1 AAMETHOD OF SELECTING AN ARRANGEMENT OF SECTORS FOR A TURBOMACHINE
NOZZLE The present invention relates to a method of selecting an arrangement of sectors for a
turbomachine nozzle. In a turbomachine nozzle, a sector is a known part that comprises one or more
vanes interconnecting two platforms. The nozzle is essentially constituted by uniting sectors to make
up a ring. In the nozzle, each 10 sector is positioned in or takes up an assembly position relative to the
two sectors situated on either side thereof by means of contact surfaces of its platforms coming into
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coming into abutment with contact surfaces of the
platforms of the adjacent sectors.

15 In a nozzle, all of the sectors nearly always have
the same shape. The differences 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 method comprises the following steps: A) creating a,
database of three-dimensional numerical models of the sectors by digitizing; B) setting a criterion ?
for selecting an arrangement 10 of sectors and setting a desired value for said criterion, the criterion
being a function of the shapes and the relative positions of the sectors; C) for the various
arrangements that are evaluated, determining the relatige positions of the sectors when 15 assembled
together by performing a virtual assembly, and as a function of said positions, determining the value of
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B) setting a criterion for selecting an arrangement
10 of sectors and setting a desired value for said
criterion, the criterion being a function of the shapes
and the relative positions of the 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 selection criterion for the arrangement under
evaluation; and
D) retaining the arrangement for which the selection
20 criterion has the value closest to the desired value.
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



differences because they are obtained by digitizing the various different sectors. It is the existence of
" these-differences that makes it advantageous to select one arrangement rather than another.
5Furthermore, selecting an arrangement for a set of sectors bears not only on selecting which sectors
are to be make up the arrangement, but also on the respective positions of those sectors within the
arrangement. The above-described method of selecting an 10 arrangement of sectors enables the
selection of sectors and of their relative positions within a nozzle to be optimized when making up the
nozzle. As a result, a nozzle is obtained that presents improved performance, and increased lifetime.
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10 arrangement of sectors enables the selection of sectors

and of their relative positions within a nozzle to be
) cptimized when making up the nozzle. As a result, a

nozzle is obtained that presents improved performance,

and increased 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 scanner or
preojecting 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 a mesh on a
computer screen.

In step A) of creating a database of three-

30 dimensional numerical models of the sectors, each nozzle
sector is 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 it is being measured).



Digitizing parts such as nozzle sectors is an operation that is difficult to perform, but it nevertheless
presents substantial advantages. This operation is difficult firstly because of the 5shapes of the
surfaces of the nozzle sector. A nozzle sector is a part of complex shape, presenting numerous skew
surfaces, with the normals thereto extending in all directions. Although it is not necessary to
digitize the outside 10surfaces of the sector in full, it is fecessary to digitize at least two families of
surfaces: These are firstly the surfaces for which the numerical model is needed in order to
determine the value of the selection criterion that is being used. 15 Naturally, these surfaces may be
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These are firstly the surfaces for which the
numerical model is needed in order to determine the value
of the selection criterion that is being used.

15 Naturally, these surfaces may be located in positions
that are difficult to access. The main functional
surfaces of the sector that are the most important are
the surfaces of the wvanes; unfortunately, these surfaces
are located mainly in the inter-wvane channel. This

20 channel is narrow, having a width of a few millimeters to
a few centimeters; inserting a measurement tool into this
space is therefore difficult. Measuring the surfaces of
the inter-vane channel is 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 ¢f a millimeter.



practice, a potentially almost complete survey of the outside shape thereof. Such numerical models

" can therefore be used to perform the step of virtually assembling models and of determining the value
of the 10 criterion for the assembled set of model sectors, operations that could clearly not be
performed in the absence of a database of numerical models of the nozzle sectors. Finally, the
database made up in the context of the 15 method of tRe invention has numerical models that enable
a large number of dimensions of the nozzle sector to be measured and that enable their real values to

be verified against the'g desilgn valtiesC nd toé%rggrcles. The database can thus he used for powerful
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computation power consumed IS much 1668 than in the above exanpnple. Pufthér eﬁh% database of
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Finally, the database made up in the context of the
15 method of the invention has numerical models that enable
a large number of 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 wvalues 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



