Met hod for Assenbling Gas Turbi ne Engi ne Conponents Background of the

I nwention This invention relates to a nethod for assenbling gas turbine
engi ne conponents and nore particularly to assenbling turbine sets to
increase the usable 5 life of a row of cooled turbine airfoils. As is well
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The cooling airflow through each individual blade or vane is driven by a

pressure ratio across the element. The pressure ratio represents the ratio between the

blade supply pressure and the dump pressure. The supply pressure is the pressure just
20  upstream of the entrance to the cooling passages on the bottom of the blade and the

dump pressure is the gaspath pressure on the outside of the blade. The physical

features of each blade determine the relationship between mass flow through the blade

and the pressure ratio across the blade. This relationship of mass flow through the

blade and the. pressure ratio across the blade is referred to as the “characteristic curve”
25  of the blade.

As with all manufacturing operations, cooled turbine blades are subject to
manufacturing variation. This variation comes from a variety of sources such as
casting and film hole geometric variability. As a result, each manufactured turbine
blade exhibits a slightly different relationship between mass flow and pressure ratio.

30 Thatis, for a given mass flow of coo]jng air, each individual turbine blade would

operate at a different pressure ratio. Conversely, for a given pressure ratio, each
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operate at a different pressure ratio. Conversely, for a given pressure
rati o, each 1 A individual blade will have a different mass flow There is
an acceptabl e tolerance during manufacturing on this pressure ratio and

bl ades that denonstrate pressure ratios above or below set |limts are

unaccept abl e. . I le bl ades an. the range tween the | ow
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respectively. A primary qgbject of the present invention is a nethod of
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gas turbine enlgeiéne In which nmultiple, supposedly-nom nal conponents with

fl ow passages PEtNEWanbl ed i n parallel. Summary of the Invention In a
first aspect, the igvgaphi ' f. | i S
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this enbodi nent the flow classification I'ncl ude cl'ass
and a | ow f | owinid gasdurhing epginerin weii¢hmiliple, sepposedip nbhdml compofidntswith flose s

rangi ng from |l ow class.to a . high-flow class. As a mni nrum two

cl asses are sﬂ?#gﬁeé?wbaﬁfenﬁﬁd’rna?aé%lrel'nurrber of classes are suitable. The

engi ne conponents, for exanple, may be rotor blades of the first-stage of

a high-pressure turbine and the m&h?' ngﬁ,gt[ﬁvmmnd be assenbled in the

first-stage turbine rotor disk. 2 e T1ow classrircation may include

cl asses that are suBSclIst ¥peeicthemyantion iy Hmethodiforassqrbling intoossets gasdwrbhinedss )

for turbi ai Lf.0i.l ] LITEN f, .t hi | nventiqn,,the
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capability through the flow passages of each one of a plurality of the engine

components and assembling into sets engine components having the same flow
capability classification. In a preferred embodiment, the engine components are
turbine blades and turbine vanes. In this embodiment the flow classification may
20  include a high-flow class and a low-flow class and potentially includes more than two
flow classes ranging from a low-flow class to a high-flow class. As a minimum, two
classes are suitable, but any larger number of classes are suitable. The engine
components, for example, may be rotor blades of the first-stage of a high-pressure
turbine and the resulting sets would be assembled in the first-stage turbine rotor disk.
25  The flow classification may include classes that are subsets of acceptable flow limits
(by current standards) for turbine airfoils. However, in one embodiment of this
invention, the method of assembly would permit ranges of flow capability that are
larger than can be achieved with a random selection assembly process.
If a turbine row is assembled exclusively from one of the classes (the low-flow
- 30 Dlade class, for example) according to the present invention then, in accordance with

the average flow characteristics of all the blades in the row, the pressure ratio across
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| arger than can be achieved with a random sel ection assenbly process. If a
turbine row is assenbl ed exclusively fromone of the classes (the | owflow
30 bl ade cl ass, for exanple) according to the present invention then, in
accordance with the average flow characteristics of all the blades in the
row, the pressil theided vl ifRESase, Siﬂoe%loh‘e%mwgbladb%ﬂﬁ%gus hBEG 1§ he

| owest flow ng blade in the row is subject to S I'ncrease sure
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subsequently has higher life than current assembly practice wou §

