WD 98/ 47761 : PCT/ GB98/ 01146 1 LEADI NG
EDGE H GH Wbfsgilsy! CES W TH LAM NAR FLOW CONTROL . Thi s i nversdmeBIs@isises to
an aircraft wing assenbly including a | eading edge high |ift device and in
particular 5 to such assenblies incorporating neans for’ reducing the
chordw se extent of the turbulent boundary | ayer over at |east one of the
upper and | ower w ng surfaces. The invention. al so extends to aircraft

i ncludi ng such wing assenblies, to high lift devices for wuse in
such 10 assenbl i es LEADING EDGR HIH LT PEVICES WIHhBAMIDAR FEOYE CONIRAL t h a
w ng having a | eading edge high lift device. In this Specification, the
terns forward, rearward, upper, |ower, chordw se, spanwi se, etc., refer to
the orientation of an aircraft when in straight and | evel 15 flight. G eat
effort and expens&liass bevencipendedalbgsaiterant adewingfdr swhng assembly
aerodynami cists to reduce as much as possible the drag of the aircraft and

particul arl y inedudring & pgaadinghesgepynighe 1ifswdeviser a9feint RALSHEEE or

skin.of the 20 aircraft. Typi cal neasures have ing¢luded _naking, .t

Y _ he
surface vety teoBuRRpraRAMING @he 18GPFROE2I-PE - INHTi 4PTt KEIELng o the
m croscopi c structure to -enhance he chatacteristi.cs, of _flow
(t;verd the sE¥dyise extenpt, RE, ttq'&hm“‘ﬁ%‘éf?%tt%ogﬁgﬁw a 145 d8Fr ot
oundary | ayer control 25_.referre 0 f d. .hybrj L har OW.
In this pr o?‘?@f% 8o an?%a?c}beouﬁggre%/‘ I%@ér lléswe(r\%gi i g ne%g(r)géf;'1 he vve'liﬂteed

surface for 3300935 B988! PLELSR3SS ey d8h@¥a¥8€ including such wing

assemblies, to high 1lift devices for wuse in such
10 assemblies, and to methods of reducing the drag associated
with a wing having a leading edge high lift device.

In this Specification, the terms forward, rearwaxrd,
upper, lower, chordwise, spanwise, etc., refer to the
orientation of an aircraft when in straight and level

15 flight.

Great effort.and expense has been expended by aircraft
designers and aerodynamicists to reduce as much as possible
the arag of the aircraft and particularly the drag experi-
enced by the flow of air over the surface or skin of the

20 aircraft. Typical .measures have included wmaking the
surface very smooth providing the surface with a special
texture or microscopic structure to enhance the
characteristics .of flow over the ' surface. Another
technique is to apply a method of boundary layer control

25 referred to as forced hybrid laminar flow. In this
process, a lamina:_boundary.layer.is maintained over the

wetted surface for as long as possible so as to delay the



WD 98/ 47761 PCT/ GB98/ 01146 2 onset of
a turbule ry | ayer. It is not normally feasible - -
entirely ph t§'?ransmssmn froma lamnar to a turbul ent boﬁhéﬂ%§%@§§8 -

al though by delaying its onset the boundary |ayer can be kept in the

| am nar 5 reginme for |onger, thereby Ie&dlng to a reduction in drag. The
process is known as forced hybrid |lamnar flow as the principle aimis to
delay the onset of turbul ence rather than to maintain a conpletely |am nar

fl ow over d as al }RQHE, n at | ude
this 10 pos?%%b\%f c%F '#'{I% ntq:o ﬂaééJ N ev V%%é?or mqtgf ouﬁggr {/nggl?grig
control, the ol %af M;A Wfife x}e%tcaléa%(irtaqyad%be tt%ahamgg&aﬁcef%mpr gvi di ng

a negatlve pressure over e surface by freans of a multiplicity of
perforati ongy rifr e Lrél@fouliedt P 'l%y@rarf%.t&houghnbﬁrhaeid?fiﬁge
This reduces the gromh rate of the boundary | ayer and thereby delays the
onset of thed ashaet/ ithiebubQddHansayepn catnodf kepe Hri Ncie obbedhar
encountered in the design of forced hybrid |am nar flow aircraft wings is
t he needs t xedimer dioxlelomyen; nolsrehet leading tbe &i xedutbddnngnedgagoef the
wing to provide the suction required to draw air through the perforations
in the wi nFleurdeneess Thekdowni ag dicawededquihwidl skaiowsheklon aketbgace

