1 A METHOD OF SELECTI NG AN ARRANGEMENT OF SECTORS FOR A TURBOVACHI NE NOZZLE
"The present invention relates to a nmethod of selecting an arrangenment of
sectors for a turbomachi ne nozzle. In a turbomachine nozzle, a sector is a
known part that conprises one or nore vanes interconnecting two platforns.
The nozzle is essentially constituted byluniting sectors to make up a ring.
In the nozzle, each 10 sector is positioned in or takes up an assenbly
position relative to the two sectors situated on either side thereof by
means of comt am*rrmr ot SEIHECTING pAlat ARRANGEMENNgOFNERCADRENEOR W t h
contact surfeas fﬁﬁ é%g 9 s of the adjacent sectors. 15In a nozzle,
all of the sectors nearly always have the same shape. The differences
bet ween sectors dte dirgiend tinemebenreehatear eoofit ®athot pércei vabl e by
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not genet al ‘ce to optimze the arrangenent of sectors within a

nozzl e. Never thelegsomddhirfe fomglé has ascBofessl & Rhowar pakkons in
the conditi ns of fabr. cation and use of the sectors n exi st
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inwhichit 1s np ecause e Vi ion SYymTetri es can
cause. 130 ASSCHer mﬁwﬁQﬁlﬁﬂﬂﬂ%QUEhc@fr%a%e@e@pe@Blﬁgsemblﬁfppsnémoy of the

nozzle, or akllsaste ahf ainy rtg«@fgé&&&f@ysm%téé éHbeQQBéH%lde The
obj ect of thgfe present invention is to define a nethod of selecting an

‘arr angement FOFIEEE &iYs MG Sh 35 FUHIRSaCH FEA RS 2PE %hﬁtpi#aké@rmﬁ possi bl e,
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oper at ] on-of 1 CRa5% 5is it & LA StECREFLr al 1y, the mothod seeks more
particdlbarly to fake nozzdssi Hld taf s8lecieatons ramgehpnbliaysahaet of
sectors mekichg Wi GAMNLL e MZ7] S ferences between sectors are
difficult to measure and are often not perceivable by the
naked eye. A fortiori, in general the quality of the
relative positioning between adjacent sectors is not
20 evaluated. That is why it is not general practice to
optimize the arrangement of sectors within a nozzle.
Nevertheless, it is found that as a result of
variations in the conditions of fabrication and use of
the sectors, there can exist non-negligible differences
25 of shape between them. These differences can lead to the
appearance of geometrical defects such as asymmetries,
and that is very harmful for the lifetime of the nozzle
or even of the turbomachine in which it is mounted,
because of the vibration that such asymmetries can cause.
30 Another harmful conseguence is a decreasing the
efficiency of the nozzle, or at least obtaining
efficiency that is sub-optimal.
The object of the present invention is to define a
method of selecting an arrangement of sectors for a
35 turbomachine nozzle that makes it possible, from amongst
a plurality of evaluated arrangements of sectors, to

select the arrangement that is optimal in terms of the



5This object is achieved by the fact that the nmethod conprises the
foll ow ng steps: A) creating a database of three-dinensional .
nunerical nodels of the sectors by digitizing; B) setting a criterion:’
for selecting an arrangenent 10 of sectors and setting a desired val ue for
said criterion, the criterion being a fungtion of the shapes and the

rel ative positions of the sectors; C) for the various arrangenents
that are evaluated, determning the relative positions of the sectors when

15 assenbl edekaget BREYOY rPRREOLBERA tAoH blrUheasaebl, ARd as a function
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in their reIéghggigéspgﬁgtEg@gow@ﬁgoﬁgéggpled inaring. Thus, two

arrangenments differ when t osit the sectors within the nozzle are
not the same, forPexakphbing ehdatabeseschiatbreeedipensipasdd. It shoul d be

observed thahupdracaangeasns of sretgceteal BySAidesignane an ordered
30sequence of ind V|dug£%references iin a_set 0Of séctors that do not
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but that nevardhehessepretentpsetbndasyof3the sectors;
C) for the various arrangements that are evaluated,
_ determining the relative positions of the sectors when
15 assembled together by performing a virtual assembly, and
as a function of said positions, determining the value of
the selecticon criterion for the arrangement under
evaluation; and
D) retaining the arrangement for which the selection
20 criterion has the value closest to the desired wvalue.
Above, the term "arrangement" for the sectors of a
turbomachine nozzle specifies the ordered sequence of the
individual references of said sectors when assembled
together to form a nozzle, i.e. in their relative
25 positions when assembled in a ring. Thus, two
arrangements differ when the positions of the sectors
within the nozzle are not the same, for example if the
sectors have been permutated. It should be observed that
an arrangement of sectors can also designate an ordered
30 sequence of individual references in a set of sectors
that do not constitute an entire nozzle, but only a
portion thereof.
The database constituted in step A) contains a
plurality of sector models, i.e. a collection of sector
35 models, these models being approximately identical
because they all represent sectors that are for making up

a given nozzle, but that nevertheless present secondary



di fferences because they are obtained by digitizing the various different
"sectors. It is the existence of these differences that nmakes it

advant ageous to sel ect one arrangenent rather than another. 5Furthernore,
sel ecting an arrangenent for a set of sectors bears not only on selecting
whi ch sectors are to be make up the arramngenent, but al so on the respective
positions of those sectors within the arrangenent. The above-descri bed
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advantages.and 1ncreased lifetime. Furthermore, the use of a

15 database of three-dimensional numerical models of the
nozzle sectors makes it possible to monitor and track
over time a large number of geometrical characteristics
of the sectors of a nozzle.

The term "digitizing" is used herein to designate

20 any method of taking three-dimensional coordinates from a
part, whether by mechanical means with the help of a
feeler tip, or by optical means using a laser scannexr or
projecting structured light, for example. Under all
circumstances, digitizing involves taking a large number

25 of three-dimensicnal coordinates so as to obtain a
"cloud" of points, thus making it possible to present the
resulting numerical model in the form of a2 mesh on a
computer screen.

In step A) of creating a database of three-

30 dimensicnal numerical models of the sectors, each nozzle
sector i1s generally measured when disassembled,
independently of the other sectors and without them being
in position relative thereto ( appropriate means can
nevertheless be used for fastening or holding a sector

35 while 1t is being measured).



This operation is difficult firstly because of the 5shapes of the surfaces
of the nozzle sector. A nozzle sector is a part of conplex shape,
presenting numerous skew surfaces, with the nornals thereto extending in

all directions. Al'though it is not necessary to digitize the
out si de 10surfaces of the sector in full, it is necessary to digitize at
| east two famlies of surfaces: These are firstly the surfaces for

which the nunerical nodel is needed in order to determ ne the val ue of the
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surfaces of the sector that are the most important are
the surfaces of the vanes; unfortunately, these surfaces
are located mainly in the inter-vane channel. This

20 channel is narrow, having a width of a few millimeters to
a few centimeters; inserting a measurement tool intc this
space is therefore difficult. Measuring the surfaces of
the inter-vane channel 1s therefore particularly
problematic; this is why, with numerous criteria,

25 digitizing the surfaces needed for evaluating the
criterion is found to be problematic.