10 nozzle sectors models can be used either to optimize assembling a single nozzle, or else to
optimize a collection of nozzle sectors suitable for making up a plurality of nozzles. 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 mesurement 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 various
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three-dimensiorat digitsnrote|s:of thelsectord ivoider thpldoelthemfmutualipdrt tuwd. reldtive

positions in an assegybly itk Fistal sPaRE THhe;Sealer s said teihesbeing pubintq pasition
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contact surfaces of adjacent sectors in said arrangement o
assembling a single nozzle, or else to optimize a

collection of nozzle sectors suitable for making up a
plurality of nozzles.
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 various 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 models 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 evaluaticn are virtually assembled as follows. As
described above, the nozzle sectors include contact

surfaces and these surfaces are placed in their positions



10into correspondence. Numerical resetting thus applies the same rules and therefore gives the
‘'same results as the physical resetting that could be performed between the various nozzle sectors in
the arrangement under evaluation. 15It 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 séctors in the position under study). 20In an
implementation, in step A), digitizing is performed using contactless optical measurement means. The
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virtually assemblingdhe seelospbnae arangement under
Numerical resetting thus applies the same rules and

therefore gives the same results as the physical

e

resetting that could be performed between the various
nozzle sectors in the arrangement under evaluation.

i5 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 beling 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 senscor 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



evaluation, and/or of determining the values for the 10 selection criterion applicable to the various
arrangements under evaluation, are all performed 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 s@lection 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 in result reproducipility, thus ending up with better accuracy, for the
measurement metiod: <5 gﬁ%ﬁ?@ﬁ@ﬁﬁtlgﬁqﬁgﬁﬁ ti%ﬁ‘gcﬁﬁ,er% iR UACHIT OF R respective
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flow sections is tshéJstanrop%rgtiogfﬁhe:tLt i::sL %@gortgnt. QQE% a gji_voen sect%rd)ﬂ%\ﬁ{esegti%n are areas
measured perpend(lzcuchr?y {o'the flow Ehrecho% inthe passages for the fiow roug‘ﬁ Reé ndzZle sector.
By extensien, tHeBEY 1 igw e tifieidobfd BEoIRNESSH to mean more simply merely the widths of
the flow section throughrithe 35ingzkiauseriar bsrpeasised iz pirestioripegantlicines te the axes of
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[
that are areas. However, It can be understood that the presentinvention also applies to circumstances
in which the flov? SSETUHS 15 dre- BSe GifiéH R Y ThsTToVR SEARFFRIRIT, 45 8Ationed above.

evaluation, and/or of determining the values for the

10 selection criterion applicakle to the wvarious
arrangements under evaluation, are all performed
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 variocus 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.



Amongst the flow sections of a nozzle sector, a distinction can be drawn between internal flow

" sections and external flow sections. 10Internal flow sections involve only nozzle sectors having at
least two vanes, and they are measured between pairs of adjacent vanes in the sector under
consideration. The external flow sections, always two in number, 15 each represent half of the area
formed between an end vane of the sector and the adj%cent vane of the facing sector in the nozzle. In
principle, the area between the end vane of the nozzle sector and the adjacent vane could be
determined using an adjacent vane havin inal 20 dimensigps; that produces a ngminal flow
section for the end inac%zls%%h O%L;tlﬁe ﬁgfz en'ggclzt%‘r". Bc’f g%ﬁgi%qr? it s 6 SEHIETS ﬁgté%iﬂetg real flow
section for the @FPBEtheSf¥Z e relative td@rvankeonf Hgveheestorhintsueh<ireymstances, the area is
determined betwega #he- 25 endowmnerf thenezaesegtoraad saikvaie aba givehaaetareand the
flow section for %édoeg%ﬁimgsnoczgleﬁ%%%r ishalf said grea.; . .|n an implementation, in order to
determine the f%w sect _oJf 2 sector Iocated af one end of the J36 arrangement, use is also made of a
theoreticaPnum@FigalSheaédifbrd rBREsHcE hel FRE t8/F ttheBrefitdFRumaficaisRédamrlised here
to mean a modebasrgenerated by computer, typically with the help of computer-assisted design (CAD)

software; this is in 35%93?}&%@ g podeh that isthe yest efdigitizing 1 o If g@tgr]ggn%ement of

sectors does not constitute a complete nozzle, but only a portion thereof, the question, 10 arises,
when the selecfidr EAETbhTBNEEMsAfe AHRMEEAEHEY BFthelSdctdRads hia¥umff it sections
of the two sect@rsditaateeratahe £hdw ofthetdmarsgement. The numerical models of two reference

vanes 5 gge then useds usingavirtyal dssembly efribe sgeio1s,dhesa yangs-aresesiionsgdn the

assembly relati%ea gsitioni a_rLthe %[n s of the arrangemfin%l_lt 5 th%n possible to cf&}l)cuéate the flow
sections for the $et of eettors, ThE i To BARYT tie Method GRsefecting &t L e Petween
! pairs of adjacent vanes in the sector under
consideration.