normal Iy occupied by the forward spar of the wi ng Shifting the forward
spar 25 re@midciplet cabwcémnmidatde htbacth?‘-F@tha%ftFBﬁ%HH%ﬁgel FAtheat i ons
in terms of the increased weight of the win Fur%Tg&ngggr L g %é@%g% W th

a | eadi ng &dg@ Jainaipeain ey completely la inar

surface (although we do not intend to exclude this
10 possibility).

In order to achieve this form of boundary layer
control, the boundary layer is caused to adhere to the
surface by providing a negative pressure over the surface
by means of a multiplicity of perforations - of the order

15 of microns in diameter - in the surface. This reduces the
growth rate of the boundary layer and thereby delays the
. onset of the laminar/turbulent transition. |
One of the main problems encountered in the design of
forced hybrid laminar flow aircraft wings is the need to
20 provide voluminous ducting in the fixed leading edge of the
wing to provide the suction required to draw air through
the perforations in the wing surface. The dudting area
required encroaches on the space normally occupied by the
forward spar of the wing. Shifting the forward spar
25 rearwardly to accommodate such ducting has tremendous
implications in terms of the increased weight of the wing.

Furthermore, for a wing with a leading edge slat, the area
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conventi ong{,éygl%&pi ed by the extension/retraction and gui derBelelséns
for the slats would now be occupied by the vol um nous ducti ng.

Accordingly proposals to date for a | eading edge slat design for a w ng
with forced hybrid flow 5 over its upper “surface have reverted to the
Kruger flap which involves providing a hinge at the |lower forward extremty
of the fixed | eading edge or "D nose" of the main wing and nmaking a portion

of the undefc%h%nggo%ggf BBES"i.Q&“%@b'&QOWﬁ%ﬁﬁét@a\@i%% However

Kruger flaps are s aerodynam cally efficient as slats. need

therefore egigi® fRtrantshe Foserbly sMakehwonaar peabes oaciipdld it taevi ce
and a provisSion for forced hybrid | am nar flow, but which does not

conprom se &ha uilindtkUr@lctiasy 9N alcddrdimily Witpdedls oBoardhnkhi £brdees 15
not have the weight penalties referred to above. Accordingly, in one aspect

of this invagkbdihg kdeee siatpdesidad far a winaf tviwhndoasedrypridc fldwng a
main wing portion and a leading edge high 1lift portion novable
bet ween & r etveact Bk popperorsurfads chave gmwartdd) ber gée 2Bruwgen ttHepmai n
wing portion and a deployed position forwardly thereof, wherein at |east a
subst ant i al whdich ofinunlegpospYPUibdard s @ f dagef shi dtbe ghlawsn Formadd i s
air perneable or perforated and in_flow communication with a _suction .
passage assGXtAEBdtY of $¥edfixgdi A§addge FOEE 6%, "PonRRE By iTRer AR |
suction may he appljed to sai i on

ywtz’.ng %%d making adpgyé::{ollg of the underside of the "D nose"

hingeable downwards and forwards. However Kruger flaps are
10 not as aerodynamically efficient as slats.

A need therefore exists for a wing assembly which
incorporates a high lift device and a provision for forced
hybrid laminar flow, but which does not compromise the
structural design of the main wing portion and which does

15 not have the weight penalties referred to above.

Accordingly, in one aspect of this invention, there is

provided an aircraft wing assembly including a main wing

- portion and a leading edge high 1lift portion movable
between a retracted position in which it generally merges

20 with the wmain wing portion and a deployed position
forwardly thereof, wherein at least a substantial part of
an exposed upper surface of said high 1lift portion is air
permeable or perforated and in flow communication with a
suction passage associated with said leading edge portion,

