. 30 Septenber 2005 W DE ANGLE GUI DE VANE BACKGROUND OF THE | NVENTI ON The
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 i the fan and | ow pressure
B e YA

conpressor through another sh engi ne operates at
vari ous power levels including idle, cruise, takeoff, and naxi num power as
required for the proper operation of the aircraft over its intended flight
envel ope. In a typical commercial passenger aircraft application, fuel

consunpii i i esign _objective, and the engine is therefore
speci fi%&%ﬁg@%Qﬂﬁgqﬁﬁ*ﬁl fuel efficiency at cruise operation.
Accordingly, the various stator airfoils and rotor blades in the fan,

conpressor,  anfhe pERLDEScRfitn REGHERRLYIE  QloidiRX LY 2]
aer odynam _c‘perftgrf?r%nge at tlﬁré creuigge rﬁéﬁ?ﬂﬁ%%ﬁ eoé}{gé%%’d%’éﬁ&%
Cor r es papachifingllyy to et guign amines therefnor mance changes at the of f-design
conditions not associated with cruise. Such off-design operation is

The typi cal "t dbBraR B EiEFheige SobfiFra figeeinal saitpeb b (ahBer 2005

conpr esgeuddiai BBy 'QWEm@licAlcat AT ¥ ANKP aBAhiERREssBlAdeSpllicugh whi ch
ar ,I S 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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pressurized in turn. Fixed stator vanes are typically used in the ‘
downstream stages of the conpressor, with variable stator vanes bei ng used
in the upstream stages thereof. And, a row of variabl e BAASeptegberddd0fanes is
provi ded at the entrance of the high pressure conpressor for optimzing

erforma f. over the desired flight, envelope .including cruise to
Ir[:nxi num g‘gﬁ%‘%&%@ ArF SHBT T ﬁ@'ioﬁé’?nqsg%n%ﬁ?@bgléﬁ%%?%ﬁnc V@htss and

bl ades apssuFiesdinOfueh. C Pidel GWHiG0vdnls R @gﬁ:lagﬁ}xﬁecpfnoﬁ% ld%ufngﬁ-earf@&g%ségfqg

conpression efficiency wthout unaccep ow separat1on or esirable
conpr esstE compessor, Eth vatiabit stater vahes hring wedini the apdtetmoaages drsef, ai rfoil s
i ncludi ng stator vanes and rotor blades have been avail able for many

decades, and be found i .considerabl e detajl, in reports prepared by
t he Nati onal Z%éf]’saorrof/w mﬂapleelﬂpef 8}”%8 KEPSra BtV d("?‘xlﬂ%’ltfap‘éer‘)fghﬁﬁﬂﬁhe, in

NACA Tecpiaisae colighess a9 opt i rindndB¥ered: PR desi gn
charts are pr esgkrﬁred for"lt)he N@%& 006 )sllgrre%g(?e&ﬂ){& %g‘?ggﬁkg’?"ﬁl gui de
vanes. TREUSpEsTiscioamakioiim peweespprigseaf e dngirehi Ehet wafons eampheice | s the

NACA 6' 1,(C] 0A416) 06 qui de- file This NACA-63 series vane profil
ol udes St IR I RE Bl e AR PRYIBYITS] Aoy fasnmaxmgntwhi ch | s
| ocat ed oatnp&étbibh)éﬂfdié@yﬁﬁmb%ﬂﬁm(c%éﬁ@blg%Wsépﬁﬁgbﬁ' or Lﬁ&%hétggcb% rggz,g edge of

the airfoil. The corresponding | eading edge'radius Is cent chord,
and t he Stallgj | i ng- edge radius is 0.6 percent chord. This profile is readily
scal abl e to include maxi mum thi cknesses greater than 6%, including 8% and

higher, at th o d_| ocation. The NACA .6% guid file i
one of ' a ceri cc st o b BBl preREG b Combreteah e o RS e mum

ai rf oi | abdhi rotomebladesTheves Beb® Us/alMKIA RF Ofbhe RS, BECRaRVEd gl if O
t ur bi ne engi ne conpressor

i 11 of | SO, R n (AR NAGRrBB by e Neripuil] AdsisoouRbrmitearbof an_ gas

Lur bt NeARBALASTNAILRY! Pér SERYI SANACA PURRRISTH: S0 Rkl iy " 11 S
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



2 30 Septenber 2005 abroad. In particular, the NACA-63 series profile has
been used in a variable inlet guide vane of a high power commercial
turbofan aircraft engine. The NACA profile has good aer 3dPeptember®0for mance
and efficiency at the specific design condition for the variable vane,

angl e of attack. Accordin?Iy, when. the
€

~which i ,cal Ly .at t '
o o 2B Pkl ISt S oS kol St i
correspow&hmmgﬁpg‘p mwiﬁg‘ﬁ?&ﬁhgﬂ?ﬁﬁ% n8s crui se, the aerodynam c:

profile thereof provides accept e performaricé wit hout undesirable flow
separation of the air flow ng thereover. However, the variable vane nust

be rotated overThe Ne(ge pobfiletranigogd anghigsamib et fognank a8 RERCEMY at 1 f f er ent
angl es of attack.rel at,ive 1180 the ajrflow entering the conpressor. This
r

angul ar PESNGYE Jeitanendition for the; rapblejape cihigh i vaicalin &1 the smissanglé of ed
Wi th | OveR@RET ABCorilfllfy. QRRAME YPhidt ARCICRITL R bis A A GBcha2t T e