Bri ef Descrﬁypt blade passesTom fiam. hgs mrlmﬁt@lrtemperatlsesdemtsuusammw has kigherence
to the severaly n ich, 10 Figure 1 is a graph of
mass fl ow as a ugé(j:11 ‘l‘q%rneglg?‘éspreg'sﬁ ncgéﬁ%gf‘@; Pd) for a nom nal turbine

bl ade. Figure 2 is a graph of mass flow as a function of pressure ratio for
a nonminal blade and an aver ageﬂrie«amscﬂmefﬁeimamﬁgaph of mass fl ow as
a function of pressure ratio faqr a m, nal an average bl ade, and
the | owest flow bl ab2 INFpRfignds descab &#tagﬁfefﬁmm@eﬁﬁw Aigusesrafithe fowieg,
pressure rati dpfyHficig nomi naI bl ade, an average blade froma | owfl ow cl ass
and the lowest flow blade. Figure 5 is a flow chart for carrying out an
exanpl e cdlcul ati onFighrglise grapk ofimassfloyaamfirdtion of ptésnuge tii PYRPefor of

bl ades versus rodéﬁt |1on I flow for an exanpl e popul ati on of production
bl ades. Fi gur o Bg?am of the nunmber of blades versus production
flow including proggtifd P Jé@ﬁhéfﬁﬁ%@ﬁow B §WiifetiBn bF &sﬁkf}ﬂﬁfﬁﬂﬁﬁﬁmagg

m ni mum f | ow through an individual blade for three gxarrp e anal yses

Figure 9 is a ﬁl@t@éraamvmagabhdatl ng engi ne oxidation life.

Figure 3 is a graph of mass flow as a function of pressure ratio for a nominal
15  blade, an average blade, and the lowest flow blade.

Figure 4 is a graph of mass flow as a function of pressure ratio for a nominal
blade, an average blade from a low-flow class and the lowest flow blade.
Figure § is a flow chart for carrying out an example calculation.
Figure 6 is a histogram illustrating the number of blades versus production
20  flow for an example population of production blades.
Figure 7 is a histogram of the number of blades versus production flow
including production flow classes.
Figure 8 is a histogram showing minimum flow through an individual blade
for three example analyses.
25 Figure 9 is a histogram illustrating engine oxidation life.
Figure 10 is a graph illustrating empirical cuamulative distribution functions of
engine life,

Figure 11 is a flow network diagram for linearized analysis.

Description of the Preferred Embodiment

30 Most jet engines such as, for example, a modern high-bypass turbofan engine,
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Figure 10 is a graph illustrating enpirical cunulative distribution
functions of engine life. Figure 11 is a flow network diagram for

| i neari zed anal ysis. Description of the Preferred Enbodi nrent 30 Mbst jet
engi nes such as, for exanple, a nodem hi gh-bypass turbofan engine, 3 have

nes such as, for ex _ by ofan engine, 3 |
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ati 0. The: physrcayett (OuSUialasRaR ol IRholBH &t RS pBP e Girfiosie
bet ween the nitdhe Bmhmtsugm?ﬁw olufjsu‘xtheofaheiblﬁﬂe. n[]saeﬁuraae (i t@bﬁh@rr@ﬁsvérge
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for a nom il &h&fgeopekﬁi(ﬁm@ﬂalbetﬁ@)ﬁ(ﬁnﬁgpﬁeégu%aﬁa corresponds to higher
pressure ratio and vice-versa, so characteristic curves have positive

sl opes as shown by the curve 10 in Fig. 1. As shown in Fig. 1, at constant
ma&s flow the presstpephyicab Gatirepeteach hiadeldyterminedhareaationshiptticowdeltay i or

f the bl ades. ' bl ed i th dom.set of bl ad
hose 1 ow cansts ot WebuBfnp Badthf RORERNC i abigod e ety ibiercsiogaliba

of the bl ades issefeflediet mrthe Helthrivteridiie cwag%am§&é;tﬁgifléé:tygwaygraﬁﬁ oft! |
2 a dotted line 12 is an averag

t he bl ades. As sho%vi n Fi% . .