25 whereby in flight, suction may be applied to said suction

passage to at least reduce the chordwise extent of the



passage to at | east reduce the chordw se extent of the WO 98/ 47761

PCT/ GB98/ ur bul ent boundary | ayer over at |east on per -
and a Iomg&éégﬁémgurface. I n anot'’her aspect, this inventioﬁcg&%%pgggpan '
aircraft incorporating a wing assenbly. as defined above. 5 In a
further aspect, this invention provides#a |eading edge high lift device for

use with a main wing portion for being noved between a retracted and a
depl oyed position, wherein at |east a substantial part of an upper surface

f the high Iift devi [ [ I [ f
cormuni cat FURCHLEREAPOUBREA BAVSRoaver 30 HERFg ot roe ahbe Beolr 2l |
flight, sugﬁgguega%gﬁg %ﬁgkégg_to cause a negative pressure difference to

at | east uce W Se extent of the turbul ent boundary |ayer

over at |east ong ofJiRe URRBE-RNdLAiLOWRY et DO SPEEREQes 1an aircharyet
anot her aspect, this 1nvention provides a nethod of reducing the drag

associ at ed jWobRparadihg! af iMgNassentbly & | Rafline edgareni gh i ft device,
whi ch net hod cohprises providing a substantial part of an exposed upper
surface sof the hingla Iﬂufztthéeviaesﬁewi:t,htmsa&nvaatmenbpeouidag peitadangd
surface and applying suction through said surface to at |east reduce the
chordwi se edgenthiah tlhi€td W@enileentfdourskarwi tlayernain awingapervhenoforhe
upper and a |l ower wing surface. Wiilst the invention has been defined
above, it being moved between a retracted and a deployed position,
wherein at least a substantial part of an upper surface of
the high lift device is air permeable or perforated and in

10 flow communication with a suction passage of said high 1lift
device, whereby in flight, suction may be applied to cause
a negative pressure difference to at least reduce the
chordwise extent of the turbulent boundary layer over at
least one of the upper and a lower wing surface.

15 In yet another aspect, this invention provides a
method of reducing the drag associated with an aircraft
wing having a leading edge high 1lift device, which method
comprises providing a substantial part of an exposed upper
surface of the high lift device with an air permeable or

20 perforated surface and applying suction through said
surface to at least reduce the chordwise extent of the
turbulent boundary layer on at least one of the upper and a
lower wing surface.

Whilst the invention has been defined above, it

25 extends to any inventive combination of the features set

out above or in the following description.



25 extends to any inventive conbination of the features set out above or in
t he fol | owixeposdgsa3r i pti on. WO 98/ 47761 PCT/GB98/01146

PCT/ GB98/ 01146 5 The-.invention may be perforned in various ways and, by way
of exanple only, an enbodi ment thereof agd various nodifications will now
be described in detail, reference being nade to the acconpanyi ng draw ngs,
in which:- 5 Figure 1 is a section view through the forward part of a
wi ng assenbly in accordance with this invention, with the |eading edge sl at
retracted, takentat anvefitien faytbsapenfonged hinwragioks guags 2angd, abyi ew
simlar to Figure 1 but showing the 10 suction tel escope at the wing root -
regi on; Figwag f Sexampilepl anlyj ewronembedinehbartthémafl ngndor vaohows t he
port wing of an aircraft incorporating the assenbly of Figures 1 and 2;
Figure 4 ismadiifieatidnsi exldhompwngbehedéstribeteins datt n rRagerenfei ng
edge of the |eading edge slat and the nain_body portion; Figure 5 is an
enl arged vikeing wmadettai Fhe@eaerdry ind iraninds guie whicli:s vi ew | ooki ng
forwardly on the trailing 20 edge portion on lines VI -_VI of Figure g
Referring to theFigytred, 1Bha FFRGLIABsE¥ABYy LREAPIRsERe afPEVRFAVRRAT f PRed
main win ortion 1 n rel ativel in I 2 n
on t he ngigamﬁﬁﬂg agsgmglg in ggéggdgnggvsggketkggdin eggggn? 8l en2efiRY ted
leading edge slat retracted, taken at a section part way
along the wing;
Figure 2 is a view similar to Figure 1 but showing the
10 suction telescope at the wing root region;
Figure 3 is a top plan view on the in-board leading
portion of the port wing of an aircraft incorporating the
assembly of Figures 1 and 2;
Figure 4 is a detailed view showing the interface
15 between the trailing edge of the leading edge slat and the
main body portion;
Figure 5 is an enlarged view of the trailing edge
portion, and
Figure 6 is a view looking forwardly on the trailing
20 edge portion on lines VI - VI of Figure 5.
Referring to the Figures, the winé assembly comprises
a relatively fixed main wing portion 10 and a relatively
moveable leading edge slat 12 mounted on the main wing
portion 10 by means of curved track extension/retraction
‘25 mechanisms shown generally at 14, for movement between the

