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able to keep a directional stability and a very good aerodynamic behaviour even at very high angles of attack, where, traditional

" configurations prove themselves inefficient. In particular, this configuration foresees a forebody (52) with variable section, optimised
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optimised in order to reduce the buffet effects typical of low aspect ratio wings with thin profile and variable camber. The aircraft - -
{10) presents, finally, staggered tails (44 and 38), to optimise the aerodynamic performance. -«

3/035467 Al




17 April 2006 WO 03/ 035467 PCT/ EP02/ 03683 Al RCRAFT CCNFIGURQE&&h&M%gH

| MPROVED AERODYNAM C PERFORMANCE. This patent is referred to an aircraft
conf'i gur at,i 5. th high aerodynam c performance; in pargd e
aircraft éggﬂgfﬁﬁnto the patent is designed like a high]%ggggﬁﬁ%ﬁ%e
trainer .with secondary operational capabilities. Many aircraft have to be
easily flown and nmust have 10 peculiar dynam c characteristics in
accordance with the mssion to be carried out. Typical exanples of the
‘above include light aircraft for aerobatics, trainers and conbat aircraft.
These aircraft often have to flight at a high angle of 15 attack (the

angl e bet ween 4 Ae@lfer afdoantbomaad @peedidi § MDD anAHAOMIAMIC | S
t ha

easy to understan t, under these flight <conditions, the aircraft has

to be very st 5§¥#N sily controlled by the pilot, in order to nmaintain
a 20 safe at??%%Fe ur?@b flight. This stability is obtained using specia

automati c equi pnent able to generate forces and nonents to counterbal ance
undesirable flight attitudes:

This patent is referred to an aircraft configuration
5 .with..high aerodynamic performance; in particular the

aircraft according to the patent is designed like a

high performance frainer with secondary operational

capabilities.

Many aircraft have to be easily flown and must have
10 peculiar dynamic characteristics in accordance with the

mission to be carried out.

Typical examples of the above include light aircraft

| for aerobatics, trainers and combat aircraft.

These aircraft often have to flight at a high angle of

15 attack (the angle between the aircraft and wind speed

direction at any time}.

"It is easy to understand that, under these flight
conditions, the aircraft has to be very. stéble and
easily controlled.by the pilot, in order to maintain a

26 safe attitudé during fiight.
This stability is obtained using special = automatic

‘equipment able to generate forces and moments to

counterbalance undesirable flight attitudes.

While the aircraft stability along the pitch axis can

' 25 ‘be controlled optimising the static margin and time-to-



Wiile the aircraft stability along the pitch axis can 25 QQAERHEBQ | ed
optinmising the static margin and time-to 17 April 2006 doubl e “anpl it ude, B
the presence of lateral-directional instability (on "roll" and "yaw' axes)
at high angles of attack can be difficult to control even wusing highly
sophi sticated Flight Control Systens. It is therefore necessary to nmaxim se
the aircraft lateral-directional. stability up to high angles of attack in

order t@oabllewagigldraide covli& oblagiehidey omdl atorayohd rklitghtdepartures and
spins. Usually and in particular lately, attenpt has been done by sinply
nodi fyi APSERE1LEES ade@taer dBahi candhapyay” andaseleér aitr cihdfah parts. Up to
now t ho t enpt ve n | e t Q. spccessful results.. In_the frame of

t he req%ﬁ?%%%ntg?l?gggﬁﬁébg%%{ %gnﬁ%ﬁfﬁ%ﬁ?zéoﬁx?hgﬂﬂ%ﬁg t SViWenti on may

avoi d theingentigbned spielllaifcateld FDigatt cedkabl e dumdbl em relevant to
an aircraft configuration with inproved aerodynani c performance, able to
optin sttt He &hpeedfarepeRavrsgrréspbei aldximuge nghe ghlasgledtof attack

(119015 S FARROLIIL Sontle Wissant el LoD TRer Sigllo BTt (0Tt
ef f ect satyptralinofordeaw BspLTlowabi@ MaTds Mritrd Ny AgpL etk @nand variabl e
to avoid flight departures and spins.
Usually and in particular lately, attempt has been
done by simply modifying the fuselage aerodynamic
shaping and other aircraft parts. Up to now those
attempts have not lead to successful results.
:In the frame of the reguirements listed above,
embodiments of the present invention may avoid the
mentioned problems and, in particular, the problem
relevant to an aircraft configuration with impfoved
aerodynamic- performance, able to optimise the
aircraft behaviour especially during high angle of
attack flights.
Embodiments of the present invention may present an
aircraft configuration with improved aerodynamic

performahce, able to reduce buffet effects typical of

low aspect ratio wings with thin profile and wvariable

camber.
Embodiments of the present invention may realise an
aircraft configuration with high aerodynamic

performance, able




. configuration with high aerodynam c performance, able 17 Apri

canber. Enbodi nents of the present invention may realise any 'ﬁl%lg%t '
i to

avoi d successfully, the loss of lateral-directional stability and the
negative effects generated by the engine flow next to the fusel age side
wal | and the horizontal tail, as far as drag, stability and - | ongitudi nal
control are concerned. Enbodi nents of the present invention may realize an

aircraft _configuration with inproved aerodynam erfornance, able to
recover T’Porﬁvéf%i ,SBﬁFleﬁisé]%gl, i nthﬁeﬁé?%ﬁ‘, O%hef%Ygﬁ? FELBERAHORE. at hi gh
angl es ofraptiack. AGGOrdhag hegaRigepeet sol.dhe Riesented nygntion, there
i's provideg conf&éuration of angai%craft mﬁfh inﬁ@%be Eaaer\g)g};namc

per f or maeanginwhi £howl | o&xto keepclhdt: r entdcolade stiade | ivial lat amdd/ kibgh angl es

of attack, said aircraft{_ including a fuselage fitted with w ngs, at |east
one air PPREARBLAAD atRbdel agd® f oféBody@fi t X 2Per i ifaddickiton, ~ aRkkereby in

t hat i Lk -t _iin di Extension (L Vortex Control
at sal ﬁgggéﬁﬁaﬁhatlo(‘d&g&?of ea &ﬁgcggﬂsd.. (LEX)