The external flow sections, always two in number,

15 each represent half of the area formed between an end
vane of the sector and the adjacent vane of the facing
sector in the nozzle. In principle, the area between the
end vane of the nozzle 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 thecoretical 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 question



10arrangement to its conclusion. The invention can be well understood and its advantages appear
better on reading the following detailed description of embodiments given as non-limiting examples.
The description refers to the accompanying 15drawings, 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 circumferghtial 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 measufSd 8fid- FigifR4 105 r3&d Fehiah S&dHo R SAAGREat-Bfafidéfent that is
optimized by theserettiothef thé imventivack shewldofe nbseved thatiileerf o elermentiappears 30in

more than one f the figureseeiblerddentically 0k #ranalogeus farpy dt is gesgibed with reference to
the first figure in_which it appears; fﬁghermore, ane eme%ﬁ described onléﬁonce. A nozzle
sector is described below with-reference 1035 Figires 1 % 3. Embifing ShER SBEDr8R%5les a

nozzle to be buiR¥M, BFFERgEE afbundPa hbdRge Bkist UEIL The Fomblbiseeforthod inekitiores], comprises
two substantially: pakedletplatiernas é 38 asdddhdaesea platorassumisupstaatialy ¢dindrical in shape

3323:;29 axis of the;pqzzle, The piRlfouns; 139,149, have. sconiact syrfaces 131, 132, 141, and 142
possible to calculate the flow sections for the set of
sectors, and thus to bring the method of selecting an

10 arrangement to its conclusion.

The invention can be well understood and its
advantages appear better on reading the following
detailed 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 reiative
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.



respectively towards the two nozzle sectors located on either side of the measured sector 100 (in the
" assembly relative position). The contact surfaces are designed to keep the laterally adjacent nozzle
sectors 200 and 300 in 10 their contacting relative positions. These lateral sectors 200, 300 include
respective end vanes 220 and 310 that are placed facing the end vanes of the sector 100 when the
sectors are in the assembly relative position. The nozZié sector 100 also comprises two vanes 110,
15120. Each of the vanes presents an airfoil with a pressure side 111, 121 and a suction side 112,
122. Since there are only two varg sin the sect OQ each of the anes 11Q, 120 is an end vane.

Thus each of these vanés i @&dgred o he 5I f&& AH'ehd vane 0 prlfﬁadjg‘ce%t nozzle sector
in the assemblysrehaiverpgosibhy Meae pidcidelp Lt Pragvurd 3kleandl fates thdbe&n side 222 of

the vane 220, apd ke pragsuse-sidsulkiZciages the suctipnisida-3th of the wangs3lGiRaspective
inter-vane flow gﬁfsaag}?s 101 19‘2‘(?61%% 2%%103 arerﬁgrmée#% peen thf?’Y)anels a‘ hg passage 102 is
120 0 1

formed between the vanes f e sector owever the inter-vane passages 101 and

103 are each foFPREaEEVESK BAEDT tHStanes @10t 1207 BEthk e ddrr afideXFacing reference
vane 220 or 31@e30ie thd ireplememiatiofsofithe mathod desdribeskhelowsthbosedectidnaatiterion used

for determining ap.atangement sy uactionl e flowseetion ineAdh seqial Fos Buggagson, prior o

describing the method of the inventjon in detall, the way in which the flow 35sections of a nozzle

sector are detefifined i¥GeRamtHIATANY. T8e CPREAGH s%‘&ﬁgﬁé:ﬁ% rSvReRIgRR2 Hegure 2
is a section in akeape Pheerpendicalal to tdjmdsotthecants apddubstartialy aafvap Qpinem,

through Rezzle seefors 100,200 309 apdishoywro PRAMGYAL, These lateral
sectors 200, 300 include respective end vanes 220 and 310
7y that are placed facing 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 wvane. 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 wvane 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.



5 the reference vanes 220 and 310 (assuming that these vanes are solid vanes). This section view
shows the sections of the various vanes 220, 110, 120, 310; the contact surfaces put into '
correspondence, 242, 141, 142, 341; and the inter-vane 10channels 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 vafes 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 vanes is & EmintAtin® $Gtd gRREnARRr SAREhARANEE TR Hannel pRRE S ofresponds
20 approximatelygodhe pianesrPIiR22P8 farthe R hpanpknililc 1021103 thbalistanceolfetween the

vanes in these saeliogs LR respgclvelv O D2 ad P3lkdhguld beghsgrvadithal the method of the
invention makes it oisible, advantagequsly, t6) op. |§§ze tr(lj}e gc}gésition of the 25section planes PI, P2,
P3 for each inte?—?/gﬁe %hgﬁﬁéﬁ?ﬁwserglgﬁ r’na¥<ﬂ1g’ it é sibleto Uetemife the Bl%lrf]%lo(f & fnter-vane

