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(57) AESTRACT 

An aircraft comprising a Channel Wing having blown c h -  
ne1 circulation control wings (CCW) for various fimctions. 
The blown channel CCW includes a channel that has a 
rounded or near-round trailing edge. The channel further has 
a trailing-edge slot that is adjacent to the rounded trailing 
edge of the channel. The trailing-edge slot has an inlet 
connected to a source of pressurized air and is capable of 
tangentially discharging pressurized air over the rounded 
trailing edge. The aircraft fiuther has a propeller that is 
located in the channel and ahead of the rounded trailing edge 
of the channel. The propeller provides a propeller tluust 
exhaust stream across the channel wing to propel the aircraft 
through the air and to provide high lift. The pressurized ‘air 
being discharged over the rounded trailing edge provides a 
high lift that is obtained independent of an aircraft angle of 
attack, thus preventing the asymmetry. separated flow, and 
stall experienced by the CC wing at the high angle of attack 
it required for high lift generation. The aircraft can further 
include blown outboard circulation control wings (CCW) 
that are synergistically connected to the blown channel 
CCWs. The blown outboard CCWs provide additional high 
lift, control thrust/drag interchange, and can provide all three 
aerodynamic moments when differential blowing is applied 
flont-to-rear or left-to-right. Both the blown channel CCW 
and the outboard CCW also have leading-edge blowing slots 
to prevent flow separation or to provide aerodynamic 
moments for control. 

18 Claims, 3 Drawing Sheets 
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CJUNNEL-’V(iING SYSTEM FOR THRUST 
DEFLECTION AND FORCEhMOMENT 

GENERATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to copending U.S. provi- 
sional application entitled, ‘Blown Channel-Wing System 
For Thrust Deflection h d  Aerodynamic ForcdMoment 
Generation.” having Ser. No. 60/475,156, filed on JUIL 13, 
2003, which is entirely incorporated herein by reference. 

ORIGIN OF INT/’ENTION 

The invention described herein was made in the perfor- 
mance of work under a NASA contract and by an employee 
of the United States Govenunent and is subject to the 
provisions of Public Law 96-517 (35 U.S.C. 202) and may 
be manufactured and used by or for the Government for 
governmental purposes without the payment of any royalties 
thereon or therefore. In accordance with 35 U.S.C. 202, the 
contractor elected to retaiu title. 

ST-4TEMENT REGARDING FEDEICGLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The U.S. govemnent has a paid-up license in this inven- 
tion and the right in l i i t e d  circumstances to require the 
patent owner to license otliers on reasonable terms as 
provided for by the terms of Grant No. NAG-1-02075 
awarded by the Langley Research Center of the National 
Aeronautics and Space .4dmihistration of the U.S. 

ECHNICAL. FIELD 

The present invention is generally related to aerodynamic 
force and moment generation systems. and, more particu- 
larly, is related to wings of a powered-lift aircraft with each 
wing including a channel. a rounded trailing edge, a pro- 
peller installed in the ch‘annel to provide thrust and powered 
lift to the aircraft, ‘and a slot or slots adjacent the rounded 
trailing edge of the wings that discharge pressurized air over 
the rounded trailing edge. 

B.4CKGROUND 

The ability to achieve Super-short Takeoff and Landing 
(Super STOL) or Vertical/Short Takeoff and Landing (VS- 
TOL) capability with fixed-wing aircraft has long been an 
attractive goal in the aerospace comunity. Tliere are 
numerous benefits associated with very-short to zero-field- 
length operations of non-rotary-wing aircraft such as the 
development of a simple/reliable/effective personal and 
business-sized Super-STOL or VSTOL aircraft operating 
from remote or small sites as well as increasingly dense 
urban environments. or a military transport operatins from 
small sites. 

-4 Channel Wing (ChW) powered-lift aircraft provides 
some characteristics of Super STOL or VSTOL. Through 
use of the propeller slipstream. the Channel Wing developed 
by Willard Ccster was able to achieve significant lift coef- 
ficient and efficient downward thrust deflection without 
v‘arying the high-lift c o n f i p t i o n  geometry. The ChW 
aircraft places the propeller at the very trailing edge of the 
i80-degree arc circuhr channel in The wing. This iocation of 
the propeller and the propeller’s iuflow field increase the 

2 
velocity over the channel’s upper surface and augment the 
circulation and lift there in much the same m e r  as a 
moveable mechanical flap. Lift is also augmented by the 
deflected thrust slipstream behind the channel. However, the 

5 &rust deflection on this ChW aircrafl itself was very limited 
until the channel was tilted to very high angle of attack, and 
this severely limited a pilot’s visibility. This also caused 
severe flow separations and asymmetries, and flight control 
became very difficult if at all possible at these conditions. 

