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present invention relates generally to gas turbine engines, and, nore

specifically, to inlet guide vanes therein. ‘A turbofan aSeptembin?®0&ngi ne
configured for powering an aircraft in flight includes in serial flow
comuni cation a fan, |ow and high pressure conpressors, conbustor, and
hi gh and | ow pressure turbines. Air is pressurized in the conpressors and
m xed with fuel in the conbustor for generating hot combustion gases which
fl ow downstreamthrough the turbines which extract energy therefrom The
hi gh pressure turbine powers the high pressure conpressor through a shaft

t herebetween, and the low pr 175@'-5‘3‘]1;\I g%bm\%[ﬁ# he fan and | ow pressure

conpr essor through anot her sh t'her e engi ne operates at
vari ous power |evels including | dl e, cruise, takeoff, and nmaxi mum power as
required for the proper operation of the aircraft over its intended flight
envel ope. In a typical commerci al passenger aircraft application, fuel

consunp esign ective, and the engine is therefore
speci f.%&%ﬁﬁ@%Qﬁﬁﬁm fuel efficiency at cruise operation.
Accordingly, the various stator airfoils and rotor blades in the fan,

conpressor,  anfhel pERILD &Sy cRfibn REGTE RRLYIE % e R
aerodynam c- perfgrf?r%n(l:le at tlﬁré crewgge gé%?gﬁ%%ﬁr échon’dHﬂ’éh&%
Cor r es pipaciifingilyy to it gdiglamhes theefror mance changes at the of f-design
conditions not associated with cruise. Such off-design operation is

The typi cal 't b el utE phelde SoboFea Rt ovriod maing 5 (GiBer 2005
includes in serial flow communication a fan, low and high pressure compressors,
combustor, and high and low pressure turbines. Air is pressurized in the compressors
and mixed with fuel in the combustor for generating hot combustion gases which flow
downstream through the turbines which extract energy therefrom. The high pressure
turbine powers the high pressure compressor through a shaft therebetween, and the low
pressure turbine powers the fan and low pressure compressor through another shaft

therebetween.

The engine operates at various power levels including idle, cruise, takeoff, and
maximum power as required for the proper operation of the aircraft over its intended
flight envelope. In a typical commercial passenger aircraft application, fuel
consumption is a primary design objective, and the engine is therefore specifically

designed to maximize fuel efficiency at cruise operation.

Accordingly, the various stator airfoils and rotor blades in the fan, compressor,
and turbines are preferably configured for maximizing aerodynamic performance at the
cruise design point or condition. Correspondingly, acrodynamic performance changes

at the off-design conditions not associated with cruise.

Such off-design operation is particularly significant in variable inlet guide

vanes in the compressor. The typical turbofan compressor is a multistage axial
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conpressor having many rows of stator vanes and rotor bl ades through which
air is pressurized in turn. Fixed stator vanes are typically used in the

downst ream st ages of the conpressor, with variabl e staBdSeptamber 2006ng used
in the upstream stages thereof. And, a row of variable inlet guide vanes is

provi ded trance of the.high ressure c ressor for_ optimzing
per f or na%dghep r’%%e? §§¥ln%\}lé?’nyt v Sd%fsg?gﬂ VPE%W@%%E@* Tﬁ?‘i’l‘éﬂhumb i se to
Mexi MM prevariz@PRY @il OFixefl sidiér ®Rgl BR rhRaIY 3k RS ngs and
bl ades are therefore configured in aer%,gyna% cé%:ﬁ(s)t?hlgl e or&?rﬂaﬁtla té”?l;z(ll'qflg '
conpr essthgsompropsairawitly variablosistonmars bpinghised fnl thevupepamatiges tereafindesi r abl e
conpressor stall. Efficient aerodynamc profiles for conpressor airfoils

i ncl udi ng st at vanes ~and.rator bl.ades have been avail able for_ nany
decades, and rrﬁag%d’baemf%ﬁfn‘éaqah{e ’B%ﬁgwgﬁl”%ffsés B@c"é‘%d 3t ﬁ"er@ﬁé‘%“t’es‘)fﬁh%b'@hed by
the Nat i pragbreAWipsesdr 60 0hiiht AR F Goor (NAER, Le, in
NACA Tecfﬁni cal Nol_}:t'ie 3959?%u§|§}i?gsé1é§% I'n %@,@%@% vane f)(; g@?gﬁﬁa"%ﬁ design -
charts dPeufingsarse meximiie phA©AoSSalB60B triceginel The wefousrbmpfisst gui de

vanes. LEigc airfoil .serie resented . in this technical note is the
NACA 6' P}‘?fés g‘i‘ﬁlbé‘”}‘%% adﬁi*ﬁ%r-e@éﬁeco IS‘feﬁegel.n W%YW-msh%fqreglav@ﬁ@nar ofile

i ncl udesompi@XioNMdidHcG Kix ' 0 which is
| ocat ed gt p’??i 1rty-fi vgype??gﬁ%%cggg/glgg#g?ﬂ%%ﬁg%&P?%rgnﬁfﬁﬁgtc?ég‘ﬁsﬁé edge of

the airf8ik . The corresponding | eading edge radius is 0.297  percent chord,
and the trailing- edge radius is 0.6 percent chord. This profile is readily

scalable to in i hi cknesses greater.than 6% including 8% and
hi gher, at thgk%lg%% géiﬂ%@&%&?ﬁ%ﬁ?ﬁ’{)ﬁﬁ’ﬂwg\s ’%%“ e VAMVEESfile is
one of andaptaesbladesphatd Ibesn Whiallibly afoy dofiny CROMALTAY | ARy | BE bl 1gy Txi mum
airfoil thl.(fk ss, The various NACA profiles have been available for

decades “f5¢ idstale dn JRPOHS @rdriatddely thes Netipwrl na deisgiyn €onuomitice SHor

ai rf oi | feronautics (NACA). For example, in NACA Technical Note 3959, published in May
1957, vane profiles and design charts are presented for the NACA 63-006 series of 6-
percent-thick gﬁide vanes. The specific airfoil series presented in this technical note is
the NACA 63-(Cl,A K06 gnide-vane profile.

This NACA-63 series vane profile includes a maximum thickness-to-chord
length of six percent (6%), which is located at thirty-five percent (35%) chord length.
from the leading edge of the airfoil. The corresponding leading edge radius is 0.297
percent chord, and the trailing edge radius is 0.6 percent chord. This profile is readily
scalable to include maximum thicknesses greater than 6%C, including 8%C and higher,

at the same 35% chord location.

The NACA 6% guide vane profile is one of a series of profiles which vary in
configuration inchiding maximum airfoil thickness. The various NACA profiles have
been available for decades for use in designing efficient gas turbine engine compressor

airfoils.