The second family of surfaces that need to be
digitized in order to assemble sectors virtually, as is
performed in step C), are the reference surfaces that are

30 needed to perform virtual assembly.. These reference
surfaces are oriented in a manner quite different from
that of the surfaces to be measured. This results in an
additional difficulty in measurement.

Finally, the digitizing operation must present high

35 accuracy. Acceptable measurement uncertainty cannot

exceed one-hundredth or a few hundredihs of a millimeter.



assenbl i ng nodel s and of determ ning the value of the 10 criterion for the
‘assenbl ed set of nobdel sectors, operations that could clearly not be
performed in the absence of a database of nunerical nodels of the nozzle
sectors. Finally, the database made up in the context of the 15 method of
the invention has nunerical nodels that gnable a | arge nunber of dinensions
of the nozzle sector to be neasured and that enable their real values to be
verified against their design values and tol erances. The database can thus

be used for powerdddaildaacs@bind tye peRatyopsn 205,82 hygitheingl gction
criterion that is set in step B) can take different values as a function of
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nozzle, or %l i%rtg% %%Enibrgrz%fa dimensions of the nozzle sector to be
measured and that enable their real values to be verified
against their design values and tolerances. The database
can thus be used for powerful traceability operations.

20 Finally, the selection criterion that is set in step
B) can take different values as a function of the
constraints that are deemed to be the most important for
optimizing the nozzle. By way of example, it is thus
possible to seek to make the flow sections as similar to

25 one another as possible within the nozzle, independently
of their respective dimensions; any other criterion can
be used as a function of the shapes and the relative
positions of the various sectors in the arrangement.

Depending on the computation power available, it is

30 possible to apply the method to evaluating a greater or
smaller number of arrangements. If a large amount of
computation power is available, it is possible to
envisage testing all combinations of sectors in the
database.

35 If the computation power is more modest, it is
possible to proceed as follows: in step C), an evaluated

arrangement is the combination of an arrangement as



coll ection of nozzle sectors suitable for making up a plurality of nozzles.
Thus, depending on the inplenentation, in step A, 15 the database used .for
the nethod may contain sectors comng froma single nozzle or el se sectors
comng fromat |east two different nozzles. The nethod includes a step that
is inmportant, in particular fromthe poigt of measurenent accuracy, nanely
20 that of virtually assenbling the nunerical nodels of the sectors of the
arrangenent under evaluation in their assenbl ed positions. (The term

"virtual assseerﬂélt"eaé S?$Z%ege gféﬁl‘ t&&@aét}hcgait[eﬁgf n%&jfigg%tegg%lg%ﬂq&g changes
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sectors in the ,arrangenent being evaluated. In virtual assenb step O,
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relat t he a

in their positions Ive to contact surfaces he adj acent
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Thus, depending on the implementation, in step A),

15 the database used for the method may contain sectors
coming from a single nozzle or else sectors coming from
at least two different nozzles.

The method includes a step that is important, in
particular from the point of measurement accuracy, namely

20 that of virtually assembling the numerical models of the
sectors of the arrangement under evaluation in their
assembled positions. (The term "virtual assembly™ is
used herein to mean determining the wvarious changes of
three-dimensional frame of reference that need to be

25 applied to each of the three-dimensional digital models
of the sectors in order to place them mutually in. their
relative positions in an assembly in a virtual space.

The sectors can be said to be being put into position
relative to one another). For this virtual assembly,

30 resetting is thus performed numerically on a computer
between the numerical mecdels of the various sectors in
the arrangement being evaluated.

In virtual assembly step C), the numerical models of
the sectors for a nozzle having the arrangement under

35 evaluation are virtually assembled as follows. As
described above, the nozzle sectors include contact

surfaces and these surfaces are placed in their positions



10i nt o correspondence. Nunerical resetting thus applies the sanme
Tules and therefore gives the sane results as the physical resetting that
coul d be performed between the various nozzle sectors in the arrangenent
under evaluation. 15t should al so be observed that by resetting a set of
nozzl e sectors simultaneously, it beconeg possible to determ ne all of
their flow sections together (each flow section being determ ned relative
to the two adjacent sectors in the position under study). 20ln an

i npl enent ati g ot yStEP the SbQtAEEZI BGrkscRET bor PR U8lHBAPNLRAGLHESS
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manner, the various acq |S|t|o€s gerforned in the different stop positions
are reset rdtHTAEE 1 oRCANR e Bt SRRt PREFPTS YR aSRofparERNIETEE L o
constitid e ihtdedhresshdenssonal nunerical nodel of the digitized
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virtual ly asse I ng the sectors 1n ‘an arrangenent under
nozzle sectors in the arrangement under evaluation.
15 It should also be observed that by resetting a set
of nozzle sectors simultaneously, it becomes possible to
determine all of their flow sections together (each flow
section being determined relative to the two adjacent
sectors in the position under study).
20 In an implementation, in step A), digitizing is
performed using contactless optical measurement means.
The use of contactless measurement means or optical
measurement means is particularly advantageous for nozzle
sectors since it avoids any scratching of the parts and
25 it avoids any degradation of the surfaces thereof.
In another implementation, the numerical models of
the sectors are created by digitizing automatically,
This can be achieved in particular by fitting the
digitizing sensor, such as 3D scanner with structured
30 light projection, to the end of a robot arm. In order to
digitize each sector, the robot arm follows a
predetermined path, including a certain number of stop
positions. When the arm stops in these stop positions,
the digitizing sensor proceeds to acquire data. In known
35 manner, the various acquisitions performed in the
different stop positions are reset relative to one

another automatically by a computer sc as to constitute



eval uation, and/or of determning the values for the 10 selection criterion
applicable to the various arrangenents under evaluation, are all perfor.ned
automatically. The conputer software used for perform ng resetting step O
and for determning flow sections can be progranmed to perform such
operations in sequence, 15 wi thout humangi ntervention. The result obtai ned
is an inspection report giving the optimum arrangenent and the value of the
selection criterion for said arrangenent. The advant ages of autonmation are

a saving in {{de AL CPHEIAQIohd ORGHEF O fnﬁeaelaﬂfe@ﬂ&téa?éiwzganpowef 20
time, and an increase in result reprodum%l lTty, thus ending up W th better
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sel ection criddsi®p dBsd hsed i Hrcdfvéfer respechiyegs! eMe passages of the
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35 nozzle sector, as neasured in_a_direction perpendicular to the axes of

the vanes. 9Bl ORhEIY M "9 ARERivHRY FRe chrsreer&ari Bhets proper

sense, ige. ddledd Oy Sefitionson hatp Bi €aldI€ase tHowevgriohd can be understood
that the present invention also applies to circug&stanc s in. which the flow

sections 5 & YFEEIH Y WRFE P HR 1T 0h0 et T ot W dRRE T REM RNt i oned above.

automatically. The computer software used for performing
resetting step C) and for determining flow sections can
be programmed to perform such operations in sequence,

15 without human intervention. The result obtained is an
inspection report giving the optimum arrangement and the
value of the selection criterion for said arrangement.