opposite extreme of "angular pdsiti e vanes are 1o & ati vel y
open pospaesitem cemespesdiogdvitly thé tdesigaxéamditionp\seth apasaité, Ohe OferdédiRaBigi Ne.
And, the_vapes ar osi tioned between these two opposite end positions for
i nt er rreo‘?rgf}ge 85?/8? p Eeeiplafe perfmangs Mathewcundssirabla flew sepantion of

corresp%gbﬁm&ﬁh@ﬁﬁr&@&ge of turning angles centered at zero degrees. In
a current devel opment program for a derivative turbofan engine, a wde

range of variable inlet guide vane angul ar position is desired including
twenty-four dedewerer( the variahlei vanmiops rbepositéd overanshnge f Yurd@g 88des (60' )
maxi mum e ositiqn { a total pan of eighty-four degrees (84.).
This wi é’?‘"?‘%n%’é“%?"‘%ﬁ%‘?@y tedr an Supt ?B%ifﬁiat](‘fﬁ_%?éé%@ﬁﬂpww’ expgidhieand

di f f er enbrprgh&s Tiis aﬁ%@&l&aﬁg‘é Akiudes b Qelbidfely DGO ! b8y g%ﬁ%'téés' s has
uncovered substantial Tlow separation on the pressure &de”of*TRe Vane at
the maxi*HinopEawengulide qRresdtionoef, thermhgateostgonehextemnd, iand sithe oppotitee vane
at extreme 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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t he maxi'mum cl osed position for the conventional NACA-63 series of guide
vane profiles. Although good conpressor perfornmance of the variable inlet
gui de vanes nay be obtained at and near the design condd Segamberii8Spondi ng
wi th a narrow angul ar range centered on zero degrees, the conpressor wll
experience poor off-design performance 3 30 Septenber 2005 incl uding
undesirable fl ow separation at the opposite ends of the w de angul ar range
of operation. Accordingly, it is desired to provide an inproved vari abl e

inl et gieRRingalResiBle My sEREANEG: %&Mﬁ’%@ t%@nd%ﬁéﬁl?é@ﬁ%ﬁccgr ng to a

angul ar range of operation.” BRI EF
first aeseaftonof the present invention, there is provided a conpressor
variable inlet guide vane for a turbofan engine conprising: opposite

pressure andA§é6?&1hgl[}r ¥ %eaesﬁ?& %Qd;krB @' A"t %o%h%&‘na‘% aﬁt Jlsted ng g?%ﬂg and

trailing edges n span ron1ro y JOined to

sai d- t i imving impot-akli offyd ssgndperfonaancevser am@armgutafrmgguf apergiasi t i ons bet ween
open and cl osed; and said vane having a maxi numthickness between said

" pressure and suction sides greater than about eight percent of |ength of

said chord, and |ocated at |ess than about thirty-five percent chord

|l ength fromsaid | eadi ng edge. According to a second aspect of the present

i nvent i BRIER SIEMMAR YPOBVEHIE INYENQOONr essor stator conprising: an annul ar
casing; a row of variable inlet guide vanes extending radially inwardly

fromsaid ca and each vane includin osite ressur d suction
si des extend‘;i %P%ntﬁ E ﬁﬁf)raap?fét?r}ggﬁ PR3 ng’g’ﬁrﬁﬂmt BF | WoPRyifed 2and

radi al |dbniﬂie§6@ﬂ'aﬁﬁlﬂ€‘1h&@t & Whis f8r SPugb@n fdnpafd! Yorhplides bﬁp&ﬁbd tip and
pivotally mnounted in said casing for rotating said vane over range of

angul arPrpeeTe mgnsicken Wé%eXté‘ﬁhﬁg aleas @ Swedibetswgen kafing\and drailing ﬁ@e& nexi mim
thi cknegg Q%@\ﬂ?%n? Jof tcp gé gdl% dﬁ”g@g%eﬂgto%hﬁe@ 8- S8tafihe SRANLRPOUL €l ght

per cent of ngt h o sai d
over a range of angular posmons 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




than about thirty-five percent chord length fromsaid | eadi ng edge..
According to a third aspect of the present invention, there is provided a
variable inlet guide vane for a turbofan engi ne conpri 80 Rgpternpa@dDb e
pressure and suction sides extending along a chord between | eadi ng and
trailing edges-and in span 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 mumthi ckness between said

pr essurggid@pebrd Usdd RRadh dR SibenehiEE Eb@'ﬁe&énteﬂié%ﬁ 1di2iR R sdi§NedMicent of

| ength of 4 30 Septenber 2005 sai d chord, and |ocated at about twenty-five
per centedghord | ength from said | eadi ng edge. BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention, in accordance with preferred and exenpl ary

enbodi ments, together with further objects and advantages thereof, is nore
parti c BRIHRDESEBITHON OF THRE®ORAOWINGSNng det ai | ed description taken in
conjunction with the acconpanyi ng drawi ngs in which. Figure lis a partly
sectional sigg yi.ewf %“aé‘&%ﬁ%' %r%zﬂiuﬂr&%% QS 3t ] &%n%ﬁ sconf i gured
for powering - an arrcrart t ure I's an rge par