Device s suc symmetrize t ursting of the vortex generated by

such LEEmbbdimdnhisgho#ingkee oprateack, iwkeneiinrt hewanat irea lieteaveam t he LEX

area and the carresponding LEX Vortex, . i

. aircratft configuration with improved aerodynamic

performance, able to recover from spin, optimising, in
'general, the aircraft behaviour at high angles of
attack. |
According to an aspect of the present inventioh, there
is provided configuration of an aircraft with improved
aerodynamic performance, which allow to keep directional
stability at mid/high angles of attack, said aircraft
including a fuselage fitted with wings, at least one air
intake and a fuselage forebody with tapering section,
whereby in that said aircraft includes a Leading Edge

Extension (LEX) Vortex Control Device shaped such to

symmetrize the bursting of the vortex generated by such

LEX at mid-high angles of attack, wherein the ratio
between the LEX area and the corresponding LEX Vortex

Control Device height 1is equal to 2,35 m with a

tolerance range varying from. +100% and -50% of said

ratio, said LEX Vortex Control Device cooperating with
staggered tails, obtained by the cbﬁpling of the
vertical fin to the wing, whose leading edges overlap
the trailing edges of each wing, in order to maintain
'lateral—directional étability.

These and other goals may be met by an alrcraft

‘confiquration, with improved aerodynamic performance,

accdrding, to claim 1, to which we'refer,tb.



Control Device height is equal to 2,35 mwith a tolerance M¥aEYi ng
from +100% and -50% of said ratio, said LEX Vortex Control vice
cooperating with staggered tails, obtained by the coupling of the
vertical fin to the wing, whose | eading edges overlap the trailing edges
of each wing, in order to nmaintain |ateral-directional stability. These
and ot her goals nmay be net by an aircraft configuration, with inproved
aerodynam c_performance, according, to claiml, to which we refer to. 17

Apri |~ 2008 FredPt¥bl prbediaitieht ST oft heh@ Geieht 1PHOBREPSN iy Be

desi gned,_ | ticular, _lLi train ith hi : f Qr.nanc
seconda?%/eéo{;%@%@i ong}1 cggzﬁ)&ﬁ%%aeé’. ‘Iﬁ%k%mon?i gggraatﬁin%%r ng{/l%c%g g atwn
engi ne g mt@incandnd- becsnaRy sbe g acdéesl sedphyithe iprsasence of a
range of very peculiar structural details. The tw n-seat cabin (in tandem
wi th i ntreofpeédeyrafigghtmepntimsiisides ngy Welroapréaew THormut sl ebody

wth basi aI;EIiy ¢ci.rcul ar,and riable.sectign, racteri.s y | ow aspect
ratio, oapr%ﬁ?m sed or%ﬁgaﬁa%{ega%?egtltsaec ¥l i%ﬂ?s?ﬁlen %Ihcie% é%acé a radar
for the @ings abf veper skicanalsrvershaitumyl bgeeasiky integrated. 17 April

2006 The forebody shape and di nensions may be optimsed in order to reduce
its vortlhe i mweiterente oabine dilpcr &fpdem) with interconnected

flight controls 4s—may be coupled with, a forebody with
_basically circular and wvariable section, characterised
by low aspect ratio, optimised for high angles of attack
flights. In this space a radar for the aircraft

operational version ean—may be easily integrated.

3a




aerodynam c- characteristics at m d/ high angles of attack; y@§¥ﬁggb'oned
characteristics allow to reduce the directional asymmetries hi gh angl es
of attack, typical of forebody with circular or elliptical section.
Moreover the wing profile nmay be different fromthe standard w ng
profiles, in order to integrate a system able to mnimse the buffet

ef f ect sThe ydicaalboafy | sivapaspaed didemadargs whiyh Bdi pppriafiidet ahd vari abl e

canber. The aerodynam c design may include also a LEX (Leading _Edge
Ext ensi 9FJCH ofCex SB1HG o L 8eVPEE S X riged T 2 572 €8, O thf?r detrEb2 &y mmetri ze

t he L%%Pé&?ﬁaﬁ%“'é@a?&cﬁé‘k%?%% a”&%esrrg{rect £ % the sypmetric

vort ex ursting allows to keep the | ateral stablllty and t he
ai rcrafdtcookyoltid med/tiicgledinghes saftemitdtacds BHledi ment sreflutbe present
invention may have, at_least one engine air_intake able to guar antee the

per f or népRe lérﬁftal%%lpelasﬂfmﬁil@ﬁfanﬁ@ ipteht #291aT hofherBhgfhe; the
des! o COBECAS! oL ORESERe PR LN o LIRIGRLcdErdror L1 e
PCT/ EPO2/ 03683 Finally, the horlzontal tail staggerlng may al |l ow getting
Moreover the wing profile may be different from the
standard wing profiles, in order to integrate a system
able to minimise the buffet effects, typical of low
aspect ratio wings with thin profile and wvariable
camber.
The aerodynamic design may include also a LEX (Leading
Edge Extension) vortex control device, properly sized,
in order to symmetrize the LEX vortex bursting at
mid/high angles of attack, as the symmetric vortex
bursting allows to keep the lateral-directional
stability and the aircraft control at mid/high angles of
attack.