charact eri sti cP¢¥ Xefaus Ryessyrq fatip donmaemmabblade.nkn generabgaorelthasddlos ea
sets the pgressiyrR ' ' t hat if. the blades in a disk
are on average ngﬁnﬁgﬁo ]P.{Zgg%%réss‘af eﬂg‘&{ﬁgﬁéb‘%@é@sﬁ?@wﬁ?ﬂ%@ e hare on
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wi Il increase for Lven . .
mass fowthe pressure ratio is determined by the characteristic behavior of the blades.

If a turbine set were assembled with a random set of blades whose flow

capability is other than nominal, the pressure ratio across all of the blades is

20  determined by the average characteristic curve of all the blades. As shown in Fig.2 a
dotted line 12 is an average characteristic curve and for a fixed mass flow, the average
blade area sets the pressure ratio. Fig. 2 demonstrates that if the blades in a disk are
on average nominal flowing, the supply pressure will be nominal. On the other hand,
if blades are on average low flowing, the supply pressure will increase for a given

25  mass flow. Each individual blade passes mass flow in accordance with its individual

' characteristic curve and the pressure ratio is set by the average behavior. With
reference now to Fig. 3, one can see that for a particularly low flowing blade
assembled into a row which is on average nominal flowing the result is a significant
decrease in mass flow for the low flowing blade having a characteristic curve 14.

30  That is, the lowest flowing blade is subject to the pressure ratio set by the average

blade which leads to a much lower flow in this blade. The decrease in mass flow
-



25 mass' flow. Each individual blade passes mass flow in accordance with its
I ndi vidual characteristic curve and the pressure ratio is set by the
average behavior. Wth reference nowto Fig. 3, one can see that for a
particularly Iow flow ng bl ade assenbled into a row which is on average
nom nal flow n I i LARL L se:4N mass flow for the
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del i ver ed amoUff IOV Ik Hus ¢ase, the Bressure satiogweess alliteabladesovidldacrieaset soas topasss

subject 10 to ST+ ress aty nd, passe re flowthan if it
were assenbl edﬁl\g/.mh?l#éggd fﬁgﬁﬁgrﬁ? §8‘§-§{§;ﬁ°‘@eﬁ’§%°q’ﬁs%ﬁ%‘§mg| aqe; 1 the,row ﬁéﬁﬁlﬁf“\/e
16 i s the l®hartadhieincsedsed pressige fatio and passes hvge flbwvabm fOweR abemblbDWithlhass.

The average bl ade curve 16 iﬁ%ﬁ the pressure ratio that then acts on the
l‘oviest flow bitaRderly\drawn setof blades. ol Kigi 4, the,pwre 16 is the charaeterisfic cvav¢ forlae

bl ades are | outveh@ehblie ot B IOAIERGSILAC THYRPLYPHERE Uike 98 sk The blcule MBSS

flow for the Iowest flow blade is close 0 no mass W
ot herwi se be trhto that thenlapts oindhe Jowtest fiow dldde hdeingtavhbrastesisid aave 18ednand

mbled into_ turbine sets based on .flow. cl il It in th
Fowest {1 owi ndBlEge e bladgs a6 lom-tovring Which rises PRl Parssie spdhas the s
and subseqgentrhass TR fod tl{b: Iggrﬁét fidv# Bh&é‘%rbl&fer i fomiRh A Sss Ay %ﬁ&«&h’i& enbl ed

among random y selected blades as is the current practice. n exanpl e
cal cul ati on wothervwisg bsdheeases by short, turbine biademthat sreelassified dod aggmbied intoe

resent inventj Thi.s _exanpl e cal cul.ation . erformed qQn the first
gt aZe b: a\ées%ﬂif Sﬁ&}%ﬁ%ﬁﬁﬁ\?gﬁﬁﬁﬁsgﬂﬂ I.E’S““\é\ﬁ]i%fg’-w&ﬁ Wg’%‘}c{?dﬁlﬁs%g\% k

fl ow nodel waglow, having lower metal temperatures and subsequently having hi gher life than if the

blade had been assembled among randomly selected blades as is the current practice.