The advantages of automation are a saving in time, a
reduction in operator error, a reduction in manpower

20 time, and an increase 1n result reproducibility, thus
ending up with better accuracy for the measurement
method.

In an implementation, the selection criterion is a
function of the respective flow passages of the nozzle

25 sectors. In a nozzle, overall performance depends in
particular on the flow sections of the nozzle, i.e. on
the sum of the flow sections of the various sectors.
Measuring these flow sections is thus an operation that
is important.

30 For a given sector, flow sections are areas measured
perpendicularly to the flow direction in the passages for
the flow through the nozzle sector. By extension, the
term "flow sections" could also be used to mean more
simply merely the widths of the flow section through the

35 nozzle sector, as measured in a direction perpendicular

to the axes of the vanes.



Anmongst the flow sections of a nozzle sector, a distinction can be drawn
"between internal flow sections and external flow sections. 10l nternal flow
sections involve only nozzle sectors having at |east two vanes, and they
are neasured between pairs of adjacent vanes in the sector under

consi deration. The external flow sectiong, always two in nunber, 15 each
represent half of the area forned between an end vane of the sector and the
adj acent vane of the facing sector in the nozzle. In principle, the area

bet ween the end wane,of dif2e t@%@I-eflwt%c@i%é'reizgdda@ﬁ@ﬂa_ef@aeiﬁowtcg be

determ ned using an adjacent vane havi ng nom na I mensions; tha
produces a REPPRA SERGF sdcotd-of Forf 191 S8k 1R Uit orrefa¥f@sSnozzl e

sector. By enswer@irgn.iti tcars Hossiddmstcodetieitn fige apresént | oMwspeiban for
the end of the nozzl.e relative to vane of a in suc

iven secLor; h
ci rcunst anc8d 5% REPAES i Fr R %ﬁﬁv&ﬂﬁwﬁhﬁpé%h%ngfeﬁnﬁeﬁ 1PH8 nozzle
sector &nd saied spaine fofeda mnedly sectiOigw asmlit hen fh odtsecé s omefhiviosadd end
of the nozzle .sector is half said area. In an inplenentation, in
order to determne the flow section of a sector |ocated at one end of the
30 arrangenent, @#gengstaltde fddw et idnored izaropuherseatonndel for a

reference vane+tihae 18r Banl MROIGHWERI pdurddd Colt &PYL] "£iSwusede Ighs 10 mean

a nodel as generated by caonputer, typically with the help of
conput er - as §P&t BF T8 RGn HLCAD)SSIF ik e; this is in 35contrast to a node

that ig0the resullhtefrndilgifflicti MBctions ddvdhee ash BPoeSENlc Oc8E6LOrS does
not constit%%ﬁ,a caonpl.ete n%;zqu but onk¥ ortion thereof, tFe uestion
10 arises, dR% RE dE6P8% %P SR e d fs" ¢ HESF PORF S eREFBRAS 0f t he
sectors, of peeasupifngdikeenitowssest ijonsthed ddmtomousadetors situated at the
ends: of the I The nunerical nodels of two reference vanes 5 are
t hen used. Bgﬁfﬁggggﬁgbgr assenbly of the sectors, these vanes are

positioned in thdhgss&wsinpale fAaw esqrdsianvnsa lfay het epdsn onumher,

arrangeBent eabh reptBeRNROTIIN & A ifdl Ll At e thea Fhow, 8686t hQnanfor the set
of sectors, and thus_to bring the nethod of selecting an 10arrangenent to

its conclusVhRe °f thergeqtRfeibitaPrbERGRIT YaRerat obldeafacing
advant ages agppeat: het teée edzAadi ngr herfraddphe Nocldet ardedodeseehpthen of

enbodlnentseghv%gn%SOQOQHélgégg%% sector and the adjacent wvane could

be determined using an adjacent vane having nominal
20 dimensions; that produces a nominal flow section for the
end in question of the nozzle sector. By extension, it
is possible to determine a real flow section for the end
of the nozzle relative to a vane of a given sector; in
such circumstances, the area is determined between the
25 end vane of the nozzle sector and said vane of a given
sector, and the flow section for said end of the nozzle
sector is half said area.
In an implementation, in order to determine the flow
section of a sector located at one end of the
30 arrangement, use is also made of a theoretical numerical
model for a reference vane. The term "theoretical
numerical model™ is used here to mean a model as
generated by computer, typically with the help of
computer—assisted design (CAD) software; this is in
35 contrast to a model that is the result of digitizing.
If the arrangement of sectors does not constitute a

complete nozzle, but only a portion thereof, the gquestion



exanpl es. The description refers to the acconpanyi ng 15draw ngs, in which:
Figure 1 is a perspective view of three nozzle sectors presented in the .
rel ative positions they occupy when assenbl ed together (their assenbly
relative positions); 20 Figure 2 is a circunferential section view of a
measured sector and of two adjacent sectggs, in their assenbly relative
position; Figure 3 is a section view of a sector show ng the section
of the inter-vane channel in which a flow section 25 between two adj acent

vanes s meagpieds Apflen AU SofebiBnf BECULEMOLARCARNOL,I0RELE sectors,
in an arrangenenf that is optim zed by the method of the invention. It
shoul d be obzeeveenshaf wWhensaatersnenf mppeursngothendlewt kagtdmesof t he

figures, eitderchdentbcabéyopt snranabaoausther Bhakt olfSrHgscribed with
reference to the first figure in which_ it appears; furthernore, an el enent
i s descri becPohfyIReRt . The numeRhealemedetsr of stURsEFTBEENEEI FRNGFSt h

reference tcaBd theuresed. anbu2ingotbirthaly sEsBmBEQt 6FStRBaBkeSo@sHOzZl e to
be built up,tﬁéégnged around a npzzl e .axis 11 Th ozzlgﬁ%ector 100 in

e
Figure 1 conpiides tWe substRRTTaf Py Paral FBF ﬁ?ﬁ??giﬁsrf a8 140. These
pl at f or i argosithsemnt &l tecohilmdeofchhei arshagemabbut Theiaxiheaf the

nozzl e. Thedgégg{55g@t&3galé&papgv§%§c?§%9cgeéFigﬁge?S%ggpe1§ « 441, and

142 directe espectively towards tl nozzle sec ocated on either
side of the FRASYFed aedtbhugobe (PrintetAssBabhgdrefaseyecpdst kon). The

cont actigur facesngsmeiesi @nedst okBeRsiBL. | ateral |y adj acent nozzle sectors
200 and 300 in 10 thejr contactin relatLge Qsitions. These | ateral

sectors 200, 300 THe|HHECTesRctiVePenticbhnedosptand a8 that are pl aced

facing the enbvamineseofapheasedséoredOdnwhendihg sret 8631awenyn the assenbly

relative po%ﬁéﬂéﬁ&ed description of embodiments given as non-limiting
examples. The description refers to the accompanying