Embodiments of the present invention may have, at least
‘one engine air intake able to guarantee the performance
and a proper fluid-dynamic interface with the engine;
the design does not foresee the integration of a typical
diverter on the upper lip of an air intake, integrated

-with a LEX.




a decrease in the aerodynam c drag produced by the fusela dy, to
optimse the aircraft spin behaviour and to i nprove the a??éﬁﬁ‘l?é&o

aer odynanmi 0§3/€£§4?gn for high angles of attack manoeuvres.pdikdiRREesgoal s
and benefits of this patent shall be clear fromthe follow ng description

- and fromthe attached drawi ngs, provided solely, but not limted to a
sanple, as follows: 10 - picture 1 is a side view of an aircrafts i., in
“particular of a trainer aircraft, designed accordingly this patent;
picture 2 is a top view of an aircraft, in particular of a trainer
aircraft, designed 15 accordingly to this patent; picture 3 is a bottom

view of an airgf@fiiy, RnePablicohesl ofasl tstaigyeriagr negf &1 ldesjariday
accordingly to this patent; picture 4 is a front view of an aircraft, in

20 particul ar 9fga-tdpinen ahkchafddyriasigredy pecancéddy the this patent;
picture 5 is a back side view of an aircraft, in particular of a trainer

SLrErart e Sk afe v aaligs© (U GaLeetse ne, PLEEUEECD | opin
' behaviour and to improve the aircraft aerodynamic
5 design for high angles of attack manoeuvres.
" Further goals and benefits of this patent shall be
clear from the Ffollowing description and Zfrom the
attached drawings, provided solely, but not limited to
a sample, as follows:

10 - jgaicture 1 is a side vi.ew of an aircraft,;:, in
particular of a trainer aircraft, designed
~accordingly th:"Ls patent;

- picture 2 is a top view of an aircraft, in
particular of a traine_r aircraft, degigned

15 accordingly to this patent;

- picture 3 is a bottom view of an aircraft, in

particulér of a trainer aircraft, designed

accordiﬁgly to this patent;

- '- picture 4 is a front view of an aircraft, in
20 particuiar of a trainer aircraft, designed
accordingly to this patent; |
- picture 5 is a back side view of an aircraft, in
particular of a trainer aircraft, designed
' acco:dingiy to this patent;

25 - . picture 6 is a section, aiong the VI-VI line of




PCT/ EPO2/ 03683 picture 2; picture 7 is a partial and enl arged, yiewsf 2
det ai | ofwbhgraimgeraft configuration designed accordinglﬁ t&'&yi%ipatent;
picture 8 is a section, along the VIII-VII1 line of pict f ?; Bféture 9
is a section, along I X-1X line of ~picture 7; picture 10 is a section,
along X-X line of picture 10 7; picture 11 is a section, along XI-XI |ine
of picture 7; picture 12 is a section, along XIlI-XIl line of picture 7;
15 - picture 13 is a section, along XIII1-XIll line of picture 7; - picture
14 is a section, along XIV-XIV |line of picture 7; picture 15is a section,
al ong XV-XV |ine opicRQrRi o:ure 7; picture 16 is -a section, along XVI-XVl
line of picture 7; picture 17 is a section, along XVII-XVIl line of
picture 7; pictureplBtizgcanyenlargecd SO eWel aeleipbdd Oview of a
detall of the alrcraft configuration designed
accordingly to this patent:
5 - picture 8 is a section, along the VIII-VIII line
of picture 7;
. picture 9 is a section, along IX-IX line of
picture . 7;
-; picture 10 is a section, along X-X line of picture
10 7:
- picture 11 is a section, along XI-XI line of
picture 7;
P picture 12 is a section, along XII-XII line of
picture 7;
15 - picture 13 is a section, along XIII-XIII line of
picture 7;
- picture 14 is a section, along' XIV-XIV line of
“picture 7;
- picture 15 is a section, along XV-XV line of
20 picture 7;
- picture 16 is -a section,_along XVI—XVI line of
picture 73
©-  picture 17 is a section, along XVII—XVII‘iine of
_picture 7:

25 .- picture 18 is an enlargedgisoview of a detail of




. WD 113/035467 17 April 2006 PCT/EP02/03683 the aircraft cqq”%%ﬂﬁﬁb%on
~designed accordingly to this patent. Mking reference to the nti oned
pictures, ,an aircraft, in particular a trainer aircraft, favppg@ess°
configuration With inproved aerodynam c performance, accordingly to this
patent, is generally indicated with reference 10. The aircraft 10 includes
a fuselage 12, having an upper side wall 14 and a |lower side wall 16, and
two wings, 10 respectively a right wing 18 and a left wing 20, fitted to
the fuselage 12. The right wing 18 has the tip 22, while the left wing 20
has the tip 24. The aircraft 10 features also a rudder 34, fitted to 15

the vertical fin 3&j§9%%fr8%£f%FB%?%i%hﬁgfibﬁeﬁeéégnE@Vbﬁ@O&dﬂHﬁnY to
and a |l e

hori zontal stabiliser orizontal stabiliser 28 and rel evant
tips 30, 32. In prefer gealising, but not limting forns of the
patent, as alreadyq%%%%ﬁ%ﬁgglabove, the type 20 configuration is a

tw n-engine formul a and. for t aifpd Nt gkes idelior phetengenes #AS8,
mﬁth_relapiveq%%%+%% ﬁ%%%?%%ﬁg%. ﬁ?nal y, in the fusel age forebody area
52, in which aaircraft, in particular a trainer aircraft, having a

5 configuration with improved aerodynamic performance,
accordingly to this patent, is generally indicated with
reference 10.