secti Ortagethaernallth Wirthar objeatsVvemidi albhlaageslthére@v ns:lmomapmzcﬂbﬂy kesceibed ance of the
conpr esso ine illustrate d.in Figure 1. Figure 3 is a top

pl atfor Gt 3%%2@%;511 CSPPHPRaken| B conPRttiog T Hthg ancaspanyingrdpeY i n
Figure idvi¢h.t aken a long Iine 3-3 in correspondingly open and partially

cl osed angul ar positions. Figure 4 is an enlarged view of an exenplary one
of the variahle inlet guide  vanes of Figures 2 and 3 haV|ng a profile in
accordance VEYHE dnisek eaiYategtianmh siflenday o amexesmbrs tudolapgis 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 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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of the present invention nodified froma conventional NACA profile
illustrated schematically in flowhart form DETAILED DESCRI PTI ON OF THE
INVENTION Il lustrated in Figure | is an exenpl ary turbof@Begeanbdr20bd ne
engine 10 configured for powering an aircraft (shown in part) in flight
over a suitable flight envel ope including power |evels ranging fromidle,
crui se, @%Iﬂ@opfeselanmvnnmnnmo¢ﬁm rfronfi o cemedmplogal NAC £NGOAR ilfustrated

axi syrmet at bou¥1 ﬁf‘ ngi tudi nal or axial centerline axis 12, and
i ncl udes™TH"E Py n| cation a fan 14, conpressor 16, combustor

18, high pressure turbine 20, and | ow pressure turbine 22. Air 24 enters
the inlet of the engine and is pressurized by the fan for producing

propul sion thrust, with an inner portion of the air being channeled into
the high pressure conpressor 16 wherein it is suitably pressurized. The

pr essur|[2£’HAHrED|IESd$RE’ﬂ"é®DIeﬁFTHEDMMTHDNbustor wherein it is mxed with
fuel and ignited for generating hot conbustion gases which fl ow downstream

t hrough the two furbines 20,22 that extract energy therefrom _The high
pressure tur bi néﬁ B%E\I\B} %’4‘“’% 1h?sgiﬁin rﬁx@%’g&% g¥oturhine aoginsudh a
corr espedgiifged Faf hovbEhERAt WRSIT i’ tu owers
the fan thgpgugh abcorregpondl ng shaft Pﬁggﬁger?vf\g%ﬁ% rsa %‘gegﬁ: ﬁ?%hlg

entranc én}ﬁffbﬁﬂdédﬁﬁg]lg Roves davels rengipg Seomadle] Gruise, takerﬁfnané ssaimuAtpater 26

WhICh i ed schemati cal | re detai] in Figure 2. The stator
i nc udé n annu‘?%l TRFRY H’%‘%‘é go tedppg 8F?’§‘a]t‘l‘f’§Feé‘i“PP 1§ ow of

varl abl @2 aldeihcladésiin se)ﬁanﬂéw%@n%rﬁ&%ﬂ& féﬁ%abérbf .&T;&Wii'i@' é’oﬁﬁlﬁ{&tlﬁe casi ng.
The qui g{&hvanes channel the incomng air irst stage row o
conpr es $8 Freewie tybinged), Blzdlﬂl’wpllﬁswxft@ridmaﬂl aI I y outwardly froma
supporting rotor disk or drum The first row of blades 32 is one of several

i erveni ng St o Cugea® e Lt QEIRT AT HeaRalllPr 8% i B Mine (urn for
subs equptepuldishitiersty vtith drhieneqritict 6f the Biﬂbeﬁigrchhﬁﬂalétﬁiht@@k ®ighPredsutli de 30
Sept enbeormpzsrggsgr 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



vanes 30, the remai nder of the engine, including the high pressure
conpressor 16, may have any conventional configuration. As illustrated in
Figures 2 and 3 each vane 30 is in the formof an airf ob® Sédembey 2085f i r st
or pressure side 34 and a circunferentially opposite second or suction side
36 which define the aerodynam c surfaces of the vane over which the air

fl ows domneg30,dberetdinder of thehagineD sy 8¢ high pretwndcanpratdoy 16) mmg a chord
38 bet \Mjgn g’F)FOSi te. lafadi ng and trailing edges 40,42, and radially in span
from a.r2YF &1Y §PRVERinal epfiznretion. o radially outer tip 46. The vane
preferably twists in radial cross section up to about 15 degrees over its
span, but may gf ﬁﬁ?&été@ﬁlvﬁg%eég 6H8§'e%8{’v RU30TE L Fro ARl SPNMANIS
performance thereof Each vdne IS a unitary or one-piece conpone%t and

i ncl udes Bust bnpegsat sideyid aslt h catumnfaentiatip opposipi sedbmd 48 swoxioanddenys r adi al |y
outwardl y .fr the vane tip.,and _ thrqugh a conplenentary_cylindrical
aperturé%P?Pg ﬁ‘cﬁlﬁ HgodypRRIG Sirfagee Oifstge daR eWe Whish e g5 feey dprng he

casi ng ot atq i d_J:S.. r2f] I | Oi t he
vane. £1 5o oy IR kSR Dantokend BhEHL Utnk ALHBIIEE B AL ATRAE 110,

i ncl ude$eadingoadasplimgledyps WOMRNahradiiiyt iadpam fram apdidlyrigndritoadd pner

support oy frame .c nent. As_shown iin Figures 2 and 3, an actuation ring
50 i s prartalh pyrey %I?ﬁgghﬂs vae RrederablyHavisis Heradil GEAse seabign apderabedipbndi ng