20 An example calculation will now be set forth to illustrate the methodology of
the present invention. This example calculation was performed on the first stage
blades of a high pressure turbine. A quasi-one-dimensional network flow model was
used to model the behavior of the entire auxiliary air system for a modern high-bypass
turbofan engine. For a full description of this model, see, Sidwell, V. and Darmofal,

25 D, 2003, “Probabilistic Analysis of a Turbine Cooling Air Supply' System: The
Effect on Airfoil Oxidation Life,” ASME Paper GT2003-38119. The contents of this
article are incorporated herein by reference. Within the auxiliary air system model the
first stage turbine blades were represented by their characteristic curves (note that in
the network flow analysis, each blade in the row is modeled by its individual

30 characteristic curve). A heat transfer scaling law was used to update blade metal

temperatures in response to changes in the quantity of internal cooling flow in each
5



used to nodel the behavior of the entire auxiliary air systemfor a nodem
hi gh- bypass turbofan engine. For a full description of this nodel, see,
Sidwell, V. and Darnofal, 25 D., 2003, "Probabilistic Analysis of a Turbine
Cooling Air Supply System The Effect on Airfoil Oxidation Life," ASME

Paper GI2003- e orpor at ed herer n
by reference. 3%&‘%}?1&- ajtil ﬁ%{ulextrl anhg;} F‘h’g @%W&Eﬁ% q‘i@pﬁf’fl‘g @S\
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in the network flow gnal ysi each blade in the rowis no by its

i ndi vi dual 30 LR5isHE Putves E?Gh‘?/’é‘bw ofintrsest wererandemlysvagied iy accondangs withe d
d bl adg.iid tit
of i nternal comtionstped nE AR Brigfif PRDA i SIRRRTPo RelBBei T Y

curves knovn tmrdelrtdlchanaumhzé)ﬂmdhsmmudraﬁﬁdngﬁeShfarae limiseRichyt the Eindt Gtal ah&bme
usabl e bl ade llfqeﬁs a functio ade netal tenperature. The bl ade

charact eri sti P18 c pole ﬂi‘aﬁéalp‘g Bﬁw irpv et fupu a singledilads failing, eqithahthe
accordance W tﬁluﬂ%f‘&ﬁ?bfaﬁ&%@a W%ﬁsﬁhﬂ& ﬁgefné‘;i‘lz:ié ﬁhf‘{?elhé?lggm gﬂb' listic

anal ysis was perforned in order to charac Ze ution of
engine life, as limted by the first stage turbine blades. W note that
failure of the row Figediistan gnaltysisdflosw clairefolo Heecxafipld cabaylatiom. tThate sdparate
failure of an row consti t ut an engine failure in this
context. Fig. %gsrtrmgﬂ% §i 6N FPWWFQ? T EYP "‘l“'ﬂs@nexarrpl e cal cul ati on.
Three separate probabr listic anal yses were perforned for conparison: 10 1.
a basel i nd0anal ysi s].t hatselife andlgiis tanis cdhtibteRURILE Blrrdilt 3R S8l Qﬂi and
asserrbly practice for g gh pressure turbines ("Total Population™) 2. an
anal ysis in which B ¥ REActice) foshighopressure trhines (§\Wotal Bopwlatiend) of bI ades
("Cass 1") 3. an analysis where bl ades were drawn only froma

near-nom nal -fl ow ¢l a " er,

t he manuf acturing %Ir oi‘ié%a}’?k %ﬁ\?@@?ﬁﬁgé%%%ﬁlﬁ%xg?%%jﬁ ?rﬁggé%g%ﬁggﬁggéf

i ndi vi dual bl ade f |bdades (‘Riasstli® basel i ne anal ysis which represents current
assenbly practice, blades are randomy drawn fromthis population to nake a

conplete row as shwn I n r thet cl assed- bl ade anal yses, the
full 20 distributi ﬂff?@fﬂ‘r%{ ?fﬁgfaﬂgsvarq BIVRofyy 4rein § REAEB -Slow lass

cl asses of5equal b'oﬁﬁﬁdes (“Class 3%).