position shown in Figure 1 in which the 1gading_edge slat

12 merges generally smoothly with the main wing portion 10



portion 10 by neans of curved track extension/retraction 25 nechani sns

shown gen I 14, for novenent between the position s ' Lgure 1 =
i n which ﬁ@g}'/}e‘%@% ng edge slat 12 nerges general ly snoot hl 3‘8%&39[9 1gé;mai n

W ng portion 10 WO 98/ 47761 :

PCT/ GB98/ 01146 6 and a high l'ift, depl ofed, configuration in which it is
extended forwardly and downwardly to increase the canber and effective
surface area of the wing and thus the Iift produced. It will be seen from

Figure 1 th t he 0Se: 5. pori.l of L M03 4 S wfidiel ativel y
smal | transa\al}'}edr sg srgcc?’l oglg%bl tdrt???'?’g%gé oc% t iggﬁ:laé}é'\gdiqsl%ccupli ed %%/ ;i%e

extension/r o]yl M. lN | Ff aRge M Hpea dOURHAN rambayer
cont rol isézet{%gicé[&e)df%&%%} [ r?élhsu%c%%ﬁnartﬁ%ugh t he Iieéaadi ng edgg slat 10

12 rather thap Lerddeiv@i Bupklde PAEROBEOche Witg W1 dulgds nghand iger vi ces
required for the boundary layer control (with the exception of the suction..

tel escope Grd@l@sropestt @ihe drscsddredfbehomiguean lecHarcatike Prinveei |y in
the | eadi ng edge slat 12, although in other arrangenents 15 this nay be
suppl erment asbanidy ovigli igf pegHeor addians wamey sust | @f | relfakifvedad |ssadilng
edge. The | eading edge slat 12 conprises a double-walled forward section 18
of gener al |yramswened ozentaiwh aandathatd somef axfe Hoinfageachis locamicsve
form The doubl e-wal | ed 20 construction conprises an outer surface 22 and
an inner sy dgwe Ertensdndmeseessipy BpeRgRiEMgeneral |y spanw se

. In this arrangement, boundary layer control is

effected by applying suction through the leading edge slat

10 12 rather than to the main wing portion 10. Thus the
ducting and services required for the boundary layer
control (with the exception of the suction tel.escope or
telescopes to be described below), can be located primarily
in the leading edge slat 12, although in other arrangements

15 this may be supplemented by providing perforations and
suction in the fixed leading edge.

The leading edge slat 12 comprises a double-walled
forward section 18 of generally convex form and a rearward
surface 20 of generally concave form. The double-walled

20 construction comprises an outer surface 22 and an inner
surface 24 interconnected by eionga-te generally spanwise
webs 26 to define a series of air suction chambers 28
internally of the outer skin. The inner surface 22
together with the rearward surface 20 together define an

"25 air suction duct 30. As seen more particularly in Figure
4, the outer skin has perforations 32 over a substantial

portion of its surface, apart from the lower portion 34



webs 26 to define a series of air suction chanbers 28 internally of the
out err -ski I nner. surface 22 together with the r rface
20 togeth‘Qoag?T%E an 25 air suction duct 30. As seen norg&§@$@¥%ﬂﬁgrly in
Figure 4, the outer skin has perforations 32 over a substantial portion of
its surface, apart fromthe | ower portioh 34 WO 98/ 47761

PCT/ (B98/ 01146 7 (see Figure 1) - (although this could be perforated if
required). Each of the chanbers 28 communicates with the air suction duct

