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This invention relates to improvements in air-
craft and has particular reference to an improved
aircraft of low aspect ratio.

An object of the invention resides in the pro-

_vision of an improved aircraft of low aspect ratio
having improved fore and aft or pitching stabil-
ity.

A further object resides in the provision of
an improved aircraft of low aspect ratio having
rearwardly disposed lift increasing and stabiliz-
ing members positioned -to utilize the energy of
the vortex in the wake of the main wing portion
for increasing the lift and stabilizing the aircraft
with no substantial loss in aircraft efficiency.

© A still further object resides in the provision
of an improved aircraft of low aspect ratio hav-
ing rearwardly disposed lift increasing and sta-
bilizing members positioned to utilize the energy
of the wing tip vortex in which said members or
suitable portions thereof are made movable about
suitable axes to provide longitudinal .and lateral
control for said aircraft.

Other objects and advantages will be more par-
ticularly pointed out hereinafter or will become
apparent as the description proceeds.

In the accompanying drawings, in which like
reference numerals are used to designate similar
parts throughout, there is illustrated a suitable
structural embodiment for the purpose of disclos-
ing the invention. The drawings, however, are
for the purpose of illustration only and are not
to be.taken as limiting .or restricting the inven-
tion since it will be apparent to those skilled in
the art that various changes in the illustrated
embodiment may be resorted to without in any
way exceeding the scope .of the invention.

‘In thedrawings,

‘Fig. 1 is a top plan view of an aircraft con-
structed.according to the invention. ’

Fig. 2 is .a front-elevational view of the aircraft
shown in Fig. 1.

Pig. 3 is a side-elevational view of the aircraft
illustrated in Fig..1, and .

Pig. 4 is a top plan view of a fragmentary por-
tion of the aircraft showing a somewhat modified
form of the invention.

Fig. 5 is a top plan view of a fragmentary por-
tion of the aircraft showing another somewhat
modified form of the invention.

Referring to the drawings in detail, the air-
craft has a single wing 16 of somewhat semi-cir-
cular .or horseshoe outline having a forward por-
tion ‘provided with a slightly convex leading edge
12 and a more sharply curved rearward porticn
having a convex trailing edge 4. "This wing con-

(CL. 244—13)
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tains a centrally disposed pilot cockpit 18 pro--
vided with a dome shaped transparent front end
{2 and a pair of engine chambers 20 and 22 dis-
posed one at each side of the cockpit 16.and each

5 containing an engine, as indicated respectively at

24 and 26. The engines are connected by means -
of suitable shafts and gearing, as indicated at 28,
with a pair of propellers 30 -and :32° carried by
projections disposed one at each side of the wing

10 ' 19 somewhat ahéad of the leading edge 42. "The

wing portion is provided with a pair of -skewed
ailerons 34 and 2§, a movable horizontal elevator
38 at the rear of the wing portion and with a pair
of vertical fins 48 and 42 to which are attached

15 vertical rudders 44:and:46.

As is particularly illustrated in Fig. 1, the main
wing 18 has its maximum width a short distance
rearward of the leading edge 12 and from this
position of ‘maximum width gradually tapers

20 rearwardly in-a generally semi-circular or horse-

shoe pattern. This wing is -generally known -as,
and will be referred to hereinafter as, one of
low aspect ratio and is in-the class of wings whese
aspect ratio is generally less than 3. As this -air-

95 foil progresses through the air the pressure: field

set up by the airfoil causes-air to he forced-out-
wardly from below the lower surface and to be
drawn inward toward the upper surface areund
the ‘tip of the airfoil. This motien ef the air,

30 jmposed on the forward motion of the-airfoil gives

5 resultant whirling or vortex motion to the air in
the region aft of the wing tip, the core or -axis-of
the vortex trailing- slightly -inward and upward
from the tip in the direction of the relative wind.