For example, the NACA-63 series airfoil is found in turbofan gas turbine

engines enjoying many years of successful commercial use in this country, as well as



For exanple, the NACA- 63 series airfoil is found in turbofan gas turbine
engi nes enjoying many years of successful commercial use in this country,
as well as 2 30 Septenber 2005 abroad. In particul ar, tBeSrEAb&R09Eri es
profile has been used in a variable inlet guide vane of a high power
~commercial_tyrbofan girgraft engine, The NACA profile has good aerodynam c
per f or ma'ﬁ]%r a ‘ng" B@ﬁ?‘gf’re ﬁ??a\l‘ép‘érgise%eﬁ &ryfle b%ﬂ@ﬁectwaﬂagh iplst guide

vari abl e vahesa MBh phwkScdniRbc ryi-se angle of attack. :
Accordi ngly, Wh%].lﬁt he ((i:]w de %ﬁ%b%n%ig%gﬁggé@g‘ its nomnal or zero angul ar
position corresponding with the design condition, such as cruise, the

aer odynami ¢ pr'6hé¢ NAGAqreile hps gobd esrodgsenic gt formeic AhaRAGAeNdyt S1aHE

undesi rag)l en.f l‘??F\./i\L se(t%a&at i (én QI the air flow ng thereover. However, the
vari abl e’RFEHE Tt LItvndpetiexppnbls aagguigh i ypierily abihg (catise anglt of

corr espoaticRal Xc@rfifereRth . t ac k Q0 the airflow entering
the conpressor. ‘ll:hli g}gngu@yg?‘%}hﬁv%cﬁu@%gda%r ét\r{gﬂ V%Eflyor&e&é]ﬂg]é ul ar
posi t i onPeisisBC catrespondng hwith vihe alesipn otoniditlon, @pell at i @ilis@f tht hRr&h@hhge at one
extrenmne, anﬂ%t t?ewgﬁ osite xtr?rre of -angul ar position the vanes are

rot at ed ¥ FEQL P S FhePIRYs PRI aney MiBSYoHesitabid flew raparation pbwer
oper at i ofe afr floh8nENBIdSer, ANd, the vanes are positioned between these two
opposite end positions for internedi ate power operation of the engine such
as cruise over a corresponding cruise range of turning angles centered at
zero degrees. |Howewur thertaridblectanpmeudt herogrnahobara snge rof avhingeakglédof an
engi ne, i_d r.an f I apl e.inl et | de vane angul ar position is

desi red h%ﬁ}ﬁgu%lrﬁeép ?r%l?'ﬁci¥ -#ﬁ.rfffmbﬁ%%?se at(t%ci ‘)E?WQitﬁﬂﬁ? Sp8AvpeEeHRg theand

si xty degrpesssor Bhis hngB%i 1AHRR FlRMEsa @SV BRsdPingl i j

ei ghty-faqur_ degrees (84.). T%g: S W dearrapge %f \S/ane gg‘natég’@#“’ﬁg%gﬁa?%‘n has
cor r espSHHEt HIY poticter adlg efterdtioneoft thenglges aff oret exitima, eindtit ke toppbdie

! NCOM N@xireme of angular position the vanes are rotated to a relatively open position

corresponding with maximum power operation of the engine. And, the vanes are
positioned between these two opposite end positions for intermediate power operation of
the engine such as cruise over a corresponding cruise range of turning angles centered at

zero degrees.

In a current development program for a derivative turbofan enginé, a wide
range of variable inlet guide vane angular position is desired including twenty-four
degrees (24°) maximum open position and sixty degrees (60°) maximum closed
position for a total range of eighty-four degrees (84° ). This wide range of vane angular

position has correspondingly wide and different angles of attack relative to the incoming
airflow.

Analysis has uncovered substantial flow separation on the pressure side of the
vane at the maximum open angular position, and along the suction side of the vane at
the maximum closed position for the conventional NACA-63 series of guide vane
profiles. Although good compressor performance of the variable inlet guide vanes may
be obtained at and near the desi gn condition corresponding with a narrow angular range

centered on zero degrees, the compressor will experience poor off-design performance
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ai rflow! Anal ysis has uncovered substantial flow separation on the pressure
side of the vane at the nmaxi mnum open angul ar position, and al ong the
suction side of the vane at the maxi mum cl osed positi oB0 Septetther 2005
conventi onal NACA-63 series of guide vane profiles. Al though good
conpressor performance of the variable inlet guide vanes may be obtai ned
at and near the design condition corresponding with a narrow angul ar range
centered on zero degrees, the conpressor wll experience poor off-design

per f or NRABRAIN3 130cPRBIEHRE e Qﬁmimﬁéls&%ﬁwu@a%%f&ﬁ%ﬁiefdn ﬁ%gg gri on at

the opposite ends of the wde angular range of operatiofn. Acc Ingly, it
i s desiemhtton. provi de an i nproved variable inlet guide vane having

i nproved of f-desi gn performance over a w de angul ar range of operation.

BRI EF SUMVAR : |- NVE C i i 3 t _of .t present
i nvention, t %‘%dlggi';brltlc\)%/éi g%’éfggl éc%%@ég%oiﬂ%r%%dagﬁabﬁ?@% gﬁlfigleﬁg%ne for a
t ur bof amvanrpgimpeoedraf-dssigngperfoppasictoyer P widsangelaarmgs ufopepationl des ext endi ng
al ong a chord between |l eading and trailing edges and in span fromroot to
"tip; aspindle fixedly joined to said tip for rotating said vane over a
range of angul ar positions between open and cl osed; and said vane having a
maxi mum t hi ckness between said pressure and suction sides greater than
about eBRIAF SORMARY OF THRQUVENTION d chord, and | ocated at |ess than
about thirty-five percent chord Ilength fromsaid | eading edge. According

to a second aspect of th resent jnvention,.there i rovi ded
conpr essor s‘g%&%&fm%o‘ﬂ‘p?i %Sﬁd’tgpeé’ﬁ ‘&Jn | RFeSesimygntiox, rtﬁwgolis 9%?94%?& 2 inlet
gui de VaigiresseX vansh18 dnfedhadd Wah&\iBF 4l Yurbs@M SRk e@dpRdng:2BppRAEN vane

i ncludi ng: opposite pressure _and suction sides extending along a chord
bet weerPTESHE ‘H@ aiston pides p)ﬁgndg% along a chord between leading and trailing edges

and in span from root to tip; a spindle fixedly joined to said tip for rotating said vane
over a range of angular positions between open and closed; and said vane having a
maximum thickness between said pressure and suction sides greater than about eight
percent of length of said chord, and located at less than about thirty-five percent chord
length from said leading edge.

According to a second aspect of the present invention, there is provided a
compressor stator comprising: an annular casing; a row of variable inlet guide vanes
extending radially inwardly from said casing; and each vane including: opposite
pressure and suction sides extending along a chord between leading and trailing edges
and radially in span from root to tip; a spindle fixedly joined to said tip and pivotally
mounted in said casing for rotating said vane over a range of angular positions between
open and closed; and said vane having a maximum thickness between said pressure and
suction stdes greater than about eight percent of length of said chord, and located at less

than about thirty-five percent chord length from said leading edge.

