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This invention relates to airplanes and par-
ticularly to airplanes of the single wing or fly-
ing wing type, or in other words, to the class of
airplanes in which the functions of the usual tail
strueture or empennage are accomplished by
strueture incorporated within the outlines of the
main supporting airfoils.

Airplanes of the flying wing type have here-
tofcre been proposed and constructed with the
idea that airplanes of this type avoided undue
aerodynamic resistance so that the efficiency of
the airplanes would be improved. ' In such air-
planes of the flying wing type it has been found
that a high degree of longitudinal stability might
be attained, but such stability in a longitudi-
nal sense has, however, been attained in the
prior airplanes of this type only through ineffi-
cient means which has so reduced the overall
efficiency of such airplanes as to render them
undesirable and unusable in a commercial sense.

An important obiect, therefore, of the present
invention is to enakle longitudinal stability to be
attained in an efficient and practical manner in
airplanes of the flying wing type, and an object
related to the foregoing is to enable efficient air-
foil sections to be utilized in attaining this end.
A further and related object is to preserve such
efficiency even when high-lift devices such as
trailing edge wing flaps are in operation as in
climbing, landing and the like. -

Where efforts have been made in the past to
utilize high-lif{ devices such as trailing edge
flaps in airplanes of the flying wing type, it has
been necessary to confine such flaps to a rela-
tively small size located rearwardly of the sub-
stantial midpoint of the span of each wing, and
where such small wing flaps have been utilized
the added lift imparted to the wings thereby has
keen relatively small, and has been offset in at
least a large measure through reduction of the
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lift coeficient of the remaining portions of the:

wings due to the disruption of norimal air flow on

these remaining portions by the side wash from -

the depressed control flaps. A further object of
this invention -is, therefore, to enable trailing
edge wing flaps to be utilized along substantially
the entire trailing edge of the wing structure of
a flying wing type of airplane; and a further
object related to the foregoing is to enable trail-
ing edge control flaps extending from substan-
tially the wing tips to the area occupied by the
elevator flaps to be utilized not only as high lift
devices but also as ailercons, and to enable these
two functions to ke concurrently accomplished
in a simple and effective manner. Another re-
lated object is to enable a high-lift action to be
attained in a flying wing type of airplane through
the production of g stalling moment in substan-
tially the entire length of the wings outwardly
of the horizontal control surfaces.of the airplane,
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and fo enable such stalling moment to be at-
tained while preserving normal and efficient air-
flow about the wings and the high lift devices
thereof.

Other and further objects of the present in-
vention will be apparent from the following de-
scription and claims and are illustrated in the
accompanying drawings which, by way of illus-
tration, show preferred embodiments and the
principles therecf and what I now consider to
be the best mode in which I have contemplated
applying those prineiples. Other embodiments of
the invention embodying the same or equivalent
principles may: be used and structural changes
may be made as desired by those skilled in the
art without departing from the present inven-
tion and- the purview of the appended claims.

In the drawings:

Fig. 1 is a perspective of g single motored fiy-
ing wing type of airplane embodying the inven-
tion;

Pig. 2 is a plan view of the alrplane shown in
Fig. 1;

Figs. 3 and 4 are front and rear elevational
views, respectively, of the airplane shown in
Fig. 1;

Fig. 5-is a view diagrammatically illustrating
an airfoil section which may be utilized in pro-
ducing certain portions of the wing structure, this
view being such as to show the airfoil section as
it would appear at the line 5—5 in Fig, 2 in the
event that a fuselage were not employed;

Fig. 6 is a diagrammadtic illustration showing an
airfoil section which may be used in the outboard
wing panels of the airplane of this invention,
the view being taken substantlally along the line
6—E€ in Fig. 2;

Fig. 7 is g d1a,glamma.tlc plan view similar to
Fig. 2;

Fig. 8 is'a schematic view illustrating a con-
trol mechanism for the airplane of Figs. 1 to 4;

"Pig. 9 is a perspective view illustrating the in-
vention as embodied in a relatively.large air-
plane; and

Fig. 10 is a perspective view illustrating the in-
vention as embodied in a motorless airplane or
glider.

In the form of the invention chosen for dis-
closure in Figs. 1 to 6 of the drawings, the inven-
tion is embodied in a single motored airplane of
the tailless monoplane type, having a forwardly
projecting fuselage 5 disposed midway between
the ends of a wing structure, The single motor
(not shown) is mounted within the fuselage 5
and is arranged to drive the propeller 6 disposed
at the nose of the fuselage. Landing gear, includ-
ing wheels 1, are provided on the fuselage 5, and
such ‘landing gear may be of any desired type.