15 drawings, in which:

Figure 1 is a perspective view of three nozzle
sectors presented in the relative positions they occupy
when assembled together (their assembly relative
positions};

20 - Figure 2 is a circumferential Section view of a
measured sector and of two adjacent sectors, in their
assembly relative position;

Figure 3 is a section view of a sector showing the
section of the inter-vane channel in which a flow section

25 between two adjacent vanes is measured; and

Figure 4 is a face view of a set of nozzle
sectors, in an arrangement that is optimized by the
method of the invention.

It should be observed that when an element appears

30 in more than one of the figures, either identically or in
analogous form, it is described with reference to the
first figure in which it appears; furthermore, an element
is described only once.

A nozzle sector is described below with reference to

35 Figures 1 and 2. Combining such sectors enables a nozzle

to be built up, arranged around a nozzle axis.



The nozzl e sector 100 al so conprises two vanes 110, 15120. Each of the
"vanes presents an airfoil wth a pressure side 111, 121 and a suction side
112, 122. Since there are only two vanes in the sector 100, each of the
vanes 110, 120 is an end vane. Thus each of these vanes is designed to be
pl aced facing an end vane of an 20adj aceyt nozzle sector in the assenbly
rel ative position. Mre precisely, the pressure side 111 faces the suction
side 222 of the vane 220, and the pressure side 122 faces the suction side

311 of the vane ). rﬁ?zsﬂeétéé’@cdxmﬂﬁoVﬁ'i‘eFH;Q%p@Sé@ﬂﬁhéQé t%82, and
25103 are formed between the vanes. The passa is forned between the

vanes 110 aﬁ&bﬁﬂ?&ﬁl%#ﬁysﬁﬁﬁ%ﬁ1%kxpl¢%@%9@$ gﬁ@ ?ﬂ@e?49aneTB§§§ages 101
and 103 arepq%wfamm&%mammytbﬁlymgﬁcéllﬂnoghége) abbuthe

sector, and f ence V. r.3 3 i enent ati on of
the met hod JSE% ’ﬁé%‘ﬁi , ‘%1e§f?%np%?%g8F?8nTaé 1#§ph8¥Fern1n|ng an
arrangementdanﬁaduununﬁaneﬁ 13&5f13ﬂusb&l;o&ndnleacﬁlsected For -this
reason, pri ggép i f Ln t he way
in which thgk?i §2@?”§%§h§$ a noogT§ %%% %% §§g£éete?§5%§%a|s descri bed
initially. egzher sidpheof | Ve Seraswped apecthpwhOfn (Engtihe assermidive 2 is a

section in gdlang é3ﬂ8H£¥¥EHFU|afhé°céﬂ€aé%'§u9fa&@§ &%@eéeéﬁgned to
substantial ly halfmay hem through nozzle sectors 100, 20 300 and

showi ng in p&aR diearl astet%l#séfaémf&nwaméz%QosgﬁHOﬁOZEJQséaﬁq RGO tﬁéﬁ
these vanes tHeg 15 Udrtt actniasg relatlvé'h;_bésﬁﬁiithU virRwsshowsetrhe sections of

the various va es 2 1 310; the co ntact surfaces t _int
correspondeﬁ%%: %ﬂ¥h1%ﬂ¥3 %ﬁﬂ&éa.%s?ﬁg FREef™ @aﬁgnes 289" and 310
3 that are placed fac1ng the end vanes of the sector 100

when the sectors are in the assembly relative position.
'The nozzle sector 100 also comprises two vanes 110,

15 120. Each of the vanes presents an airfoil with a
pressure side 111, 121 and a suction side 112, 122.

Since there are only two vanes in the sector 100, each of
the vanes 110, 120 is an end wane. Thus each of these
vanes is designed to be placed facing an end vane of an

20 adjacent nozzle sector in the assembly relative position.
More precisely, the pressure side 111 faces the suction
side 222 of the wvane 220, and the pressure side 122 faces
the suction side 311 of the vane 310.

Respective inter-vane flow passages 101, 102, and

25 103 are formed between the vanes. The passage 102 is
formed between the vanes 110 and 120 of the sector 100.
However the inter-vane passages 101 and 103 are each
formed between one of the vanes (110 or 120) of the
sector, and a facing reference vane 220 or 310.

30 In the implementation of the method described below,
the selection criterion used for determining an
arrangement is a function of the flow section in each
sector, For this reason, prior to describing the method
of the invention in detail, the way in which the flow

35 sections of a nozzle sector are determined is described

initially.



10channel s 101, 102, 103. By design, the nom nal shape of the various
channels is substantially the sane. As can be seen, in a given

i nter-vane channel, the distance between the vanes varies as a function of
position along the channel. Normally, there exists a 15 single plane in
which this distance is at a mninmum Since the distance between the
platforns 130, 140 is substantially constant, it is also in this plane that
the fl ow section between the vanes is at a minimum for a given inter-vane

channel . This chapnel n ponds pY OX yato apes Pl ,
P2, P3 for the channel g&@p§%8§%é§§1%§? ?ﬁgﬁgl%ﬁaﬁﬂgégge%mee%ggﬁegvgnes i n
these secti ok ar¥esekpecih vl plale Popenpendicularshoutlebexdbsefved t hat

the ”EthOd<ﬁhéfﬁbﬁé&%ﬂ&ﬂQﬂﬂ%ﬂ%ﬁkiél%ﬁsﬁéPfﬁa agyaphageousl-yugho optim ze
the position of the 25section plane for each inter-vane

channel , t het¥BF  srafGTigPTe palsi He t%OQie%%ﬁﬂn-?mww@ bpaﬁ@rwc%@r

i nter-vame citannes £érend Cslﬂazﬁéw trovasectlon(assumiegdtBhtatAeBemMUM
Figure 3 is a section V|§ rou%p the nozzl e sector 300n plane Pl. It
shows the shapEdfthe®D %a.%y? the inter-vane channel 101. On the basis
of the infornmati dfhis csecietohyvide skovsobhefsé&cglors3pft hbevahudous t he

f'om’SeCt'C"bég)éfﬁéd”tfi%gfﬂbehﬁf@e'd&91c8ﬁ9a9€ QSE?E%%? ﬁegslﬁﬁ | ows:

35Firstly a flow sect’on weeh two  adj acént vanes I'S ei ng

substantlaJI%OE%EﬁQOQQﬁQ¢ﬁyrﬁ4ﬁrn%4hreh4%et%ébh ahénfher 505ATWHABA the flow
passes.ig channels 101, 102, 103. By design, the nominal shape of

the various channels is substantially the same.