The Ch W aircraft has a number of drawbacks associated 
with low-speed handling. cruise drag, stability & control, 
high-incidence operation. and one-engine-out scenarios. 
including, but not limited to: 

10 

higher drag from the channel surface area. 
asymmetric thrust yields asymmetric moments and insta- 

channel leading-edge and trailing-edge separation occur- 

poor low-speed control &om conventional aerodynamic 

nose-down pitch from aft propeller loading on the wing. 
non-uniform flow around the propeller at high angle of 

poor lift/drag ratio in cruise and climbing flight? 
high-<angIe-of-attack operation could cause poor visibility 

one-engine-out control problems. 
Another way to achieve Super STOL or VSTOL is to 

implement an outboard Circulation Control Wing/Upper 
Surface Blowing (CCWNSB) system that has high jet- 
induced thrust deflection. Typically, this CCWNSB system 
includes an engine and exhaust nozzle over the wing which 

35 squashes a circular jet thrust into a flattened exhaust stream. 
The CCW/USB system further includes a flat wing that has 
a trailing-edge slot and a rounded trailing edge. The trailiing- 
edge slot is placed adjacent and along the rounded trailing 
edge. The trailing-edge slot discharges pressurized air over 

4o the rounded trailing edge. The pressurized air that is dis- 
charged over the rounded trailing edge remains attached to 
the rounded trailing edge by balancing reduced static pres- 
sure with centrifugal force of a curving jet. The pressurized 
air produces negative pressure (suction) along the rounded 

45 trailing edge. When the flattened thrust stream passes over 
the upper surfice of the rounded trailing edge, it is entrained 
into the pressurized air and is deflected, which provides a 
thrust deflection (and even a thrust reversal) and the asso- 
ciated high lift. 

A related concept employing the Circulation Control 
Wing (CCW) alone was also developed earlier than the 
CCWNSB system. This CCW is typically a flat wing that 
employs a slot blowing tangentially over a rounded or 
near-round trailing edge similar to the CCWNSB system, 

,-5 but without the engjne and exhaust nozzle located on the 
wing’s upper surface. This CCW alone uses jet turning to 
entmin the wing’s flow field and augment its circulation lift. 
It also can employ a leading-edge slot blowing to keep the 
wing leading edge flow field from separating and also to 

From the above, it can be appreciated that it would be 
desirable to have an improved C7m1nel Wing aircraft that 
e l i n a t e s  many of the asymmetry. aircraft control, effi- 
ciency (liwdrag ratio), and flow separation problems which 

65 were found to be inherent in the original Channel Wing 
coniigumtioa particularly taking advantage of the Circuia- 
tion Control (CC) Wing and CCWNSB system technology. 

l5 

bility, 

ring at high angle of attack 

surfaces operating at low dynamic pressures. 
2o 

attack, 
25 

and control, and 

30 
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6o control the airfoivwing pitching moment. 
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Also. a means to coiitrol all the aerodynamic moments for 
this aircraft operating at very low flight speeds is quite 
desirable. 

be within the scope of the present invention, and be pro- 
tected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DR4WINGS 
s w a y  5 

Many aspects of the present disclosure can be better 
Embodiments of the present invention provide a pneii- understood with reference to the following drawings. The 