B L Pl Mo 4TI S e TR 0 o
differenti 8:4 rOf I e | nEg?ﬁ %&Of&y& S&IM % I EQ ggmﬁ\ﬂﬁlWaEgs Wltth V&g d '

al so be possi adjus t heé pressitre 1n the spanw se direction by

provi di ng lcall%tﬂﬁgt EBCEUbtﬂjﬁ LWgg tde Lha %%? 8£28orifices £§f3iffng

again speC| i gure 4, e“tralling edge 40 of the |eading edge
slat 12 is c%%erféﬁzl dm'ﬁ@d aghacgibekt 8l RHRM hace piddifdie p’&*ﬁb Vi 19

portion to provide series of <channels or grooves 42 "which
-communi cat exaM the té’@lé@@é& €8 hReFL det yerdat {veed eprF &wetrd 53 BEF & vt 2401 of
the slat and the forward portion of the main wi ng surface, and which define
Wi th the sypreriaefit hehanichosdad spordirertdonerdfestiod wimmyl on Jorésylds can
be seen in Figures 5 and 6. The slat includes a seal strip 44 to seal the
gap bet weeralswe beatpdssibick t he reijust ngh@opriessuie, in the spanwise

direction by providing suitable webs to sub-divide the
chambers 28.

10 Referring again specifically to.Figure 4, the trailing
edge 40 of the leading edge slat 12 ‘is specially machined
adjacent its interface with the main wing portion to
provide a series of channels .or grooves 42 which
communicate with the space defined between the rearward

15 surface 20 of the slat and the forward portion of the main
wing surface, and which define with the surface of the main
wing portion a series of suction ports, as can be seen in
Figures 5 and 6. The slat includes a seal strip 44 to seal
the gap between the slat 12 and the main wing portion 10;

20 and the rearward surface 20 of the slat includes air
transfer ports 36 to create suction in the space between
the slat 12 and the main wing portion 10 above the seal
strip 44. This arrangement allows suction to be provided
at the line of contact 41 between the trailing edge of the

25 slat and the main wing portibn, thus reducing. the

possibility of turbulence being initiated at the interface.



20 and the rearward surface 20 of the slat includes air transfer ports 36

to create §4/499%1 N the space between the slat 12 and the p@jap¥ditss
portion 10$§%ove the seal strip 44. This arrangenent allows sug¥?on to be

provided at the |line of contact 41 between the trailing edge of the 25 sl at
and the main wng portion, thus reducing the possibility of

turbul ence being initiated at the interface. WO 98/ 47761

PCT/ GB98/ 01146 8 Thus, in normal cruise flight, with the slat 12 retracted,

suction is applieg, o thg aﬁ5¥ﬁgfti5§hfggn 80 Jr br quicte the rgqutregd,

pressure profile over the surface exposed | eadi ng edge and upper surfaces

of the slat yb2ragBdq> adcecsnt ikhgppnieafasecd berveescide &nst!zogesdge
40 of the slat 12 and the main wing portion 10 to defer the onset of the

transition bieibam figé teduiddd eprebbave ThEoBITd | vamy the apprf&dein
vari ous ways, one exanple being shown in Figures 2 and 3. Here, the air
10 suction dxpbsdd teatihrgi adgemad apperlaurfiatesesf atkacslan 12) eandpe 46
curved to be concentric with the arc of novenment of the slat 12 and :
carrying sa edjateunt| yhei xigit quiiacdeot U8beeeemdthet rraiflhogwiedge ot @brti on
of the aircraft and connected to a suction punp 50, and a rela- 15 tively
noveabl e pokheosls2 3IRi gndl pheovaindwingt perticrallechd deferetbacensat

t el escope 46 and connected in_flow copmuni cation with the air suction duct
30. = The s@&t tBa Raynsitipn| feemt bAniRAD R HAHBBUGALRY sl ats 12 by '

means . . . .
The suction may be applied in various ways, one

example being shown in Figures 2 and 3. | Here, the air
10 suction duct 30 on the innermost slat 12 includes a suction -
telescope 46 curved to be concentric with the arc of
movement of the slat 12 and carrying a relatively fixed
portion 48 located within the wing root portion of the
aircraft and connected to a suction pump 50, and a rela-
15 tively moveable portion 52 slidably located in the distal
end of the suction telescope 46 and connected in flow
communication with the air suction duct 30. The suction
may be applied to the outer neighbouring slats 12 by means
of hose connections and suitable seals, or a common suction
20 duct may extend spanwise along the D-nose 16 of the wing,
which feeds spaced suction telescopes servicing one oxr more
slats 12. In this instance, a suction telescope may  be-
located at the wing pylon point 54. Alternatively the
telescope may not be required as suction will typically
25 . only be required in cruise flight, when the slat will be
retracted. In this case the telescope may be replaced by a