As mentioned earlier, the manufacturing process results in a distribution of
ecceptable individual blade flows. For the baseline analysis which represents current
assembly practice, blades are randomly drawn from this population to make a
complete row as shown in Fig. 6. For the two classed-blade analyses, the full

20  distribution of manufacturing variability is divided into five classes of equal blade
flow. Class 1 refers to the lowest flow class and Class 3 refers to the near-nominal-
flow class as shown in Fig. 7. Classes 2, 4 and 5 have been omitted to simplify the
example but the resulis are consistent with Classes 1 and 3.

Fig. 8 shows histograms of the minimum flow through an individual blade for

25  the three analyses. Both Class 1 and Class 3 show a significant improvement in the
minimum flow observed in a set of turbine blades. In particular, the minimum flow of
the Class 1 blades is greater than the minimum flow of any of the randomly-
assembled turbine blade sets (i.e. from the Total Population results). As the
temperature of the blade is directly related to the mass flow through the blade, and the

X



flow Ctass 1 refers to the lowest flow class and Class 3 refers to the
near-nomnal - flow class as shown in Fig. 7. Casses 2, 4 and 5 have been
omtted to sinplify the exanple but the results are consistent with
Classes 1 and 3. Fig. 8 shows histograns of the mninmumflow through an
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a significant inprovenent int m ni num T ow obs
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than the mni nHmfl?er\{ o) .agil gf t he random y- assenbl ed turbi ne bl ade sets
(i.e. fromthe®TBPH t &f& 3ishows histogramseef engine life forthe thieeauslyseseBpthade

Is directly retadsed ah %ﬂq)ﬂ% : : | fe of a
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in mni mund f | dofal Repulationa Fig.i showsein empirichlecumuflstivefdigrisgiiorpfuntticraiore

bl ades. To deppnpstfat hi Fig.,9 sho hi s r f engine life for
the three anal glps%@"t ﬁ%ﬁhﬁ‘e@%gr‘%a i wes iﬁ%ﬁggﬁ)%& ?‘i‘té’%ﬂpo PrEhabilisyent

i n engi ne |if eisaF paRithRF Gere§ P ' I he
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probabi | i stic Batangredhan doyblebe BSflfe p6the FotalfPopoltion.oBbdss Biltay Jnoré thanfriple

particul ar int . ' bl ades.. .Cl ass the o t-fl oy class of

bl ades, has n@%?%tlhfg%? 8&%&%&@%"1 }tflgre&?oqqﬁbe t?&P&?“’%ﬁ@F gleicgﬁsf‘?d ass 3
has nore than esilisveould fidl Bfiwkér @ieTladsheaniatiats PrRButAtSiRfarll  Clask 4 §aFonabl e
to concl ude t hat @iq%"d ass 2 10 results would fall between the d ass and

Cl ass 3 resul t¥00 P &esr lives than (GJagsri Ehis exouplel clearty demopsiratdsithats t han
Class 3. This . sel ectiv ssenblin
Curti . bl ade TEadIS afefibliny «BIRBAS06R ol Ml B8 R blatichafly 30 10 A

si mpl e |i near ikadt lifiat hemati cal nodel can explain the effect seen in the 15
exanpl e. Consider the, fl.oy netwgrk shown in Fig. 11. The governing

equations for the SyStRIFTREHIZEd myhormativakmodshean pxmanihy effent seen ig e Pd)
for in HisFEdxample. Consider the flow network shown in Fig. 11. The governing equations for

the system can be written as:
m=A f(F,F)
m, = Ag(P,P,) fori=12,..n

.
=]

20 In this simplified model of a turbine disk with multiple cooled blades, the cooling air
supply subsystem is represented by the effective area, 4; and a mass flow-pressure
relationship, f{Py, Ps). The n cooled blades are represented by an individual effective
area, 4;, and a mass flow-pressure relationship, g(P;, Pg). The variability in mass flow
capability will be modeled by differences in the individual blade effective areas.