According to a third aspect of the present invention, there is provided a variable
inlet guide vane for a turbofan engine comprising: opposite pressure and suction sides
extending along a chord between leading and trailing edges and in span from root to tip;
a spindle fixedly joined to said tip for rotating said vane over a range of angular
positions between open and closed; and said vane having a maximum thickness between

- said pressure and suction sides greater than or equal to about ten percent of length of




and radially in span fromroot to tip; a spindle fixedly joined to said tip
and pivotally nounted in said casing for rotating said vane over a range
of angul ar positions between open and closed; and sai d3t&ememberi 2885 a

maxi mum t hi ckness between said pressure and suction sides greater than
about eight percent of length of said chord, and |ocated at |ess than
about thirty-five percent chord length fromsaid | eading edge. According to
a third aspect of the present invention, thereis provided a variable

inl et gyiddenotdNgnd Rica@d tiTBehe Ry SRGHDE pERERT é&w%n(%ﬂp%ﬁi L8dRERBRUr e and
suction sides extending along a chord between | eading and trailing edges
and inedgen fromroot to tip; a spindle fixedly joined to said tip for
rotating said vane over a range of angular positions between open and

cl osed; and said vane having a maxi numthi ckness between said pressure and
suct i oBRIEREFCRETIEON OETTE DRAMNINGS about ten percent of length of 4 30
Sept enber 2005 said chord, and | ocated at about twenty-five percent chord

| ength from-sai i n . PTI E NNGS The

i nvention, iﬁ%a%lc‘)gg ar’iclgl &u‘%ﬁ‘?ﬁpﬂ‘?g&}rﬁ?ég@% e%g%%rg}%nﬁlgg&n&ﬁ S

t oget heogathdrhwithu firtier objeccind @inahtaghsahérage ss mbsr paticuledy desceibpdid i cul arly
descri bged..i .the follow ng. detail.ed description taken in conjunction wth
the ac éﬁ%ﬁﬁﬁ%%gﬁ?@% dr%@‘”snpqioﬁ AR CopPRAiion With the goeompanying draWiIgesy| i de
Vi ew ofip amigxenpl ary turbofan gas turbine engine configured for powering
an aircraft in flight. Figure 2 is an enlarged partly sectional axial view
of a variable inlet guide vane _at the entrance of the conpressor of the
“engine illudtigyed ¥ ¢ patiygigedonal silegyipw o ansexgmday grEhofasy gas\ingdpef

exenpl ah¥inkabih gihgég%eggéggﬁﬁﬁggﬁlﬂj lustrated in Figure 2 and taken a
i 3

long Iiné 3-3 1N correspondingly open and partially

Figure 2 is an enlarged partly sectional axial view of a variable inlet guide vane

at the entrance of the compressor of the engine illustrate d in Figure 1.

Figure 3 is a top platform view of exemplary variable inlet guide vanes
illustrated in Figure 2 and taken a long line 3-3 in correspondingly open and partially

closed angular positions.

Figure 4 is an enlarged view of an exemplary one of the variable inlet guide

vanes of Figures 2 and 3 having a profile in accordance with an exemplary embodiment
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cl osed angul ar positions. Figure 4 is an enlarged view of an exenplary one
of the variable inlet guide vanes of Figures 2 and 3 having a profile in
accordance with an exenpl ary enbodi ment 4a 30 Sept enber 32B883cmbert2085 pr esent
invention nodified froma conventional NACA profile illustrated
schematically in flowhart form DETAILED DESCRI PTI ON OF THE | NVENTI ON

|11 ust r aeledhd presemuinyentions raodifiect fipnary convémibasl YASCA UplofiRe ilangheg 10

configursecg f or owebin an.aircraft (shown in part) in flight over a
sui t abl PP &N ngli??é'tfoﬁ@} udi ng power levels ranging fromidle, cruise,

t akeof f, and maxi mum power for exanple. The engine is axisymetrical about
a longitudinal or axial centerline axis 12, and includes in serial flow
comuni cation a fan 14, conpressor 16, conbustor 18, high pressure turbine
20, and | ow pressure turbine 22. Air 24 enters the inlet of the engine and

i s presddETLEED PEHRIPIHONODF HBHINVEN TIGNopul si on thrust, with an inner
portion of the air being channeled into the high pressure conpressor 16
ed air js discharged into

wherein it is syjtab ressurized. The pressuri ;

t he conbust or \AHQ'T‘S 'ahééi Fn Eség‘ﬁ‘? Y. Wtq’fe‘ﬁﬂ[ﬂw dhdpofagnesserbige gamer 4¢i ng hot
conbust iconfig\ged €6r Phivefind laAVAALND $EHSAHM . turhines. 20, 22 t hat
extract enegr ay. trh_eref roém Tﬁe hi Shopresig%‘gyswu&%}ﬁeé% apgiv{gpis% ?Pé?hi gh

pr essur EPEQepsiaslding Fewer knvolsghnging Somad feo ot segtakérett, taind hesiatehpeerr and t he

| ow pre rbine 22 powers the. t hr.ough orrespondi ng shaft
t her ebe?r %ﬁlﬂ&% S{J%eseé@“é lstaﬁﬁy@m%??a g&?}ft atlﬂ%%mdg'r?i BF é’é‘%ﬁ‘fe@teéléfﬁpﬁ"@% sor 16
i s a conpyassiaciuded At RiaPlowoflniscai e kC ' re
det ai | b“ngélFi g]urte;l 2. Theast%tor 26 ?n%#&%éqghg%ﬁ%%?qg’agﬁ%ﬁs% lggd

sui t abl Y psEreeduibiner 20, andlovopresfure/arbiadP2 i nl et gui de vanes 30 ext endi ng
radially inwardly fromthe casing. The gui de vanes channel the

Air 24 enters the inlet of the engine and is pressurized by the fan for producing
propulsion thrust, with an inner portion of the air being channeled into the high pressure
compressor 16 wherein it is suitably pressurized. The pressurized air is discharged into
the combustor wherein it is mixed with fuel and ignited for generating hot combustion
gases which flow downstream through the two turbines 20,22 that extract energy
therefrom. The high pressure turbine 20 powers the high pressure compressor 16
through a corresponding shaft therebetween, and the low pressure turbine 22 powers the

fan through a corresponding shaft therchetween.

Disposed at the entrance of the high pressure compressor 16 is a COMpIessor
stator 26 which is illustrated schematically in more detail in Figure 2. The stator 26
includes an annular casing 28 and suitably supports therein a row of variable inlet guide
vanes 30 extending radially inwardly from the césing. The guide vanes channel the
incoming air 24 to a first stage row of compressor rotor blades 32 which extend radially

outwardly from a supporting rotor disk or drum.

The first row of blades 32 is one of several rows which define corresponding
stages of the compressor having intervening stator vanes therebetween which pressurize

the air in turn for subsequent delivery to the combustor. But for the variable inlet guide



incomng air 24 to a first stage row of conpressor rotor blades 32 which
extend radially outwardly froma supporting rotor disk or drum The first
row of blades 32 is one of several rows which define co?t Bgpenber2§05 st ages
of the conpressor having intervening stator vanes therebetween which
pressurize the air in turn for subsequent delivery to the conmbustor. But
for the vaaed 3hlthe rembadndey of de GQinSe pichrdiey theMigh pretsise Sinpretwdr 16 mapder of

t he engi,ne, including the high pressure conpressor 16, may have any
convent FGNGRTEEHE eg¥iguRtiony | ystrated in Figures 2 and 3 each vane 30
Is in the formof an airfoil having a first or pressure side 34 and a

