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DELTA WING CANARD AIRCRAFT
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This invention relates to aircraft of the delta wing
canard configuration and refers more particularly to im-
provements in aircraft of the type baving a thin, sharply
swepi-back main wing and a secondury wing Jocated
ahead of the main wing, which improvements overcome
ccrtain heretofore existing problems relating to the sta-
bility and controllability of such aircrafi.

The air flow over a conventional wing of relatively
high camber, having little or no sweepback, and operat.
ing at a Jow angle of attack and substantially below sonic
velocities, tends to follow the upper surface of the wing
for a substantial distance back from ‘the Jeading edge.
Air flow separation occurs closer to the leading edge
as the angle of attack increases unitil, at the stalling angle,
the airflow separates from the upper surface at or near
the leading edge.

However, with a thin, sbarply swept-back wing, at
Jeast in subsonic flight, the air flow begins to separate
from the upper surface of the wing at or very near its
swept-back leading edges, even at low angles of attack.
The leading edge separation produces concentrated edge
vortices which induce high suction peaks on the surface
under them. The vortex suction peaks increase the lift-
ing effect of the wing. Instead of stalling the wing the
!cading edge scparation on the sharply swept-back wing
increases the lift when the angle of anack is increased
until the vortex-system collapses due to internal or ex-
ternal disturbances. It is obvious that the lifting effect of
such a wing is very much dependent upon the existence of
the leading edpe vortices and their behaviour.,

Since the lifs of a thip delta wing with sharply swept-
pack leading edges depends upon the existence of vortices
in the air flowing in proximity to its upper surface, the
performance and stability characteristics of an aircraft
having such a wing wili depend upon the characteristics
of these vortices, which can in turn be aflected by dis-
lurtjan:cs that the vortices encounter behind the wing
dpnng their passage rearwardly along the aircraft. In
high speed subsonic flight, for cxample, a substantial dis-
lurbance of a vortex downsiream from the wing can
Propagate a pressure wave forwardly along the vortex.
In producing « relatively rapid increase in pressure in the
low pressure core of the vortex, such a wave can cause
the entire vortex to collapse, thus bringing about a large
and sudden change of lifi force and moment gencrated
by the wing.

In one of its aspects the present invention resides in a
Trecognition that the Jocation of the secondary wing in
known dglxa wing canard aircraft gave rise {0 severe prob-
Jems of instability and/or loss of control under at least
some of the conditions occurring within the normal flight
range of angles of attack.

In those prior delta wing canard aircraft where the
secondary wing was located at or above the level of the
main wing, and a substantial distance ahcad of it, loss
of stability occurred whenever the aircraft was trimmed
In an effort to bring its angle of attack to a value on the
order of 15* or more. Loosely spcuking, the secondary
Wing under these conditions stalled and lost its lify, while
the main wing continued 1o generate lift, with the result
l{m a nosc-down pitching moment was applied to the
arrcraft,  Somewhat more accuratcly, the vortices from
the secondury wing were deflected relatively upwardly
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away from its entire upper surface at the higher angles of .
attack, resulting in a Joss of lift of the secondary wing;
but at the same time the vortices of the main wing re-
mained bound to its top surface, due at Jeast in part to
deflection of air downwardly from the underside of the
sccondary wing, so that the main wing continued to gen-
crate lift. 1t is obviously intolerable in an aircraft to
have an arrangement which permits a contro! surface 10
stall or lose its eflectiveness under circumstances where
the main supporting surface is still gencrating substan-
tially normal lift,

