Each juncture corresponds to a change of
angul ar sldir ectiloh dndifrtes idlyotbe Fgredexamsl givere Jlusgtar € FThaetaien
10 most portion of the inner shroud is depicted in its "as-
cast” state, i.e. without slots. Each slot is nonlinear,
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 to Figure 2, the nonlinear slot 26
comprises three straight line portions 26a, 26b, 26c, each

25 o0f 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
bez-ween slot portions 26b and 26c corresvonds to another

change of approximately 90 degrees from lateral to radial.



sl ot portions 26a and 26b corresponds to an approxi mat e BAUEEJ208 change of
angul ar orientation fromthe radial 30 direction to the lateral direction.
The other juncture 32 between slot portions 26b and 26c¢ corresponds to

anot her change of approximately 90 degrees fromlateral to radial. 5 23
AUGUST 2006 The accunul ated angul ar change is therefore about 180 degrees.
[0160] Figure 3 shows a variant in which the slot 5 conprises three straight
line portions and two junctures. Each juncture corresponds to an

appr oxi rit®elacd 2t bege@ eanghbngeciohangud arheore et ataloouf ok8@n accunul at ed
angul ar de(:hyaen‘TgSe of about 240 degrees. 10 [0170] Figure 4 shows a variant in
whi ch tHE 1%t conpri ses seven straight line portions and six junctures.
Each juncture corresponds to an approxi mately 90 degree change of -angul ar

orientation for an accunul ated angul ar change of about 540 degrees. 15
[0180] The abFebbOtnatgeseiH & ‘Fhiéitatibiktcknklej shetures 32 hel p

resi st fluhd-| eakage Lhrough: hihe sl @ ; derelorg,pesmtcthesuse of
i nexpensi vely installed, relatively w de sl ots that mght otherw se be 20
unsat i sfEatior yjunEache changespdnds i entadt ianprgrcreasesyt he0 degiseance to

fluid le e result, larger. Q re.abrupt ch are superior
to smal I%A;glg %/éf %%%fa‘abdr’ﬁ‘p n%}%lnogggﬁor,&cacrg?%?%b If/?g%?ﬁh%ﬁ%ﬁf%rsl ot having
only twhstigai ghtabove podtiéemseannd one juncture can be used, it

10 [0170] Figure 4 shows a variant in which the slot
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

o]
(o)

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
expected to further increase leak resistance of the slot,

30 but the correspondingly longer slot length 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 effectivd AYEHT 208¢ e t hose
with at |l east three straight line portions and two changes of orientation
totaling at | east about 180 degrees. A larger quantity of straight l|ine
portions woul d be expected to further increase | eak resistance of the slot,
30 but the correspondingly | onger slot |length would increase the tine
necessary to cut the slot using wre EDM The tradeoff between |eak

resi stance and manufacturing 6 23 AUGUST 2006 conplexity is a matter for
consi defarPoa<by/t he dempghersfoangonanaeaetupar dvothehdegaaaeeust er.

[0190] Asasgen,kd ELguLes §- 8net henpophjpear slot need 5 not be conprised
of linear portions as in the above exanples, but may instead be a curved

sl ot having one or nore radii of curvature. The average radius of “curvature

R .may vary pougusly along_the length of.the slot (Figure _6) .or may
vary discontﬁﬁg%hilgs(ﬁ%ﬁﬂrén7f19hﬁgsd f?niga“oﬁgné6n8%rng#8“dP?FFnct
j uncf ur gs+3Becbebmpensindbyi duakapopbiensns26a8, i26Bnhaf abBeesl ot. As seen in

Figure 8, a slot may conprise both curved and straight line portions in
conbi nagieRPleencbuthdareakstedfsPantecBrvadsEéptdapehng 6AS PHe abrupt ness

and q“gQBEEyrgﬁﬁg;E?CELQQQKuEQ@”Q%ﬁe évé%a?ﬁﬁ?%%#%ECB%V@ﬁrég%héga& provi de

unsati stactory resi stance. A curve an abrupt directiona
change mag expegctedttaubesiypeiboy tbealsngohhodutye, shot By ghee nore

difficullt to manufacture than.a slot c rised_of _straight |line portions.
One exalipl BZof K EarVed Srar SHAVEHS 20 RUPLFRI &) GHHS HEOUSIFSVaFENg rad

of eyrvatur@rksatBeinct junctures 32 between individual portions
26a, 26b of the slot. As seen in Figure 8, a slot may
cormprise both curved and straight line portions in
compination. Since the leak resistance of a slot depends on
the abruptness and quantity of directional changes, a

15 smocothly 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

serpentine slot of Figure 5.