25 For the situation in which all blades are assumed to be at their nominal

effective areas (4,=A, for all i), we define the nominal blade mass flow and the
nominal supply pressure,



20 In this sinplified nodel of a turbine disk with nultiple cool ed bl ades,
the cooling air supply subsystemis represented by the effective area, Af,
and a mass flow pressure relationship, f(Po, P. ). The n cool ed bl ades are
represented by an individual effective area, A;, and a mass fl ow pressure
relationship, g(P" P,,). The variability in frass flow capability will be
nodel ed by differences in the individualmpkads effective areas. 25 For the
situation in which all blades are assuned td*be at their nom nal effective
areas (At Ag for all i), we define the qanp | blade mass flow and the

nom nal supply pressure, 7 =-mn 'PfgétP,. Next, consi der

! ! L i : a
ol ution of the 11 noert Serrides FERPAROEadhirbaions fr BeBiiice ottt ¥t cosur o

perturbation (rearranged into non-di nens'ozngl+1:40rrr) as: Al, --1 1"A ny
1+,6 n Ag ) where we introduce the non-di nehsi"énal paraneter: of Af aP,
Q- ag g 10 Not : : ' . t 20 o137 0.

Al so, nanyad(::)ool i ng ?g.lé ?‘ﬁ{slﬂ%rg?%ﬁggﬁé errzgﬁglr)gelﬁlggaeg}lv[eh%ﬁ gf‘%sghes L?JP@@JI‘P%?LU‘B
downst r eam pr epsturbativngngesngedint Kon-dimensional form) 4s: The result for the
supply pressure perturbation shows that the perturbation is governed by
the average effective area perturbati%iéh the di sk: Average Effective Area

Perturbation = [/ EALJ. n B PP, 1 [1& 4
! mg 1+ﬁ ni=|Ag

where we introduce the non-dimensional parameter:

10 Note that in general, §7dP; < 0 and &/dP; = 0, so £= 0. Also, many cooling
air supply systems are relatively insensitive to doww;nstream pressure changes, thus fis
often small. The result for the supply pressure perturbation shows that the
perturbation is governed by the average effective area perturbation in the disk:

Average Effective Area Perturbation = (—1— ani] .
nia Ay

15 For rows with blades that have nominal flow capability, the suppiy pressure is
the nominal supply pressure. However, if a row is assembled from blades that are on
average low-flow blades (in this case the area perturbation is negative), the supply
pressure will increase. This increased supply pressure then leads to an increase in the
flow in an individual blade. Specifically, the mass flow perturbation in an individual

20  blade (blade j, for example) is given by,

(4] 1 (14
m (A] l+ﬁ(n§A}

4 £ &

Thus, the mass flow perturbation through an individual blade is controlled by |

8



1.1 15 For rows with bl ades that have nom nal flow capability, the supply
pressure is the nom nal supply pressure. However, if a rowis assenbled
from bl ades that are on average lowflow blades (in this case the area
perturbation is negative), the supply pressure will increase. This

i RSL??E‘S& Z FFZB‘V Bpddithr sti%f{‘y,e s erdetpy kq%ctﬁé?feéﬁgilé%?(%khiﬁﬁcﬂ@?gi dual
20 ' ' ' . th + AT v L

mmss 11 ow pert reseas Sfechi Bt bibafin’ TRt pinial e 05 wiich He wieraga bhige i
effects: the efdwaldotEnal (@8 M&g&’%ﬁ%‘ﬁ&ﬁ&f}ﬁb@zﬁﬁpkmﬁ 1825y biatle W)

and t he average effective area perturbation. e situation for Which
t he average bl hake reduceddlow dug tiodtsroovn dexkeaged effective arege Ifthf entire wdrfoll gav
ve reduce ue to its own