As can be seen, in a given inter-vane channel, the
distance between the vanes varies as a function of
position along the channel. Normally, there exists a

15 single plane in which this distance is at a minimum.
Since the distance between the platforms 130, 140 is
substantially constant, it is also in this plane that the
flow section between the wvanes is at a minimum, for a
given inter-vane channel. This channel plane corresponds

20 approximately to the planes P1, P2, P3 for the channels
101, 102, 103; the distances between the vanes in these
sections are respectively D1, DZ, and D3. It should be
observed that the method of the invention makes it
possible, advantageously, to optimize the position of the

25 section planes Pl, P2, P3 for each inter-vane channel,
thereby making it possible to determine the plane of the
inter-vane channel in which the flow section is indeed at
a minimum.

Figure 3 is a section view through the nozzle sector

30 on plane P1. It shows the shape of the passage in the
inter-vane channel 101.

On the basis of the information provided by the
section of Figure 3, the value of the flow section of the
inter-vane channel 101 can be determined as follows:

35 Firstly a flow section between two adjacent vanes is
defined as being substantially equal to the minimum area

between them through which the flow passes.



13 . Al so by definition, the flow sections of the sector (when the
"sector has nore than one vane) conprise firstly the flow section(s) between
the adjacent pair(s) of vanes of the sector (these are referred to as
internal flow 5 sections of the sector); and secondly one-half of each of
the fl ow sections between an end vane of{4he sector and the vane of the

adj acent sector facing it (these are referred to as external flow sections
of the sector). In one technique for calculating the flow section, 10 the

fl ow section betwgen two adacantqyanese.i s et L8t Nefs gft Pﬁebéégﬁoﬁ?f the

short est distance between them The shortest distances et ween adj acent
vanes in t hd "isledhensectnmd ahies sthan, one2vanes SABRALLA ﬁP@ﬁFéYZ are

the di _stanC%eDJfldaZ,sea.mid?B 15:Létv$é'@ml|ﬂh@ea@? €eNedphi £k YokhahnBY
ext ensi on of .the conc a fl ow sect Iom1sec i on ﬁagﬁbe defi ned

not by an aféa ol QHM ?%ﬁe??%w?%% E%% bt 2Hy? ﬁfﬂ? °Y¥he passage
for theSrowedwmmmssﬁthharsaumdmhceamdt@ecdmalyncneEﬁalfoofaaaaﬁ bifit er na

fllow sect on,0f e, SeEhary dka0ss Aol A0 OF Lhe dLsiapoes Dl and

D3 (for the ‘external OW secti o e Sector) can bé consrdere
bei ng the flths aers ofs tdre t&@amn esgebeprfacing it (thgeererarn to the

first definiddenARf od Q¥ s86ld 9051 2Rowhesec {bQW seCthanscaLsflefined as
areas. Thus, a flow section between two adjacent vanes |s equaF to the area

of the section oﬁntﬁ@Qmﬁﬁ%PQﬁﬁﬁﬁa@ﬁ%vﬁ%%??%@ﬁ%%% tameslPN gepraRa-

ggbzt anty al Pt%lep&rlaid @edtC.i_drhQ)h@ﬁéeroftvhﬁlea&ja@@énﬂndahésV\:ﬁ']sCBetEQmﬂhéEﬂEnce
et ween the nes I.s t ortest S secllon | shown n I gure

S tor thel e R it (R i tart &5 tanCe JSEEURCPhEBREn noEs! 6

‘s@ctors 100 shoctt2@® idi st cess andiiwe el adj yeeposvanes. ifhtsesehtkeen is on

pl ane Pl cor ondi e es 5 t b e,adj.acent
vanes 220 an%%% OQ%aggéﬁﬁube]gigﬁi%n $Q§ f%i §ﬂ§ﬁn fﬁ ggkgbsegégd t hat
di gi tizing the @amﬁﬁnﬂeﬁIﬂiﬁxﬂﬁmn%n40@3and 200 nakes |t 14 possible to

obtai njhe real secidnm1f dh&Rassads 4Ddsa Eﬂaé%gf QkB@nEE‘.Snf 6%
positions of the four mall 111, 222, 135- 23 145- 24 defining the sector

and as showkhen cengers o1 995&9Wt?ﬁ%%#%%5|@|%%%w $REt4PBaCBR PRe portion
of defined not by an area through which the flow passes, but

by a width on the passage for the flow.
Under such cilrcumstances, the distance D2 (for an
20 internal flow section of the sector), and one-half of
each of the distances D1 and D3 (for the external flow
sections of the sector} can be considered as being the
flow sections of the nozzle sector.
We return to the first definition for flow sections,
25 where flow sections are defined as areas.

Thus, a flow section between two adjacent vanes is
equal to the area of the section of the empty space
between the two vanes in a plane substantially parallel
to the axis of the vanes and in which the distance

30 between the vanes is the shortest.

This section is shown in Figure 3 for the inter-vane
channel 101. Figure 3 is a section through nozzle
sectors 100 and 200 in the assembly relative position.
This section is on plane Pl corresponding to the shortest

35 distance between the adjacent vanes 220 and 110, as can
be seen in Figure 2., It should be observed that

digitizing the vanes of the sectors 100 and 200 makes it



t he plane Pl situated between these four walls can be cal cul ated or
determ ned. This determ nation can be perforned in several ways that are
nore or less simlar. The di stance between the platfornms 130-230 and 140-
10240 is constant to a first approximtion (since these platforns are
substantially cylindrical in shape and cpgxial), so the value of the flow
section Sun in the inter-vane channel 101 between the two adj acent vanes
220 and 110 is the product of the shortest distance between 15 the vanes,

e DI mulgdpList byo L, O stagce, L beLugenk s, pLALT 9LUB, (Copagauent |y,

at the ends d? ?%e setto He re TTve ow séct or
consi der at i omnd tthe @@%@Im%mbfthﬁvs%@lOPQSlbi@m$edftbhasthe Wekiernal" flow

20section, if1£g 2t01é‘§ii35)f 14 S pg 00YEE; n$Rg 1 EndSsOLVER BYd = 4 X
Snl = 4 x DI'X H he section of the inter-vane channéel 101 o Flgure 3.