| ever a ; i | i i € iLth-1he

par 1 cor oot R R pi AR Yy 0 R B pRRRAEAE R odnitic |

Fi gur e Berforvtaatethetdof ri ng 50 when desired for in turn rotating the |ever
arms 52 and rotating the individual vanes 30 within the casing. Figure 4

illustrates an.exenpl .radial section of one of the variable inlet guide
vanes 30 i n cof i PRI if £ Eatng i e RGeS FIRCROrS 8 JuHahg wet h
the degyigmricaNghuini @ oS YGHAIR I SCEMERTNG PRIAR Qltwaldlly roth BRIVLER NI angl e

of attack relative to the incoming airflow. Shown in dashed |ine in Figure
4 is tHereughs@asompianyenigte cylindgical rapagereofn athgukasingoosiTheospindle ishe vane .

bet menan"éleﬁtYon%ﬁ? r}nglﬂlqed( H‘l h-}é %s%sge%r 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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The fully cl osed position corresponds with turning the vane
counterclockwise in Figure 4 to a maxinumturning angle E in which the
vane ‘pressure side 34 faces 6 30 Septenber 2005 axi al | 30 Septembat|2003 o
partially block the airflow. C ockwi se rotation of the vane 30 to the

fully open _position corresponds with an opposite turning angle F at which
t he vanexialydprvadlyitdpazielly ek thedidldw: Clockeisd rytatiar of the Maneopeni thg t he

fl ow pa es between the adjacent vanes. . Each vyane may. be.rot ated about
a pi vot %ﬁgﬁqug&tpg\ﬁl\fﬁ%@o{rﬁﬁ%’ﬂ Ve BBRPSHE RS ke Y"}{‘{ 'ﬂlﬁi‘ﬁ‘eﬁor d, or
for war d shbigrmeads 36 %cegﬁﬂgl%dgdg%afw h)gﬁfﬁg% opéify th%fff&rb ﬁas%agéé_tﬂe%eepstphnd' e 48

illustrated in Figure 3. gn angul ar " posttion o e vane
is il @diacentedngsn solid line in Figure 4 slightly offset fromthe
direction of the axial centerline axis of the engine which is represented

by the axi al s X ith the tangential axis Y.extending in a
ciyr cunf e)r( la nt i Z‘?AC iEhe mag & eé?téf‘fﬂc?%gﬁté Ilfﬁ‘é{gfi ??‘Q;SX é’i&?ndﬂqféﬁ’ﬁ‘@éhdﬁe Ié?fﬁh?fépe
posi t i ORand A&r WRNRIRASA20 RS m%?édfp&r?dggérﬁiiﬁ whth BRckenles hf‘{l'levcf?rc{) the

incomng airflow wth maxi num aerodynam<c efficiency wth mnimal, if any,

f 1 ow seppinglei hillogleated insFigeret 3.r & nehmal suddsamenngilanpusition bfiéhesvamstiant i al |y
wi de angle ra of.. operati.aon of the yvane_ 30_. between the closed apgul ar
posi ti oﬁhﬁngtﬁggﬁh%d’éiggﬂe ahguPar %osélglf‘ﬁ\f%r?%&e’f ng’[ F%%FSCQ%O% cﬁé"si Wpangul ar
poSi t i 0Bei@$ing akio'of &RRAPHeeHivh i_s%]@l?@se&ﬁ@erd'@lme&iml §fthThe Bhbafis of the

vane relative to the incom ng airflow AcCordingly, aerodynam c performance
of the axiarecxerdiespondraugifyreotvdnlipesticn arphwd titfcasiesi 4h theokisignangulaher eof
associ a - Wi t he ., wi de range.of angular posjt.ions, I.n one nethod of

i g PR I e nall L for G ndat Mok aptivels o Rogie Srpw o
sui t abl eithiARéxisRini 8cro@piaat ieRciddcTWie nfifimdl] Irusyr AbRGepXratoh Lo -#d ne, is
initially, selected for optimum aerodynam c performance at a correspondi ng

desi gn HHEF 8UISF sutfaceack associated with cruise operation for exanple. As
i ndi cat ed above, the NACA 63-

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. . |



corresponding airfoil based on the publicly avail able NACA technical
reports and notes. For exanple, this NACA-63 series vang) Bemémber 2003 t he
A4K6 mean or canber line, a maximum profile thickness of 6% chord | ength
or greater located at 35% chord fromthe | eading edge, with a | eadi ng edge
radi us of 0.297¥edwsndheeadlimensicrial (HY) dhyer-Stalds Lrsralynamévdlewordlysis 30

e N SR BTk D 5L 0 © 1
per f or maRgesOf AlthGugiiide an¥B58Spredicishiddthd NACANBlofE S6Phadh &regtaﬁ)f_éat t he

NACA profile 56 has acceptable aerodynam c performance at the design
angul ar padedxnapme pérforaepes itghe desigi gguldr pasitiof) ibwkpaiepessaignificaat floy t he

ti ' th f, at |. I I he i nt i at
ol oseq angraib AR tpyeliah e Freftataf W conrs pjeles Soch B8 e rBBteg ang
hi gher. &Bgkd & Anfsiratkd fih %&éﬁaBﬁﬂﬁHﬁ-s&ndé%?é‘esp(Bgs’? Uhg Bbhe Ohnghe NACA

profile is predicted at the naxi mum open position correspondingly with the
turni ng Sthglastit flow sipgution 4n t;Buptessuié eide o6 frrACH prodile sgpedided wi the poor
aer odynam erformance for thes ff design .angle f attack since the
NACA pr (a)ﬁaﬂgg}s)unépgmb{%?ﬁ]wr?EW‘?SB?H‘%I’&&}T’%} a}fnmgg g’f‘g];triogb i dance