. This wing structure preferably hag a substantial
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forward sweep, or inother words, the outer ends
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of the wings are disposed forwardly of the mid-
portions therect, and the wing structure embodies
inboard or trailing wing panels {i{ which, with
the fuselage 5, constitute a central structure, and
outboard or leading wing panels {2 are connezted

rigidly to and extend outwardly from said inboard

wing panels {{. The wing structure thus afforded
is arranged with a substantial dihedral angle, as
will be evident in Figs. 3 and 4 of the drawings,
for through such an arrangement the stability of
the airplane is substantiailly increased, The in-
board and outboard wing panels é{ snd 12 co-
operate to define a continuous wing structure of
the monoplane type so that the {front and rear
profiles of the wing structure are both continuous
from tip to tip of the wing structure, and the
arrangement is such that, by reason of the for-
ward sweep of the wing structure, directional
contrel means such as vertical fin and rudder
means may be associated therewith rearwardly of
the center of gravity CG, Fig. 7, of the airplane
merely through mounting of the elements there-
of directly upon wing structure rather than upon
a rearwardly extending and separate tail boom
or other similar supporting structure. In this
respect, however, resort may be had to any de-
sired directional conirol means since the specific
nature thereof is not a part of the present inven-~
tion. However, the embodiment of the invention
llustrated in Figs. 1 to 6 of the drawings includes
a single vertical fin {3 and an associated rudder
14, the vertical fin §3 and the rudder {4 being dis-~
posed immediately rearwardly of the fuselage &
ahd on the longitudinal center line of the gir-
plane and the rudder {4 is governed by well un-
derstood conventional meauns (not shown). The

4
12 is disposed substantially glong the line MCP—1{
while the mean center of lift of the trailing wing
panels {1 is disposed at substantially the position
shown by the line MCP—2, these locations being
indicated for a normal level flying attitude of
the airplane. Hence it is the lifting action of the
leading wing panels {2 which imparts or tends io
impart stalling moment to the airplane, and it is

- the lifting action exerted by the trailing panels

10

{1 which imparts or tends to impart pitching mec-
ment to the asirplane, and the areas of the lead-
ing and trailing wing panels, their dynamic char-
acteristics, angdg the length of their effective mo-
ment arms are so related that in normal level
flight the stalling and pitching moments are egual
and opposite. - Wiien the airpiane varies eithar
upwardly or downwardly from such level flight,

- this relation of stalling and pitching moments
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wing structure is. also provided with elevavor .

means operatively associated therewith, and in
the form illustrated herein this elevator means
comprises g pair of trailing edge elevator flaps
{5 mounted on the rear edges of the inbhoard wing
panels {{ and on opposite sides of the vertical fin
i3 and rudder 14, _

Where the present invention is employed with
wing structure having a . substantial forward
sweep, it is possible to employ trailing edze flaps
16 along substantially the entire length of the
rear edges of the outboard wing panel 2, and
these flaps {6 may thereby serve not enly as ailer-

. ons but also, by reason of their great extent along
the wings, may serve as high 1lift devices to facil-
itate take off, climbing and landing,

In accordance with the present invention the
outhoard or leading wing panels {2 of wing struc-
ture are disposed so thaf their mean center of
lift is disposed substantially forwardly of the cen-
ter of gravity of the airplane at all times, and
the mean center of lift of the inbeard or trailing
wing panels is disposed substantially rearwardly
of this center of gravity at all times, ang the two
pairs of wing panels are so constructed and re~
lated to each cother and to the center of gravity
of the airplane -that as the airplane varies from
normal level flight, or from any trimmed attituds
of flight, the lifting astion of the two pairs of
wing panels is varied in such a way as to tend
to restore the airplane to its normal level flight
attitude or other trimmed attitude. This end is
attained under the present invention in such a
manner that the wing panels function with reia-
tively high efficiency at all normal flizht attitudes
and as a result the airplane as a whole is capable
of effective use in a commercial sense.

Thus as shown in Fig. 7 of the drawings the
mean center of lift of the leading wing panels
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is changed in suich 2 manner gs to tend tc restore
the airplane to ifs normal level flight attitude,
and in accordance with the present invention this
is accomplished in such a manner that the wing
panels {1 and i2 operate with high efficiency at
all times, This end is attained by the provisica
of different but well defined and well understood
airfoil characteristics in the two pairs of wing
panels (i and (2 so that the pairs of wing panels
will not only operate efficiently but will 2t ail
times apply their Hiting forces in such a relation
to the center of gravity and in such amounts as
to impart the desired levelling or restorinig action
to the airplane. In accomplishing this result the
leading panels {2 are so formed and related fo
the form of the trailing panels #§ that the lead-
ing panels 12 ftend to stall before the ftrailing
panels. This end may be attained in different
ways, as for exampile, by using the same airfoil
section in both the leading and trailing panels
and sefting the leading panels at a slightly great-
er angle of inciden:ze than the traiiing wing pan-
els. Another manner of attaining such a rela-
tionship of the stalling characteriztics of the two

" pairs of wing panels is by using the same angle
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of incidence for bhoth pairs of wing panels and
employing different airfoil sections in the two
pairs; and o combination of these two modes of
procedure may of course bs employed., However,
I prefer to employ. an unstable or substantially
unstable airfoil section in the leading panels 2
and to modify this same airioil section to pro-
duce stable characteristics therein for use in the
trailing panels {f, .