Perturbation i 0 l.owf | ow bl ade, wi | | 1 d

decreased € fe%%smgleg&?f flq"ﬁ"f@ﬁ"a@ﬁ‘hsr dpge fcolPW_' %‘M/aggﬁg‘é'ﬁ%@ﬂeﬁedﬁﬁs
| ow | ow bl adefeduaticiPiaiGhiss Flowobechh RV fahd AddalivihdraddtfelcliPd5Ra bEidErbation
reduction in nass fl ow because of the negative average effective area

perturbation (WiHflFesplissinlangngreased sipply @reseute)s UPls vifeet dluesilt in Fhbstamsfaf ect

wll result in; | al . kaprovenenis.in the life of the. turbine bl ades
as shown in thgﬁ%pgélﬁ%ésﬁ)et%gkp@%fo %8&]{%@%3#3[%8?1?3 Fhownp theprexious pXFMRIE o n

situations in ediculdtidnndnpaniphiarsistaimdasithAignd th SARAIths Mipply HRtedPMRIbReam
pressure changes (and so Qis near zero), a |lowflow bladée” "assenbled In a

di sk of | oMl f | ReiEVEY tasdewnstrepm psessurerdbynges Kandbso frissesar zeyo), aTowtove kiatié ed
inthe art wil c that sel ectivel. mb| i ng -t uy bi
ol usi vel y t 1R RPEE T Bl of R Son hdar il BT S Rty il pesbiTlasb oe

i ncreases the flow through the lowest flowng airfoils in a turbine row.

The net hodol ogy of Thwe kRilled itheiadtwilbdppecady Bt SI&ti9Elyi436em e all
the airfoils in a row share common source and dunp pressures Il e each

airfoil passedo¥s@relugivelyifromblades o vanesin certainsflew eanability klasses inorerses theal

characteristicgg T : {810 t he .accept.abl e
flow linits for t%ﬁ?%‘eﬁgilﬁ?ﬁgﬁl‘% %}ﬁbﬁ% ‘6‘\/\% wé“ﬁ%%‘?-o%ﬂ?ﬁng%ﬂa °§V§hg§ as
a sinple dﬁamh@qﬂom&esuévmﬂm dfelienfactthatd] the airfsilsdn Aeswisharecoimgndno be
under st ood 20 to incl Hde ot her turhine cggg_onents such as vanes and seal s.

It is recogni ZS8ERAH dimRinressuses Shile sach aipil passsh a differentamauntof flow

di scl osed consistent with its individual characteristic curve. The classes consist of subsets of
the acceptable flow limits for turbine airfoils (high-flowing and low-flowing blades,

as a simple example). Wherever the term “blade” is used herein it is to be understood

20  to include other turbine components such as vanes and seals.

It is recognized that modifications and variations of the invention disclosed
herein will occur to those skilled in the art and it is intended that all such
modifications and variations be included within the scope of the appended claims.

What is claimed is:

3760868_1.DOC



herein will occur to those skilled in the art and it is intended that al
such nodifications and variations be included within the scope of the
appended clainms. Wat is clained is: 9 3760868 t.DOC 1. Mt hod for
assenbling into sets gas turbine engi ne conponents having flow passages
conprising classifying the flow capability through the fl ow passages of
each one of a plurality of the gas turbine engi ne conponents; and
assenbling into sets gas turbine engine conponents having the sane fl ow
capability classification. 5 2. The nethod of claim1 herein the engine

conponents aje gagefhdd %rfh‘é‘se%ﬂﬂﬁh?%to S&t§ Eﬁs&ﬁrb%@&%ﬁle%ﬁﬁoﬁaﬁseﬁﬁ?dg figpl 1 ng
passages and holes for filmcooling. 3" The nethod of "claim1 herein the
engi ne component sPaasageTRMSIATISITIE] q}@sg;wgg the flow(eapabilitythroagh e flow passageapf

cool i ng passages e%@lgoHéDJJteafRI{Su%gi I Eag%jbﬂl%'eﬂéir?g,lﬁgp 8&0 cgiss&'lﬂ?ﬁrgi%@ 5

herei n the engi ne conpone e gas®turbine turbine se
The et hod of cl adeti ghs wikine engihdeomptgients heving tieaains flawecabhlsiigclassifiaajonst age
of the turbine section of a gas turbine engine. 6. The nethod of claim1l

wher ei n the engi conponent s vanes in any stage of e turbine

secti on o dgas TN GhgRHGl hereinhe siedhetalRaats =it NG AR n ¢ he
engl ne conponent Studirge W& within@mal 84k pQésagés!hﬁdhurebfdiQﬂm%bliﬁgl of a gas
turbine engine. 8. The nmethod of claim 1l wherein the turbine conponents are