The stability and control problems posed by prior delta
wing canard aircraft having the sccondary wing at or
above the level of the main wing were serious, but even
worse conditions were encountered when the secondary
wing was Jocated below the level of the main wing. Dur-
ing flight at Jow angles of attack with such an arrange-
ment, the vortices of the sccondary wing passed along
the under surface of the main wing, reducing its lift due
to the induced suction on its under surface and thus
caused the aircraft to have poor lift generating capability.
Since the lifting effect of the secondary wing was how-
ever substantially undisturbed at low angles of attack,
the respective lift forces due to the main and secondary
wings acted to produce a nosc-up pitching moment. At
some higher angle of attack the Jeading edge of the main
wing interfered with the vortices from the sccondary wing,
causing a collapse of those vortices with consequent loss
of lift of the secondary wing, producing a nose-down
pitching moment. At still higher angles of attack the
sccondary wing produced a sort of blanketing effect upon
the main wing as the vortices trailing the secondary wing
were deflected relatively upwardly from the leading edge
of the main wing, drawing the vortices formed over the
main wing away from its upper surface, and thus inter-
fering with the lift generating ability of the main wing
to an even greater extent than when the sccondary wing
vortices flowed along its underside. As a consequence
there was produced a larger nose-up pitching moment due
to further loss of lift of the main wing while the sec-
ondary wing continued to generate lift. ‘These unstabiliz-
ing conditions were aggravated by the fact that the tran-
sition from flow of secondary wing vortices beneath the
main wing to flow over the upper surface of the main
wing was a severcly abrupt one, occuring during a slight
increase in angle of attack, so that it was possible to en-
counter a change from a condition of nose-down pitching
moment to one of nose-up pitching moment in the course
of a small change in trim.

With the secondary wing located a substantial distance
ahead of the main wing, as in prior delta wing canard con-
figurations, there were also serious problems of directional
stability. In a sideslip condition, one of the secondary
wing vortices toward which the aircraft was slipping en-
countered the vertical fin surface and produced a large
local sidewash, resulting in serious loss of directional sta-
bility and control. If the sideslip condition was sufficient-
ly acute so that the vortex core was disturbed by the fin,
the vortex could collapse, with a resultant marked reduc-
tion of dynamic pressure in front of the fin that had seri-
ously detrimental effects on directional stability at the
same time that the effectivencss of the rudder was re-
duced.

Thus the delta wing canard arrangment, although offer-
ing greal promise in some areas of performance, has
heretofore posed serious stability and control problems,
and under some circumstances has presented the threat of
catastrophic instability. However, it is an object of the
present invention to provide an aircraft of the delta wing
canard configuration wherein the above described prob-
lems of stability and controllability are climinated, at least
within the range of angles of allack corresponding to
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normal flight conditions, and wherein the vortices de-
veloped by the sccondary wing and the main wing respec-
tively cooperate to produce a well-balanced vortex-system
where neither collapses nor deflections of the Jeading edpe
vortices arise and wherein the vorlices developed by the
secondury wing when passing over the main: wing give it
an additional lifi duc to vorlex induced suction on its
upper surface.

Hence it can be said to be an object of this invention
to provide an arrangement of the main and secondiry
wings in a delia wing canard aircraft whereby the sec-
ondary wing is utilized as a means of maintaining the
vortices over the main wing in close proximity 1o its upper
surface, even at high angles of attack.

Another object of this invention is to provide an ar-
rangement of the main and secondary wings in an aircraf(
of the character described whereby the two wings. co-
operate with one another at all angles of attack within
the normal flying range to effect mutuvally bencficial in-
fluences upon one -another, each acting to sustain the
vortex system over the other.

A further object of this invention is to provide an ar-
rangement of the main and secondary wings of a delta
wing canard type of aircraft which is particularly well
suited for relatively short and medium size gircraft, such
as a combat airplanc, wherein it is not feasible to employ
a spacing between the main and secondary wings large
enough to prevent detrimental interference between them.

With the above and other objects in view which will
appear as the description proceeds, this invention resides
in the nove) construction, combination and arrangement
of parts substantially -as hereinafter described and more
particularly defined by the appended claims, it being un-
derstood that such changes in the precise embodiments of
the hereindisclosed invention may be made as come with-
in the scope of the ¢laims.