=tic (blown) powered-lift aircraft that has a very high components in the drawings are not necessarily to scale, 
augmentation of propiilsive and aerodynamic forces allow- emphasis instead being placed npon clearly illustmting the 
ing very low flight speed and very short takeofllanding 10 principles of the present invention. Moreover, in the draw- 
distances and the capability to control moments allowing ings, like reference numerals designate corresponding parts 
flight control at these very low speeds (normally a serious throughout the several views. 
problem for Super STOL an VTOL aircraft). Because of FIG. 1 illustrates a perspective view of an embodiment of 
controllability and quick response times, safety of flight is an aircraft having a Chamel Wing that includes a blown 
greatly enhanced. Also, the ability to interchange k i s t  15 c h e l  Circulation Control Wing and a blown outboard 
(needed for tdceoK and climb) and drag (needed for STOL Circulation Control Wing. 
approach) is provided without moving parts. Because of the FIG. 2 is a fragmentmy section view of an embodiment of 
Super STOL or VTOL capabilities, an aircraft can use small the blown chanuel Circulation Control Wing shown in FIG. 
runways or landing pads. Also, the location or tlie propeller 1 having a tlmist deflection downstream of the trailing edge. 
in this aircraft ahead of the c h e l  trailing edge and behind 20 FIG. 3 is a fragmentay section view of an embodiment of 
its leading edge substantially eliminates propeller noise the blown channel Circulation Control Wmg shown in FIG. 
perception on the ground and substantially shields passen- 1 having vertical takeoff and landing (VTOL) capability due 
gers on the ground from propeller contact. to vertical slipstream deflection and even thrust reversal 

Briefly described. one embodiment of the aircraft, among capability. 
others, can be implemented as follows. -4n aircraft com- 25 FIG. 4 is a cross section view of an embodiment of the 
prises a Chanuel Wing (ChW) l ~ v i n g  a blown channel blown outboard Circulation Control Wing shown in FIG. 1. 
circulation control wing. The blown channel CCW includes FIG. 5 is a cross section view of an alternative embodi- 
a channel that has n roundcd or near-round trailing edge, ment of the outboard channel Circulation Control Wing 
rather than the sharp trailing edge found on a conventional shown in FIGS. 1 and 4. 
ChW aircraft's chamel. The channel firther has a trailing- 30 FIG. 6 is a front view of an embodment of an aircraft 
edge slot that is adjacent to the rounded trailing edge of the shown in FIG. 1 showing pressurized air that is discharged 
chamel. The trailing-cdge slot has an inlet connected to a from both the blown channel Circulation Control Wing and 
source of pressurized air and is capable of tangentially the blown outboard Circulation Control Wing. 
dischqing pressurized air over the rouiided trailiiig edge. 
Based on the now-well-hiown Com&i effect, the jet stays 35 
attached to the rounded trailing edge aud stroiigly entrains 
the surrounding flow field. 

The aircraft further has a propeller that is located aft in the Disclosed herein are apparatuses that include a channel 
channel ahead of the rouuded trailiug edge of the channel, circulation control wing system incorporated into a Chamel 
but not at the trailing edge as it is €or a conventional ChW 41) Wing (ChW) coufiguration. The appantus is one of a 
aircraft. Th is  propeller location forward of the trailing edge combined. integrated Pneumatic (blown) Channel Wing 
of the chawel but aft of fie leading edge of the chamel also VTOL and Super Short Takeoff and Landing (Super STOL) 
substantially provides noise shielding of tlie propeller rela- aircraft, varying all aerodynamic and powered lift charac- 
five to the ground and substaxtially prevents possible contact teristics merely by varying air pressure or 'air flow. without 
with passengers when on the grouud. The propeller provides 45 any external moving parts. Further, because of its aerody- 
a propeller thrust streau across the channel wing's upper namic and powered-lift cbaracteristics, the aircraft e l i -  
surface to propel the aircraft though the air. The pressurized nates m y  of the asymmetry, aircraft control and flow 
air being discharged over the rounded trailing edge of the separation problems which were found to be inlierent in the 
channel entrains and deflects the propeller slipstream. This original channel wing configuration. The aircraft combines 
provides a hi& lift (from both thrust deflection and circu- 50 an unblown channel wing. a blown channel wing CirCUlation 
lation augmentation) that is obtained independent of aircraft control wing (CCW), and a blown outboard CCW to give far 
angle of attack, thus preventing the asymmetry, separated greater lift and control then any of the individual wing 
flow, and stall experienced by the convention Channel Wing elements and is controlled by blowing air without any 
at the high angle of attack it requires for high lift generation. moving parts other than the propeller in the channel. 
This pneumlic powered-lilt aircraft also employs an out- 55 Referring now in more detail to the figures in which like 
board wing section employing Circulation Control Wing reference numerals identify corresponding parts, FIG. 1 
(CCW) where blowing alone further augments lift <and also illustrates a perspective view of an embodiment of an 
can increase drag for SuperSTOL landing or crm decrease aircraft that includes a Channel Wing (ChW) having a blown 
drag for SuperSTOL takeoff aud climb. The aircraft has the channel Circulation Control Wimg and a blown outboard 
capabilities to have differential blowing (left-to-right, or 60 Circulation Control Wing. The aircraft 1 includes a Channel 
right-to-left wing) rrom the trailing-edge slot that provides Wing 3 that has a channel 5 and an outboard wing 13. The 
rolling and yawing control moinents. Chanuel Wing 3 further includes an engine 9 that can be 