25For t he cH#Hﬁ@?slﬁoﬁl%N%PI@S the flow sections relating to the sector

100 are SGSpeCth@l\YeI@Stﬁ@éé OEV‘ésmtlibns, tRe Xarb4 i ot etRal pblevoseski on); and
SSim Sion = fIOM/sectﬁon th t can Egﬁattrlguted to the
063%=

30nozzl e sech H. ?stu%%ﬁP%Eﬁd S s h%ﬁ%" SiHove g 101 +
S102 +S103 calculaeedbow edeltesamibed. neThosl d@nermiﬁatnoneaanrbeg the rea

di stance H D n f L ms 130
and 140, angéeéyﬁ%}v% @Y\én)%‘y\@]%é%y‘}%gst eaglééj %ﬁrg%g % %EQ %‘ﬁ%&%l ls 111
and 222 of the ad]"ls@ednsm haoveen 9. platforms 130 230 and 140-

10 240 is constant to a first approximaticn (since these
platforms are substantially cylindrical in shape and
coaxial), so the value of the flow section S,; in the
inter-vane channel 101 between the two adjacent vanes 220
and 110 is the product of the shortest distance between

i5 the vanes, i.e. D1, multiplied by the distance H between
the platforms.

Consequently, at the ends of the sector, the
relative of the flow sector under consideration (the
measured flow sector) referred to as the "external”™ flow

20 section, is equal to half of this product, so it is given
by:

Sigoj1 = "¢ X Sipp = * x D1 x H
for the section of the inter-vane channel 101 of
Figure 3.

25 For the channels 102 and 103, the flow sections
relating to the sector 100 are respectively as follows:

Sigo/2 = S102 = D2 x H (internal flow section); and

Sigo/z3 = ¥ Sig3 = *# x D3 x H (external flow section).

The flow section that can be attributed to the

30 nozzle sector 100 is given by:

S100 = S100/1 + S100/2 * Si00/3 T ¥ Sio1 * Sio2 T ¥ Syps

The above-described method consists in measuring the
real distance H between the two walls 135-235 and 145-245
of the platforms 130 and 140, and in multiplying it by

35 the distance D1 between the walls 111 and 222 of the
adjacent vanes 110 and 220.



15 . Alternatively, it is possible to make even finer use of the
“informati on available in the nunerical nodels of the sectors to determ ne
nore exactly the flow area between adjacent vanes; for exanple, it can be
observed 5 that the portion of the plane Pl situated between the four
above-nentioned walls is substantially ajgrapezoid (the walls of the vanes
are parallel), and the area of this portion of the plane Pl can be

determ ned accordingly. 10ln the end, the values of the various flow

sections are obt gined-{of; de, sect of ﬁ@gsiﬂer?H]ﬁgﬂgtEbghe§ihg? P%%W

section that can be attribuied to the sector, so referred to _as
sector flow¥edtioriniRrifmen iyeailabbedtr thedavaprinalt nedelewots

sections of then Qo KL OTdSHEI I BSe ther&e6k 9+ 100t BROYMoWNakBG fi gures:
the various.internal and external fl wsectlogs that are . to be determ ned

are identif S¢S he 1 cal 2 Hotel SObr S¥AEPSBet bF SAB BF PRES3HR4j acent
sect or s Gar e tthakerthen medtian ofh tiw plane Phraitekted bbewaxastbk t he vanes

and in whic i 1 e vanes. i . test: _the.area of
t he porti on%ﬁq?t%%%%%&%ﬁ%%%ggﬂéfnf? hggi %‘f%%%/gﬁjéggg sgg%rﬁﬁeéﬁés ion is
det er ni ned; (@he 258kl df e craneh dxe cpandlioll hi sndrehef areanvdr nal

sections, angitd RAdi A JhighaErlOrpEXLEABL SEELLARTed The

met hod of the invention for selecting an arrangenent of sectors for the
nozzl e of a3 HWSHEHi¥re 30i s described in detail bel ow. In the

exanpl g ounder congi dgiatdral), tiHe i valess ref PREevirieuspFibvzeethgosgl ection

of el even sectors for occ i the positions,.] to Xl of .nozzl e, as shown
in Figure 43555 P%MS t#‘g‘{eﬂ?ﬁ tHE At apdke BlPetﬁP@e?BPﬁgﬁgpziﬁél th&neri cal
‘model s i s crHdatweddnt idirgithati ngpra merd at ni bwodér tof theckersor, also

referred to as the sector flow section.
To summarize, in order to determine the flow
15 sections of a nozzle sector such as the sector 100 shown
in the figures:
the various internal and external flow sections
that are to be determined are identified;
the numerical models of the sector and of the
20 adjacent sectors are taken in section on the plane
parallel to the axes of the vanes and in which the
distance between the vanes is the shortest;
the area of the portion of the plane situated in
the inter-vane passage in question is determined; and
25 - the flow section is egual to this area for
internal sections, and to half of this area for external
sections.

The method of the invention for selecting an

arrangement of sectors for the nozzle of a turbomachine
30 is described in detail below.

In the example under consideration, it is desired
merely to optimize the selection of eleven sectors for
occupying the positions I to XI of a nozzle, as shown in
Figure 4.

35 In a first step, the database of three-dimensional
numerical models is created by digitizing a certain

number of sectors,



16 I n general, each of the nozzle sectors is digitized on its own (or
at | east without being specifically inits assenbly relative position wi.th
respect to the reference vanes). Digitizing the sector serves to obtain a

t hree- 5 di mensional nunerical nodel thereof. Since the nozzle sector is
digitized on its own, it is easier to oQPgin a conpl ete nodel for the
sector, i.e. a nodel that includes all of its outside surfaces. The

nuneri cal nodel obtained by digitizing includes 10digitizing the contact

surfaces of the zzl e sector. Thes ontact _surfaces are the surfaces 131,
132, 141, 142 user&(c){lf%erneﬁoé} |nega%heoge@?%rn?ﬁ%?i%/%c?%r§ heS o AtehtSSect or s
in the assenbl yitrelatn veopadi tieast Nunghd el bepnie| specefbtablpbtiai hed for
the referencg ok 179y &£ 1ef \VF gngﬁ j t he
assenbly surfaces of the sé%; r o ﬁﬁ%g% The véﬁ%é?ans a%pg€?§§%§éaay of
exanpl e, t hé¥aSfdel PitEyE Ivel ek iR tREFP BT EFEE S @ eClolf i s? oRare@onput er

nodel ofs t h?ii'h(&?é_ iQa(r%élr rﬁﬁ[{é/rtiqafaﬁ Hﬁ)(%@%?ﬂﬁérﬁ]@@:r h?sﬂ@é@b%@ &@ﬁig&ni ng t][le

various sectors is thus created, including e referepnce vanes. way o

e St e e L A G A L B o1 TSR o o reE? S ah o

produced f orcchii} etey Momesle i tHehate@t@r hubhber ed odol 100at Eacbltdese- 25

di nensi onal qﬂq%; Gﬂ?l%gqﬁﬂﬁk{e G%gentation of its contact surfaces, thus
o)

enabl i ng eadh sect or e reset refative to the adj acent sectors. In
a second step, a Ww evmeoniaxl mdeoh dstained ey , digitisng nirevhlidesi ng t he

qual ity pf ;0448 53, %&e%the?@c oéuéﬂé@gsgfagq?wﬁﬂ@%g@%ﬁ! ue is

selected for this criterion. This criterion IS unction o e fl ow

sections of THRESEIBRSIWRH §aR8e aee ithe neinkaes®| 13 el B3Zvel pbsition in )

the arrangeneryt .ustie o MOV FHHLrdtds £st S0 eed ethe 308§ aéOREON =
Ear r angenent ( St SOI)Z where Si is the flow section of sector i, and So is the
nom nal flow Sornbfthe SRAFPLR AL I RSP IYs to 17

Numerical models are also obtained for the reference

15 vanes. For each reference vane, the model contains the
assembly surfaces of the sector of which the vane forms a
part. By way of example, these models may be extracted
from the three-dimensional computer model of the nozzle
{or only of the sector).