.The aircraft 10 includes a fuselage 12, having an upper

side wall 14 and a lower side wall 16, and two wings,
10 respectively a right wing 18 and a left wing 20, fitted

to the fuselage 1Z2.

The right wing 18 has the tip 22, while the left wing

20 has the tip 24. |

The aircraft 10 features also a rudder 34, fitted to

15 the vertical fin 38 and a horizontal stabiliser . 44
having a right horizontal stabiliser 26 and a left
horizontal stabiliser 28 and relevant tips 30, 32.

In preferred or realising, but not limiting forms of

the patent, as already mentioned above, _the type

20 éonfiguration is a twin-engine formula and foresees two

" air intakes 46.for the engines 48, with relative engine
nozzles 60.

Finally, in the fuselage forebody area 52, in which‘a

iadar for the aircraft 10 operational version could be

D5 integrated, a two ‘in tandem pilot cockpit 54 is




“radar for the aircraft 10 operational version could be 25 .n @@bgd, a
two in tamMGewIFHéTot cockpit 54 is WO 03/035467 17 Appril Ed&égzmmms !
PCT/ EPI'1 2/ 03683 installed, with interconnected flight controls, protected
by a windshield 62. A probe 58 could be foreseen, in order to carry out in
flight refuelling for the aircraft 10. 5 Wth reference to pictures 2 and
3, each wing 18, 20 of the aircraft 10 presents outer ailerons 56 and
take-of f and | andi ng double slotted flaps 64, integrated in the trailing
edge 70 of each wing 18, 20, and other devices for w ng canber
opti mi sat i on ¥nskediked.edgewiitlhopsjinéerceonegatedr at Edightt hecaphgoleadi ng
edge 68.. Their profile 1is shaped following a particular geonetry, on the
basis of thenmemertdd abyodgnawdindsleséld niht | dnedrohet 8 adadelr i beion. In
particular, the technical characteristics of the 15 aircraft 10, ained to
obt ai n hi gh aBymehesamn cinperfdemahoe cantryf | oght ist ablighly, rafvelding to
this patent, are as follows. First of all, the aerodynam c design is
char act eri sedfohychehaeaipraseficel®f a LVC ("LEX Vortex Controller") 20
device to control the LEX ("Leadi ng Edge Extension") vortex at m d/ hi gh
angl es of Sat twidh (refferetize pietpietures 2 and 3, each wing 18, 20 of
the aircraft 10 presents outer ailerons 56 and take-off
and landing double slotted flaps 64, integrated in the
trailing edge 70 of each wing 18, 20, and other devices {
for wing camber optimisation (leading edge droops) 66,
10 integrated in the wing leading  edge 68.. Their profile
is shaped following a particular geometry, on the basis
of the general aerodynamic design mentioned in this
description.
In particular, the technical characteristics of the
15 aircraft 10, aimed to obtain high aerodynamic
performance and flight stability, according to this
ratent, are as follows.
First of all, the aerodynamic design is characterised
by the presence of a LVC (“LEX Vortex Cohtroller”)
20 - device to control the LEX.(“Leading_Edge_Extensibn”)
vortex at mid/high angles of attack (ref. 72, picture -
b, _ _
- The LEX, with gothic platform equal to 6,4% of the
reference wing gross area (as per this patent), allows

a5 - vortex 1lift generation at high anglesQof'attack aﬁd LEX -




1). The LEX, with gothic platformequal to 6,4%of the ref;

i ng

9@ Hi%o86
gross area (as per this patent), allows 25 vortex lift generation at high

angl es of
is furthe

attack for

the tolerance can be
hei ght. of the
to 2, 35 man
fromthe des
and. 15 its di
vortex interference on.the aero

at nid/high anftesS® of YHI eks

at

t k and LEX 17 April 2006 WO 031035467 PCT/ ER BR3cdesi gn
#%@?ﬁ%z integrating the LVC (' ~LEX Vortex Cbntgﬁﬁgérﬁs

tip, in order to ensure the

ppli c

are even re opti ed in order to reduce its

reduce the dirggééé)fg a%¥gg%£aggs %ﬁxpiggrgggh%s Ofoss of lateral-

5

10

15

20

25

directional stability.

The LEX vortex controller sizing 72 depends on the

front LEX size and, in any case, the bigger the LEX is
+he higher the LVC must 'be} the tolerance can -be
defined by the ratio between the LEX atea and the
heighf of the corresponding LVC. The design pointi-of
this ratio is equal to 2,35 m and the applicabie
tolerance range varies from +100% and -50% from the
design point.

The fuselage forebody 52 shape of the aircraft 10 and
its dimensions are even more optimised in order to
reduce its vortex interference on the aerodynamic
characteristics of the aircraft 10 at mid/high angles
of attack; the mentioned characteristics allowralso to
reduce the directional asymmetries at high angles of

attack, typical for the forebody with standard circular

' or elliptical sections.