Circunferenti apd Mlu%ﬁ@tfﬁlﬁg&r%&?ﬁgd Qlea V\ﬁ:—i&e%’@ iﬁixfjt'ﬁc ’lacﬁ'm é{imn%grf&?fﬁ@ﬁg the
aerodynami c surfaces of t vane over I'ch the arr ows during °©
oper at i @nfirst off peestuwe siiedibsarda JGcaxfeadialyi appbsitcatccos ar sltiod sk& et ween
opposite,.l.eading and trailing edges 40,42, and radially_in span froma
radi al | 9"‘11?}1131* R bie apAodygamic ﬁ%s%chﬁ 1of theivare pYy which the afafevy durieg abl y

twsts bpe{aﬁ&ﬁ.a‘lﬂg%é aﬁ%gtﬁig&% HRedd a@igﬁgta]&% a(%%gfoe §8 t2lfden’ @]%30%9@”’ but
may ot herwi se vary as desired for maxi mzing aerodynaim c perf‘or mance

t her eof ldaduly andnteaildfe edpea 40/A2) aid/radiallynia-spae fenco radtlgiinandol Aclougdes an

I nt egral c\;aj i ndri.cgl t’l{rhEnni on or spindle 48 extend%?r}g_ radi al |y outwardly
from t hEPYARCHFHUR AR T a0g Rrederabligmasie it el 61ass septicp ap 19 3bPeiut% in the

casi ng. ddheSNAHs&phS it ' ek i ﬁﬁ&: tation
therein aérﬁei S | ntSeB‘lrﬂ%I I y%gh&eﬁirga@ybﬁf’gglgg%@oﬁ?ﬁﬁeﬁ%n ﬁ%g" o:;amlécgt ating
t he vanperf@mdest theckofluri ng operation. The vane root includes a
corresponding trunnion nounted in an aperture in an inner support or frame

conponent. As shqwn i lgures 2 and 3,, an actuation ri 50 i,s pivotally
Foinad To eachioit Ve i SR it dec ot CearBERoRh M5 ey 8 TFHPb2. T or
rotati ngylindgicMam@hion) ot a8 48 extSFhA FRRAE Ythirdly GoRfie! CAhkalp AREr ation
of the engine. A suitabl'e actuator 54, shown in
ough a complementary cylindrical aperture in the casing. The spindle is

conventionally mounted m the casing for rotation therein and is integrally or fixedly

joined to the vane tip for rotating the vane as desired during operation. The vane root

includes a corresponding trunnion mounted in an aperture in an inner support or frame

component.

As shown 1n Figures 2 and 3, an actuation ring 50 is pivotally joined to each of
the vane spindles by a corresponding lever arm 52 for rotating the vanes in unison in
accordance with the particular operation of the enginé. A suitable actuator 54, shown in
Figure 3, rotates the ring 50 when desired for in turn rotating the lever arms 52 and

rotating the individual vanes 30 within the casing.

Figure 4 illustrates an exemplary radial section of one of the variable inlet
guide vanes 30 in solid line in its nominal angular position corresponding with the
design condition such as cruise operation, with a corresponding angle of attack relative
to the incoming airflow. Shown in dashed line in Figure 4 is the substantially wide

angle range of angular positions of the vane between fully open and fully closed.

The fully closed position corresponds with turning the vane counterclockwise

in Figure 4 to a maximum turning angle E in which the vane pressure side 34 faces
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Figure 3, rotates the ring 50 when desired for in turn rotating the |ever
arns 52 and rotating the individual vanes 30 within the casing. Figure 4
illustrates an exenplary radial section of one of the vl Belmber208F gui de
vanes 30 in solid Iine in its nom nal angular position corresponding with
the design condition such as cruise operation, with a correspondi ng angl e
of att ackially|farwardly te partially bleck thegriliw. f Clowkwish ovtatiomofihs lvext 30 toethe n Fi gur e

4 is th bst anti.al | i d ..of I it f th
pet ween T () bRHCEN FoREIOYE PaCE RRHF SRR R BothERoloBRF csponds

W th Uikt 8639 #8s GAHIN BrehRH Wri8lly biedth@HeRNdty bRssAod Btk iR the'" Ni ng
angle E in which the ?/anem%ressure s',ri dey3gefa%e§ 6 go S%ptenber tl21005
axi al | y afliscentrvehgs. t o partially block the airflow. O ockwi se rotation of the

vane 30 to the fully open position corresponds with an opposite turning
angle F at whigh.the van suct,i on side 36.faces,. axjall orwardly for

full y opening ]fiﬁ%‘ VFP%W%;@@&@@Q%@?%@H%We’%\?ﬁdé‘&geﬂi‘fo‘i%r’rg% Span ‘l‘_{légﬁ vane
may be raheh@d tROAMch&dPbVRIwAY therfot! EFHsPShditY Y hd L6t ﬁf‘ Uirchfaf vane

near the mdchord, or forward thereof, c rresponding wth the center of-
t he cir épibdle 4&Plusigited #8Figuteudt Mat@dinahordegigneangulad positiom af ther vabeds gn
angul ar .posi tion of.the vane is illystrated_ in solid Iine jn Figure 4

sl ightl yP%ﬁ?tg e it P 16 Peut, 6&1155535 Sg g the firestiamet db ég_ the
engi ne w&nt@mnesxi@@pﬂﬁseﬁgin@dm& 1sheprBEnfld 1Hthe axtal éedim,waﬁ_tltl@iéﬁgé}{ﬁaﬁ' axi s

Y extendi.n%i n a circunterential direction around the casing. At the design
angul ar axipds¢xtenshng inrrecivcaumdeisntalalicotorespumtiiha gasing)| At dfe desigackgulet at i ve to

t he i ncQm:n irflo w th maxigum aer odynam c. efficiency with.mnimal, if
any. 11 bW San I ar B kst Rondng e frditkatiaiue lo thednivBing diflow
subst antiithlthyxiuge a&0gyrRintia REFCiGcy OPRE Mith@RI Off daheny¥anRpadtioR L ¥erRn the
cl osed angul ar position E and the open angular position F relative to the
entire outer surface.
However, the substantially wide angle range of operation of the vane 30
between the closed angular position E and the open angular position F relative to the
design angular position has a correspondingly large variation in angles of attack of the
vane relative to the incoming airflow. Accordingly, aerodynamic performance of the

- vane correspondingly changes at the off-design positions thereof associated with the

wide range of angular positions.

In one method of making the variable inlet guide vane 30 illustrated in Figure
- 4, a suitable NACA-series guideline profile 56, illustrated by dotted-line, is initially
selected for optimum aerodynamic performance at a corresponding design angle of
attack associated with cruise operation for example. As indicated above, the NACA 63-
| (CLAK()06 guide vane profile may be used to conventionally design a corresponding
airfoil based on the publicly available NACA technical reports and notes.