Other systems, features. and advantages of the present connected with struts 11 to the inside of the 180-degree arc 
invention will be or become apparent to one with skill in the of the channel 5 of the wing 3. The engine 9 is M e r  
art upon examination of the following drawings and detailed 65 connected with and drives the propeller 7, which is prefer- 
description. It is intended that all such addiaomi systems, abiy located in fne channel 5 of the wing 3. Tihe channel 5 
features, and advantages be included within this description, includes a trailing-edge slot(s) 15 that discharges pressur- 

DET-4ILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

. 
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ized air 19 and a trailig edge 17 that is substantially near-circular propeller exhaust stream across the channel 5. 
rounded. The channel 5 fiirther includes a leading-edge The propeller 7 is preferably placed about 60% to 70% of the 
slot(s) (not shown) that discharges pressurized air (not chord distance &om the front or 3040% from the back in 
shown). The channel section of the wing 3 can be referred the c h e l 5 ,  but this distance can vary. The location of the 
as a blown channel Circulation Control Wing (CCW) 10. 5 propeller relative to the w e d  npper surface of the channel 
which is described in relatiou to FIGS. 2 and 3. enables the propeller to augment the air velocity over that 

The outboard wing 13 i~~cludes a leading-edge slot(s) 36. surface. Unlike the conventional Channel Wmg with its 
a trailing-edge slot(s) 31, and a rounded or near-ronnded propeller at the chanuel trailing edge, this propeller location 
trailing edge 33. The leading-edge slot 36 and the trailixig- within the channel also substantially shields propeller noise 
edge slot 31 disclzarge pressurized air 41. 43. The outboard in from reaching the ground, and substantially protects pas- 
section of the wing 3 cau be referred as a blown outboard sengers from contact with the propeller during loaduig or 
Cicidation Control Wing (CCW) 12. which is described in unloading on the ground. 
relation to FIGS. 4 and 5. FIG. 3 is a fragmentary section view of an embodiment of 

FIG. 2 is a fragnieutary section view of an embodiment of the blown channel Circulation Control Wing (CCW) shown 
the blown channel Circdation Control Wing (CCW) shown 15 in FIG. 1 having vertical takeoff and landing (VTOL) 
in FIG. 1 having a thrnst deflection 'and thus powered-lift capability because of near vertical h s t  deflection. The 
capability. The blown channel CCW 10 includes a chaunel ' blown channel CCW 10 of FIG. 3 is similar to the blown 
5. The blown channel CCW 10 includes <an air supply chanuel CCW 10 of FIG. 2 described above and therefore 
plenum 21. a trailing-edge slot 15 and a trailing edge 17 that inchides a channel 5, air supply plenum 21, 32, a trailing- 
is substantially rounded. The trailing edge slot 15 is located 20 edge slot 15. a rounded trailing edge 17. a leading-edge slot 
adjacent to and taugential along the rounded trailing edge 34, an engine 9 and a propeller 7. Referring to FIG. 3, the 
17. This trailing edge does not have to be round, but can be pressure of the blowing air 19' can be changed by a control 
an arc with turnhg angles between say 0" aud 180". The air mechanism (not shown) such that pressurized air 19' can be 
supply plenum 21 is connected Lo an inlet (not shown) dischqed over the charnel rounded trailing edge 17 to 
connected to an air source (not shown) that discharges 35 yield a jet huning angle of nearly 90°, near the vertical 
pressurized air 19 through the trailing edge slot 15 issuing a position. The propeller thrust 23' is entrained into the near 
circulation coiitrol jet sheet 19 at a blowing rate over the vertical position of the pressurized air 19' and is deflected at 
rounded trailing edge 17. an angle 22' approxkitely 85-95 degees for lifting the 