‘The forebody 52 of the aircraft 10, according to the

patent, shows a range of - forebody sections with
different geometry starting from the apex 74 up to the

forebody edge merging with the LEX apex. .

vortex symmetric bursting at high angles of
sideslip attitudes and prevent |oss of lateral- 5 directional
‘stability. The LEX vortex controller sizing 72 depends on the
size and, in any case, the bigger the LEXis the higher the LVC nust be;

defined by the ratio between the LEX area and the 10

dfén%@pqui g,gflg%(& Ther desh o0 mRAgrdtiafy thies rati ofsequal

tol erance range varies from +100% and -50%

‘%g%gé)%ﬂéongﬂ?lié?ﬁjng% fig[s_e%i ' 52, SHaRErOk ot heRircrafd 10

front LEX

FHOSELGe, SRETRRETRbiE o Whaircral 10

aracteristics allow also to




-20 attack, typical for the forebody with standard circul ar ;704,8lJdgppt i ca
secti onswdbsofsasebody 52 of the aircraft 10, according tgcyﬁé%n@@gent,
shows a range of forebody sections with different geonetry starting from
the apex 74 up to the 25 forebody edge nerging with the LEX apex. WO

03/ 035467 17 April 2006 PCT/EP02/ 03683 An exenplifying and preferred, but
not limting way, of the geonetric shape and of the sequence of sections
~with different geonmetry, between the apex 74 and a section referred to the
guote 76 (positioned nore or 5 |l ess at.the beginning of the tw n-seat cabin
54), is . prespat etenipl iTSAUENGad Argictteds Bl hotf ridmivitiingh vagy, ioff erabl e
that froma roughly | ow aspect ratio circular section (pictures 8-11) a
chined sectiofhkS GbmefPiE!t BhepelZaid) .00 theonsddiremmnt bineeqiiiging es i s
clear the shift of the forebody 52 fromthe |ongitudinal axis K, fromthe
apex 74 up t@ithe detpeLase SRUNGHY P eIRIRGH Nthé Clapex 174 dmd a
particul ar, according to a preferred formof the patent; the ratio between

the I ength of sbheibar ehoftrda) 520 it t LaBLEr o8 t hoaedoret upoke tde
section along the XVII-XVII line (reference L), and the average between

the lengtys Ajand Bof chBepkbyend’ey WBbrth@e twin-seat cabin 54), is

presented,' in sequence, at pictures 8-17, from which is
inferable that from a roughly low aspect ratio circular
section (pictures 8-11) a chined section is got
(pictures 12-17).

10 From the mentioned pictures is clear the shift of the
forebody 52 from the longitudinal axis K, from the apex

74 up to the reference section presented in picture 17.

In particular, according to a preferred form of the
patent, the ratio between the length of the forebody

. 15 52, starting from the apex 74 up to the section along

‘the XVII-XVII line (reference L), and the average

between the lengths A and B of the two axes of the

section (seétion presented in picture 17), presents a-
value of 1,873, with a tolerance equal to *10%.

l-:20 'Thelstructural peéuliarityﬁand its effect on the flight
conditions .come out from the combination of thé
parametér mentioned above (plus or minus the tolerance,
if any) ahd.the_sequénce'of-the forebody 52;5ections,
:fromfthe apex 74 of_theiaircraftrlo ﬁp to the refe;ence

'1 25 section alonngVII—XVII line.

10



section (section presented in picture 17), presents a valgg}ﬁgﬂé 3, with
a tolerance equal to 10% 20 The structural peculiarity and its eP ect on
the fli ghw(ﬁ&rﬂggﬂ%ﬁgons come out fromthe conbination of thec-PRFBRBLSE

a

ment i oned ove (plus or mnus the tolerance, if any) and the sequence of
the forebody 52 sections, fromthe apex 74 of the aircraft 10 up to the
reference 25 section along. XVII-XVIIl line. 17 April 2006 WO 03/ 035467

PCT/ EP02/ 03683 In picture 18 is also shown in detail an engine air intake,
indicated as item 46, which contributes to guarantee the performance of
aircraft 10, above all as far as the fluid-dynamic interface with the

rel evant 5 j efpengidiuiss $anael ngdooThctil 1At akeadd showengivar i abte

| eadi ng.edge r adi us optimsed in the lower part in order to reduce the

engi ne face {1 owidicst or 100cakoAi Oflsanglas ol at skn aBentnibheesi deopart
in order to reduce the transonic 10 spillage drag. In particular, the

inner lip averaggrgﬁgg%ngh%d rfSh MRS B0 | 8188¥akL Q0] MBowehid®E tAs

| ower |ip avegage adi ng edge radius 78 is equal to 17,5 mmand that of

the outer |1p 80.1s, equal 10 14y Min 0 L habrtheald CGRPLNT €naf creDividie aif

i ntake i s abou

5 jet engine is concerned.
‘The air intake 46 shows a variable leading edge radius
optimised in the lower part in order to reduce the
engine face flow distortion at.high angles of attack
and in the side part in order to reduce the transonic
10 spiliage drag.
In particular, the inner lip average leading edge
radius 76A is equal to 7 mm, while the lower 1lip
average leading edge radius 78 is equal to 17,5 mm and
that of the outer lip 80 is equal to 14 mm, so that the
15 capture area of the air intake is abouﬁ 0,322 m?, and
the throat area of the air intake is about 0,257 m® and
the engine face area is about 0,273 m® {this values are
referred to one air intake).
The air intake 46 is diverteless on the upper side of
20 éach air intake side and integrated with a LEX,_thanks
' ‘to the peculiar ratio between LEX length and shape;
.effectively the LEX acts as a shield at high angles of
attack.
The air intake can - foresee aléo._the. presence of two