20 The database containing the various sectors is thus
created, including the reference vanes.

By way of example, it can thus be assumed that one
hundred numerical models are produced for 100 nozzle
sectors that are numbered 1 to 100. Each three-

25 dimensional model includes a representation of its
contact surfaces, thus enabling each sector to be reset
relative to the adjacent sectors.

In a second step, a selection criterion is also set,
for use in evaluating the quality of a given arrangement

30 of sectors, and a preferred value is selected for this
criterion. This criterion is a function of the flow
sections of the sectors when they are in the assembly
relative position in the arrangement. The following
criterion is thus selected:

35 criterion = Z S; = S,)2

where S5; is the flow section of sector i, and S, is the

arrangement (

nominal flow section of a sector, and the sum applies to



all of the sectors in the arrangenent under consideration. (O her

‘sel ections for the criterion are naturally possible). The preferred val ue
for this criterion is zero. 5During the third step (C), consideration is

gi ven, anongst the sectors 1 to 100, to all of the arrangements of sectors
that enable a portion of the nozzle to be built up. Each arrangenent is
presented as a sequence of individual references for the sectors in the 10
arrangenents, and ordered to match the positions | to X, for exanple one
such arrang nt_d s.the _sequence (,28-4-_90-80-54-43-91-3-11-35-66), in

whi ch, for %@rrque%hseecs’[eoc&%% j%étﬁ%:%uap’?]gasm? eé%%s‘??(?%ﬁ | and sector No. 66
occupi es t hegrssiddmatixn. 15(09theac safecthieopostdbl eharcnhgenbansaoé t he one
hundred sectgns,d the&lLuenpositions, the following procedure is

appl i ed: el even sectors are virtually assenbled in the assenbly

rel ati ve positiofPeTmzeispaed ivhis 5ef fiihe £t dyieausPngeFRe cont act
sgrfacesa of each maGYy ﬂlilrlﬁa qgfirﬁ;smgmb vw'ct)g, t&@j@ﬂﬁ@ﬁ@ﬁi@ﬂriécgfvf@fx,t he

adj acent sectors. ura i n order eterpj ne_the externa ow
Sections ORI Vanst GTTHAR 1 i M Ond Dbl Shethn ARCANVSRGRRENE (i
there are amf) sdadrefidraancnaldies ottaken ohtitheonszebeatoobei s t he
nuneri cal |l .f a t m nal_ di | ons_and i set
relative tgggﬁéiégﬁhsec g?f%ggfggg%%gwkggﬁﬁ%$§%§.gn%%e SS%QS%ﬂggségtors
in this assdmsiyidiadt inaf gussiadorfon Hdd | Letecs i bastlhee 30 deternined for
the vanipous ;38¢cherAtd Yhd RelBslS ddareoin the yabieibRs thes xi,

above-nentioned criterion is determned for the arrangenent under

eval uat i on. TAft &FaRIGUIONT P} 12 TFaRFRERIN Y al B1esh® oFCERBNSEI €816
‘Chiterion, igp-89-Eassizxog 13- 1MVEE-86)t,0 ihevidbtiast f6t ePxahpPpléi sestep, the
arrangenent Nios sz%l ected .for ich the valfear?é t he géi&gri op Is the closest

to zero. occupies the position sect occupies
the position XI.
15 In each of the possible arrangements of the one

hundred sectors in the eleven positions, the following
procedure is applied:
eleven sectors are virtually assembled in the
assembly relative position. This operation is performed
20 by causing the contact surfaces of each sector to
correspond with the contact surfaces of the adjacent
sectors. Naturally, in order to determine the external
flow sections for the vanes situated in the end positions
in an arrangement (if there are any), the reference vanes
25 taken into consideration is the numerical model for a
vane that has nominal dimensions and that is reset
relative to the end sector; and '
with the numerical models of the sectors in this
assembly relative position, the flow sections are
30 determined for the wvarious sectors, and on the basis
‘thereof, the value for the above-mentioned criterion is
determined for the arrangement under evaluation.
After calculating all of these values for the
selection criterion, it is possible to move on to the
35 last step. In this step, the arrangement is selected for

which the value of the criterion is the closest to zero.



18 CLAIM5S 1. A nmethod of selecting an arrangenent of sectors (100, 200,
300) for a turbonmachine nozzle, the nethod being characterized in that it’
conprises the followi ng steps: 5A) creating a database of three-dinmensional
nunerical nodels of the sectors by digitizing; B) setting a criterion
for selecting an arrangenent of sectors ]_aEPd setting a desired val ue for

sai d criterion, the criterion being a function of the shapes 10and the
rel ative positions of the sectors; C) for the various arrangenents
that are ev%aﬁﬁscri, determning the relative positions of the sectors when
assenbl ed t by performng a virtual assenbly, and as a function of
sai d positidns,A dettgrond mhgsd hecvalgeanfaibandemset ecfi sactorse(lon, for the
ar r angenent er al ion; . i ny r nt for
whi ch the se ec’ti30®/)cr%réi)%uﬁg%n?%%lﬁ%%%éﬁ%‘%gts}?gtﬁog?%%&d}gélf%s d val ue.
20 2. A net rdwfctsaticead nigh aphal riihgeornptl of s selee ofgl lawiggortemaee wit h

claim1,5whereinay o480 Ad 2 dlat £35ie e QYRLYAGEH-RE{GRGEMENT iS the
conbi nati on of an arrangenent as selected b he, net hod pl us anot her sector

y t .
or anot her dHg&REnmede s bt FeFEehe Pl $lettinEN35met hod. 3. A

met hod of sel ect iy sr@iH@NYeFite OfoseEs Or SeldcOLEPr dangLrahyEmehai m 1 or
claim 2, Wner;i n, in ste t he dat abase s‘gg}]for t he meéhod cont ai ns
I

J A .
sectors (106F SHSIEPTR dc%?ﬁtr‘njgnq rom a5t #3278 S3AA net hod of
sel ecti ng arcmrreaanigenerithofcsidotoien i ve aog ax dameet iwh ho£1 Gven dhapes| ai m 2,

wher ei rh305:‘ poaslm{cgﬁ: rd NG dat ?é) £ Used éprtﬁges%(g&g; contains sectors

com ng east two d erent nozzl es. A nmet hod of sel ecting
an arrangenent ofClsd@nrshg WacordaAiceangenenpy Ut oire| eyatuated, 4, the

nozzl e sect et 1aMinithd AHACke W {AC 8504 {18lond 32F AKd sdédranghdgi ng

pl aced in position relative to the a%'ace_nt nozz| e
assembled together by performing a virtual assembly, and

as a function of said positions, determining the value of
15 the selection criterion for the arrangement under
evaluation; and
D) retaining the arrangement for which the selection

criterion has the wvalue closest to the desired value.