Wit h t heflpw eegibtion EORBHIIM, widDpasy RF¥NAIhGc PBAbM e 185 1Hase eff.deag@l to
define a substantially 1nproved aerodyriam c profile for the vane 30

i |1 ust r aangles of atigck gince the NASA profilep adh diftienieed forlstngutan engles ofasidndi ng NACA
profile fromwhich it is derived. Mre specifically, it has been

di scovered that, i rformance in.the,paff- design angle, of. attack
posi 11 one of '« 1 oEREGAEE L g RBAGnl Bhlogy 3B der e BRIREY b velh

thi cknessedfo défineN sl Bapravdl igbdgaidid frdfhafor he VERS 80! iIRRKhIEHM

t hi ckness F(:I oser_to the |eading edge of the profile for defining the

resul ti AgHuErs 4gligincHy ¢litfergnl; Ban theneorsgpensding dMepArmgofiledipm aphichitiisn fr om
the presgry& and suction sides thereof

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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|

l

at the off design angles of attack within the wi de range of angul ar
positions of the vane. Such off-design performance is enhanced while still
mai ntai ni ng efficient aerodynam c operation of the van®) S¢ptérhieerd€85 r ed
design angle of attack. As shown in Figure 4, each radial section profile
of the vane 30 has a maximumthickness T represented by the diameter of an

i nscribed circl Fubthénveee] thbaelafived i@l RAdIS Wdpt of 1 MR Ofpréfle sepe, Wwhich
maxi mum t hi.ckness is greater than about eight percent of the length C
(89C) of PreffEably Arcreassd dn 3izs;to glsfine the poraspendimsly uiskerdeading pilgekoB8e bei ng

| ocated | t . thi.r | ve rcent_gh ength (35%C) formthe

vane | ead??‘ E?%%‘g qg%g{lﬁgggﬁ‘%g? &eé%Of%%%’ﬁ’Etahré{&lgg;l\%rh{cﬁg%glegtﬁﬁé&}'BLBWi | e 56,
the thi@Bpessntadf thiehordRdgtS(3UTY Lasedeithald shafH WACPCRAERAs eigser to the
vane | eadi ng edge for providi ng enhanced aerodynam c perfornmance for the

of f-design angles of attack. 8 30 Septenber 2005 Furthernore, the
rel atively smallhe lsadinggdeed@ offthe Neane\pEAlystrater|in Fgurp & isplefined hylap )

: : : t - oo i nal hi ck .eadi f th
vane: 30 HidbedichElel & AGLAL Ak RS GRRINL kb Sl SERURT R RS ©' 1
great er NAGA phfild. TBe Pr@ereent sattidnsidedof thel MAGA ploditédreaks@ed ah @d Wi th

t he sharp NACA | eadi ng edige. The, | eadi ng edge 40 of the vane 30 illustrated
in Fi gurrenyentionglemaneey by fiesh estallishingi desited aneandinederagambsy ipRbatwesh | s

prefera 1 | e t he. rofile. T ressure
and suc?ii1 %ﬁggﬁg%d%ﬁpﬁg%é% plf'éc%’?‘allﬁ] %a?ege 3? ?lrrl%lgLA %‘r‘l‘}y%g 2 glr\%eﬁ?riqﬁ?fgl manner
by firstthekhdinkicleng the delingedgeedhellofs ¢ffthe ae radgene Jeke\egies dfhe

| eadi ng anl(g trtai | ing edges and centering a series of circles varying in

di anet eFTFESAFIRasdhe eorprepepdingressyrs a Suctien sies ddbevatthe | ocus of the
outer tangents of the series of circles defines the corresponding pressure

and suction si dg$e0fank) \REratedNG ¥ 30 1 dab/! | | may be
simlarly defi nedevvi%tnh t he sugest ant F%Fe dep(f{1 t’l’f?éﬁﬁag%l ?iﬁﬁ%tﬁpégfi l e for
i ncr easPilstantal gamarmsen fowut thoINACHh ipcidile s andreaging e imaxothmsesectiont he

sectio n—tﬂi%%sn%de r%ggﬂlg%élloseer % ﬁfeesﬂa&%,}’ 1'3?;11 191!(; tehger,] %\!rlli%: 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