The pressurized air 19 ihilt is disclialarged over (he rounded aircraft weight by thrust 23'. By increasing blowing 19", the 
trailing edge 17 remains attached to the rounded trailing 30 deflected thrust 23" can turn at an angle 22" approximately 
edge 17 of the channel 5 by balancing reduced static 165" and thus provide a thnist reversal 23'' that is obtained 
pressure with centrifugal force. The pressurized air 19 independent of an aircraft angle of attack, thus preventing 
produces negative pressure (suction) along the rounded the asymmetry, separated flow, and stall experienced by the 
trailing edge 17. When the propeller thrust 23 passes over convention Channel Wing at the high angle of attack it 
the upper surface of the clime1 5 and its rounded trailing 35 required for high-lift generation. 
edge 17, the propeller thrust 23 is entrained by and into the In short, as shown in FIGS. 2 and 3, due to entrahent  
pressurized air 19 and is deflected 23 at an angle 22 greater from the pressurized air 19 of the channel-trailiig-edge slot 
than 0 degrees and up to approximately 85" degrees from rl 15. the propeller h s t  23 cau be deflected pneumatically to 
horizontal plane 14. which augments lift generated in the t h s t  angles 22 from 0 to 165 degrees or more from the 
channel 5 .  The deflected h i s t  23 provides high lift that is 40 horizontal plane 14. The deflection of the propeller thrust in 
obtained independent of an aircraft angle of attack, thus the charnel 5 allows for SuperSTOL or Vertical Takeoff and 
preventing the asyinnielry, separated flow, and stall experi- h iduig  (VTOL) operation at low angle of attack. 
enced by the conventional Chauncl Wing at the high angle FIG. 4 is a cross section view of an embodiment of the 
of attack it previously required for short landing capability. blown outboard Circulation Control Wing (CCW) 12 shown 
The high lift is a m~ich higher magnitude than just vectored 45 in FIG. 1. The blown outboard CCW 12 includes an out- 
thrust, thus allowing SuperSTOL at low angle of attack. due board wing 13, a trailing-edge slot 31 and a trailing edge 33 
to entrainnient by (lie blown channel of the nearly round that is substantially rounded. The slot 31 and the edge 33 of 
propeller exhaust stre'm. the blown outboard CCW 12 can extend to the slot 15 and 

The blown channel CCW 10 fiu-ther includes anair supply the edge 17, respectively, of the blown channel CCW 10. 
plenum 32 aud leading-edge slot(s) 34. The air supply 50 The discharging pressurized air 19. 43 of the trailing-edge 
plenum 32 is connected to an inlet (not shown) connected to slots 15,31 from the blown channel CCW 10 and the blown 
an air soime (not shown) that discharges pressurized air 30 outboard CCW 12 can be controlled independently andor in 
tangentially at the leading-edge slot 34 of the blown channel combination. The outboard-trailing-edge slot 31 is adjacent 
CCW 10. This control the leading-edge flow separation so as and tangential along the rounded trailing edge 33 of the 
to facilitate climinating leading-edge stall of the channel5, 55 blown outboard CCW 12 similar to the placement of the 
flow asymmetry into the propeller 7 and the resulting trailing-edge slot 15 and the rounded trailing edge 17 of the 
instability. The leading-edge slot 34 can discharge pressur- blown channel CCW 10. The trailing-edge slot 31 of the 
ized air at various blowing rate, which the air remains blown outboard CCW 12 is capable of tangentially discharg- 
attached to the top szrface of the blown channel CCW 10 ing pressurized air 43 over the rounded trailing edge 33 of 
flowing &om the leading edge to the trailing edge of the 60 the blown outboard CCW 12 to provide further augmented 
blown channel CCW 10, and can M e r  remain attached to aerodynamic forces plus moments for trim and for stability 
the rounded trailing edge 17 that provides more lift. & control. This provides additional cont~ol moments and 

The propeller 7 is preferably located in and operated in the higher lift, and the addition of higher drag to offset propeller 
channel 5 and its lS0-degree arc. The propeller 7 is located thrust when needed to slow the aircraft when making Super 
ahead of the rounded trailing edge 17 and afr of a leading 65 STOL approaches down steep glide slopes. 
edge ofthe blown channcl CCW 10. i h e  propciier provides 'Tie biown outboarti CCW 12 firther inciudes a leading- 
a propeller thrust 23 and an increased inflow velocity in a edge blowing slot 36 that is installed to prevent leading-edge 