35 This vortex movement of the air produces & pro-

nounced downwash inboard of-the vortex axis
and a pronounced upwash outhoard of the axis.
While such a vortex is present at the tip of every
airfoil which produces lift, -its effect is muciy

40 greater in the case of a low aspect ratio airfoil,

such as that illustrated, since a large portion of
the air beneath such a low aspect ratio airfeil
fAows out laterally past the airfoil tips jinstead of
from the trailing edge. Since this vortex dis-

45 turbance of the air represents a loss -in aircraft

efficiency it is desirable to minimize it as much
as possible. An important improvement in the
efficiency of an aircraft such as that illustrated
can be obtained by rotating the propellers in op-

50 posite directions such that the rotational effect

in the slipstream of each propeller is opposite in
direction to the rotation of the vortex extending
around the respective wing tip. Such a slip-
stream will have an cuthoard downwash and an

55 inboard upwash which will react against the un-
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dersurface of the wing to improve the wing lift.
Furthermore, the creation of the vortex at the
wing tip will require g complete reversal of the
rotation of the slipstream so that substantially
all of the rotational energy of the slipstream is
recovered and a much smaller amount of energy
is lost in rotational movement of the air around
the vortex axis. There will still, however, be a
bronounced vortex extending rearwardly in the
wake of each wing tip and it is among the objects
of this invention to recover a further amount of
energy from these vortices and at the same time
materially improve the fore and aft stabilitw of
the aircraft. ,

Low aspect ratio aircraft of the type illustrated
have always experienced more or less difficulty
with fore and aft instability due to the rela-
tively short distance between the center of lift
of the main wing portion and the center of liff
of the rearwardly disposed elevator and because
- it has not been practical to provide an inde-
pendent fixed or adjustable stabilizer at the rear
to damp the pitching movement of the main
wing portion. This lack of damping has tended
to permit the main wing portion to set up a con-
dition of oscillation which has rendered the pitch-
ing control of such an aircraft difficult. Fur-
thermore, in order to obtain suitable static sta-
bility in this type of aircraft and especially in
one having an airfoil of substantially symmetrical
cross-section, it would be necessary to locate the
center of gravity further forward than is prac-
tically possible which means that actually, the
center of gravity is rearward of the location at
which satisfactory static stability would be ob-
tained. In accordance with the present inven-
tion the aircraft is provided at the rear thereof
with two laterally extending stabilizing members
as indicated at 48 and 59. In the arrangement
shown these members extend from the portion
of the main wing between the rearward ends of
the ailerons 34 and 36 and the respective ad-
jacent ends of the elevator 38 to a position
somewhat beyond the maximum lateral extent
of the main wing portion. These members are of
generally streamlined cross section and may, if
desired, be given an airfoil contour, the exact
.contour depending somewhat on the character-
istics of the particular . installation, and are so
positioned and dimensioned that approximately
the outer half of each member is located in a
pronounced upwash of air incident to the respec-
tive vortex. By thus utilizing the energy of the
upwash from the main wing to produce lift the
total lift required of the main wing portion
can ‘be proportionately reduced with a corre-
sponding reduction in drag of the aircraft. It
has also been found that the portion of this up-
wash which flows over the top of the stabilizing
members 48 and 50 produces on these members
a lift having a forwardly directed component
which also to some extent reduces the total drag
of the aircraft or at least does not cause an in-
crease in drag because of the provision of the
stabilizing members, The additional area at the
rear of the main wing provided by the addition
of the members 48 and 50 provides an effective
damping action so that the pitching movements
of the main wing cannot occur too rapidly and
any oscillating motion will be immediately
damped out, and also permits a further rearward
‘and more practical location of the center of
gravity of the airplane. This correction of the
usual conditions of fore and aft instability with
no material increase in the total drag of the air-

10

15

4

craft renders this type of aircraft highly prac-
tical and desirable since it has been known for
some time that aircraft of this type are materially
faster than conventional aircraft with the same
amount of power. -

The exact fore and aft location of the stabi-
lizing vanes is not critical so long as the vanes
intercept the upwash incident to the above de-
scribed wing tip vortex.