channel inwhicliiife fefeeenaeisintesd 228 ranindHhC (asEguing isaskcidrediew through the
nozzle sector 3Qgghplang F. lkshewsHag skape of the passage in the inter-vane channel 101. On the

basis of the information,prqvided he section _of Figure, 3, the value of the. flow section of the
o vane ahannel 101 T R T A B o gt e O e ar b Sajacent
vanes is defineda&dgingrbstarftially €QuaPtbdhe MiiRirtemtaes bebitdacaem trobgik hich the

flow passes. correspondence, 242, 141, 142, 341; and the inter-vane
10 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 vanes 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 wvanes in these
sections are respectively D1, D2, and D3. It should be
observed that the method of the invention makes it
possible, advantageocusly, 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 o¢f the flow section of the
inter-vane channel 101 can be determined as feollows:

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 . Also by definition, the flow sections of the sector (when the sector has more than one vane)

" comprise 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 flow sections
between an end vane of the sector and the vane of the adjacent sector facing it (these are referred to
as external flow sections of the sector). In one techniq%lé for calculating the flow section, 10 the flow
section between two adjacent vanes is determined on the basis of the shortest distance between

them. The shortest distances bet\%e%lad'acent V%%?S in the three inter-vane_channels 101, 102, 103
shown in Figure 2 are e isthcBE D B2t ¥t D3-C1 5 SHOTE 55 bRREnRE firdf FAFDY Bxtension
of the concept dfshfidw shetiee efiow Bastidgrre bé dofinad nveean epapthrsegif whithithe flow

passes, but by anddietheeassage $9r thedipue Mnges sHeh skewbsignces dhe gistangaBR2 (for an

20 internal flow c;sgc%i%ré of tglgt%eé:to(r%, and one-half o%each 8f l;@oe distagc%sé D& aind % ‘gfor the

hese are. reférr 2 n a
external flow sections of t%e sector) can %e con&d%rec?as ein the%low SGC?IOI‘]S of the nozzle sector.
We return?o th& Bt Heffitieh féhifowy SE&RINL7 25 WthePE HBWVSELtIBRS ahaddfitd &agka8EThus, a
flow section betvteenfiivwwadjacant vasedistegual ta thecargavaiibe Sectidreofdbe epiptyispace

between the twglygnggmea &P%ﬁ“%&@@@%@a@k‘?{@ﬂ@ﬂ%gﬁ t{tg VROES @é‘dé gvhich the

distance 30 between the vanes is the shortest. This sectign is shown in Figure 3 for the inter-vane

channel 101. FHGREE T84 sERLIGT R ETGTREZIE L8BoRE E63 GRE 206 it iife SESHABY relative
position. This section isrongpmlané €dhcormspofidingte e shdriesy 3ehdisthhoa bewudeivthe adjacent

vanes 22(and 410, 33 63" e SeLBHN Fiure &n Itishouithng eRsRIVed Ahat digitizing dhe,yanes of the
sectors 100 and 20 mag%'z it 14 %oss ble tq obtain the real section. of the §ass e 101 and to
(0]

determine the 881 FORIGHESIFINE Tour WalR Ot 935, £35 538 CEARS B &Nt the settst and as

‘shown in FigureéBortest distances between adjacent vanes in the three
inter-vane channels 101, 102, 103 shown in Figure 2 are
the distances D1, D2, and D3.

15 It should be observed firstly that by extension of
the concept of a flow section, a flow section can be
defined not by an area through which the flow passes, but
by a width on the passage for the flow.

Under such circumstances, the distance D2 (for an

20 internal flow section of the sector), and ocne-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 akis of the wvanes 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



5Given these positions, the area of the portion of the plane P1 situated between these four walls can
be calculated or determined. This determination can be performed in several ways that are more or
less similar. The distance between the platforms 130-230 and 140- 10240 is constant to a first
approximation (since these platforms are substantially cylindrical in shape and coaxial), so the value of
the flow section Sun in the inter-vane channel 101 beth#en the two adjacent vanes 220 and 110 is the
product of the shortest distance between 15 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 (tR@ fredtfed foReketd) fdter&d id as Bt 1ReMhl oty POSREBR, s%®hual to half of
this product, so #risl givendmyt Snoelmed k1onl zebi Ddox Hefoottye sdctidneofba ntenvarse channel 101

of Figure 3. 25Fpy jhe ghanneis; 503 and 1035 theow seetionsyelating todhe sgotgrdogare

respectively as follows: = Sim = D2 x H (internal flow section); and Sun” Sion =4 Sn3 The flow
section that can¥XRiddted 1§ He36H0z2le sector 100 is given by: + Su)0/2 + Sno” S100 = S10011=
4101 + ST02 +S103 Givea abbes<ieportidd nmeshod bengigtean ofedsiueing o exl disfance H

between the twa wallg 138=2351and 42248 ofdhesplatforms d80=and-14G ang indnulfplying it by

calculated or determined. This determination can be
performed in several ways that are more or less similar.