US 7,104,498 B2 
7 8 

separation on this high-lift wing, as well as to provide thrust deflection. The control mechanism can selectively 
controllable pitching moment by differential frondrear slot discharge pressurized air Gom a section of the trailing-edge 
blowing. The leading-edge slot 36 of the blown outboard slot 15 along the channel 5 to yield side forces 35 andor 
CCW 12 c m  extend to the slot 34 of the blown channel lateral and directional moment control. For example, if the 
CCW 10. The disclia@ng pressurized air 30, 41 from the 5 aircraft is desired to yaw right. the pressurized air from the 
leading-edge slots 34, 3h from the blown cliaimel CCW 10 trailing-edge slot on the right side sections of the clmiels 
and the blown outboard CCW 12 can be controlled inde- 5 is discharged and no pressurized air from the trailing-edge 
pendently andor in combhition. The leading-edge slots 34. slot (not shown) on the left si& sections of the channels 5 
36 discharge pressurized air 30, 41 at the leading edge of is discharged. If the aircraft is desired to yaw left, the 
both the chamel 5 and the outboard wing 13 of the wing 3 10 pressurized air &om the trailimg-edge slot on the left side 
such that the discharging pressurized air 30, 41 from tlie sections of the clianiiels 5 is discharged and no pressurized 
leading-edge slots 34-36 create a suction at the leading edge. air from the trailmg-edge slot 5 on the right side section of 
which thus provides a nose-up pitching moment to trim out the channel 5 is discharged. The selective discbarggg of 
a nose-down niomerit that is caused by the discharging pressurized air fiom the section of the trailing-edge slot can 
pressurized air 19, 43 at the trailing edge of the CC wing. 15 produce augmented yawing, rolling, or pitching moments to 

It should be noted &it the slots 15, 34, 31, 36 can be a control the aircraft even at very low flight speeds, and 
coiitiiiuously opening that extends tangentially along the w-itliout any moving exterual control surfaces. 
leading and trailing cdges. In an altcmative embodnucnt. the Tlie control mechanism can differentially or selectively 
slots 15, 34, 31, 36  can be multiple openings along the discharge pressurized air to vary the spanwise lift distribu- 
leading and trailinlp edges. In both embodiments, the slots 20 tion and thus the induced drag on the total wing. The contml 
can be varied such that the pressurized air can yield side mechanism c‘an further control the rate of the discharging 
forces and/or lateral and directional moment control, which pressurized air from both the leadiug-edge slot 34 and 
is described in FIG 6 .  It should also be noted that the aircraft trailing-edge slots 15, 31 to vary the lift, drag. thrust 
can include diKerenlia1 blowing of a left blown outboard deflection and aerodynamic moments that can be made to 
CCW and a riglit blown outboard CCW. The differential 1s occur very rapidly. Thus, a rapid response for fight control 
blowing is the blowing rate ofthe left blown outboard CCW of the aircraft is possible because the aircrafi does not 
that is digerent from the blowing rate of the right blown depend on any moving external surfaces, but only on air 
outboard CCW to yield aerodynainic moments. pressure flow variation into the channel wing sudaces. 

FIG. 5 is a cross seclion view of an alternalive enibodi- It should be emphasizedthat the above-describedembodi- 
ment of the outboard chainel Circulation Control Wing 30 lnents of the present inventioq particularly. any “preferred” 
shown in FIG. 1. The blown outboard CCW 12 of FIG. 5 is embcidments, are merely possible examples of implenien- 
similar to the blowu outboard CCW 12 of FIG. 4 described tations, merely set forth for a clear understanding of the 
above and tliereforc includes an outboard wing 13, a trailing- principles of the invention. Many variations and modifica- 
edge slot 31. a leadingedge slot 36. and air supply plenums tions may be made to the above-describedembodknent(s) of 
25, 29. The blown outboard CCW 12 shown in FIG. 5 35 the invention without departing substantially hin the spirit 
further includes a sillall dual-radius blown CCW flap 38, ‘and principles of the invention. All such modifications and 
which mechanical rotates from a horizontal position to a variations are intended to be included herein within1 the 
vertical position. and vice versa. Tlis dual-radius flap 38 scope of this disclosure and the present invention and 
provides jet hiruing and also adds tlie capability for greater protected by the following claims. 

’ 

dmg to be generated should that be necessary for Super- 40 
STOL approach down steep glide slopes. 