For example, this NACA-63 series vane profile has the A K, mean or camber -
line, a maximum profile thickness of 6% chord length or greater located at 35% chord
from the leading edge, with a leading edge radius of 0.297% chord and a trailing edge
radius of 0.6% chord. . |



attack of the vane relative to the incomng airflow Accordingly,
aerodynami c performance of the vane correspondingly ch3hgesemier2ies
of f-desi gn positions thereof associated with the w de range of angul ar

positions. In one nmethod of rralgirlr;g the variable inlet guide vane 30
il lustrated in RVigdera. threg-dimensigrahi§812) Na@kr-Stokics saeipddydamion8oprafalylss 56,

illustra ted-line, ig.initial sel ected for opti aer pdynam c
per for o ardr SR s o] o duttufy o qeBy iy et O B G
crui se opgied! i AMhbaYh e MbEsisAsredio fat @tk AR, pldite %%36§Cce§&g%A4K6) 06
gui de vane profile may be used to conventionally design a correspondi ng

ai rfoil Peedhapnc peréormabte atlthe desig aigubar RAGiAoneit krparhceseimifienafidwnot es.
For exa 4 hi CA- 63 series vane profile has the A4K6 nean qr canber
ne. o EEbRRBPRAR Blief Sin TR IbEcHonte raig feb s gromeanesbat od at
35% chor éosddr ébﬁ‘ll@ﬁﬂh@%@%@ h iy LEagd eyr.adi f 97%
chord andosé t?{ég?l [ nz; edge ra |u§ %fg?lgmkchor%&sségo)sﬁgt}g ég'r %%%’5 Modem
t hr ee- di Fibstends flow SPprabar icethSprkese side ofl fheadNAC A pfilaisgirgditted attrput er
sof tware be used t.o anal yze the aerodynam.c perfaqroance of the guide
vanes. APERBUGN P otiftat §rebrnmdngteier i Crtis Raek boiofraes do Wb
accept abflew sair@ihinnasHEpaRk N BBSLadbdyrAfid Pt BAnARE YbPTheROB i deSign 1
experiences significant flow separation along the suction side thereof at

| ar ge clBglfsof aftngksincs deNAS A prefilastaes opsitniacdfor singuiad angled ef 2Batk.| ust r at ed
in Figure 4 of thirty-six degrees (36 ') and higher. And, substantial flow

separation on side of the NA rofile is predicted at the
maxi num open p?)lglgﬁ%(%%%gg&&%]s%glﬁ’msﬁ%ﬁ ’?v%t{oﬁf\?ﬁeaef% ARy g‘??g’(sés %’Sﬂﬁeﬁi gure 4.
Such flwed sepdlmetd abspatibspeidscdbdrbdhR@iic pRIMEYsaRt GaResd aruxaaeg for

t hese of.f desiqgn  angles _of attack since the NACA profiles are optim zed
for sinddl égurgl%d:]lgglc y differgptthan the corresponding NACA profile from which it is

derived.

More specifically, it has been discovered that improved performance in the off-
design angle of attack positions of the vane 30 may be obtained by increasing the
maximum thickness of the NACA profile, and relocating that increased maximum
thickness closer to the leading edge of the profile for defining the resulting variable inlet
guide vane 30 for reducing flow separation from the pressure and suction sides thereof

 at the off-design angles of attack within the wide range of angular positions of the vane.
Such off-design performance is enhanced while still maintaining efficient aerodynamic

optf:ration of the vane at the desired design angle of attack.

As shown in Figure 4, each radial section profile of the vane 30 has a
maximum thickness T represented by the diameter of an inscribed circle between the
pressure and suction sides of the vane, which maximum thickness is greater than about

-eight percent of the length C (8%C) of the vane chord 38; and, with that maximum vane
thickness being located less than about thirty-five percent chord length (35%C) form the
vane leading edge 40. In comparison with the conventional NACA profile 56, the
thickness of the vane is increased as well as relocated closer to the vane leading edge for

providing enhanced aerodynamic performance for the off-design angles of attack.
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In accordance with the present- invention, 3D aerodynam c anal ysis has been
used to define a substantially inproved aerodynamc profile for the vane 30
illustrated in Figure 4 distinctly different than the 2bBempapordiny NACA
profile fromwhich it is derived. Mre specifically, it has been

di scovered that inproved performance in the off- design angle of attack

posi tions of th&uthaencie) Ml \relgvapisaialtedadiig iedsé @8sha'\ AT prof@si 38118
t hi ckness of the NACA profile, and relocating that increased maxinmm
t hi cknesreterady ingreased dn sgdp igfinel ghe @qnqsn@lcgngiyiﬂl@kqfrdﬁacm edgengf thee

I ti ' L fl ' 0. f ' f.] ' f
the. pr osaite kR dnt Rolne YL 36 kRS ifhog R S KBS BRGTRRREbHR o [ ok

Wi t hin tHe paicdet ofahgehord 1@_@gm3%c)mgdcﬁatmta&het§m?mmm leRYAP e@d - design
performance i s enhanced while still maintaining efficient aerodynam c

g
operation of the vane at the desired design angle of attack. As shown in

Figure 4, each ridleading cdge 4 qfithe vare 39 iustratedlrin Figurp 4sis alefined bynam )
t hi ckness . =18 f ' .0 ircle b th
br essur Srsshiyel BAERSH Gftylitr SRS BLR TEbRertly Mol B R Pk S SF I cat or

than aba¥ACAepgifile. pEhe Pdss@t dnleubeigbidedof SHUINACIA bRy aRklegheadn 3 8; and,
with that maxj mnum vane thickness being |located | ess than about thirty-five

per cent “CR¥HopalpaRngr dryokst exiptiishing a denired \Taese ling @idegenbep ling e ari son

with th ti " ' : hi Gk - of. t:he vane is

I ncreas g%l&}aégeﬁ‘l la?aﬁ%% kl}%ﬁ?éﬁj %&J]ng%r%% E{%é?}%ﬁg}‘\?fg‘%gpﬁ%iﬁ@ﬁa déa&be er;%?m

provi di e kEeadinpoeide ae todyraiding edper fThe measeof e outee tafobntd @Fitgnsafeglds of
attack. 8 30 Septenber 2005 Furthernmore, the relatively small | eadi ng edge
of the REBES frigtesitae qurespondingpressipt nd wetemsides ofthevatie. t o define the
correspondi ngly thicker |eading edge of the vane 30, with the | eading edge

40 thereof havi nacaviaciyanfaiich Fiik ka5 b0 BRoU.RaSRG GEN O

the chord length (3%) associ ate t he sharp NACA"| eadi ng e

substantial departure from the NACA profile for increasing the maximum section
-thickness and moving it closer to the section leading edge, while preferably additionally

increasing the radius of the leading edge for combined performance enhancement.

In the preferred embodiment illustrated in Figure 4, the maximum thickness T
of each vane radial section is greater than or equal to about ten percent of the chord
length C (10%C), and is correspondingly located down to about, and preferably equal
to, twenty-five percent of the chord length C (25%C) from the vane leading edge 40.
The maximum profile thickness also preferably varies from about 10%C at the radially
outer tip section 40 to about fourteen percent chofd (14%C) at the radially inner root
section 44, both at the preferred 25%C location from the leading edge.

Correspondingly, the radius R of the vane leading edge 40 is preferably
proportional to the profile maximum thickness, for example eleven percent (11%) or
greater thereof. Accordi_ngly, the leading edge radius varies from about 1.1%C for the
vane tip 40 to about 1.6%C for the vane root 44. 3D aerodynamic analysis confirms a
substantial reduction in flow separation along the pressure and suction sides of the vane

over a large range of the open and closed positions of the vane, with the improved




The | eadi ng edge 40 of the vane 30 illustrated in Fi gure 4 is defined by an

inscribed circle of dianeter 2R which is preferably larger than the | eading
edge-of the NACA profile. The pressure and suction si d&&Sefterhbay 2ROEA
profile are defined in a conventional manner by first establishing a
desired nean line or canber line between the leading and trailing edges
and centcenbimptiansdinesased prifileticknesy dispged vlodéranrhelealiingBdgt hed e@di ng
edge to the trailing edge. The | ocus of the outer tangents of the series of
ci rcl es Afeftespand thekrlsadingedasy pressure and suction sides of the vane.