bl ades in any stage of he conpressor sec¢tion of a gas turhine engine. 9.
The net hod o{ cla @e%é?fgqlm Berpinthi FREMEFOPRTBFS T8 Bas PIPBE SHF SNy st age

of 20 the conpragsfile wEes WRR ifimA @8fing pHsPigh€arki 118For Afn-cddimgTet hod of
claim1 wherein the turbine conponents are seals in any stage of the

conpressor section of a (i;as turbi ne engine. 10 11. The nethod of claiml
wher ei n t he 41 ow Bieanethed efglaion! heteinglrpenginetogponendsare gapBEhine e8gieg ass and

a |l owf lﬂ)W capabitlnlbrhye &LﬁSS.

5. The method of claim 1 wherein the engine components are blades in any stage of

the turbine section of a gas turbine engine.

6. The method of claim 1 wherein the engine components are vanes in any stage of

the turbine section of a gas turbine engine.

15 7 The method of claim 1 wherein the engine components are seals in any stage of

the turbine section of a gas turbine engine.

8. The method of claim 1 wherein the turbine components are blades in any stage of

the compressor section of a gas turbine engine.

9. The method of claim 1 wherein the turbine components are vanes in any stage of

20 the compressor section of a gas turbine engine.

10.  The method of ¢laim 1 wherein the turbine components are seals in any stage of

the compressor section of a gas turbine engine.

10



12. The method of claim 1l wherein the flow classification includes nore
than two flow capability classes ranging froma |lowflow capability class
to a high-flow 5 capability class. 13. The nmethod of claim 1l wherein the
flow classification includes flow capability classes that are subsets of
acceptable flowlimts for gas turbine engine conponents having internal
fl ow passages. 14. The nethod of claim 1 wherein the flow classification
produces sets of 10 conponents with increased high-tenperature oxidation

life capabiljty. H@neﬂ@@of@ﬁlﬂpﬂwﬁ&eﬂtﬁé ﬁb\;cf cmﬁﬁgétﬂm 1H&u(§és%%@léﬁ§§i fication

produces sets of components wth increased high-tenperature creep life
capability. 16. Tpabibtytebass afid & low-Aow capabilgielashe f| ow cl assification
produces sets of conponents with increased high-tenperature life

capani Lity. §5 17moHientpthatnel wALabhd A0S SLRCLRALA RS AR fith sagount. O

flow of the engine "conponent can be red
hi gh-t enper at ur e flow eapabibizpelasstyranging frokheloveflbw capibility alass  athigh-dow t he

requi red nom nal f flow of the engine conponent can be reduced
whi | e mauﬂt ai ni ndf agﬁﬁﬁﬁyﬁ?"éﬁded nomi nal performance of the component. 20

19. The method of claim 1l wherein the material of the engi ne conponent can

be changed 130 a TiestethéPatdlfnbivRérenl thailoweletifiedtnihdlgdds TR w dibsitad
nom nal performance of the conmponent. 20. The nmethod of claim 1l wherein

turbine inlet terfsethtars sbsgie phacseialip flow Linsitsi Tax gas/tibinec 8 ent ended
nom nal  per f or mnggRhedtdifa iR Fowlphssages.

14.  The method of claim 1 wherein the flow classification produces sets of

10 components with increased high-temperature oxidation life capability.

15.  The method of claim 1 wherein the flow classification produces sets of

components with increased high-temperature creep life capability.

16.  The method of claim 1 wherein the flow classification produces sets of

components with increased high-temperature life capability.

15 17.  The method of claim 1 wherein required nominal amount of flow of the engine

component can be reduced while maintaining high-temperature life capability.

18.  The method of claim 1 wherein the required nominal amount of flow of the
engine component can be reduced while maintaining the intended nominal

performance of the component.

20 19.  The method of claim 1 wherein the material of the engine component can be
changed to a less capable material while maintaining the intended nominal

performance of the component.

20.  The method of claim 1 wherein turbine inlet temperature is increased while

maintaining the intended nominal performance of the component.

11