I ncreasing the radius of the | eading edge for conbi ned performance
enhancenent. In the preferred enbodinment illustrated in Figure 4, the

maxi rum t hi ckness T of each vane radial section is greiBeptethbar 2005 equal
to about ten percent of the chord length C (10%), and is correspondingly
| ocated down to about, and preferably equal to, twenty-five percent of the
chord | engtblmaﬁo(lﬁ%é)reefsed)mdfthd{iﬁsd &igplisBg cRAEE04R: leading odpX bid Widr of i | e

t hi ckness al so referabl y varies fromabout 10%C at the radially outer tip
section f@rﬁe@%‘% ent chord (14%) at the radially inner .
root section 44, both at the preferred 25%C | ocation fromthe | eading

edge. Correspon ' Y
preferably pr o?&?%&%ﬁ%ﬁ h? Jf?ﬁklﬁ??tﬂﬁfdg}lgr}g% %{u}% E‘ﬁ%ﬂ sp%% "g%ﬁ%l e
el even perdificetiof bfWe NACAgpmﬁteeform@@trodﬁmt@eﬂaﬂmancbEm tovagtendinedge

radi us varlﬁs fromabout 1.1 % for the vane tip 40 to about 1.6%C for the
vane rot¢ 24-designwang Rpsitions R 1aydgudare dier meas line o embenof dhe NASSAt i on | n

flow se ﬁ{fﬂ& B? '?mﬂ:l %1&1512 ng&ﬁﬁéd“'{o dde%l)g et r%gs% a%‘{ﬁ o gder:]%{ %é‘?% Qver

| arge r nge 0 ose 05|t| FEOf e van |nproved
9 30 Sepamﬁnrﬁﬂmeﬁrmntngrmw @npaotmm@feeas@ﬂ Atk dbferénti Glel@ssf sttagRosed

cl oser t t he | eadi ng ed e and with a correspondingly thick |eading edge.
The avaf% ﬁ‘;ﬂ)"’eltf’tﬂ}»‘3 lﬂnﬁ@s iBaer odynani ¢ anal ysis software permits further
modi fi cation of the NACA profile for further aerodynanm c perfornmance

| mpr overrent i N ! thecﬁﬁltgnp@ttesmﬁagaméd Qra@f&tq;ggt.o@{le whilh igean |ine

or canber of the NA pr of Ssulta ne the
pr essur@lodtfttdsuncmammwndhmkﬁe‘ss;s%@ﬂalt h:&atmalﬂﬁ:réaﬂ léadnighedlger edis] agdf | ow

separatlo ther omni he d| ferent ang of .att relative to the"
desi gn pa(f)l%nl?etrlt%ﬁu SH‘E'“?ﬁY §f. P SRR ‘Eﬁf‘? airfgw gb@t@§€'és‘§§aﬁ

r ef er enartiph afdek Sy @htﬁesvan@di'd‘ bﬁ%bl}nldﬁgétdﬁgubsmg% 88 Solol Ul | OCat i on

t hereof, | eading edge radius, and mber~ t ntially elinrnate flow
separ atPSHIS relpdvetorth dosigh D‘Bﬁgtlm*t’\’l!ﬂlpﬂbs suiie vadd range of angular 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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suction sides 34,36 of the vane at a suitably |arge range of open and

cl osed angul ar positions relative to the design position within the entire
wi de-range of angul ar position. For exanple, although 3h8cpttlerpodii |l e 56
effects undesirable fl ow separation along the vane pressure side at the
maxi mum open angul ar position F of 24 , the inproved vane 30 at the

maxi num SPeikTpespdinemic perfermense bt thendasibd design positon, i freferiblyehi erufzat ed,
flow sep&{ﬁ%&gn al ong the pressure side. Correspondingly, analysis predicts
that the profile 56 experiences substantial flow separation on the
suction side thereof at a relatively large internediate closed position G
of 36 , whereas Bhescldri & eda,-lp;r f iHee 0 Lahly
reduced,, if not elimnat eg, f (1)1\% %pg@ggﬁ%@aﬁ?@%ﬁ% ggt??%?[%rs%lgﬂéﬂtg% cl osed
posi t i oAMPrevemengwn gerodyinarsichparéommiandd yf Ithar gariable intetngoide sede pasi béon E of
60", th Im.nati on of flow separation thereat may not be

achi e,veg),b E%FJ% @% ﬁ%?e%ﬂ%sﬂg?:f’%’éﬁ POSHOPE: E{H €8 8451918 PHAVER Pridenanser at i on
of the eftheeATA AWiREPARil ' LN 'gﬁ,ﬁ% | r nce.

Al t hough the tot a?wr ange o?lbggggégﬁgtsl}%k] Iqi|c;'l%){:§'rpt I 0 lyféa?r%térgg(cﬁcrlrg%e%ﬁéggd E at
60 to SENPHIAMSEgeAverallt peaformppmes iof @h@ dcongfrésat, sinelutliviga ktall amgerinf for

~eight - f 8 bstanti.al i t i dynani
vt or masimb0 HEBrabb a8 i i BB S Thargnd A0 fBeipt aoutiesi gn
angul ar OpqsrédnoBsthe thérigenane, M&dh%&k&ﬁdndmtﬂtﬁtgkﬂ& ﬁﬂci&r%ﬁts%@er 2005

efficient aerodynam c performance at the desired design position,
preferably at cruise operation. By selectively varying the -conventional
NACA profile 56Madsatthice dimangipnaly acrefynaimic ssplydignamy cngrertfeonsente of t he

ari abl g4 ' obtained for the.,of f-desi 1) ar '
\;;os: ti oﬁ(ls‘{aﬂ{ﬁ%\%\efglgégﬁ)ﬁu%n%oﬁ eéﬁig’r%\‘/’gir? (Ibfg'ﬁ? SFsSape and 3chq?essl'%\%(%&?ﬁ# iles,
vari at i tws virfisblefinkm glide | @nbefos ppiodaghy EeESpdridimY Glethetl NkMbSBons

conpror’rtihsi ng oyerall, performance of the conpressor, including stall margin
f or ereover for maxinmizing aerodynamic performance not only at 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
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éxarrpl e. Preferably, the radius of the trailing edge 42 of the vane 30.