docking arrangement which provides sealed communication



of hose connections and suitabl e seals, or a common suction 20 duct may
ext.end spagy sfe796°Nd the D-nose 16 of the wing, which feedpcgRFageiaé/cti on

t el escopes servicing one or nore slats 12. In this instance, a suction
tel escope nay be |located at the w ng pylgn poi nt 54. Alternatively the
tel escope may not be required as suctionwill typically 25 only be required

in cruise flight, when the slat wll be retracted. In this case the
tel escope nay be replaced by a docking arrangenent which provides

seal ed CO%ghgaéV&i{Rstuﬁd\Qn98éé{?z7c@ in the retracted condition, and

PCT/ (3B98/ 01 e suction source in the retracted condition, and

whi ch separ ghespnhehailited aindc® dep! QYad. iheptpddll nehas progndsagnt

which has a lo I ght and conplexity than the tel escoping arrangenent. 5

Ve have fougd heatngembhtt GRikh! Hekr at edwekawetlght gandi tomplekdtybehan
necessary for the perforations to be provided as far back chordw se as in

exi sting prepesaklescophitl atranyementsufficient to provide perforations
in the slat possibly with some or no further perforations in the fixed 10
| eadi ng edge of Wee hawvien fisung pohat orwitth TGhe illustrated eistdidesAgn. have
several further advantages. Due to the geonetry of the slat 12 it is :
possi bl e t oipr maydaopebeongcessaryn fome theapewfrEat4PESt §0t Be PEaVvidedt he
D-nose 16 of the fixed main wing portion, 15 without re &iring si gni,ficant
structural BRSdifaxadpadh cBPrEWESEnias WhgSHeFEiBH. PYoPP g $l-at 'i"_l?u%r dtect s

the fixed may be sufficient . to provide perforations in the slat
possibly with some or no further perforations in the fixed
10 leading edge of the main wing portion 10.

The illustrated embodiments have several further
advantages. Due to the geometry of the slat 12 it is
possible to provide perforations on the slat which are to
the rear of the D-nose 16 of the fixed main wing portion,

15 without requiring significant structural modification of
the main wing portion. - The slat 12 protects the fixed
leading edge of the main wing portion and any damage to the
leading edge (e.g. bird strike) will tend to be sustained
by.the slat rather than the fixed leading edge, which is

20 more difficult to repair. The perforated surface is
usually made of stainless steel or titanium and in previous
proposals for forced hybrid laminar flow in a fixed leading
edge, the incorporation of such material with composites
"and other materials has proved problematic due to the

25 different structural characteristics of the materials,

whereas the slat of this invention may be made of the same



| eadi ng edge of the main wing portion and any danmage to the | eadi ng edge
(e.g._birdvﬁ rgkgé will tend to be sustained by the slat rather than‘the
fixed | eadi ég 498 which is 20 more difficult to repalr T/GBYH 14
perforated surface is usually made of stainless steel. or titaniumand’ in
previ ous proposals for forced hybrid | amihar flowin a fixed | eadi ng edge,
the incorporation of such nmaterial with conposites and other materials has
proved problematic due to the 25 different structural characteristics of
the materials, whereas the glat of .this énvent'on na be de of sane
s t ga gl

WO 98/47761nwter1a1 a perforate surface IGTTEE
mat eri al aséa lalforated surface or of conpatible naterrals WO .
98/ 47761 PCT/ GB98/ 01146 11 Clains 1.

An aircraft wing assenbly including a main wing portion (10) and a | eading
edge high lift portion (12) 5 novable between a retracted position in which
it generally nerges with the main wing portion and a depl oyed position
forwardly thereof, characterised in that at |east a substantial part of an
upper surface (22) of said high lift portion is air perneable or perforated
and in flow



10 communi cation with a suction passage (30) associated with said high lift

portion, wikessgugréin flight, suction may be applied to said pggighooRassage
to at least reduce _the chordw se extent of the turbul ent boundary |ayer
over at |east one of the upper and a | ower wi ng surface. 15 2. An

ai rcraf ccording to Caim1l, including nmeans for
control”"w"ﬂumgmumﬁf suction at selected points or regions over the
exposed “suffate {22 . *3. An aircraft wing assenbly according to daim 2,
wherein said neans for controlling in a plurality of 20 chanbers (28)
extending within said high lift portion (12) and in flow comunication with
the air perneable or perforated part of the exposed surface (22), and said
suction passage (30). 4. An aircraft wing assenbly according to daim 3,
25 wherein sai d meansahoraicerafel |witgy | asserdsby ohactndimge aormdicewisgns
(36) or restricted passage neans associ ated WO 98/ 47761