20 2. A method of selecting an arrangement of sectors in
accordance with c¢laim 1, wherein, in step C}, at least
one evaluated arrangement is the combination of an
arrangement as selected by the method plus another sector
or another arrangement as selected with the help of the

25 method.

3. A method of selecting an arrangement of sectors in
accordance with claim 1 or claim 2, wherein, in step A),
the database used for the method contains sectors (100,

30 200, 300) coming from a single nozzle.

4. A method of selecting an arrangement of sectors in
accordance with claim 1 or claim 2, wherein, in step A),
the database used for the method contains sectors coming

35 from at least two different nozzles.



5 sectors by putting said contact surfaces into abutnent, wherein, in the
‘dat abase created in step A), the nunerical nodels of the sectors of the
arrangenent include nodeling the contact surfaces involved in putting them
into their assenbly relative positions, and in step 10 C) the virtual
assenbly of the numerical nodels of theigectors in an arrangenent under
evaluation is perforned by putting the contact surfaces of the adjacent
sectors of said arrangenent into correspondence. 156. A nethod of selecting
an arrangemgnt p0f3@RIPIF b 1RCAONAANGE I Ldh §ye RPN Bf s&LBLPE 4pto 5,
wherein step A) for creating a database of nunerical nodels by digitizing

i s performe@SWoRlangE reIHh S At s Upti tatCnbastifenBAEZiBans. 20 7.
A net hod of seejteats mavEh@AdARGRIENHufacest 0131 ) n13ggordapce4 t Anany one
of claims 1.tQ 6 \é{?ere' n_the s.ecl.ectio%hzagriterj_bon %s a.functjon of .the
respective FIoW%sEASHs oD 1HE Fo2t eV Set? obdS 23I98°D R RBEADY of

sel ecti g ameartoarsg dne mutdfirge daord ¢antzacorsianteceast intbaalbuimenherein, in

order to degq%rérperlef\l’t he, fd %Wcﬁaetcagie 1l (cg%%@gdaiﬁegﬁgéoiﬁpga{ﬁg at one end of

the arrangenment, use is also ma eoretica unmerical nodel of a
ref erence vangerizgl srgiels ®f Ahmetsrators sef e ngraangerangenment of

sectors in ageahdRNGR Mt IHdNcorfadt adig Bacdbei 8i91vEQr if %he’éﬁ.ﬁectl on
(Sliu, S102, S103) between two adj.acent. vanes bei ng, 35 substantially™the
mi ni mum f | oS8t Thét heflathe's | RIP LeteRdnsadndh, SEFBN,
S100") 10f tlre nozz ke ree|lr isSswdly sif viionendad £1 041 eactiel sowesernti on (Sin,
20 Snm) bet ‘A%%nt%r}:senld vane r(_gffatrg?nesnetctordalpd ‘;hf arngf erence vape reset
facing it, and "S&Eond Y, e e Lt B fass Wor 2 thah onePvan8™Mthe 1 ow
séctions (Sb@2pubétivgerthechequdiadts )swifacgaceht tivanad]atenhessetbos; a flow
section 5 bgtween ‘%{‘}r%ﬁg%%ze’?{t aies é&%n#&&ge area of the section of
p

the enpty space between the two vanes 1 n tHhe aneé Substantially parall el
to the axes of the vanes and in which the distance (D1, D2, D3) between the

vanes s theg shoiledod BF K1l tm®idath ofrsoh@shéng 8 36£8898MBAL Of
sectors in accordance with any one of claipns wherein, for a_flow

to 9
section (S18FCOSHERCeSWRHEH e &) RE é’oﬁadjd%%tlv‘éﬂeéf bERRECLODSESRAL Pal | y
the m ni numfarearefatiitey fd @ tseeidonflSides ebes Wettde bedbiyhei§liewzsagt i ons

Section (SARt PETGR BERWEBT r Ted e oo he SELT 57 “ERETERE reference
vane reset fheaecismgementameagecondl y, when the sector has nore than one vane,
the flgy section(s) (S102)
7. A method of selecting an arrangement of sectors in
accordance with any one of claims 1 to 6, wherein the
selection criterion is a function of the respective flow
sections (S;) of the nozzle sectors.
25
8. A method 6f selecting an arrangement of sectors.in
accordance with claim 7, wherein, in order to determine
the flow section (S;) of a sector located at one end of
the arrangement, use is also made of a theoretical

30 numerical model of a'reference vane (220, 310).

9. A method of selecting an arrangement of sectors in
accordance with claim 7 or claim 8, wherein, for a flow
section (S5, Sigar Sip3) between two adjacent vanes being

35 substantially the minimum flow section area between them,
the flow sections (Sipg,1s Sigos2r Si0os3) @I the nozzle

comprising firstly one-half of each flow section (8,4,



20bet ween the pair(s) of adjacent vanes of the sector, a flow section
bet ween two adj acent vanes is determ ned on the basis of the shortest
di stance (D1, D2, D3) therebetween.

10

15

20

20

S1p3) between an end vane of the sector and the reference
vane reset facing it, and secondly, when the sector has
more than one vane, the flow sections (S,,,} between the
pair(s) of adjacent vanes of the sector; a flow section
between two adjacent vanes is equal to the area of the
section of the empty space between the two vanes in the
plane substantially parallel to the axes of the vanes and
in which the distance (D1, D2, D3) between the wvanes is
the shortest.

10. A method of selecting an arrangement of sectors in
accordance with any one of claims 7 to 9, wherein, for a
flow section (Si5;, Sigys, Si93) between two adjacent wvanes
being substantially the minimum area of the flow section

therebetween, and the flow sections (Siga/1, Sipo/2r Sio/3)

- of the nozzle being firstly one-half of each flow section

(S101+ Sjp3) between an end vane of the sector and the
reference vane reset facing it, and secondly, when the
sector has more than one vane, the flow section(s) (S107)
between the pair(s) of adjacent vanes of the sector, a
flow section between two adjacent vanes is determined on
the basis of the shortest distance (D1, D2, D3)

therebetween.