The vane 30 illustrated in Figure 4 may be simlarly defined with the

substanti al dep ] ' ' ' i_mum
section -thi Ck%gi'é@%g%ﬁl Vq%e%eogg%%gc %rﬁaﬁgsé%%fﬁ%%’e{b%g@ﬁ&{@se e, while
pr ef er alhodifchtioniofitied NACA pofideir figrtlich @erodihansic brfoheance adpRFe@emtEns or

conbi ne%éﬁpehj rimance enhancenent. | n_the preferred enbodiment illustrated
in Fi gut® 41 “féﬁ’éﬂrﬁ&@ﬁﬁﬂ%“t‘)ﬁﬁ-c WA dsticplarg theomepn Jinp orrcanibgr of dha NACAs

greater r ag,cuéa% : r t hord ..l 10%C) ,
and is g%)&r}?gss gé“?n i ng uf/tgﬂc‘;gg(?dgﬁe%gﬁv\%&%g a%%rﬁg%ma%gi S%F fe?‘g%?lg%ﬁei)@%%ﬁﬁhg to,

t went y- Vae farefucthat realucing efl @ Gegarhgng therdrdn? 3V @e GifTeithaglaner Ateeli ng edge
40. The _ maximum profile, thickness also preferably varies from about 10%C
at the f%ﬂ?vglt%e%{%P%1tﬁnsection 40 to about fourteen percent chord
(14%C) at the radially inner root section 44, both at the preferred 25%C

| oM o ablis BN R EACE R SRR Bk Ky akltEr AL iRl e vane

| eadi ng edge 40 is preferably " proporti | tot ro e maxi mum
t hi cknewwdifiedr inermmiphen ethekersspehadal 1qcatdss tearcofgiedingr eddeeradifs, and

Accor di ngl t he | eadj.ng..edge radius varies fromabout 1.1 %C for the Vvane
tip 40 {Hintes g0, Pubstapally ghimyiiite fawaepaatonol the B‘rﬂ]%W@g‘ifﬁal?ﬁﬂé PERSEITG &pd

conf i r @uclion SRS MG 8f HeeGHHEL 4t O suifhbly %é%@&%tficﬁ;@n%ar@ogeg%ngﬁ&?w e and
suction sides of t he vane . over a larde range of the open and closed
posi t i dipsitsmsirplativatecthe diesign poritiomplitbuctic enGe vBdpragsef a5 position.

For example, although the NACA profile 56 effects undesirable flow separation along

the vane pressure side at the maximum open angular position F of 24° , the mmproved

vane 30 at the maximum open position F has a substantially reduced, if not eliminated,

flow separation along the pressure side.

Correspondingly, analysis predicts that the NACA profile 56 experiences
substantial flow separation on the suction side thereof ata relatively large intermediate
closed position G of 36° whereas.the improved profile of the vane 30 has substantially
reduced, if not eliminated, flow separation at the corresponding 36° closed position. In
view of the substantially large maximum closed position E of 60°, the complete
elimination of flow separation thereat may not be achieved, but since that closed
position corresponds with idle operation of the engine, flow separation is not significant

for idle performance.

Although the total range of vane angular position from maximum closed E at
60° to maximum open F at an opposite 24° effects a total range of eight-four degrees
(84° ), substantial improvement in aerodynamic performance of the vane 30 is provided

over a large range of off-design angular positions of the vane while still maintaining
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conbi nati on of increased profile thickness disposed closer to the |eading
edge and with a correspondingly thick | eading edge. The availability of
t he 3D aerodynani c anal ysis software permits further n¥Béitenbir@df0ddf the
NACA profile for further aerodynam c performance inprovenent in the

of f-design vane positions. In particular, the mean |ine or canber of the
NACA prafifieat sgodmpmie perfomanly atrtei ddsired tlesigte pbsidon, hecferabhys nr @uiad
SUCti(”]éﬂéHE% 34,36 of the vane for further reducing fl ow separation
therefromat the different angles of attack relative to the design
position. In this way, the NACA profile 56 may be used as a reference

profile whi ch | sByreiclivay VatympxinBuenhBhEHRPIPACNBIAIAL d05abLaR; her eof

| eadi ng .edge radius, and "canber to substantially efimnaté oW Sseparation
of the . dMPIVEWeal ohgetsdyhapicepsiommaneed of shec variables inlets g@ide 3Gnofmdyhe vane at

a suita . ra of open and. cl osed angul ar ositions relative to
t he desilz)lé%a nlﬁ)e?;li% fhgnoq%ﬁ?%g%a ﬂlr'éaraﬁ’tgﬁt’f)gs' weyeindue W£§H@YF&PC§@§W@P%n. “For
exampl .of S NAGpiolie:sNARABA OfblefrofPui b r@gigg@?wd%% fvditl ScRERET At | o

along the vane pressure side at the nmaxinu angular posrtion F of 24

, the i fprBVEESINganeerdld perfonnenceart then @pgnepasi intlading bial maswbsbantial |y

- reduced,.. | ot Imnated,.. fl.aow separation algong the pressure side.
Corres pg)_r{%‘lrl%lggl ﬁrgflgrr?g}yy??e_smﬂ’ruéd’; glﬂestri“ $ éé%%e&aﬁ? Pf &emBgnggiicibnces

subst anDiaperédn0Ws e RAG:AERAh CD whith HERAs witﬂ%ét*&?m%%ﬁéh profife! %t 1 vely.

| arge internediate closed position G of 36 , whereas the i'nproved profile

of the vane 30 has substantially reduced, if not elimnated, flow
separation at tAdodesn rthessodisnengiosd agbdweehip gsilysisnmay mowitewastl tche

subst anj bo £BY Rt dTRS clgsed ppsition E of 6Q' . the.conplete '
elinmi na%(ih%#%? f?ﬁr%\%t separa |p§ﬁ$rperf’g%t°ftn%§ pﬁegfmﬁé‘n‘géﬁ?t&?eﬂ‘?esb@fﬁﬁi?%ce t hat’
cl osed theosiniatde inket r@agondse wok hpiodhein@ Pesrabhaidiny VehRit® NGisBuribALOW
separatjon is gq(}t significant for idle performance. Although-the total
range of \PANE HNRPRMEHs| asredynpigperixnines eobsaly B the specific design

condition, but over a range of off-design angular positions as large a practical.

In the preferred embodiments disclosed above, the maximum thickness of the
vane radial sections or profiles is 10% of the chord length at the vane tip 46 and
increases to 14%C at the vane root 44, and is located at 25% chord from the leading
edge, with the leading edge having a comresponding radius varying from 1.1%C at the
tip to 1.6%C at the root. These three elements may be varied in accordance with

- conventional aerodynamic analysis for maximizing the off-design aerodynamic

performance without otherwise compromising performance at the design condition.

Further analysis may be used to optimize the variations in these individual
parameters as they collectively affect aerodynamic performance. And, the same
analyzes may be used for evaluating cooperating changes in the vane chamber and other
portions of the pressure and suction sides for reducing or eliminating undesirable flow

separation over a substantial range of angular positions of the vanes.