Thus in Fig. 6§ I have illustrated an unstable
airfoil section, which may he of the form idsnti-
fied as the NACA airfoil section IM¥o. .0012, and

_deseribed in Report Mo. 669 published in 1838 by
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the Mational Advisory Committee for Aeronau-
tics, and which may be used for the leading pan-
els 12, while in Fig, 5 I have illustrated a mecdifi-
cation of this ajr foil section whereby stable
characteristics are attained which render it
suitable for use in the trailing wing panels 1.
A comparison of Fig. 5 and Fig. 6 will show that
in producing the stable airfoil of Fig. 5, the up-
per and lower cambers have been modified, as
compared with the unstable airfoil of Pig. 6, by
increasing the lower ordinants and by decreas-
ing the upper ordinants along the various sta-
tions of the upper and lower cambers. It will be
observed, however, in Fig, 4, that the airfoil sec-
tion of Fig. 6 is employed at the stub or outer
ends of the inboard panels {{ and is modified
progressively to approach the airfoil section of
Fig. 5 which is attained at the longitudinal cen-
ter line of the wing structure. Thus while the
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.airfoil section of the wing panels Il is varied as
above described, it should be observed that the
unstable airfoil section of Fig. 6 is employed
throughout the entire length of the outer or
leading wing panels 12. The leading panels 12
are set at an angle of incidence, determined by
usual considerations known in the art, in ac-
cordance with the speed, wing loading and alti-
tude for which the airplane is primarily intend-
ed, to thereby attain optimum lift-drag relations
and other performance characteristics for the
leading wing panels; and the inboard or trailing
wing panels i( are set at a less angle of incidence
such that the lift created by the trailing wing
panels will act during normal level flight through
the moment arm which is then effective to sup-
port its proportionate share of the weight of the
plane and thereby overcome the opposite mo-
ment induced by the leading wing panels (2
about the center of gravity of the airplane,
whereby a state of equilibrium is effected during
level flight.

Thus, in the airplane of this invention, in con-
tradistinction to airplanes of the flying wing
type as heretofore proposed, unstable and stable
airfoil sections are employed respectively in the
leading and trailing wing panels, and these air-
foil sections are constructed and arranged to af-
ford different centers of lift which are so relat-

ed to the center of gravity of the airplane that g

the cooperative action of such airfoil sections
imparts opposed stalling and pitching moments
respectively to the airplane. This results in un-
usua] efficiency in normal level flight and insures
that proper and effective recovery moments will
be induced when the airplane deviates from a de-
sired level flight course. ] '
Hence, with the foregoing arrangement, when
the airplane deviates from its level flight condi-
tion and is displaced toward either a climbing or
diving attitude by causes other than control, the
forces exerted selectively by the leading and

trailing wing panels cause the airplane to.re-

turn to a state of equilibrium in level flight.
Thus, when the airplane assumes a climbing at-
titude, the angle of attack of both the leading
and trailing wing panels is increased and while
the lift of both pairs of panels is accordingly in-
creased, and by reason of the stable characteris-
tics of the trailing wing panels, such increase in
lift is accompanied by rearward shifting of the
center of pressure of these trailing wing panels,
to thereby increase the moment arm at which
the 1ift of the trailing panels is applied, while at
the same time, the unstable character of the
leading wing panels causes this increase in lift
t0 be accompanied by a substantially unchanged
positioning of the center of lift of the leading
panels. Hence, the forward pitching moment
produced by the trailing wing panels overcomes
the reverse or opposite turning moment or stall-
ing moment produced by the leading wing pan-
els, and as g result the airplane is returned to its
normal condition of equilibrium in level flight.
The foregoing characteristics of the airplane
of this invention are of particular merit where
the angle of attack approaches the stall angle,
for at this time the center of pressure of the
leading wing panels moves slightly rearwardly,
and simultaneously with the attainment of the
stall angle of the leading wing panels, the unsta-
ble characteristics of the leading wing panels
cause the center of pressure or lift thereof to
move abruptly rearwardly toward the center of
gravity of the airplane, foreshortening the mo-
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ment arm of the forward wing panels, and at the
same time the trailing panels are approaching
their maximum lift with a rearward movement
of the center of lift, thereby producing a power-
ful turning about the center of gravity through
the thus extended moment arm of the trailing
wing panels, thereby producing a powerfui re-
covery moment. .