In an alternalive embodiment, the aircran includes a 
spanwise variation (not showii) in the blowing rate of the 
trailing-edge slot 31 on a section of the blown outboard 
CCW 12 to tailor a spanwise lift distribution, ‘and thus 45 
minimize the induced drag on tlie blown outboard CCW 12. 
This spanmise variation can be impleniented by changing a 
height of thc trailing-edge slot 31 or changing the rate of 
flow of the discharging pressurized air from the trailing-edge 
slot 31 at the section of the blown outboard CCW 12. Tlie 60 
spanwise variation in slot height or flow rate or blowing 
monientuni c m  also mininnize drag generated from the 
propeller thrust over the chime1 5 by distributing the 
discharging pressurized air across the channel 5. In an 
alternative cmbodiment, a spanwise variation in the blowing jj 
rate of the trailing edge is implemented on both the channel 
5 and the blown outboard CCW 12 so that spanwise control 
of lift distribution and drag across the entirc lifting wing 3 
is achieved. 

ETG. 6 is a ~ o i i l  view of an embodiment of the aircraft 60 
shown in FIG. 1 showing pressurized air that is discharged 
from both the blown channel CCW 10 and the blown 
outboard CCW 12. .4 control mechanism (not shown) can 
adjust either the disc~arging-press~~zed-air rate or propeller 
thrust so that the lilt and thrust deflection can be changed. 65 
and not by changing aircraft angle of attack, so that no 
moving surfaces are necessary to yield either high lift or 

The invention claimed is: 
1. An aircraft comprising: 
a channel wing having a blown charnel circulation con- 

trol wing (CCW), the blown channel CCW having a 
channel that has a substantially rounded trailing edge, 
the channel further having a trailing-edge slot that is 
adjacent to the substantially rounded trailing edge of 
the channel, the trailing-edge slot having an inlet con- 
nected to a source of pressurized air and the trailing- 
edge slot being capable of tangentially dischxghg 
pressurized air at a blowing rate over the substantially 
rounded trailing edge; and 

a propeller being located in the channel and being ahead 
of the substantially rounded trailing edge and aft of a 
leading edge of the blown channel CCW, the propeller 
providing a propeller thrust and increased inflow veloc- 
ity in a near-circular flow stream across the channel 
wing, 

wherein the propeller h i s t  in the near-circular flow 
stream across the channel wing is deflected by the 
pressurized ‘air being discharged over the substantially 
rounded trailing edge, which provides a high lift that is 
obtained independent of an aircraft angle of attack, thus 
preventing the asymmetry, separated flow, and stall 
typically experienced by an unblown channel wing at 
the high angle of attack ir required for high lift gen- 
eration. 
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2. The aircmft as defiued iu claim 1, wherein the pres- 11. The aircraft as defined in claim 10. wherein the 
siuized air that is discharged iiurn the trailing-edge slot ox7er pressurized air from the trailing-edge slot of the channel is 
the rounded trailing edge reinaius attached to the chinuel differentially or partially discharged to vary the spanwise lifi 
rounded trading edge of the channel by balancing reduced distribution and thL= the induced &ag. 
static pressure with centrifugal force, the pressurized air 5 in claim 1, wherein fie channel being capable of disclmging at various blowing mks, the wing further comprises a leading-edge that discharges propeller thrust being capable of deflecting pneumatically. pressurized air tangentially at a leading edge of the channel due to entrainment from the pressurized air of the trailing- 

fie facilitate eliminating leading-edge stall of the c h e l ,  flow 

STOL at low angle of attack, due to en tmhent  by the 13. The aircraft as defbed in claim 12, wherein the 
blown chamel of the nearly round propeller exhaust stream. leading-edge slot extends from the channel to the outboard 

3. The aircraft as defined iii claim 2, wherein the propeller along to tlie leading edge of the c h m e l  wing so as to 
thrust is deflected piie~unatically, due to etitraiimient from 15 facilitate preventing leading-edge separation as well as 
the pressurized air of the trailing-edge slot, to thrust angles generahe lift. 
of approxiniately 90 degrees from a horizontal plane. tlius 14. ne aircraft as defined in claim 12, whrein the 
allowing Vertical Takeoff mid Landing CJTOL) opcration at slot discharges pressurized air at the leading low angle of attack. edge, wherein tlie discharging pressurized air from the 

rate of the tniliug-edge slot is leading-edge slot creates a suction at the leading edge and 
propeller thrust deflection up to 165" and thus the capability thLrs to trim Out a 

for in-fliglit thrust reversal. nose-down momeni that is caused by the discharging pres- 