The distance between the platforms 130-230 and 140-

10 240 is constant to a first approximation (since these
platforms are substantially cylindrical in shape and
cocaxial), so the value of the flow section 5,5, in the
inter-vane channel 101 between the two adjacent vanes 220
and 110 is the product of the shortest distance between

15 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:

Sigoy1 = "¢ 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:

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

Sigo/3 = ¥ 8193 = ¥ x D3 x H (external flow section).

The flow section that can be attributed to the

30 nozzle sector 100 is given by:

S100 = Si00/1 + S100/2 * S100/3 = ¥ S101 * Sio2 ¥ *2 Sip3

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 Dl between the walls 111 and 222 of the

adjacent vanes 110 and 220.



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 information available in the numerical models
of the sectors to determine more exactly the flow area between adjacent vanes; for example, it can be
observed 5 that the portion of the plane P1 situated between the four above-mentioned walls is
substantially a trapezoid (the walls of the vanes are paﬂréllel), and the area of this portion of the plane
P1 can be determined accordingly. 10In the end, the values of the various flow sections are obtained
for the sector, and the Fym constitutes the flow section th%[)eian be attriputed to the sector, also

referred to as the sectdr flow Bactions T8'suhimaniz& 95 dtderto R t&ifife HeEot ABEECHBIR of a
nozzle sector sidh &3 thelsdepdimb(o sl #iithelfiggirds thethawadvisatemadiadd external flow

sections that are i@ be sleteymined aidepiifie moribe wmarical models)efiihg segtor and of the 20
adjacent sectorg are taken Jn seclion op the plane parallel to,he axes of the yanes and jn which the
distance between the vanes is e shortest; ~ " the aréa olthe borjtion ot the plane Situated in the

inter-vaneassafé tn GhestRMGE Heterffinddt kit eliiovs s&ctned demtMeanistdrea for internal
sections, and tafkaliokihisvarendatéxinehl settionsis subke methied okthe invepiondeaselecting

an arrangement(gfhi@%%rffgr @f %Iq,g%%gjlrg%aﬁgigg f’_%ﬁ‘i‘?sc,{&tfﬁdﬂ% gegagl ebael%v]\é. In the

example under consideration, it is desired merely to optimize the selection of eleven sectors for
occupying the poaitBnBTEE 3¢ Bf 8o 2R, BL2AGWRIn BRrPS. d5feriistetp, the database of

three-dimensiogatcordingly.
10 : In the end, the values of the various flow sections
are obtained for the sector, and the sum constitutes the
"} flow section that can be attributed to the sector, 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 wvanes 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 equal 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.



numerical models is created by digitizing a certain number of sectors. 16 In general, each of the
nozzle sectors is digitized on its own (or at least without being specifically in its assembly relative -
position with respect to the reference vanes). Digitizing the sector serves to obtain a three- 5
dimensional numerical model thereof. Since the nozzle sector is digitized on its own, it is easier to
obtain a complete model for the sector, i.e. a model thabincludes all of its outside surfaces. The
numerical model obtained by digitizing includes 10digitizing the contact surfaces of the nozzle sector.
These contact surfaces are the surfaces 131, 132, 141, 142 used for holding the sector relative to the
adjacent sectors in thel@s SRRy #dlatiR 5bsifidn. NEMBRER FRo§&1§ bfe Isbsoitamia ¥8cte
reference 15 vaoes.ifer eaah refereate Yanetthe imbdel contains; the-assefmlaly Sutfaces ofcte sector

of which the vang orqis:a 3 BY WGy ofsseanils, these madels ey be exrdled iombe

three-dimensional computer model of the nozzle (or only of the sector). 20The database containing

the various sectBi&Rthus chestd b lintRBing e Fert8ice s By way bRékaRpleR &R thus be
assumed that odémhemnddethadmeritamoddls meelpiodiveddorf100 Aorzle sebradrat bee numbered

110 100. Each theea-3o disneisinal seeded includesafepresentation o ks ceatashewiares, thus

enabling each sector 1o be reset relative to the adjacent sectors. In a second step, a selection
criterion is also S8R IS fﬁoegv%]ﬁj:%ﬁ)ﬂ@ t Ié%u%ﬁgtocfra’ giver arr%nlﬁgg?%%t%%aoif s?égt%iéf% a

preferred value #5-deleétetitier tHid 8AdfoRAUTHIB @fiterion is a function of the flow sections of the
sectors when they areThéheragaambly Telabve positea im e ayyargementz The fellyingssterion is

D et SO0 P ROSETSL QI aE, s s Lossstan Lags | and o
These contact surfaces are the surfaces 131, 132, 141,
142 used for holding the sector relative to the adjacent
sectors in the assembly relative position.