As the airplane has stalled and has been
pitched forwardly by the recovery moment as
aforesaid, its previous speed has of course been
lost, but as it starts in a downward direction in
a gliding or diving attitude its speed is re-
covered, and since the angle of attack of the
trajling wing panels has been reduced to. a low
or even hegative value, the load is thrown en-
tirely upon the leading wing panels so that these
leading wing panels exerts a further recovery
moment in an epposite direction to bring the air-
plane out of its dive or glide and restore the same
to its condition of equilibrium in level glide or
flisht depending whether the power is off or on.
It will be recognized that where the airplane is
flying at power-on conditions, there will ordi-
narily be but a slight nosing down of the plane
as it recovers from a stall condition as just de-
seribed, for with the airplane of the present in-
vention a total stall is never reached and hence
the airplane in every instance has at least some

- flying speed at the time when the corrective

pitching moment is applied to bring the airplane
out of an impending stall.

In the event that conditions other than control
cause the sirplane to nose down into a glide or
dive, the airplane is thrown out of its normal
state of longitudinal equilibrium, and the lift on
the leading panels at this attitude is of greater
relative magnitude due to the combination of the
forward shifting the center of pressure of the
trailing panels and the resulting foreshortening
of their effective moment arm and its reduced
angle of the incidence, and hence the airplane is
returned to state of equilibritm in level fight.

In accordance with the present invention,
stability in a fiying wing {ype of airplane is real-
jized by so forming and relating the wing surfaces
to the longitudinal center of -gravity of the air-
plane that the mean center of area CA of the
effective lifting surfaces is located a substantial
distance rearwardly of such longitudinal center
of gravity CG and the mean areodynamic center
of the wing structure is arranged to be coinci-
dental with this longitudinal center of gravity.
By such an arrangement stability is cbtained
about the rolling, yawing and pitching axes of the
airplane.

In the airplane which is thus provided the
center of pressure of the leading supporting
panels is located a substantial distance forwardly
of the center of gravity of the airplane as shown
in Fig. 7, and the invention therefore enables
trailing edge wing flaps such as the flaps {5 and
i6 to be employed along substantially the entire
length of the trailing edge of the wings of the
airplane. Hence the invention enables the trail-
ing edge wing flaps to be utilized to produce im-
proved performance characteristics in the air-
plane. The flaps 16 may of course function as
ailerons for producing rolling moments in' the
airplane, and, in addition, may be used to pro-
duce stalling or pitching moments even while
accomplishing their functions as ailerons.

Such control of the elevators 15 and the con~
trol flaps 18 may be attained in different ways,

- as for example, by the control system illustrated
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diagrammatically in Fig. 8 of the drawings.
Since the flaps 18 extend throughout substan-
vially the entire length of the leading wing panels
12, the lowering of such fiaps {5 t0 act as high
1ift devices cannot produce side wash that would
disrupt normal air flow and cause reduction in
1ift in any particular section of such leading wing
panels, and hence the high lift action or effect
of the flaps {6 is substantially uniform through-
out the length of such leading wing panels and
the Hft distribution is substantially uniform
throughout the length of the outhoard panels.
As there shown a contro! stick 8 is pivoted at
19’ on a shaft 28 which is in turn supported for
rocking movement in stationary bearings 29’,
and hence the control stick {8 msay be rocked
about the axis of the shaft 28 from a normal mid-
position to attain control of the airpiane about
its rolling axis, or the control stick $8 may he
rocked from iront to rear about the mounting {9’
to attain control of the airplane about its pitch-
ing axis.

Thus, a link 2{ extends from the lower end of
the stick 18 to arm 21’ that depends from a shaft
22 mounted in bearings 22’. Arms 22 devend
from the shaft 22 and links 23’ extend to up-
standing arms 28’ on the elevators (5. There-
fore, when the stick 18 is rocked about the mount-
ing {8’, the elevators 15 may be raised or lowered
as desired for well understood purposes.