Looking at this stability problem from g little
different angle, it has been found that satisfac-
tory stability in a low aspect ratio airplane may
be obtained under high speed conditions with a
Clark V type of airfoil with the center of gravity
located at approximately twenty-three percent

-of the chord but at the -expense of control ab
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high angles of attack., In order to maintain the
high angles of attack in such an airplane large
moments are required with the consequent diffi-
culty of control and load on the structure.

With a substantially symmetrical airfoil shape
such as is shown in this application it was found
that the aerodynamic center, which is a point
stationary with respect to the airfeil, about which
the moment. coefficients of the airfoil are sub-
stantially constant, was so located in a low aspect’
ratio airfoil that the center of gravity had:to
be placed at ten percent to fifteen percent of
the chord in order to obiain .stability at high
speeds.  Location of the center of gravity at such
a point produced major design problems  and
with the present available equipment was. im--
practical. With the discovery that stabilizing
vanes placed in the vortex upwash did not ma-
terially affect the drag, and under some condi-
tions actually decreased the drag, and at the same
time changéd the aerodynamic center of  the
combination to a more favorable position, it was
possible to construct a low aspect ratio airplane
in which the center of gravity was located at a
practical distance from the wing leading edge:
The moments required to maintain the airplane
at high angles of attack with the symmetrical
airfoil are reasonable and in fact approach zero..

In the form of the invention shown in Fig. 4
the general arrangement is' the same as that
described above in connection with Figs. 1, 2 and
3 but in the modified form the movable elevator
38’ is provided with lateral extensions, one-of
which is indicated at 52, which constitute the
rearward portion of the corresponding stabilizing
members 48’ and 50’. These extensions mate-
rially increase the effect of the ¢levator 38 since
they are positioned in the free airflow to the
sides of the main wing 10 and also.because they.
change the airfoil shape of the lateral stabilizing
members and thereby change the-lift effect of
these members. Whether or rot these lateral
extensions are provided will depend on the char-
acteristics of the particular design of airplane.
If it is found desirable to increase the sensitivity
of the pitching control such extensions may be:
provided but, if the control by the horizontal
elevator above is sufficiently sensitive, the sta-
bilizing vanes will be provided without movable
portions. Differential operation of separate mov- -
able rearward portions of the extensions 48’ and
80’ to serve as ailerons instead of or in combi---
nation with the wing carried ailerons 34 and
36 is also contemplated. That these movable
members would operate effectively as ailerons is
evident from the fact that they are disposed
further outboard than the conventional ailerons
for this type of aircraft, and are disposed in rel-
atively high velocity airstreams. S
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If desired, instead of hinging the rear portion
only-of the stabilizing members 48 and 5§, theen-
tive ‘stabilizing member may be.mounted so0-as to
turn about an axis extending longitudinally .of
the member and located :at any ‘convenient :and
suitable position, such as approximately twenty
percent of ‘the chord “from the leading ‘edge. In
such an arrangement the ‘two ‘members may be
@ifferentially -operated -to. act as -ailerons .as well
as being operated together to-act as pitching ‘con-
trol members.

In the modification shown in Fig. 5, the vanes,
ome of which'is generally indicated at 84, consti-
tute the sole means for lateral and ‘longitudinal
control of the aircraft as well as for providing
the above described damping and stabilizing -ef-
fect. In thisarrangement-each member may con-
veniently comprise a forward portion 56 carried
by a.rotatable shaft 58 the axis of which extends
longitudinally of the forward portion somewhat
to the rear of the leading edge thereof, and a rear-
ward portion 60 hinged to the ‘forward -portion
rearwardly of the shaft 58. The portion 6§90 may
be inclined relative to the portion 56 by suitable
means such as ‘a shaft 62 concentric with the
shaft 58 and having at its outer end an arm 64
projecting through a slot inthe shaft 58 and con-
nected by a suitable link 66 with a horn 88 se~
cured to the portion 68. The shafts 58 and 62

may be connected with a suitable manual control’

by respective link or cable means as indicated at
10 and 712. The manual control may conveniently
be such that both forward portions are moved
coextensively in the same direction for longitu-
dinal ‘control and stabilization and may, if de=
gired, be given a limited differential movement for
adjusting the trim of the aircraft while the rear
portions are given a differential movement for
lateral control.