Numerical models are also obtained for the reference

15 vanes. For each reference wvane, 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:

S. - 5,2

where 8; is the flow section of sector i, and S, is the

35 criterion = 2“arrangement(

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



17 all of the sectors in the arrangement under consideration. (Other selections for the criterion are

" naturally possible). The preferred value for this criterion is zero. 5During the third step (C),
consideration is given, amongst the sectors 1 to 100, to all of the arrangements of sectors that enable
a portion of the nozzle to be built up. Each arrangement is presented as a sequence of individual
references for the sectors in the 10 arrangements, and érdered to match the positions | to Xl, for
example one such arrangement is the sequence (28-4- 90-80-54-43-91-3-11-35-66), in which, for
example, sector No. 28 occupies the position | and sector No. 66 occupies the position XI. 15In each
of the possible &}anGdmERR GTeRE BRE NtRdFsEASRIATHE BlevBRFREitions, the following
procedure is appbedide relevem sectof hrervidadlhcassenibléd in tHesasseittdy ielativerposition.
This operation ig perfprped 20-yqaiusing the contact surfaces of each sector to correspond with the
contact surfaces of the adjacent sector('?lr.1 I}\il% urally, in order to determine the external flow sections for

the vanes situated in th&EnB HoERORE FrangRmert it tiere b 4R, e AStERRnce vanes 25
taken into ZTonsideratioiuis ihg nthrerichiimddesltiep a (ahe tharisisiesrmihbbdiniensionsand that is

reset relative todheepdisecty; aadnyitsthe rgnedesl medeals of the sacdorsinihigasserpbly relative
position, the flo%vgeé:tions are %91 dgt_eerrrpail% d for the v%rious s%ct%rgéaplg oglthe Qas'k? thereof, the

eCLoY a DO 10 Q @] e .
value for the above-mertftloned crterion 1s detefmined for the arrangemen% Ginder evaltation. After

calculating all oPthekE Viues for e salsefsIERIRBHOA St RIRERINIEt mdve opaeurace of

individual references for the sectors in the
10 arrangements, and ordered to match the positions I to XI,
for example one such arrangement is the sequence (28-4-

m} 90-80-54-43-91-3-11-35-66), in which, for example, sector
No. 28 occupies the position I and sector No. 66 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.



35last step. In this step, the arrangement is selected for which the value of the criterion is the closest
to zero. 18 CLAIMS 1.A method of arranging sectors for a turbomachine nozzle, comprising: A)
creating a database of three-dimensional numerica| models of the sectors by digitizing; B) setting
a criterion for selecting an arrangement of sectors and setting a desired value for said criterion, the
criterion being a function of shapes and relative gpgijtins of the sectors; C) selecting various
arrangements of sectors for evaluation; D) for each of the various arrangements of sectors
selected for evaluation, determining the relative positions of the sectors when assembled together by
performing a virtual assemb%,Pand determinin&a value of said criterion_as a function of said positions;

E) selectihg an ArPSHYEEAT 3PSO RE 5008 BFPSRGSANSREZ S WRTEHSNE: determined value of said
criterion is closegtdedtie desirash i gréddimensiohd AURBHRANINR SRFIRES R BRI dRfsmyvith the

selected arrangement. 2The method of arranging sectors in accordance with claim 1, wherein, in step
D), at least one Bvadtiated aitetiogdon saleisizy combanakoreufdsestrah gehretinagsste ddieties method
plus anoth(IaJ sector of another arran ment silehc]ted for evaluation, 3The method of arranging sectors

in accordsa‘l"‘nc(é”\t/(\a/ﬂ?mncfa?n%r ?r\'/c\)/Plerel ) muré %%n . ageéaafré%%leéaemﬁes%%s' g)ln oeftrrﬁee?ﬁ((:)tarsc‘fontains sectors

coming from a siygle-pazzlaridneragtang e lhrsRrgINe: 08T accordance with claim 1, wherein, in
step A), the database used for the method contains sectors coming from at least two different nozzles.
5The method oftarieirgfiely ¥ebeovarigvacc@iameatyithseleling seipdieddin evalurppleleeotoninintride
contact qufaces and are Pltﬁced in position relative dto adiﬁ\ce t no%zle sectors ba}f guttinglsaid d;:ontac:t

relative, SItioNs O e sectors when assembled together erforming a Vvirtu ssem , an
surfaces Tho ab'&?menﬁ g yp g y

determining a value of said criterion as a function of said positions;

E) selecting an arrangement from the various arrangements for which the determined value of
said criterion is closest to the desired value; and

F) arranging the sectors in accordance with the selected arrangement.