Moreover, a yoke 24 depends from the shaft
2§ and is disposed hetween a pair of collars 24’
fast on a shait 28 in spaced apart relation. The
threaded free ends of the shaft 2§ are passed into
turnbuckles 28’ which also have the threaded
ends of shafts 25 passed thereinto. The shafts
28§ are respectively connected to corresponding
ends of rockers 5’ so that when the control stick
12 is rocked about the axis of the shaft 28, this
is effective through the yoke 24, shafts 28, turn-
buckles 28’ and shafts 25 to rock the rockers 25’
in unison. Cables 27 extend belween the ends
of the rockers 25" and arms on the control flaps
8 and therefore when the rockers 28’ are moved,
the flaps {8 are manipulated in the conventional
manner. ’

In the airplane of the present invention, the
control fiaps {8 may also serve as high lift de-
vices. FHence, & crank {8a is provided which has
a gear 22a thereon that is maintained in a cen-
tered position by springs 2ie relative to gears
22a and 23a which are independently and respec-
tively connected to sprockets 24a and 25¢. A
chain %8¢ leads from the sprockets 24a to one
of the turnbuckles 2§’ and another chain 27a
leads to the other of the turnbuckles 98’ from
the sprocket 25a. When the gear 20a is centered
relative to the gears 2%g¢ and £3¢ and the crank
18a is operated, the turnbuckles 28’ are simul-
taneously rotated and this is effective through
the threaded ends of the shafis 25 to move the
rockers 25’ and thereby adjust the flaps {8 as
desired. If, however, the gear 28« is moved from
centered position to be meshed with only one or
the other of the gears %%a and 224, then but one
of the flaps 16 will be adjusted upon rotation of
the crank {8a, whereby independent adjustment
of the control flaps may he effected. For exam-
ple, the control crank may be actuated to pro-
duce edqual lengthening of the turnbuckles to
thereby cause lowering of the control flaps 8. A
high lift action or stalling moment is thereby
produced by the simultaneous lowering of the
two control flaps {8, and yet, during the time
when the two faps |5 are thus equally lowered,
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the control stick 09 may be rocked from side to
side to actuate the lowered control flaps (6 as
ailerons.

If it should be desired that longitudinal trim-
ming be effected, tabs 2§, Fig. &, may be provided
in the elevators 15 and a crank 28 may then be
arranged to enable manipulation of such tabs.
Yor example, sprockets 3§ and 38’ may be pro-
vided on the craunk 29 and relatively short chains
3{ and 31’ may be passed thereabout. Sprockets
§% and 22’ may then be operatively associated
with the tabs 28 and relatively short chains 23
and 38’ may be passed about these sprockets.
Pulleys 34 and 34’, centered rslative to the
mounting of the elevators 1%, are juxtaposed to
the sprockets 32 and 2%’, this arrangement en-
abling adjustment of the elevators without ef-
fect ukcn the adjustment of the tabs. Cables
d%a and 34b interconnect the free ends of the
chains 28 and 31" while cables 23z and 33b in-
terconnect the free ends of the chains 33 and
31 so that upon rotation of the crank 28, the tabs
28 may be adjusted to afford the desirved longi-
tudinal trim.

The present invention may alsc be incorporated
in airplanes of a relatively largs size such, for
example, as the embodiment of the invention
llustrated in Fig. 9 of the drawings. This air-
piane 5 is of the fiying wing type and embodies
a fuselage & having the wing structure project-
ing therefrom in opposite directions. This wing
structure has inboard or trailing wing panels 11’
and outhoard or lsading wing panels 12/, the
panels (2’ extending from the tips of the wings
inwardly to the lines 28 on the present insgtance.
In this embodiment of the invention the ordi-
nants of the wings are such throughout a sub-
stantial portion of the span of the wings that
they may serve to provide cargo or rassenger
carrying space within or hetween the upner and
Iower cambers of these portions of the wings,
and the fuselage 5’ is of a correspondingly large
size.

In the embodiment of the invention shown
in Fig. 9 of the drawing the forward sweep angle
and the dihedral angle of the wing structure
have been reduced considerably as compared with
the forward sweep angle and the dihedra}l angie
employed in the embodiment of the invention
shown in Figs. 1 to 6, but the area of the leading
wing paxels and the outward exiert thereof are
such that the mean center of nressure of the
leading wing panels is disposed substantially for-
wardly of the center of gravity of the airplane
in accordance with the fundamental principles
set forth hereinabove in connection with the de-
scription of IFigs. 1 to 7 of the drawing. The
airplane shown in Fig. 9 is of the multi-motored
type, there being four such motors M disposed
in spaced relation along the forward profiles of
the wing structure so that propellers 5’ driven
thereby are disposed forwardly of the leading
edge of the wings.