remai ns at about 0.6 percent of the chord length C, which corresponds with
that of the NACA profile 56. Mddemthree dinensional aeBo8ypiember 2803l ysi s

may now be used to advantage for custom zing a specific profile of the |
pressure and suction sides 34,36 of the variable inlet guide vane for

pr oduci n@f Bt reudeovanierppsitisino it voddsmt |bbd:tenﬁrsa] d:rh@sneblerfoxf fxedrstatoni zi ng
aer odyn ce ho onI s ecifi deS| condi tion, but
over a ?gaﬁjgeﬂ It'% ng‘Q%rs%nﬁﬁ}aé SIASHVER a practical. In the
preferred enbodi nents dlsclosed above the nHX|nun1th|ckness of the vane
radi al secti onWhile thir@ hiveStsech aesbﬁ%{ed)ﬁerélh%}fahQfe%hﬁﬂa{e@ tdbe dﬁ:@fén‘éa@ﬁdt Ip 46
and increases to 14% at the vane root 44, and | ocated at 25% chord

f r om t heSXeBRiar gmbedigesntsypf ﬂiletm@em@amm@ned@ler hwdlﬁcgtimscmﬁmesm&nﬂomg radi us

varying 4 t he .10 1.0 at the. r ee. el enents
may be v%%?glé%P }I:)Iﬁa %%:%‘%F‘l?&%é‘é‘ ‘Gé)t‘ﬁﬁc@a &'Ie Hmﬁégfc’)rﬁ Hlsa ?nges for
mexi m zidegirdcdh® B feclpsi ﬁﬂh@%{)ﬂaﬂﬂe@maﬁng BB shed Hﬁiaﬁ?ca%ﬂ$&llfall% Yhee
conprom si ng, performance at design condition. Further analysis may be
used t o BstsPit28d seppewd thednvamioni n t hese individual paraneters as they
collectively affect aerodynami c performance. And, the same analyzes nmay be
used for eval uating cooperating changes in the vane chanber and ot her
portions of the pressure and suction sides for reducing or elimnating
undesirable flow separation over a substantial range of angul ar positions
of the vanes. However, any change in the NACA profiles necessarily changes
aerodynam ¢ performance for the specific design angle of attack therefor.
The variations in vane profiles described above provide overall benefits
due to the required wi de angular range 11 30 Septenber 2005 of inlet guide
vane position, yet would not be beneficial or desirable for fixed stator
vanes havi ng singul ar angul ar positions in the conpressor flowpath. Wile
t here have been described herein what are considered to be preferred and
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exenpl ary enbodi nents of the present invention, other nodifications of the
i nvention shall be apparent to those skilled in the art fromthe teachings
herein, and it is, therefore, desired to be secured i n3a$eptappar2dés cl ai ns
all such nodifications as fall within the true spirit and scope of the
invention. 12 30 Septenber 2005 CLAIMS: 1. conpressor variable inlet guide
vane for a turbofan engi ne conprising: opposite pressure and suction sides
extending al ong a chord between | eading and trailing. edges and in span
fron1r3§£ h& tip; a spindle fixedly joined to said tip for rotating said
vane overA §énge of angul ar positions between open and cl osed; and said
vane having a maxi mumthi ckness between said pressure and suction sides

ter, th i aht . 0t of i d “and | ocated at
Peea Shlin anReftioube Gk ET GEI v DAL ciebilhe, 210 | on8t o0 o
2. A VaiRoSieS prAid8 4o &lcAbMNsideNSi&idtheS aloflg! @%ﬁbﬁmﬁ&@g&l R&ﬂir% hAgi us

greater than “about 0.3 percent of said chord length. 3. vane accordi ng

to cl aitmiRng\ddes il Hiaspan framaoomsitiim t hi ckness is greater than or equal to
about ten percent of said chord length and is |ocated at about twenty- five
per centa spnde fikedipidindd torsniddipdot méatinggaisldgas onerch reagabflangdiang edge radi us
is about _eleven percent of said _vane maxi numthickness. 4. A vane

accor diBfgitiogs betyicen opepriddeiascdand vane maxi mum t hi ckness is greater than

) tt t of said chord |ength, and i. di ngl
P ocatoduiditg hrdng b e THo Rk BHErE NG PhSPa R Lgh pRorFERFE T ead oo
o opor thaf AP EieREEREAL BBtehin O i\ ol BldloBuSEhilors IR B EHR o uo 15
vane agfdet Bibrd RengHhad ot 2aid 0SS RS