25  additional blow indoors (not ‘showed in the pictures),

11




the throat area of the air intake is about 0,257 n2 and thg 36 f ace
area is QgB}%w?g 3 n2 (this values are referred to one air intake). The
air intak "divertel ess on the upper side of 20 eacRCHEPIYHEEKke side
and integrated with a LEX, thanks to the peculiar ratio between LEX | ength
and shape; effectively the LEX acts as a shield at high angles of attack.
The air intake can foresee also the presence of two 25 additional blow

i ndoors (not showed in the pictures), WO 03/035467 17 April 2006

PCT/ EPO2/ 03683 positioned on the upper w ng-body junction betmeen w ng 18,

orocsure on  RRUISSH gt baty ToRet ShECTRake) vhent 6F Bt T pRlEs 1M
LQ&E?E‘,”“&&?@%@? ZEJpeaﬁﬁ b %%%gf%ngéfliﬂs&??gé@?;%%291?%)255%Sﬁl {Fakd 1 ps
Chr ough t he aBVs S | DRUCHPT THERKGTSRFURE Thans CHRCLHATSETERte: oo
that guaranteg e 0N (RSLLY" MBIy SRR Lhtingnd shie ashadynap ¢
S the blow indoor hinges.
. These blow indoors aim is to reduce, when they open,

- the local angles of attack on the air intake lips 46 at

by,

high angles of attack, reducing the air mass Tflow

quantity passing through the above mentioned air intake
10 4e.

One of the characteristics that guarantee the high

performance, the stability and the aerodynamic

structure of the aircraft 10, is the staggered tails 44

and 38. They"alch' to reduce the aerodynamic drag
15 generated by the fuselage afterbody, to optimise the

spin behaviour of the aircraft 10 and to improve its

whole aerodynamic design for high angles of attack

flights.

' The vertical fin with trapezoidal platform includes the-

20 rudder 34 and is coupled to the wing. This means that
the leading'edgé of the rudder, indicated as item 36 in
picture 1, overlapping the trailing edges 70 of each

wing 18, 20, in order to allow the recovery from the

spin and to'optimise the behaviour of the aircraft 10

“25. at high angles. of attack.

12



structure of the aircraft 10,' is the 'staggered tails 44 aqe}%tﬁﬂ hhey al | ow
toreduce the aerodynam c drag 15 generated by the fusel age a e'rzbody, to

optim se Lhe |9 behaviour of the aircraft 10 and to i nyQyEpdfogessWhol e
aerodynamwgmcf"e@?léﬁ for high angles of attack flights. The vertical fin

wi th trapezoidal platformincludes the 20 rudder 34 and is coupled to the
"W ng. This neans that the | eading edge of the rudder, indicated as item 36
in picture 1, overlapping the trailing edges 70 of each wng 18, 20, in
order to allow the recovery fromthe spin and to optim se the behavi our of
the aircraft 10 25. at high angles.of attack. 17 April 2006 WO 03/ 035467

PCT/ EP02/ 03683, The_hor i I oWt h pszohdal pphathenm issmameed by
two i ndepende eag}%ltzoor%‘s% itc %Iv%\svﬁi 1t:JIéﬁégym'retri cp and asymmetric

deflection. The horizontal tail.prt a hinge AXisy indi egte@tasd tem
86 in picture WY cﬁnéePgmgérAllEntaggﬁgtgr%\brtshe fight and on the left, of

about 7,5, froma lateral.axis-88,.1n or hrksetrkhe iRgetand the
inertial nonmefRd Wg?%]g%r%%ff%ﬁisg%éngﬁé %ﬁf?ﬁ%blﬂé%a%cter‘p{i‘sed by a

tolerance referred to the ratiq.h e s L oD A
defined as thé B2 cBE bt Wé%ﬁlF%géE 394t @6 SPRUBHCAQrbN2D! Gl

5 is oriented, on the right and on the left, of about
7,5°, from a lateral axis 88, in order to optimise the
hinge and the inertial moments.

The staggered tails can be further characterised by a
tolerance referred to the ratio between quote C, showed

10 in pi-cture 1 and defined as the distance between the
apex of the vertical fin 3;oot chord and the apex of the
horizontal tail root chord 44, and the tail arm, equal
to 4181 mm; it follows that the reference ratio given
above is equal to 1932/4181 mm = 0,462,  with an

15 applicable tolerance.équal to 10%.

Also the wing profile 1s modified and optimised in

comparison with trarditional trainer aircraft, in order
to reduce the - “buffet” effecf:, considering the
characteristics of a low aspect ratio wing with thin
20 airfoil and variable camber.
According to the patent, on the 'contrary,l a wing 18, 20
‘with trapezoidal platform and mid aspect_ ratio (AR=4}
is used, charaéterised by the presehce of_ a saw Tooth
(shoﬁed as S in picture 2) at 67,5% of the gross wing

' 05  span; the modification, in comparison with standard

13




apex of the v

oot choig i)

reference ra
applicable to
optimsed in
reduce the "b
aspect ratio
the patent, o

ertical fin root chord and the apex of the ﬁﬂtz%bﬁta”

and the tail arm equal to 4181 mm it foI oms t hat the: ‘
I'0 given above is equal to 1932/4181 mm = PGB O2RPBR an 15
| erance equal to 10% Also the wing profile is nodified and
conparison wth traditional trainer aircraft, in order to
uffet" effect, considering the characteristics of a |ow

wing with thin 20 airfoil and variable canber. According to

n the contrary, a wing 18, 20 wth trapezoi dal platforn1and

m d aspect ra 'iglggAR—Q fsré.ltse%f %f%gq_,tgg_r t%%?h‘gg tﬂf‘e pﬁ_ggaggg saw

tooth (showe
nodi fi cati on,

PCT/EP02/0368
showed as R|
triangul ar,

S inpic tire gross Wng n;

5 Y aéﬂg‘i; V“ttgfﬁtﬁﬁ*da%a%@%etgoﬁﬁ a F%é éé%;,eb %SS.GUS
6
 ReBigl 0 oﬁhc&%@w S, o FFBR %3%%‘”1)0%%%%& oS

f he l.ead nd of " di d
T oos §d°at5 abBmi SRl Ut A So1Al ToopERERY ERORZRMRE o i ch

_shoms an 5

10
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20

- the leading edge 68 and of the “Leading Edge Droops” 66

deflected at mid angles of attack.