The accompanying drawings illustrate two complete
examples of the physical: embodiments of the invention
constructed according to the best modes so far devised
for the practical application of the principles thereof, and
in which:

FIGURE 1 is 2 perspactive view of a canard type of air-
plane baving thin, sharply swept back main and secondary
wings and which embodies the principles of the present
invention;

FIGURE 2 is a more or less diagrammatic side view
of an aircraft having the wing arrangement of this inven-
tion and incorporating a flap blower system;

FIGURE 3 is a more or less diagrammatic plan view
of an aircraft incorporating an embodiment of the wing
arrangement of this invention; and

FIGURE 4 is a view generally similar to FIGURE 3
but showing a modified embodiment of the invention.

Referring now more particularly to the accompanying
drawings, the numeral § designates generally an aircraft
embodying the principles of this invention and which has
a thin, sharply swept-back main wing 6 with trailing edge
contro} surfaces 7. Located ahcad of the main wing is a
sccondary wing 8 which likewise is of delta planform and
has a thin airfoil section.

As is conventional, trim control of the aircraft about
jts pitch axis can be effected by rotating the secondary
wing to change its angle of incidence and/or by move-
ment of a'trailing edge flap on the secondary wing. It is
advantageous to use a trailing edge flap 9 and to provide
boundary layer control across the upper surface of the
flap, employing for this purpose a bleed-off 10 from the
compressor section of the aircraft engine 11 (sec the
diagram, FIGURE 2). The air bleed-off operates in a
known manner to carry pressurized air from the compres-
sor 1o an outlet 12 which:is directly adjacent to the upper
surface of the flap 9 and at its leading edpe, so as to pro-
duce an accclerated air flow across the top of the flap
when !!tc same is lowered, thereby preventing air flow
separation,
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According to the present invention, the secondary wing
8 is located only a relatively short distance ahead of the
main wing 6 and at a higher level than the main wing.
If the main wing attains an optimum lifting force at an
angle of attack of 15°* 1025°, and'if the area of the lifting
surface of the secondary wing is on the order of 15% to
30% of the arca of the lifting surface of the main wing,
the distance between the two. wings measured lengthwise
of the aircraft (that is, along its X axis) should be less
than onc-bhalf of the root chord of the sccondary wing; and
although the sccondary wing shoukld have a substantial
spacing above the main wing, the projecied distance be-
tween the wings should be less than one third of the root
chord of the secondary wing.  When the secondary wing
is provided with a trailing edge flap, the vertical spacing
of the two wings should be such that at least the major
portion of the flap in its fully extended or deflected posi-
tion lies between the projected chord Jines of the wings,
Those skilled in the art will recognize, however, that the
optimum horizontal and vertical spacings of the main
and secondary wings relative to one another will vary
within certzin limits, depending upon the geometry of
the aircraft and the performance of its control surfaces or
trim devices.

With 1he two wings Jocated and arranged in accordance
with ‘the principles of this invention, they tend to co-
operatc in gencrating a unified vortex sysiem which re-
mains ‘substantially stable at all angles of attack within
the normal flying range. The above described positioning
of the secondary wing relative 10 the main wing enables
the leading edge vortices produced by the main wing to
bind the vortices of the seccondary wing to the upper sur-
face of the main wing as well as, due to forward inter-
ference effects, 1o the upper surface of the sccondary wing.

This coaction between the wings is mutually beneficial
to their vortex systems because the downwash and accel-
cration  of the. air in the vortices over the main wing
causes the vortices of the secondary wing to be drawn
downwardly. toward the upper surface of the main wing,
and since this downstream influence upon the secondary
wing vortices is reflccted back upstream, the vortices over
the secondary wing are prevented from being deflected
relatively upwardly from its surface, and the flow in the
secondary wing vortices is stabilized. Such mutually
beneficial coaction between the two wings occurs at all
angles of attack within the normal flight range.