While a suitable mechanical arrangement has
been hereinabove described and illustrated in the
accompanying drawings for the purpose of dis-
closing the invention, it is to be understood that
the invention is not limited to the particular em-
bodiment so illustrated and described, but that
such changes in the size, shape and arrangement
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of the various parts may be resorted to as come .

within the scope of the sub-joined claims.

Having now described the invention so that
others skilled in the art may clearly understand
the same, what it is desired to secure by Letters
Patent is as follows:

1. In an airplane, a wing including forward and
rearward portions forming a low aspect ratio wing,
said forward portion providing the leading edge
and having said leading edge merging into lat-
erally extended wing tips, and said rearward por-
tion having a convex margin including the trail-
ing edge and also merging with said wing tips,
and a pair of oppositely laterally extending sta-
bilizing vanes secured to the margin of said rear-
ward portion rearwardly of the center of lift of
said wing and extending outwardly a substantial
distance beyond the maximum span dimension of
said wing.

2. In an airplane, a wing including forward and
rearward portions forming a wing of low aspect
ratio, said forward portion including the wing
tips which, when the airplane is in flight, produce
wing tip vortices characterized by an inboard
downwash and an outboard upwash about an axis
trailing rearwardly from each wing tip, and said
rearward portion having a convex margin the
forward ends of which merge into said wing tips,
and a pair of oppositely laterally extending sta-
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bilizing ‘'vanes secured to said rearward wing por-
tion-a substantial distance to the rear of said wing
tips and extending substantially beyond the maxi-
mum span dimension-of said wing into the region
of aerodynamic upwash of the outboard portions
of the respective wing tip vartices.

3. In anairplane, a wing-having an aspect ratio
of three or less which in flisht produces wing tip
vortices ccharacterized by an inboard -downwash
and -an outboard upwash along an axis trailing
rearwardly from each wing tip, an afleron along
each.sideof said wing,a tiltable flap hinged to the
rearward edge-of.said wing having its-ends spaced
from -said ailerons to provide marginal portions
on said wing between the ends of said flap and the
rearward end of each -aileron, and a: stabilizing
vane -extending laterally from each of said mar-
ginal wing portions sufficiently beyond the maxi-
mum span dimension of said wing to dispose ‘the
outer half of each vane in the -upwash of the
respective wing tip vortex.

4. ‘A low aspect -ratio airplane having :a main
wing, a tiltable flap hinged to the rearward-edge
of said main wing,and a pair of stabilizing vanes
extending laterally from the rearward portion -of
said main wing one at each side thereof each of
said ‘vanes comprising a forward portion fixed
relative to said main wing and a tiltable rearward
portion, said tiltable rearward portions-being dis-
posed one 4t each end-of said rear wing flap.

5. Tn an airplane,a wing including forward and
rearward ‘portions, said forward portion having
wing tips from which rearwardly trailing wing
tip vortices extend, when said-airplaneis in flight,
and -said rearward portion forming an extension
of said forward portionand having a convex mar-
gin merging with'said wing tips, stabilizing means
for ‘said .airplane 'comprising, a pair of airfoil
vanes-disposed.one at each side of the longitudinal
center line of said wing .a substantial distance
rearwardly of said wing tips and having a sub-
stantial portion thereof extending laterally be-
yond the axes of the ‘respective wing tip vortices.

6. In anairplane, a wing having wing tips from
which ‘rearwardly trailing ‘wing tip vortices ex-
tend ‘when -said airplane is in flight, an aileron
along each side of said wing, an elevator at the
rear-of'said wing, stabilizing means comprising, a
pair of rigidly attached airfoil vanes disposed one
at each side of the longitudinal center line of said
airplane between the ends of said elevator and
said ailerons, said vanes extending laterally be-
yond the axes of the respective wing tip vortices
to an extent such that a substantial portion of
each stabilizing vane is located in the aerody-
namic upwash of the outboard portion of the re-
spective wing tip vortex.