As clearly results from picture 6, which shows an
enlarged section along VI-VI line of picture 2, each
wing 18, 20 presents a variable camber profile, both
along the leading edge 66 (“Leading Edge Droop”) and
along the trailing edge 70, near the ailerons 56. The
ailerons are scheduled only in transsnic regime, to
have a camber reduction in order to reduce
compressibility effects.

Quantitatively, the désign. point of the chord
percentage extension sf the leading edge 68 is egual to
0,36%, with a tolerance between.¥o,5% and -0,2% from
the nominal wvalue, while thé design point of the gross
wing span at which the chord extension is applied, in
comparison with the standard solutions, is equal to

8,2%, with a tolerance between +10% and -5% from the

" . nominal value.

.Other characteristics of the aircraft 10 include the

fuselage 12, which, in the afterbody 16, foresees the

.25

integration of the engine nozzles and the presence of a

14 -




enl arged section along VI-VI line of picture 2, each wing g@xﬂﬁgoggesents
a vari abl e canber profile, both 10 al ong the | eadi ng edge g "Leadi ng Edge

Droop") af@ oss9R9 the trailing edge 70, near the ail er ongcaferilissss
ail erons are scheduled only in transonic regine, to have a canber

reduction in order to reduce conpressibility effects. 15 Quantitatively,
‘the design point of the chord percentage extension of the |eading edge 68
is equal to 0,36% wth a tolerance between +0,5% and -0,2% from the
nom nal value, while the design point of the gross wng span at which the
chord extension is applied, in 20 conparison with the standard sol uti ons,
is equal to 8sA%1whthitaitigl enancetbet eeehtehO%0ara piutfwrem3the noni nal
value. :Qther characteristics of the aircraft 10 include the fuselage 12,
which, in the ahtgrhofy d6:afRegseedict Rgizle imbegiati as efpttihd seryi ime
nozzl es and the presence of a 17 April 2006 WD 03/035467 PCT/ EP02/ 03683

- fusel age tail, gipdi-calpd:afdd eROOnéHapieé UeEL3ctAl sant herarea hedraghe
engi ne nozzles 1s optimsed in order to reduce the negative effects, in

terms of drag ,apd {QRgitudinal Siahiiifoy cenitell, geperateddybyhetibe

engine flow next to the fusel age side wall 12 and the

| ' 5 engine flow next to the fuselage side wall 12 and the
horizontal tail 44. |
The aircraft 10 features also a tricycle landing gear,
including a nose landing gear-and a main landing gear.
Phe nose landing gear is a leg strut, with four doors

10 closing the bay, and backside retraction.

The main landing gear has frontside retraction in order
to allow fuselage belly loads installation.

' The aircraft 10 under this patent fits an automatic

flight control systen (*Fly By Wire”), digital

15 quadruplex redundant, which allows to optimise the

performance and the flight qualities; the system allows

to improve the flight safety limiting, automatically,
flight regimes, which could be uncomfortable. to the
pilot or could Ilead "to lose control (“Carefree
20 Handling” ).

From the ébove description the characteristics of the
aircraft configuration with improved aerodynémic
performance, subject to this patent, are resulting
clear, such as its a&vantages, |

.'25 It is also clear that several other modifications can

15



horizontal tail 44. The aircraft 10 features also a tri cycIﬁA@.ﬂd%'O@g gear,
i ncl udi n%?o%’ﬁ?ﬁ andi ng gear and a main |anding gear. The nose |anding
gear is a leg strut, with four doors 10 closing the bay,P HEPHARRE de
retraction. The main | anding gear has frontside retraction in order to
all ow fusel age belly loads installation. The aircraft 10 under this patent
fits an automatic flight control system("Fly By Wre"), digital 15
guadr upl ex redundant, which allows to optim se the performance and the
flight qualities; the systemallows to inprove the flight safety limting,

automatically ' r egi , ' ul | e pi | ot
or could | eadbteog#ggg'%go%t%r gﬁﬁ( 'Sgjr“leq‘-'Jf?:rug:(%J %%%%%%ﬁégr%n%m&:%’ove
description the a ristics.of j.rcraft fd | .0 i
“inproved aer oﬂ%ggﬁé (é%g"re £ %&h&ng&e glt@gﬁeé?tlet%a]t%qlgﬁééft g“lrﬂi{ ?Etﬂaer gb ér(ﬂec!is‘%}‘:fﬁ%l ng
clear, such asggi advant ages,,. 25 It -is also. ¢l th t
nodi fi cati onssga%%\ﬁoﬁ?ﬁﬂ&t 1?SA5rlﬁ° %?EP%&Og#O%%&g&%éggp%ﬁ ed to
the structure the aircraft in subject i t hout_ exceedj pg e ties
i ncl uded i n tﬁ%%ﬁée%&ate&laﬁﬁé sshares ppd JensTgH aré)?hghg ié{r?%‘g%ol yi ng
the 5  mentioned details could vary in compliance with the
requirements and the same details could be replaced

with- other details having the same technical

characteristics. ' \
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patent, materials, shapes and di nensions of the above nenqbqgﬁﬁzgﬁgails
could vary in conpliance with the requirenents and the sanme detalils could
be replaced with other details having the sane technical characteristics.
16 17 April 2006 CLAIM5S 1. Configuration of an aircraft with inproved
aerodynam c performance, which allow to keep directional stability at