It will be self-evident that the binding of the vortices
from the secondary wing to the vortex system of the
main wing occurs at small angles of attack. At higher
angies of attack the vortex system developed by the
secondary wing still parallels the vortex system over the
main wing, and such exchange of energy as oscurs be-
tween the vortex systems of the respective wings is not
detrimental to either vortex system. Hence the wing
arrangement of this invention is conducive to a well bal-
anced development of the flow around the aircraft as a
whole, with the result that the aircraft can be satisfac.
torily trimmed to substantially high angles of attack with-
out: encountering any undue loss of stability or control.

As illustrated in FIGURE 4, cach wing can have a
true delta planform. with a leading edge 13 which is
sharply swept back and straight along its entire length.
However, the sweepback of the inboard portion of the
main wing: can be reduced, as at 15 (sec FIGURE 3),
to define a leading edge portion that is al a less acule
angle 10 the Jongitudinal centerline of the aircraft. Pref-
crably the reduction in sweepback of the leading edge is
confined to that portion thereof which jis between the
fuselage and a point 16 on or in the vicinity of a line
passing through the tip of the sccondary wing and ex-
tending paralle] to the longitudinal centerline of the
aircraft.  Such reduction in sweepback of the inboard
portion of the main wing leading edpe can be obtained
without material loss of the stubility characteristics of the
aircraft, and it permits the aspect ratio of the main wing
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to be increased, thus aflording an increased lifting capac.
ity for the atreraft- without incutring a proporiionale in-
crease in drag. i

1f. desired, the sweepback: of the inboard portion of
the leading edge of the secondary wing can be-similarly
reduced, us ut 17, in order to improve the pilol’s:forward
visibility and/or shorten the aircraft, This will not seri-
ously - affect the  aerodynamic. propertics  of - the-aircraft
because the flow thut characterizes:u wing having & uni-
form sharp sweepback will be substantially maintained.

From the foregoing: description  taken together with
the accompanying drawings it will be apparent that this
invention provides a delin wing canardtype of aireraft
which is not subject to the stability and contro). problems
that_have heretofore characterized aircraft of that con-
figuration ‘and . wherein' good stubility and  control are
maintained throughout the normal flight runge of angles
of attack by reason of the fact thar the main and second-
ary: wings cooperate with on¢ another 10 produce a mu-
tually favorable interaction, whereby the vortex system of
cach is utilized to-bind the vortices over the upper surface
of the other to that upper surface.

What is claimed as my invention is:

1. A dela wing canard aircraft characterized by the
following:

(A) u main wing having leading edges swept back st -

Jeast about $5° and a thin profile, with a fincness
ratio of not more than about 10% al every point,
50 that concentrated vortices tend to form over the
upper- surface of the winp. near its Jeading edges,
which -vortices induce high suction on the surface
arcas under them;

(B) :a_dcha secondary wing which is- of substantially
smaller arex than the main wing and which has simi.
Jurly sharply swept back leading edges and a thin
profile so that conc¢entrated vortices tend 1o form
over its upper surface, near its Jeading edges, which
vortices induce high suction on the surface areas
under them;

(C) the secondary wing being located

(1) -above the level -of the main wing and

(2) ahcad of the main wing

(3) but sufficiently close to the main wing both
longitudinally -and vertically of the aircraft to
achieve a coaction between said concentrated
vortices such that the vortices of the main wing

are capable of ‘effectively preventing deflection:

of said vortices of the secondary wing relatively:
upwardly away from the upper surfuce of the
same and such collapse: thercof that their lifting
effect is decrcased, and: whereby said vortices
of said two wings are bound 1o one another at
all angles of atiack  within the normal flight
range so. that rear control surfaces of the air-
craft are prevented from being disturbed by the
vorlices, ’

2. The aircraft of claim 1, further characterized by the
fact: that the sweepback of the Jeading edge of the main
wing ‘is reduced through that: inboard: portion thercof
which is directly behind the secondary wing.

3. A delta wing canard aireraft having a main wing
and a secondary wing of substantially smaller arca spaced
ahead of the main wing; characterized by the: following:

(A) cach of said wings baving its leading edges so
sharply swept back as to define an angle of not less
than about 55 10 a:line transverse to the longitudi-
nal axis of the aircraft; .