However, any change in the NACA profiles necessarily changes aerodynamic
performance for the specific design angle of attack therefor. The variations in vane

profiles described above provide overall benefiis due to the required wide angular range

11



60 to maxi nrum open F at an opposite 24 effects a total range of

ei ght-four degrees (84 ), substantial inprovenent in aerodynamc
performance of the vane 30 is provided over a |arge rabg8cpémbdrf2088si gn
angul ar positions of the vane while still maintaining 10 30 Septenber 2005
efficient_ aerodynam c performance at the desired design position,

pr ef er abPi/inigt gande vane posisiont yetnwosy rmélbedieneﬁchg/] Macﬂqslra@etfheﬁxeﬂ)smmmt i onal

NACA pr . tanti r ouv nt _in aer C perfornance of the
vari abl gvénnghﬁ%lgﬂ%’ﬁ%raaﬁlgu‘%ﬁﬁo% NS i SHBETESS T t?‘?%mgl?f desi gn angul ar .
positions. However, due to the proven perfornmance of the NACA profiles,
variations thewafleaners how sbehdetaBEd Rabiv vﬂﬁ@'ﬁret&nﬁﬂa{eﬂlt&fa

conpron13|ng overal |l performance of the conpressor, including stg?? mar gi n
for exdEMel mpﬁ@ﬂ)@dmmn;s oiiﬂve m@dnm\'@ﬂwnheﬂrbr moldlﬁcgtamhg@f he imfentibe vane 30

remai ns t cho d Ie onds with
t hat of %%H%E§§§F%§5 Bﬁ?ﬁ Hgﬁﬁth“h@W£ gﬁwés alysis
may now desiredSedbd Qecuﬁéa\fﬁﬂhégﬁpéxﬂéd em%g B zsuag nﬂ)dﬁli)c%ﬁbﬁé £ ﬂ'il%iﬂluﬁ iR the
pressure and_suction sides 34, 36 the variable inlet guide vane for
produ0|ﬁ@m@ﬁﬁﬂé@%éﬁuﬁﬁﬁﬂvahwumpy dlstrlbutlons there over for maxi m zing
aerodynami ¢ performance not only at the specific design condition, but
over a range of off-design angular positions as large a practical. In the
preferred enbodi nents di scl osed above, the maxi mumthi ckness of the vane
radi al sections or profiles is 10%of the chord Ilength at the vane tip 46
and increases to 14% at the vane root 44, and is |ocated at 25% chord
fromthe leading edge, with the | eading edge having a correspondi ng radi us
varying from1.1%C at the tip to 1.6%C at the root. These three el enents
may be varied in accordance with conventional aerodynam ¢ anal ysis for
maxi m zi ng the of f-design aerodynani ¢ perfornmance without otherw se
conprom si ng performance at the design condition.
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Further analysis may be used to optimze the variations in these individual
paraneters as they collectively affect aerodynam c performance. And, the
same analyzes may be used for eval uating cooperating cHadepsnber 2008 vane
chanber and other portions of the pressure and suction sides for reducing
or elimnating undesirable flow separation over a substantial range of
angul ar positions of the vanes. However, any change in the NACA profiles
necessarily changes aerodynam c perfornmance for the specific design angle
of atta éﬁ refor. The variations in vane profiles described above

provi de %@ benefits due to the required wi de angul ar range 11 30

Sept enber 2005 of inlet guide vane position, yet would not be beneficial or

Jesi fo . ' O . h
compr eskor - ruB IRk RS RS B R LB ORI i e
consi dedpﬁ‘o@sﬁé) ﬁi%%sd}é efnar fiRfoR Nles SXERRARS Y108 @h&%nﬁé"tw@én Q@Y esent

i nventi on, nodi fi cations of the invention shall be apparent to those

ski l'l edralnng&t%eaaﬁd forspan g roeehipngs herein, and it is, therefore,
desired to be secured in the appended clains all such nndifications as fal

wi t hi n & $péndle finedly piinéd toanid tipdopmtaingtshisl vane ewmer anangelf :@guigept enber 2005
CLAI M5 1, conpressor variable inlet guide vane for a turbofan engi ne
conpri sﬁ"ﬁﬁ‘onébﬁﬁ@ﬁép‘ﬁr@gﬂﬂséd #8 suction sides extending along a chord

bet l d t d t, t 1 :
oot e s [ﬂ%@g@mﬁfﬁiﬁ%@?@w AP St BreRaT el SUUPSo6L G Loge o
AnGUl 2y DASI LONE BEIBENARSE A SHORR e BB hYARB YRR E i mum

thlckness pres ure and suttion sides
percent cl_lord length from said leading edge.

2. A vane according to claim 1 wherein said leading edge has a radius greater than

about 0.3 percent of said chord length.

3. A vane according to claim 2 wherein said vane maximum thickness is greater
than or equal to about ten percent of said chord length and is located at about twenty-
five percent chord length from said leading edge, and said leading edge radius is about

eleven percent of said vane maximum thickness.

4. A vane according to claim 2 wherein said vane maximum thickness is greater
than or equal to about ten percent of said chord length, and is correspondingly located

down to about twenty-five percent chord length from said leading edge.

5. A vane according to claim 4 wherein said leading edge radius is proportional to

said vane maximum thickness.

6. A method of making said vane according to claim 2 comprising:
selecting a NACA-series guide vane profile having a design angle of attack; and
increasing maximum thickness of said NACA profile, and relocating said increased

maximum thickness closer to a leading edge of said profile to define said variable inlet
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t han about eight percent of length of said chord, and |ocated at |ess than
about thirty-five percent chord length fromsaid | eading edge. 2. A vane
according to claim1 wherein said | eadi ng edge has a r a8 BeptgmbertZ€05t han
about 0.3 percent of said chord length. 3. A vane according to claim?2
wherein said vane maxi numthickness is greater than or equal to about ten
percent of said chord length and is | ocated at about twenty- five percent
chord length fromsaid | eadi ng edge, and said Ieading edge radi us is about

el even percent of éard yane naxrnunrthrékness A,vaqg according to claim
-2 wher efHIS¥ANG 0EH mﬂ%maﬁrtmf@%srl P&s%@érdsw%s PS@H8ES t o about
and is correspondingly |located down to

‘ten per t .0 chor.
about t q?g‘%?%gmggFﬁgﬂ dgﬂ auﬂ%ngth fromsaid | eadi ng edge. 5. A vane

according to claim4 wherein said | eading edge radius is proportional to
sai d vapne mA'nﬁ@ﬂ%&ﬂb&ﬁH@%@ clafin GAuBRENShpPkind R AingAhfl thRRResReEOr ding to

claim2 conprising: selécting a NACA-serles gui de vane profile having a

desi gn aaipINACH pited kaidadiding dige EaséoTto defiderruid leddinkeR@Iadits sfvatli NACA
profile, and relocating said increased maxinmmthickness closer to a

| eadi ngvaedlle inlet mEdeivameofil e to define said variable inlet 13 30 Septenber
2005 gui de vane for reducing flow separation from said pressure and suction
si des a ang of attack djfferent than said design a 7, A nethod
Sccor dihg o oA ENeHhoA ssoninerie ole PITGTIPHENE £ Is%eﬁaal%%m)%ﬂr@rﬁess of said

NACA d.| ead faQrdghing d
ugf@r@zﬁh@grﬁgﬁ%rw% R e e
furth . al
e e OB e )

9. A method according to claim 8 wherein said NACA profile is modified in
maximum thickness, chordal location thereof, leading edge radius, and camber to
substantially eliminate flow separation along both said pressure and suction sides of said
variable inlet guide vane at opposite open and closed angular positions of about twenty-

four degrees and thirty-six degrees relative to said design angle of attack.