2. The method of arranging sectors in accordance with claim 1, wherein, in step D), at least one
evaluated arrangement is a combination of an arrangement as selected by the method plus another

sector or another arrangement selected for evaluation.

3. The method of arranging sectors in accordance with claim 1, wherein, in step A), the

database used for the method contains sectors coming from a single nozzle.

4. The method of arranging sectors in accordance with claim 1, wherein, in step A), the

database used for the method contains sectors coming from at least two different nozzles.

5. The method of arranging sectors in accordance with claim 1, wherein the nozzle sectors
include contact surfaces and are placed in position relative to adjacent nozzle sectors by putting said
contact surfaces into abutment,

wherein, in the database created in step A), the numerical models of the sectors of an
arrangement include modeling contact surfaces involved in putting the sectors into their assembly

relative positions, and in step D) the virtual assembly of the numerical models of the sectors in an



wherein, in the database created in step A), the numerical models of the sectors of an arrangement
include modeling contact surfaces involved in putting the sectors into their assembly relative positions,
and in step D) the virtual assembly of the numerica| models of the sectors in an 19 arrangement
selected for evaluation is performed by putting the ‘contact surfaces of the adjacent sectors of said

a”ang_e”&%ﬁ&éﬁeﬁ@@@é&@&'q&”%lﬁﬁhﬁ @%@?M&B@Bﬁmﬁ %‘?&‘&f&d@t %ﬁ%ﬁéwqwi%jﬁ@iﬁ@ 1,
wherein step A) for creating a database of numerical models by digitizing is performed with contactless

optical measusarhem aneagsn@nTine neerpdroeaseanging sectors in accordance with claim 1, wherein
the selection criterion is a function of respective flow sections of the nozzle sectors. 8The method of
selecting an arrangement of sectors in accordance with claim 7, wherein, in order to determine a flow

section of a secifplpEated atpRAgENIetihe ArRpgemeniUsadfrisomage Kpihepretisalyymerical
model of a reference vane. 9. The method of arranging sectors in accordance with claim 7, wherein:

a flow sedtiehasetoendive! atjaele by vigieannianederiedadtosdstactaisinntical aneass ietment meapestwo
adjacent vanes; and the flow section of the nozzle sector is based on a sum of: one-half of each
flow section between an end vane of the sector and a reference vane set facing the end vane; and

the flow sectionhRtwepbracEAjingladRsanhoRReMIB Hie ParT!E wRelah aauRliteian @reanrfia section
of an empty space between each pair of vanes in a plane parallel to axes of the vanes at a location

where a difstagioe Pepresstivehtovwaestors sihtheawzzOserssmethod of arranging sectors in accordance
with claim 7, wherein: a flow section between two adjacent vanes in a nozzle sector is a minimum
area between the two adjacent vanes; the flow section between two adjacent vanes is determined

based orga shorigstligienee dhesaheivenangartihaflamsectcref dhecaoiaieisnctoniadased on a
sum of:
order to determine a flow section of a sector located at one end of the arrangement, use is also made

of a theoretical numerical model of a reference vane.

9. The method of arranging sectors in accordance with claim 7, wherein:

a flow section between two adjacent vanes in a nozzle sector is a minimum area between the
two adjacent vanes; and

the flow section of the nozzle sector is based on a sum of:

one-half of each flow section between an end vane of the sector and a reference vane set
facing the end vane; and

the flow section between each pair of adjacent vanes in the nozzle sector equal to an area of
a section of an empty space between each pair of vanes in a plane parallel to axes of the vanes at a

location where a distance between the vanes is shortest.