[0200] The slots need not be installed
circumferentially between each and every airfoil, but may
25 1inscead 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. 1In a fully



serpentine slot of Figure 5. [0200] The slots need not b# 4¥sY3Y 08¢
circunferentially between each and every airfoil, but may 25 instead be
installed selectively, for exanple 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 sone

engi nes the vane clusters conprise two or nore circunferentially aligned
sub- clusters, integral with each other but axially separated from each

ot her bya%?fml%¢5¢%@b“%pa@t04 Pkadsq I%f“?e’ZB RICUSTL 2 0B © asisenbl ed engi ne,
rotor blages. exlendssadl al l¥nd MAINS od MAIAIA00 SPACE,, T0E-Loyent i on

i ncl udes suc ti -stage clusters as we as e 1[Tustrated ngl e stage
cl ust er .cBa$ 0229] adAswakkrms ntie gul i, rathesd rmxrhgleasuw@nelmytef the sl ot
26 may al so be enployed as the interface between the lateral extremties 20
of adjacent vane clusters. Such a construction includes inner and outer

shrogds 10, 120%80h adtsé&asin onegedd fO) | crextendi ngebetyesiet hg shrouds. The

10 lateral extremties of at |east one of the shrouds, e.g. inner shroud
12, has t:ah:’noﬁl@he&ﬁ rmbfaal%otkb@termlw%% %65 d@@nl@%f@%ohﬂﬂ@@ﬁa profile on
t he extr g of a, | at era coe%nta ane cl ust er 0230] $\I hough t he
i nvent i o 2h2ER pér’érslé?ﬂ”e ??1 ‘?q%f"%?%t% Vaned fo

conpr e_ssa)rcomgtrﬁceg@hal 1¥c1 8PS ﬁarbée aH)d tw@éﬁe§nréﬁa§dﬂo; i op, wibe
invention includes clusters in which the outer shroud, rather than the
i nner at least one airfoil extending between the shrouds. The
10 lateral extremities of at least one of the shrouds, e.g.
inner shroud 12, has a nonlinear profile that matches a
counterpart nonlinear profile on the extremity of a

laterally adjacent wvane cluster.

15 [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 detail may be made without departing from the

invention as set forth in the accompanying claims.



shroud is the segnented shroud. It will be understood by:2Qu¢besmoskilled in
the art that these and other changes in formand detail may be nmade w t hout
departing fromthe invention as set forth in the acconpanying clains. 25 8
23 AUGUST 2006 WHAT IS CLAIMED I'S: 1. A vane cluster, conprising: an outer
shroud; a Pﬂﬂs'éﬂlﬂﬂ:‘fhs?hr oud; at least two airfoils extending between the
shrouds; one ang oty one of the shrouds having a slot residing between

neighborinqtair%ﬁgg%ge%qu%%%%ndkﬂﬁggggkﬁggarIy from a radially inner
S oute

surface of the roud t0 a radia surface of the shroud to define
shroud segnent sant hetskroshrbading a generally constant width. 2. The cluster
of claim1l wherein éhe onlLinear slot.  conprises at |east two slot portions
with a juncture® TASF BEYmégﬂ?re %ﬁOT%hcture corresponding to a change of

angul ar orientahtoneadt The &husbels oéxtdralifg? HeWIarSithe ahrbeast three
slot portions with at |east two gh nges, of anqg%ar orientation. _ 4. The
cluster of clai RS @AEr 8PHYt ABSCH n€%% T HHUINAVING ife iRt sFSdeirde an

accunul at eq,AN@ehaneGbamee 10t atrrbeast cakoskt 489 K HAEBinenr e Lhust er of
claiml1l wherein the nonlinear slots conprises a curved portion. 6. The

cluster of xlr@dhelluhdén@iex cne a6k Phebhesslproud to a radially outer

surface of the shroud to define shroud segments, the slot

having a generally constant width.

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
orientation define an accumulated angular change of at

least about 180 degrees.

5. The cluster of claim 1 wherein the nonlinear slots

comprises a curved portion.

6. The cluster of claim 1 wherein the nonlinear slot

comprises at least two straight line segments.

7. The cluster of claim 1 wherein the shroud having a
nonlinear slot extending therethrough is the inner

shroud.



conprises at least two straight line segnments. 7. The cl tsAeGUSK2086 ai m 1
wherein the shroud having a nonlinear slot extending therethrough is the
inner shroud. 9 23 AUGUST 2006 8. The cluster of claim1 wherein a
nonlinear slot is present between each and every neighboring airfoil of the
cluster. 9. The cluster of claim1l wherein the slot is forned by

el ectro-di scharge machining. 10. The cluster of claim1l wherein the slot is
defined by a kerf arising frommaterial renoval froman otherwise wunitary
shroud. 11. The cluster of claim1 wherein the slot is formed by renoving
mat eri al fBom aiThst fdRtSE @di capymshrvherein. a Thenkingarrslsit clsim 1

wherein the, $Lqud,aazedn HQEB%Mdpé@éhP!rﬁé‘f%ub%@i i A 1Seergd inished

state. 137 The cluster of claim1 wherein the nonlTnear slot is the
excl usi ve maawsetor resisting fluid | eakage through the slot. 10

9. The cluster of claim 1 wherein the slot is formed

by electro-discharge machining.

10. The cluster of claim 1 wherein the slot is defined by
a kerf arising from material removal from an otherwise

unitary shroud.

11. The cluster of claim 1 wherein the slot is formed by

removing material from an otherwise unitary shroud.

12. The cluster of claim 1 wherein the shroud has a

unitary prefinished state arid a severed finished state.
13. The cluster of claim 1 wherein the nonlinear slot is

the exclusive means for resisting fluid leakage through the

slot.

10