The outer or leading wing ranels 7’ are pro-
vided with trailing edge wing fAaps 8’ which
extend throughout substaniially the entire length
of the trailing edges of the leading wing panels
12" so as to function in the same manner as the
wing flaps {6, and elevator flaps {5’ are disposed
as trailing edge flaps on the inboard or trailing’
panels {1’ in substantially the same manper and
in substantially the same relation as in the em-
bhodiment of the invention disclosed in Figs. 1 to
7. 'The embodiment of the invention shown in
Fig. 9 is, however, provided with s vertical fin



2,417,189

9

12’ and an associated rudder 14’ on each side of
the center line of the airplane, these vertical fin
and rudder structures being disposed in the pres-
ent instance substantially at the lines 36 which
define the adjacent ends of the wing panels (i’
and 12’ on opposite sides of the longitudinal cen-
ter line of the airplane 25. The rudders 14’ may
be governed by conventional means well under-
stood in the art and such means therefore will
not be illustrated or described: and the elevator
flaps {5’ and the control flaps 1§’ may be oper-
ated by the means and in the manner described
in connection with the other embodiment of the
invention. Moreover, if desired, resort may be
had to other directional control means.

The present invention may also be embodied
in motorless airplanes or gliders, and one such
emboediment is illustrated in Fig. 10 of the draw-
ings. The glider 48 of this embodiment of the
invention has a wing structure which embodies
inner or trailing wing panels {1’* from the outer
ends of which outboard or leading wing panels
{2 are extended, and the forward sweep and the
dihedrsl angle in the wing structure thus pro-
vided are substantially the same as those em-
ployed in the embodiment of the invention shown
in Pig. 9. The glider 48 has g fuselage %'’ which
projects forwardly therefirom and the arrange-
ment is such that the center of gravity is dis~
posed forwardly of the mean center of pressure
of the inhoard or trailing wing panels {7 and
is disposed substantially rearwardly of the mean
center of pressure of the outboard or leading wing
panels 12’”’. The design and relationship of the
inner and outer wing panels 11’ and 12’ with
respect to each other and with respect to the
mean aerodynamic center of the airplane are
substantially the same as heretobefore described
with relation to the embodiment of the invention
shown in Figs. 1 to 7. The glider 48 is also pro-
vided with a vertical fin 13’ and a rudder 14"’
on loeated opposite sides of the center line of the
glider in substantially the same manner as in the
embodiment of the invention shown in Fig. 9 and
the rudder {4’ may be controlled by conventional
means. The vertical fins 13”* and the rudders 14"'
may he supplanted by other directional control
means, if desired. A tricycle type of landing gear
is advan’sageously emp'oyed on the glides 48 and,
as shown, includes spaced and aligned wheels as
&2 suitably supported heneath and from the wing
structure and a landing wheel T’ supported ke~
neath and from the nose of the fuselage §’’. The
glider 48 is adapted to he towed by means such
as a cable £3, and where the glider is to be coh-
trolled by a pilot riding in the glider, or by re-
mete control means, the glider is provided with
wing flaps (8’’ a2long substantially the entire
length of the trailing of the outboard or leading
wing panels {2’ and is provided with elevator
flaps 16" along the trailing edges of the wing
panels §1//, the flaps 15" and 16’ being actuated
by means such as that shown in Fig. 8. In the
drawings the flaps {8’’ are indicated in dotted
cutline, since these flaps may not be used in some
instances. Provision would also be made in such
an instance for actuation of the rudders i4’' by
the pilot or the remote control means.

In many instances it is desirable to operate the
glider withou$ a pilot or without a remote con-
trol means, and the glider provided by the pres-
ent invention is particularly adapted for such
use by reason of the inherent characteristics of
stability which are imparted thereto in the man-
ner described hereinabove with reference more
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particularly to Figs. 1 to 7. In such an instance
the rudders {4’’ are fixed in a stationary rela-
tionship wherein they merely form continuations
of the vertical fins {3’’ or other directional con-
trol means are employed. The trailing edge wing
flaps 16’ would also in such an instance be elim-
inated, but it should be noted that the elevator
flaps 15’ would be retained so that they may
serve as trim means or trim tabs which may be
set in accordance with the loading and the de-
sired fiying characteristics.

While in those instances where gliders have
been towed heretofore, it has been customary to
attach the tow line to the glider in such g manner
that the point of connection was disposed below
the vertical center of gravity, I have found that
the point of connection of the tow line to the
glider should be such that, at cruising speeds,
the thrust moment balances out the drag mo-
ment. of the glider to thereby establish g ZzZero
pitching moment ahout the center of gravity.
Thus, for example, in so far as the glider shown
in Pig. 10 is concerned, the point of connection
of the tow line to the glider is above the center
of gravity in order that the foregoing desidera-
tion may be realized. This overcomes the nor-
mal tendency of the glider to rise as the speed
thereof increases and results in the glider flying
in substantially the flight path of the airplane
towing the same.