m d/ hi'gh angl es of attack, said aircraft including a fuselage fitted with
wi-ngs, at |least one air intake and g égﬁglage forebody with tapering
section, whereby in that said aircr f ncl udes a Leadi ng Edge Extension
(LEX) Vortex Control Device shaped such to symmetrize the bursting of the
vortex generated by such LEX at m d-high angles of attack, wherein the
rati o betveen tthefiEXrariem and 2meatocraSpondimginEvedonkterd@oatiol Devi ce
height is equal to 2,35 mwith a tolerance range varying from +100% and
-50% of s&edipaRapce, sHRUCh ERIVBIt &0 CERR oP iRyt i@ addoopetdtiitg Wit h

staggered_.tail t-ained hy.the coupling of .fthe vertical fin to the
i na. wnodd7badh SURLEL JErrdl, TR lbeihgt el a b sl T

order to rmicRbal Rikat ehalsdi pecticandl sifabiild tyntde G T UFALLRAGOT an
aircraft as per claiml1, " characterised by the fact that the nentioned
fusel age foaebbddywidilt Hapewiagpeettiat,i otheshbwsim fpradf idad dwet hcvaft abl e
includes a Leading Edge Extension (LEX) Vortex Control Device
shaped such to symmetrize the bursting of +the vortex
generated by such LEX at mid-high angles of attack, wherein
the ratio between the LEX area and the corresponding LEX
Vortex Control Device height is equal to 2,35 m with a
tolerance fange varying from +100% and -50% of said ratio,
said LEX Vortex Control Device cooperating with staggered
tails, obtained by the coupling of the vertical fin to the

 wing, whose leading edges overlap the trailing edges of each

wing, in order to maintain lateral-directional stability.

2. Configuration of an aircraft as per <claim 1,

characterised by the fact that the mentioned fuselage

forebody with low aspect ratio, shows a profile with variable
geometry starting from the apex up to the edge coupling the
mentioned forebody to the LEX apex, said profile shows,
starting from the apex, a roughly circular section and then,

at the LEX apex, chined section.

3. Configuration of an aircraft as per claim 1,
characterised by the fact that the staggered tails 1is got
| coupling. the vertical fin with trapezoidal platform to the

wing and whose leading edges overlap the trailing edges of

1




geonetry starting fromthe apex up to the edge coupling thgq bhened
forebody to the LEX apex, said profile shows, starting fromthe apex, a
roughly circular section and then, at the LEX apex, chined section. 3.
“Configuration of an aircraft as per claiml, characterised by the fact
that the staggered tails is got coupling the vertical fin with trapezoi dal
platformto the wng and whose |eading edges overlap the trailing edges of

I h the b
airoraft eartnlopoangt sonr kP SekEhisd Rt pRUREPOR OF A Blkefait e per

claim3, s¢haia Htgﬁqﬁggcgyaghgcﬁact that such tail staggering is got
t hrough a hori zont tail having trapezoidal platformand the capability

of symretric and asymmetric deflection the horizontal tail presents a
hi nge axis, which is inclined from a Iateral axis of the aircraft in order
to optinm #e th@omfh@\éraw. n@ftu aﬁn nodefR R It @nf P§dr at§ledTof an

aircraft a ri ct.that the air |ntake IS
diverterl§§§ a8ﬁe¥% QL%EE %F Eg g Xfﬁtgﬁéf éta%%%¥P6%ré%l%n of an
aircraft %ﬁr@ﬁéhcéahéﬂi%onﬂ%ﬁa%§§leﬁééﬁ%§'Q%ab@%oié&l ﬁi&%fd&ﬂﬁaﬁ&rth@take
shows a inner “lip average |eadi ng edge radius equal mm while the
~lower |ipcapebayety eadf ngsemget riadi usnd s &5&mﬂeﬂn1cl7d§f&nuammh the
horizontal tail presents a hinge axis, which 1s inclined from

| a lateral axis of the aircraft in order to optimize the hinge

and inertial moments.

5. Configuration of an aircraft as per claim 1,
characterised by the fact that the air intake is diverterless

on the upper lip of the air intake.

6. Configuration of an aircraft as per claim 1,

characterised by the fact that the air intake shows a inner

lip average leading edge radius egual to 7 mm, while the
lower lip average leading edge radius is equal to 17,5 mm and
that of the average outer lip is equal to 14 mm, so that the
capture area of the air intake is about 0,322 m’, the throat

2

area of the air intake is about 0,257 m* and the engine face

area is about 0,273 mzﬂ

7. Configuration of an aircraft as per claim 1,
characterised by the fact that. each wing of the aircraft
. shows trapezoidal platform and at least one saw tobﬁhrarea in
‘at least one part of the wings pan,. this wing shows also a

leading edge and radius(R)with triangular profile.

18



that of the average outer lip is equal to 14 mm so that tfl@%@ﬂ%ﬂ e area
- of the air intake is about 0,322 n2, the throat area of the rintake is
about 0,257 n2 and the engine face area is about 0,273 n2. 7. : -
Configuration of an aircraft as per claiml1l, characterised by the fact
that each wing of the aircraft shows trapezoidal platformand at |east one
saw tooth area in at |east one part of the wings pan, this wing shows also
a |eading edge apd radi.us(Rwth _triangular. profile. 18 8., Configuration
of an ai rgraft&o)@ Jp%li‘ragﬁléinm 1%”,\% cHar acqlg[rqrééf& by hePFhct T4l eath wing of
the aircrafit ,showsed 3y i abe ganbemr ofhbe. whabh gan the headiyg: edge and
on-the trailing edge, in order to optimse canber "profile inproving

conpr essi bhbws ya effrdelde Bamber profile, both on the leading edge and

on the trailing edge, in order to optimise camber profile

improving compressibility effects.
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