10. The method of arranging sectors in accordance with claim 7, wherein:

a flow section between two adjacent vanes in a nozzle sector is a minimum area between the
two adjacent vanes;

the flow section between two adjacent vanes is determined based on a shortest distance
therebetween; and

the flow section of the nozzle sector is based on a sum of:



20 one-half of each flow section between an end vane of the sector and a reference vane set
facing the end vane; and the flow section between each pair of adjacent vanes in the nozzle sector.
11.A computer-implemented method of selecting ar.arrangement of sectors for a turbomachine
nozzle, comprising: A) creating a database of three-dimensional numerical models of the sectors
by digitizing via & figiHziPgAR\iIER: section BARRENIPRHIRLIRNIAnS_IGHINhAR REFaRAGMERRL QEsectors
and storing in a memory of a computer a desired value for said criterion, the criterion being a function
of shapeeaind thelativegpesiions of the sectors; C) selecting various arrangements of sectors for
evaluation; D) for each of the various arrangements of sectors selected for evaluation,
determining the PEIARY &S8R HY SRR L RRIYSAVREH RALERBILS FOZETSFIN performing a virtual
assembly on the computer, and determining with a processor of the computer a value of said criterion
as a function of said positions; E) selecting an arrangement from the various arrangements for
which thé Hetermiermebvigiuie pEs@iteckiteation! isf skiedbotenias alesiredtvilsestandor a turtioebing) in the
memory %)(f)ztge computer the selected arrangement. 12The method of selecting an arrangement of

sectors in GéCordancd With claim 11, wherein, in step D), at least one evaluated arrangement is a

combination of ay @e:aRgereRbas R eedediReibermelhas Pl s enuheiresdabr Bneiiemngvangement
selected for evaluation. 13The method of selecting an arrangement of sectors in accordance with

claim 11 asllgdiaing tesieryzzle sectors include contact surfaces and are placed in position relative to

adjacent nozzle sectars %ycﬁt%trﬂ)ng said contact surfaces into abutment _wherein, in the database

created in step &), e Aunercal modsIE oI AN AR airangement naude Modsting cdntact
surfaces ipvpined dndesifting/dRR SeCtRls helhiitRsSaRIPY KRl Ve RRSIANS. MaPdn stendpkike virtual
assembly of the numerical models of the sectors in an 21 arrangement selected for evaluation is

performeRPBi{jopa@iribethec©GHtact surfaces of the adjacent sectors of said arrangement into
correspondence,, 14. The method of select{'n an arrangement of sectors in accordance with claim 11,

wherein the seleC foN CHteon 18 & furetion o Fesgf)é)ﬁ ive ?Yg\lﬁast'é)gﬁons of the nozzle sectors.
D) for each of the various arrangements of sectors selected for evaluation, determining the
relative positions of the sectors when assembled together by performing a virtual assembly on the
computer, and determining with a processor of the computer a value of said criterion as a function of
said positions;
E) selecting an arrangement from the various arrangements for which the determined value of

said criterion is closest to the desired value; and

F) saving in the memory of the computer the selected arrangement.

12. The method of selecting an arrangement of sectors in accordance with claim 11, wherein, in
step D), at least one evaluated arrangement is a combination of an arrangement as selected by the

method plus another sector or another arrangement selected for evaluation.

13. The method of selecting an arrangement of sectors in accordance with claim 11, wherein the
nozzle sectors include contact surfaces and are placed in position relative to adjacent nozzle sectors
by putting said contact surfaces into abutment,

wherein, in the database created in step A), the numerical models of the sectors of an
arrangement include modeling contact surfaces involved in putting the sectors into their assembly

relative positions, and in step D) the virtual assembly of the numerical models of the sectors in an



15. The method of selecting an arrangement of sectors in accordance with claim 14, wherein: a flow
section between two adjacent vanes in a nozzle sector is a minimum area between the two adjacent
vanes; and the flow section of the nozzle sector is pased on a sum of: one-half of each flow
section between an end vane of the sector and a regrence vane set facing the end vane; and the

flow sectign RRIWER88GBPRI &faﬂ?ﬁﬁ’&?@ Vasmia the SRECIRLAYA IR NLAIRE ijgcg,qction of
an empty space between the two vanes in a plane parallel to axes of the vanes at a location where a

distance $sstweehsdie armmgseshoestrespondence.

14. The method of selecting an arrangement of sectors in accordance with claim 11, wherein the

selection criterion is a function of respective flow sections of the nozzle sectors.

15. The method of selecting an arrangement of sectors in accordance with claim 14, wherein;

a flow section between two adjacent vanes in a nozzle sector is a minimum area between the
two adjacent vanes; and

the flow section of the nozzle sector is based on a sum of:

one-half of each flow section between an end vane of the sector and a reference vane set
facing the end vane; and

the flow section between each pair of adjacent vanes in the nozzle sector equal to an area of
a section of an empty space between the two vanes in a plane parallel to axes of the vanes at a

location where a distance between the vanes is shortest.