From the foregoing description it will be ap-
parent that the present invention enables stability
to be attained in the flying wing type of airplane
in an efficient manner such that the overall effi-
ciency of airplanes of this type may be increased
sufficiently to render such planes commercially
practical. Moreover, the airplane of the present
invention is such that high lift devices may be
associated therewith in such a manner that the
efficiency of the wings is not reduced when such
high lift devices are thrown into operation.  The
present invention enables training edge wing flaps
to be used along substantially the entire trailing
edge of the wing structure so that uniformity of
airflow about the airfoil sections is attained even
when the trailing edge wing flaps are actuated
for purposes of control; and the present inven-
tion enables relatively large trailing edge wing
fiaps to be utilized as ailerons or as high lift
devices, and these two functions may be accom-
panied simultaneously by the trailing edge con-
trol flaps.

The provision of different airfoil sections in the
leading and trailing wing panels of the airplane
of the present invention not only enables the wing
structure to operate efficiently at all times but
also enables the leading and trailing wing panels
to cooperate in such a manner as to avoid com-
plete stalling or undesired diving of the airplane
and insure return to a condition of equilibrium
in level flight within the minimum time.

Hence, while T have illustrated and. described
preferred embodiments of my invention, it is to
ke understood that these are capable of variation
and modification and I therefore do not wish
to be limited to the precise details set forth, but
desire to avail myself of such changes and al-
terations as fall wﬂ',hm the purview of the fol-
lowing claims.

I claim:

1. In an airplane, a wing structure embodying
a pair of inboard wing panels constituting a
central structure and a pair of outboard wing
panels connected to and extending outwardly
from said central structure, said inboard and
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outkoard wing panels being connected together
and cosperating to define a continuous wing
structure having continuous leading and trail-
ing edges, direciional control means, trailing edge
means for trimming the airplane; elevator
mesans operatively associated with and carried by
said wing structure, said wing structure heing
so constructed and arranged that one of said
pairs of wing panels constitutes a leading pair
and the other of said pairs of wing panels con-
stitutes a trailing pair of wing panels, and said
wing structure being so constructed and ar-
ranged that its center of gravity is disposed rear-
wardly ¢f the mean center of lift of said leading
pair of pranels and is disposed forwardly of the
mean center of lift of said trailing pair of wing
panels, said wing panels being so constructed
and arrvanged that in any trimmed attitude of
the airplane szid leading pair of wing panels and
said trailing pzir of wing panels exert their re-
spective lifting forces with respect to the center
of gravity in such a relation as to effect a state of
longitudinal equilibrium in said airplane, said
tralling pair -of wing panels having an airfoil
section that is so constructed and arranged that
increased lift is accompanied by reward shifting
of the mean center of pressure thereof as
the airplane approaches its stalling angle to
thereby impart a corrective pitching moment
to the airplane about its cenfer of gravity, and
said leading pair of wing panels having an air-
foil section that is so constructed and arranged
that increased lift is accompanied by substan-
tially unchanged positioning of the center of
pressure thereof as the airplane approaches its
stalling angle.

2. In an airplane, a wing structure embody-
ing a pair of irhoard wing panels constituting a
central structure and a pair of outboard wing
panels connected to and extending outwardiy
from said central structure, said inboard and
outboard wing panels being connected together
and cooperating to define a continuous wing
structure having continuous lcading and trail-
ing edges, directional control means, trailing
edge means for trimming the airplane, elevator
means operatively associated with and carried
by said wing structure, said wing structure being
so constructed and arranged that one of said
pairs of wing panels constitutes the leading pair
of panels and has its mean center of lift dis-
posed forwardly of the center of gravity of the
airplane and so. that the other pair of wing
panels constitutes the trailing pair of wing panels
and has its mean center of lift dlsposed rear-
wardly of said center of gravity, said wing panels
being so constructed and arranged that in any
trimmed attitude said leading pair of wing panels
and said trailing pair of wing panels exert their
respective lifting forces with respect to the center
of gravity in such a relation as to effect a state
of longitudinal equilibrium in said airplane, said
trailing pair of wing panels having an airfoil
section constructed and arranged so that in-

creased lift is accompanied by rearward shifting

of the mean center of pressure thereof as the
airplane approaches its stalling angle to thereby
impart a corrective pitching moment to the air-
plane about its center of gravity, and said lead-
ing pair of wing panels having an airfoil seetion
so constructed and arranged that increased lift
is accompanied by substantially unchanged posi-
tioning of the center of pressure thereof as the
"airplane approaches its stalling angle and then
shifts the center of pressure thereof abruptly
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rearwardly when the stalling angle of the lead-
ing wing panels is substantially reached to there-
by render the pitching moment, induced as afore-
said, increasingly effective to return the airplane
to its normal level flight condition.