10. A compressor stator comprising:

an annular casing;

a row of variable inlet guide vanes extending radially inwardly from said casing; and

cach vane including: |

opposite pressure and suction sides extending along a chord between leading and

trailing edges and radially in span from root to tip;

a spindle fixedly joined to said tip and pivotally mounted in said casing for rotating said
. vane over a range of angular positions between open and closed; and

said vane having a maximum thickness between said pressure and suction sides greater

than about eight percent of length of said chord, and located at less than about thirty-five

percent chord length from said leading edge.
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attack. 9. A nethod according to claim8 wherein said NACA profile is
modi fied in naxi numthi ckness, chordal |ocation thereoB) SemedbergOedige
radi us, and canber to substantially elimnate flow separation along both
sai d pressure and suction sides of said variable inlet guide vane at
opposite open and cl osed angul ar positions of about twenty- four degrees
and thirty-six degrees relative to said design angle of attack. .10.. A

compr esor A 3l sSOIBELS) Ot 16 AU AL SRS LSty abl e 1l e

gui de vanes ‘e nding r y I nwar Sal d casin each vane

i ncl udijBfved PERA I0F §aid VESSIHRII AR RHAIHpQRdSHESinM VB GvEGs idala chord
between leading and trailing edges and radially in span fromroot to tip;

a spi ndaegd indading ajdesigadngle of aitatktbepvaendaidiopeh ahd ylosalyisRdn.n sai d casi ng
for rotating said vane over a range of angul ar positions between open and
cl osed; and said vane having a maxi numthi ckness between said pressure and
suct i onlZsi de’ sigtos aeenrding fraplaimp bl wheteitheach of said vaesf lepding edeesthasai d chord,

and located at |ess than about thirty-fivye ercent chord length fromsaid
| eadi nd® E;gr.eatiﬁﬂﬁ@ﬁ a&‘é‘ﬁt%ﬁﬁ@@“ﬁ@%ﬁméﬁh“ﬁ\fﬁgﬁor according to claim 10
further conprising an actuation ring pivotally joined to each of said vane
spi ndl for i Sal A, bni i -1L.ange

Rl udi 3y o AeEi bR TS oA R RSB b B B E 0 i o

12, A sfigh @arfieih HiBehesPedilaPloRodit 14 BERED 0234N cRbrdIa A VRRGL |8@di Ng edges
has a radius greater than about 0.3 percent of said chord Iength. 13. A

st at or pacfileradsaidrdod withad mndithunwhibi dkinBsseguial tv abeut iffirtaet @srcantfahidl e at sai d
tip with a maxi mumthi ckness equal to about ten percent of said chord
| engt h chhedlength thementand said maximum profile thicknesses are located at about twenty-

' five percent chord length from said leading edge, and said leading edge radius is about

1.1% of said chord length at said tip and about 1.6% of said chord length at said root.

14. A stator according to claim 12 wherein said vane maximum thickness, chordal
location thereof, leading edge radius, and camber of said vane cooperate to substantially
eliminate flow separation along both said pressure and suction sides at open and closed

positions of about twenty-four degrees and thirty-six degrees relative to said design

angle.

15. A stator according to claim 12 wherein said vane maximum thickness is greater
than or equal to about ten percent of said chord length, and is correspondingly located

down to about twenty-five percent chord length from said leading edge.

16. A stator according to claim 15 wherein said leading edge radius is proportional

to said vane maximum thickness.

17. A variable inlet guide vane for a turbofan engine comprising:
opposite pressure and suction sides extending along a chord between leading and

trailing edges and in span from root to tip;
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profile at said root with a maxi mumthickness equal to about fourteen
percent of said chord length thereat, and said maxi num profile thicknesses
are |located at about twenty- five percent chord | ength B8¢Septsmber 200adi ng
edge, and said |leading edge radius is about 1.1 %of said chord |ength at
said tip and about 1.6% of said chord length at said root. 14. A stator
according to claim 12 wherein said vane nmaxi mumt hi ckness, chordal

| ocation thereof, |eading edge radi us, and canber of said vane cooperate to

Substant LAY oGl AR 6 Lt BERRIBLIAI ALOU0RONLSR Suipeoure ond

suction I'ons o y-four degrees
and thlﬁ&sﬁrogg}getd@gﬁ a{rﬁldyggegedngo sal d design angle. 15. A stator
according to claim 12 wherein said vane maxi numthi ckness is greater than
or equadaid wanahevihg emaxpaueehickedss betwdet id grdsairgtiid sirtion kidecgeitespondi ngl y
| ocated down to about twenty-five percent chord | ength from said | eading
edge. Itban ¢ spal torabaeidon pémentoblepkt afisalS dbist, endilosatied at abedi twgntidge radi us
is proportional ~to said vane maxjmmthickness. 17. A variable inlet guide
vane f oivePergmbefioash leagth fiemegiddeadiiargeeopposite pressure and suction sides
ext endi ng along a chord betmeen |l eading and trailing edges and in span
from rogl to,{ip ccord:f’n 005mans |ndI e fer edI oi.ned to said tip
for rotating Y YIRE ver ra ge 5t é’n&lﬂgar p03| %efEV\een open and
cl osed;NARA- @béilleggﬁﬁ I@,g,z pe maxi mum t hi ckness bet ween sai d pressure and
suction sides greafer or equal to about ten percent of length of said
chord, and | ocated at about twenty- five percent chord length fromsaid
| eadi nngedQEA v ackordaiStioatdiar 101 faghéreofdpaisighirdiling &dve rediipstisbotg a canber
line varying froma NACA-63 series guide vane profile

0.6 percent of said chord length.

20. A vane according to claim 19 wherein said leading edge has a radius of about

eleven percent of said vane maximum thickness.
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19. A vane according to claim 17 further conprising a trailing edge radius
of about 0.6 percent of said chord Iength. 20. A vane according to claim
19 wherein said | eadi ng edge has a radi us of about el e¥eBegenbar®00bf said
vane maxi mum t hi ckness. 16 30 Septenber 2005 W DE ANGLE GU DE VANE ABSTRACT

OF THE DI SCLOSURE A variable inlet guide vane (30) includes opposite
pressure and suction side i | | ong a chord between | eadi ng
and trailing edges (40, 42$Vg%§ipﬁ§%%gﬁhiﬁgg%&pgot (44) to tip (46). The
vane has a maxi numt hi ckness greater than about eight percent chord I ength
and | ocat ed Iess t han about thlrty five percent chord length from the

| eadi ng eq? gure 4 17
RACT OF THE DISCLOSURE

A variable inlet guide vane (30) includes opposite pressure and suction sides
(34,36) extending along a chord between leading and trailing edges (40,42) and in span
from root (44) to tip (46). The vane has a maximum thickness greater than about eight
percent chord length and located less than about thirty-five percent chord length from
the leading edge.

Figuré 4
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