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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sel ecting a NACA-series guide vane profile having a design angle of attack;
and increasing maxi mumthi ckness of said NACA profile, and relocating said
i ncreased maxi mum thi ckness closer to a | eadi ng edge o030 Seitemperdbe to
define said variable inlet 13 30 Septenber 2005 gui de vane for reducing

fl ow separation fromsaid pressure and suction sides at angles of attack
different than said design angle. 7. A nethod according to claim6 further
conprising increasing said thickness of said NACA profile at said | eading
edge thereof tq define ﬁaid | eadi n edgg radius of said, variaple inlet

gui de vEHEE vape for Tedygipgiilol senamtiog o s1d PRRSTICF gid FRSHOR SIREY #1¢PRlgS nodi f yi ng
-canber gof . sai NA rofile to define said pressure and suction sides of
sai d Vdﬁ%ﬁﬁ%ggﬁﬁﬁ%§ﬁ%ﬁﬁﬁgd@ﬂﬁ%an Br further reduci ng fl ow separation
therefromat said different angles of attack. 9. A nethod according to

clai m 8 wher ginftdH 4L MO tp ek loSrutther BMiphsRg idReasFRshilckMss bpess,
chordal l|ocation thereof,” | eading edge radius, and Canber to substantially

el i m nadagd NAQW Pty Alhideading@sh HdiecTdd defifeaRlUeRligneigeuadinosf sidles of
said variable inlet guide vane at opposite open and cl osed angul ar

posi t i ovesiable inllebgitid¢ wamet y- four degrees and thirty-six degrees relative to
sai d design angle of attack. A conpressor stator conprising: an

. 10. .
annul ar_casing; a yow of varjable iplet guide vapnes extendipg.radially
i nwar dl & frd&%@%{%ﬁ@ﬂ%;toﬁkﬂﬂrf CIPRAPISRE| .3995%85?{]%‘“{” essure and
suctio i-des tending along a chord.bet.ween. |.eadi. a trailing edges
and 1 adVALT RS AR PSR GR{ps ot arE PiRla )% st st ot p
and pi v} flrint: FERHERE folyebhorr@Eieldn] kali Qi MkbigndRl draydRe Over a range

of angul ar position en open and cl osed; an vane having a
maxi mum t hi ckness between said pressure and suction sides greater
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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about thirty-five percent chord length fromsaid | eading edge. 14 30

Sept enber 2005 11. A stator according to claim210 furth2® Scgepbersi0ny an
actuation ring pivotally joined to each of said vane spindles for rotating
said vanes in unison over said angul ar range including a design angle of
attack between said open and cl osed positions. 12. A stator according to
claim 11l wherein each of said vane | eading edges has a radius greater than

about 0,43 pe i Fﬁpg 3. ol to claim12
mherei%léaidﬁggﬁgag%g@%gggggﬂégg_| e}g?“é%?%f??%&ﬁﬁﬁ?ﬁﬁ%ﬁ%§¥? m t hi ckness
equal’ 1;8ird8 @'éach ¥ sAEVaRNpifflesSBl FhtahQrdid RREE M JieheRkLr sadshgdlarprof i l e at
said root with a maxi num thi ckness equal to about fourteen percent of said

chord |mangtihclubiapealesigandgle aif dttaviobieniuenpaidiopke ahd cloksdgasiionar e | ocat ed at
about twenty- five percent chord length fromsaid | eading edge, and said
| eadi ng edge radius is about 1.1 %of said chord |ength at said tip and
about 112%6% of stetor gcesnding to elaim 1 sthercin epchobsaid vane leadingedgesdietar ding to
claim 12 wherejn _said vane maxi mym.thi ckness, chordal |ocation thereof,
Ieadinda@W§5“?§Hﬁ@§Fg%W:'%Hﬂ%@?ggﬁméﬁﬁﬂééﬁﬁ¥bcooperate to substantially

elimnate flow separation along both said pressure and suction sides at

open ang cl i3 Sttor QQédr&ihg %5 c8fm ?@Q}éﬁtﬁrgeﬁ%@alégﬂezﬂélpg%%ﬁgﬁleaa@ i prty-six

degrees relative to said design or- according*to claim 12

wher ei Ryigigh tha¥AMen @Iﬁéﬁﬂéﬁ%n{dﬂi BB RSteh PrdbR T 84id ch@NeiPih BRHAL dh@ adbout ten
percent of said chord |l ength, and is torrespondingly located down to about

t went y-grofile apssid eovlt wither elatiangi thidkhosegaildo kbadifngteet @ercedifof sdidst at or
according to claim15 wherein said | eading edge radius is proportional to
sai d vaherdlgngthtiraredti andrseislonaximumyprofile) thisgkecsies| ase logatied et skwmetwfasty-a t ur bof an
engi ne conprising: . opposite pressure and suction sides extending along a
chord Mn1 o I{@g@rf@m 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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trailing edges and in span fromroot to tip; 15 30 Septenber 2005 a spindle
fixedly joined to said tip for rotating said vane over a range of angul ar
positions between open and closed; and said vane havi ng3@Septginhem300hi ckness
bet ween said pressure and suction sides greater than or equal to about ten
percent of length of said chord, and | ocated at about twenty- five percent
chord length fromsaid | eading edge. 18. A vane according to claim 17
further conprising a canber line varying froma NACA-63 series guide vane

profile . r. g i A7 further IS atrailing
edge r a%?pl:l}gdl%ﬁé@ﬁq&%@gﬁ&&ﬁﬁg&&%ﬁﬁg&g S‘Eddvaé‘ﬁé’r%ﬁréﬁgwi‘%?ﬁ vane
accor diigitiods btdlelh dfenViR iR Sald | eadi ng edge has a radius of about
el even percent of sald vane maxi mumthi ckness. 16

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

than or equal to about ten percent of length of said chord, and located at about twenty-

five percent chord length from said leading edge.

18. A vane according to claim 17 further comprising a camber line varying from a

NACA-63 series guide vane profile.

19. A vane according to claim 17 further comprising a trailing edge radius of about

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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