PCT/ GB98/ 01pd6tidnwi {10)onendr aileadfiingai edghamighs 128%, daxtisont (3R)i ng
the flowto or fromsaid chanbers. 5. An aircraft w ng assenbly according
to O ai m53 wevabhenbatwankar & redacicteld fwisd tdsantiar sw@%} it eepgyaléyand 5
extends generally spanwise. 6., An aircraft wng assenblg according -
to any preBesgAg ®Wigbmthearaim €ing Pex8ing &dGe i @RPleyedpperEibhon

conprises a_slat (12) which includes a trailin
P forwaré.ly) thereof, characterg?.‘sed gin that at least a

substantial part of an upper surface (22) of said high lift
portion is air permeable or perforated and in flow

10 communication wiﬁh a suction passage (30) associated ‘with
said high 1lift portion, whereby in flight, suction may be
applied to said suction passage to at least reduce the
chordwise extent of the turbulent boundary layer over at
least one of the upper and a lower wing surface.

15 2. An aircraft wing assembly according to Claim 1,
including means for controlling the degree of suction at
selected points or regions over the exposed surface (22).

3. An aircraft wing assembly according to Claim 2,
wherein said means for controlling includes a plurality of

20 chambers (28) extending within said high 1ift portion (12)
and in flow communication with the air permeable or
perforated part of the exposed surface (22), and said
suction passage (30).

4. An aircraft wing assembly according to Claim 3,

25 wherein said means for controlling includes one or more

orifice means (36) or restricted passage means associated



edge region (40) V\:hl M‘j l with or closely 10 adjacent the }rai n
W ng portig L Wh Miieﬂﬂﬂ m its retracted positi .
assenbl y furatgﬁl%pl ncl u perforati.on neans (4 Q%@%ﬂé&n ng in

air or applying suction in the region of _an interface (41) between the
trailing edge region of said slat and tHé main wi ng 15 portion (10). 7.
An aircraft wing assenbly according to Caim6, wherein said passage or
perforation neans includes orifice nmeans (36) in a surface (20) of the slat

(12) which faces,phe, gﬁfh 3 58 Q?:[&'&Qarﬁﬂ@l)s fzgda) %azf gy in 20

fl ow communicati on WI sard suction passage n al rcr t~ W ng

assenbly acgpggdi ,TE;_L&;‘ n%a71d vg]fgn@er}ssal d passage or perforation neans
ty

i ncludes a plura general ly spanwi se spaced channels (42) in the

trailing edge region A403iBérsed deShgitayddndl g)ecacsawﬁtr@ 2> \Witdind ke or

adj acent surface of the main w ng portlon (1 when the slat (12) is in

the retractelap®ss | iwheréin dedciieoR $uid athdnbedfs S(EH)I Qs Eldiyatle Saidl
interface (41). WO 98/ 47761 PCT/ GB98/ 01146 13 9.

An ai rcr &f textends spandatal lac padhiwiget.o Caim 6,7 or 8, including seal
nmeans (44) extending generally spanwi se between a rearward facing

surface (20) of €he shat ahdcragt nawhngi ngsgemblpn @toprddngr owiode amyseal 5

therebetween when the slat (12) is in the  retracted position.

: preceding Claim, wherein said leading edge high 1lift
portion comprises a slat (12) which includes a trailing
edge region (40) which lies in contact with or closely

10 adjacent the main wing.portion (10) when said slat is in
its retracted position, said assembly further including
passage or perforation means (42) for drawing in air or
applying suction in the region'of'an interface (41) between
the trailing edge region of said slat and the main wing

15 portion (10).

7. An aircraft wing assembly according to Claim'6,
wherein said passage or perforation means includes orifice
means (36) in a surface (20) of the slat (12) which faces
the main wing portion (10), said orifice means being in

20 flow communication with said suction passage (30) .