further coniprises a blown outboard Circulation Control 25 15. The aircraft as defined in claim 14, wherein the 
Wing (CCW). wherein the trailing-edge slot and the rounded discharging pressurized air from both the leading-edge and 
trailing edge extends to the outboard CCW, the trailing-edge trailing-edge slots varies the lift, drag, thrust deflection and 
slot of the outboard CCW being capable of taiigeiitially aerodyiiamic moments that can be made to occur very 
discl~a~giny pressumed air over the rounded trailing edge, rapidly, and t h ~ s  yield rapid response for fliglrt and control 
wherein tlie pressurized air of the trailing-edge slot provides 30 01 the because die ai-fi does not depe11d on ally 
aerodynamic lift. drag change, a id  moments for trim and for Illo~ing external surfaces. but only on air pressure flow 
stability & control. variation into the CC wing surfaces. 

6. The aircraft as defined in claim 5, wherein tlie aircraft 16, The aircraft as defined in claims 4, wherein the 

outboard CCW. the aircraft having differential blowing of 35 propeller thntst plus disclmpill rate of pressurized air P g  the trailing-edge slots of the left and right blowu outboard slots can intachnge th,st and drag as CCWs, wIicrein the differential blowing is the blowing rate 
parts of the left blown outboard CCWs being differeiit froiii tlie 

blowing rate ofthe nght blowii outboardCCWs, wherein the 
differential blowing rate yields aerodynamic moments. 40 17. The as in claim '. location 

7. The aircraft as defined in claim 5, further coiuprising a between the aft b;ailing edge 

12. The aircnft as 

edge slot ofthe chamel, to amlst angles fronl00 to 850 from 

magnitude than just vectored tllrust. thus allowillg SLlper- 

..kg '' the lmding-edge 'Ow so as to 

providing k& Iifi of m,lcll 0 er IO 
"ymeW into the Propeuer and the 

4. The aircraft as defined in claim 2, wherein the blowing 20 
to yield a 

5. The aircraft as defined in cljini 1, wlierein [lie wiiig sUrized air at *e trailing edge Of the cc wing. 

Comprises a left blown outboard CcW slid a nght blow11 propeller blst can be so that the of 

ofthe 

other than the propeller. 

the propeller in the 

during L&eoEaud landing, without any 

spanwise vufiation 111 [he blowillg of tEliling-edge the fornard leading edge subsLvltially Per- 
slot of the outboad CC \r&g to hilor a ceived propeller noise On the mud and sulbstantia'y lift 

and thus minilnize the induced drag oll die eliminates the possibility of contact between passengers and 
45 the propellers when the aircraft is on the ground during outboard CC wing, without any moving surfaces. 

S. The aircraft as defined in claim 5.  further comprising a loading Or 'llloading' 
spaiiwise v;u-jalion 111 the blowing rate of tnili~1g-edge 18. The aircraft as defined in claims 1. wherein the aircraft 
slot of both the challuel and the outboard CC wing so that is 0111: of a combined, synergistic, intemted pneumatic 
spanwise coiitrol of lift distribution 'and drag across the (blown) &innel wing VSTOLand SuPerShOfiTakaffand 
entire lifting wiug is achieved. 50 Landing (Super STOL) aircraft, varying all aerodynamic 

either tile aid powered-lift characteristics. forces and monients merely 
disch~in~-pressurized-air rate or propeller tlmst is adjust- by Varykg blowing air Pressure, blowing air flow andor 
able so that tlie lift a id  b i s t  deflection can be changed, and ProPeller moving Paas, 
not by changing aircraft angle of attack, SO that no moving wherein the aircraft conlbkies the unblown channel wing, 
surfaces 0 t h  than tlie propcller arc iiccessary to yicld eitlicr 55 the blown Chamel wing c c w ,  and the blown O U ~ ~ J ~ ~  

high lift or tlrnlst deflection. CCW to give far greater lift and control then any of the 
tile individual wing elements and is c o n t d e d  by blowing air 

pressurizcd air from a section of thc trailing-cdge slot along withO~lt the Propeuer in the 
the chmiel is selectively dischzqed to yield side forces or C k i n n e L  
lateral and directional moment control, aid/or pitching 60 
moment control. * * * * *  

9. The alrcnft as defined in c l a h  1, 

without mY Other 

10. The as defined in claim 9, 
moving Pa* other 