7. In an airplane having a wing of low aspect
ratio having wing tips from which rearwardly
trailing wing tip vortices extend when the air-
plane is in flight, and a rear control surface tilt-
able about an axis substantially parallel to a line
joining said wing tips, stabilizing means for said
airplane comprising, a pair of airfoil vanes dis-
posed one at each side of the Jongitudinal center
line of said airplane adjacent said wing rear-
wardly of said wing tips and extending laterally
beyond the axes of the respective wing tip vortices,
a portion of each stabilizing vane being fixed rela-
tive to said wing and a portion being integral and
movable with said rear control surface.

8. The arrangement as set forth in claim 7 in-
cluding means supporting said vanes for tilting
movements about axes extending longitudinally
of the respective vanes.
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9. The arrangement ag set forth in claim 7 in-
cluding stabilizing vanes each comprising g rela-
tively fixed forward portion and a movable rear-
ward portion tiltable about an axis extending lon<
gitudinally of the vane.

10. The arrangement as set forth in claim 7
including stabilizing vanes each comprising a for-
ward portion tiltable about an axis extending lon-
gitudinally of the vane and a rearward portion
carried by said forward portion and tiltable rela-
tive thereto.

11, The arrangement as set. forth in claim: 7
including stabilizing vanes each comprising a for-
ward portion tiltable about an axis extending lon-
gitudinally of the vane and a rearward portion
carried by said forward portion and tiltable rels-
tive thereto, manually controllable means for tilt-
ing the forward portionsofsaidvanes and separate
manually controllable means for tilting the rear-
ward portions only of said vanes.

12. In an airplane, a wing including a broad
forward portion having wing tips from which
‘rearwardly trailing wing tip vortices extend when
the airplane is in flight and a rearward portion
merging with said wing tips and of gradually re-
ducing width to the end of the wing, stabilizing
means for said airplane comprising, a pair of air-
foil vanes disposed one at each side of the longi-

tudinal center line of said airplane rearwardly of

the combined center of lift of said airplane and
" spaced substantially rearwardly of said wing tips
and extending laterally a substantial distance be-
yond the axes of the respective wing tip vortices.
13. In an airplane having a wing of low aspect
ratio from the tips of which rearwardly trailing
wing tip vortices extend when the airplane is in
flight, stabilizing means for said airplane com-
prising, a pair of airfoil vanes carried by said
wing one at each side of the longitudinal center
line of said airplane a substantial distance rear-
wardly of said wing tips and substantially in the
medial plane of said wing and extending laterally
a substantial distance beyond the axes of the re-
spective wing tip vortices, said vanes being mov-
able relative to said wing about axes extending
generally lengthwise of the respective vanes.
14, In an airplane, a wing including forward
and rearward portions forming a wing of low ag-
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pect ratio, said forward portion having a leading
edge and also having its lateral extremities form-
ing wing tips, and said rearward portion being of
generally semi-circular plan form and merging
in convex lines into said wing tips, laterally spaced
bropeller carrying projections on said leading
edge forward of said wing tips, and “stibilizing
vanes having a greater span than said wing ex-
tending laterally from the sides of said rearward
wing portion at locations remote from said wing
tips. - o
15, In an airplane, a wing including forward
and rearward portions forming g wing of low as-
pect ratio from which rearwardly trailing wing
tip vortices extend when the airplane is in flight,
sald forward portion having a convex leading edge
and also having  its lateral extremities forming
convex wing tips, and said rearward portion being
of generally semi-~circular plan form and merging
in convex lines into said wing tips to form a' con-
vex trailing edge, laterally spaced propeller car-
rying projections on said leading edge forward of
said wing tips, and stabilizing vanes oppositely
extending from said rearward wing portion Iat-
erally outwardly beyond the axes of said wing tip
vortices, said vanes comprising wing extensions
and remaining fixed relative to said wing in flight,.
©  CHARLES H. ZIMMERMAN.,
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