8. An aircraft wing assembly according to Claim 7,
wherein said passage or perforation means includes a
plurality_of generally spanwise spaced channels (42) in the
trailing edge region (40) of said slat which co-operate
25 with the adjacent surface of the main wing portion (10},

when the slat (12) is in the retracted position, to define

a_plurality of suction ports at said interface (41).



10. An aircraft ording to any preceding Caim
i ncl uti g 'GRPogr70" m"ﬂ Bﬁwmﬂ’ ”mﬁns (50) for applying epicreglof196 sai d
suction passage Z aircraft wing assenbly according to
Claim 10, wherein a sald suction punp negns (50) is located in said main
wing portion (10) and is in flow communi Cation with said high lift portion
(12) via extendabl e suction duct neans (46) ext endi ng between the main w ng
portion and the 15 high lift portion. An aircraft wng assenbly

according to a y prace I ) (Aéggﬁgl NecWrdHE 4 Ehgimsal ¢ high
lift portions (12) %% %%?%r%?gh ﬁi#? portloﬁg belﬁa affanged spgnmnse

Wi th respectyt Oeeacmrgﬁlhﬁhngande.e%@.ch héedifls 20 (haft petbhefingnclhedierglaysai d
suction passage (30) in flow comunication with a suction passage (30) of

at | east ongpahWgkesdedwlefihal rehrpari gacihg. sApfacec(2b) wviEnghassaahly as
in Claim1l2 |n whi ch said fl ow communi cation with a suction passage (30) of
at 25 | east aafde after wind hirdhg | | porphohi o 10dkes ol gueowide a &ur sked sea
acting between adjacent high Iift portions. WO 98/ 47761

PCT/ GB98/501theréketweeAn wheor athechalatt erlil@éd Bg i ABor fbeat imefrachedg
assenbly according to any preceding Claim 15. A leading edge high [ift
device (12)pPsitédss.with a main wing portion (10) for belng aned bet ween a

5 retracted and a deployed position, characterised in tha
10 An alrcraft wing assembly accor 1ng to any

preceding Claim, including one or more suction pump means
(50) for applying suction to said suction passage (30).

10 11. An aircraft wing assembly according to Claim 10,
wherein a said suction pump means (50) is located in said
main wing portion (10) and is in flow communication with
said high 1ift portion (12) via extendable suction duct
means (46) extending between the main wing portion and the

15 high 1lift portion.

12. An aircraft wing assembly according to any
preceding Claim, including one or more further said high
lift portions (12), the said high 1lift portions being
arranged spanwise with respect to each other, and each high

20 lift portion including a said suction passage (30) in flow
communication witﬁ a suction passage (30) of at least one
other said high lift portion.

13. An aircraft wing assembly as in Claim 12 in which
said flow communication with a suction passage (30) of at

25 least one other said high 1lift portion takes place via a

further seal acting between adjacent high lift portions.



| east a substanti al Hﬂm w{ surface (22) of the high lift device
is air perrreabl e_or Lm ﬂﬂ“gﬂgﬁ'“ fl ow comuni cation wth a suction ..
passage ( % 47785 d h Iti f# devi<e whereby, in flight, %‘Eu'gf;??ﬁ’\mﬁ%ﬁ/ be

applied to cause 10 a negatlve pressure difference to at | east reduce the
chordwi se extent of the turbulent bound#ry |ayer over at |east one of the
upper and a lower wing surface. 16. A leading edge high lift device

according to Caim115 including a series of generally spanwi se spaced 15
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5 retracted and a deployed position, characterised in that at
least a substantial part of an upper surface (22) of the
high 1lift device is air permeable or perforated and in flow
communication with a suction passage (30) of said high lift
device whereby, in flight, suction may be applied to cause

10 a negative pressure difference to at least reduce the
chordwise extent of the turbulent boundary layer over at
least one of the upper and a lower wing surface.:

- 16. A leading edge high 1lift device according to
Claim 15 including a series of generally spanwise spaced

15 channels (42) in a trailing edge region (40) thereof.

17. A method of reducing the drag associated with an
aircraft wing having a leading edge high lift device (12),
which method is characterised by providing a substantial
part of an exposed upper surface (22) of ﬁhe high 1ift

20 device with an air permeable or perforated surface and
applying suction through said surface to at least reduce
the chordwise extent of the . turbulent boundafy layer on at

least one of the upper and a lower wing surface.

25