(B) each of snid wings having a profilc so thin that
its thickness at any. point is less than about 10% of
its chord-at the same point;

(C) the distance between the main and secondary

wings,: measured along said axis, being less than .
about onc-hall the root choid of the sccondary wings
and
(D) the secondary wing being :mountcd. above ‘the
5 level of the main wing, with a pronounced: spacing
: between the planes of the wings, which spacing is
however. equal 1o Jess than shout one-third of -the °
root chord of the sccondary wing.

4. The: aircraft of “claim: 3, further charicterized by
the following: = i

(A) downwardly deficctable trailing edge flap means
on thé secondary wing providing. for longitudinal
control of the aircrafi, ot least the major portion. of
said flap micans, in any position of deficction: thereol,
being located above the level of the main wing: and

(B). boundary layer control means for producing an
aceclerated ‘flow of ‘air across the upper surface of
the flap means from tbe leading edge thercof.

§. In an aircraft having a main wing that bas its lead-
ing edges swept back ai least about 55° and having a
profile so thin that its thickness at any point js not more
than about 10% of its  chord-at the same point, so that
the lifting force of ‘the wing is attributable to concen-
trated vortices: which extend over ‘the upper surface of
the wing near its leading e¢dges and trail behind it, means
tc:;ﬁ stabilizing the aircraft about its pitching axis com-
prising:

(A) asecondary wing having leading edges swept back
at least about 55° and having a profile so. thin that
its thickness at any point is not more than about
10% of its chord at the same point; and

(B) xPeans mounting said secondary wing on the airs
crafl

(1) above the level of the main wing and suffi-
ciently close to the main wing, longitudinally
of the aircraft, to achieve a coaction between
the wings .such that the: vortex system over the
main wing tends 1o prevent deflection of the vor-
tex system over the secondary wing relatively up-
wardly away from the upper surface of the
same, such coaction between the wings effecting
a substantial binding of their vortex: systems to
onc ‘another at all angles of attack of the air.
craft. within the normal flight range.

6. The aircraft of claim S, further characierized by the
fact that the inboard portion of the leading edge of the
main-wing is.at a more obtuse angle 10 the longitudinal
center line of the aircraft than the outboard portion of
said Jeading edge, said inboard and outboard leading edge
portions defining an obtusc angle which lies.on a line sub<
stantially through the tip of the secondary wing and parals
lel to said center line.

7. The aircraft of claim §, further characlerized by:
5 means for trimming and controlling the aircraft about its

pitch axis comprising:

(A) downwardly. deflectable trailing edge flap means
on the secondary - wing, at least the major portion of
which is above ‘the plane of the main wing in every
position of the flap means; and

(B) boundary: layer control means by which air flow
over ‘;he upper surface of the flap mcans is accel~
erated,

10

15

20

30

40

45

60

References Cited by the Examiner
UNITED STATES PATENTS
7/58 MacArthuretal, o..... 244—42.41

FOREIGN PATENTS
679,897 . 9/52 ' Great Britain,

FERGUS S. MIDDLETON, Primary Examiner.

2,844,337

70



June 8, 1965 K. T. SRNBERG 3,188,022
DELTA WING CANARD AIRCRAPT
Filed Dec. 5, 1963 2 Shests-Sheet 1

L,




June 8, 1965 K. T. SRNBERG 3,188,022
DELTA WING CANARD AIRCRAPT

Filed Dec. 5, 1963 2 Sheets-Sheet 2

3:3.2.
8, /IZ u)

9 6 r
C ;*-———-1‘ g —

6
3%030 (,z 16
8 : el
5\ ” '

19 It
)
{

—_—— IA

1
e ek Sy ——
\

L]

13 : =9
. ™~ ' I
C : A S S
Kjell TorstenUrnberg
¥ Sy

AT~