3. In an airplane, a wing structure embody-
ing a pair of inboard wing panels constituting
a central structure and a pair of outboard wing
panels connected to and extending oubwardly
from said central structure, trailing edge means
for trirnming the airplane, said inhoard and out-
hoard wing panels being connected together and
cocperating to define a continuous wing structure
having continuous leading and trailing edges,
directional contrcl! means, said wing structure
being so constructed and arranged that one of
said pairs of wing panels constitutes the lead-
ing pair of panels and has its mean center of lift
disposed forwardly of the center of gravity of the
airplane and so that the other pair of wing
panels constitutes the trailing pair of wing panels
and has its mean center of lift disposed rear-
wardly of the center of gravity of the airplane,
said wing panels being so constructed and ar-
ranged that in any trimmed attitude of flight said
leading pair of wing panels and said trailing pair
ci wing panels exert their respective lifting forces
with respect to the center of gravity in such a
relation as to effect a state of longitudinal equi-
librium in said airplane, said trailing pair of
wing panels having an airfoil section so con-
structed and arranged that increased lift is ac-
cempanied by rearward shifting of the mean
center of pressure thereof as the airplane ap-
proaches its stalling angle to thereby induce a
corrective pitching moment in the airplane about
the center of gravity of the airplane, said lead-
ing pair of wing panels having an airfoil section
so constructed and arranged that increased lift
is accompanied by abrupt rearward shifting of
the main center of pressure thereof when the
stalling angle of the leading wing panels is sub-
stantially_reached to thereby abruptly increase
the effectiveness of the pitching moment induced
as aforesaid by said trailing wing panels.

4 In an airplane of the flying wing type, a
wing structure consisting of a pair of inboard
wing panels constituting a ecentral structure and
a pair of outhoard wing panels connected to and
extending cutwardly from said central structure.
said Inboard and outhoard wing panels being
connected together and cooberating to define a
continuous wing structure having continuous
leading and trailing edges, directional control
menns, trailing edge elevator flaps extending
along substantially the entire length of said in-
board panels, and trailing edge control flaps ex-
tending along substantially the entire Iength of
said outward panels, said wing structure having
a forward sweep such that its center of gravity
is disposed rearwsrdly of the mean center of
IlifY of the outhoard wing panels and is disposed
forwardly of the mean center of lift of the in-
board wing panels, said wing panels being so
constructed and arranged that in any trimmed
attitude of the airplane szid leading pair of wing
panels and said trailing pair of wing panels exert
their respective lifting forces with respect to the
center- of gravity in such a relation as to effect
5 state of longitudinal eguilibrium in said air-
plane, and said trailing pair of wing panels hav-
ing an airfoll section so constructed and
arranged that -an increase in lift is accom-
panied by rearward shifting of the means center
of pressure thereof as the airplane approaches
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its stalling angle to thereby impart a correc-
tive pitching moment to the airplane, said
forward sweep being such that movement of
said confrol flaps to their extreme depending
positions produces a substantially uniform lift
distribufion thrsughout the length of said out-
hoard panels.

5. Tn an airplane of the flying wing type, a wing
structure consisting of a pair of inboard wing
panels constituiing a central structure and a pair
of outboard wing panels connected fto and ex-
tending outwardly from said central structure,
said inboard and outboard wing panels being con-
nected fogether and cooperating to define a con-
tinuocus wing structure having continucus lead-
ing and trailing edges, directional control means,
trailing edge elevator flaps extending along sub-
stantially the entire length of said inboard panels,
and trailing edge control flaps extending along
substantially the entire length of said outboard
panels, said wing structure having a forward
sweep such that its center of gravity is disposed
rearwardly of the mean center of lift of the out-
board wing panels and is disposed forwardly of
the mean center of lift of the inboard wing panels,
said wing panels being so constructed and ar-
ranged that in any trimmed attitude of flight said
leading pair of wing panels and said trailing
pair of wing panels exert their respective lifting
forces with respect to the center of gravity in such
a relation as to effect a state of longitudinal
equilibrium in said airplane, and said trailing
pair of wing panels being constructed and ar-
ranged with an airfoil section such that an in-

crease in lift is sccompanied by rearward shift- -
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ing of the mean center of pressure thereof as

the airplane approaches its stalling angle, said
forward sweep being such that movement of said
ceontrol flaps to their extreme depending positions

produces g substantially uniform lift distribution <4

throughout the length of said outboard panels,
and said outboard wing panels being construeted
and arranged with an airfoil section such that
an inerease in lift is accompanied by a substan-
tially unchanged positioning of the center of
pressure thereof as the airplane gpproaches its
stalling angle.

6. In an airplane of the flying wing type. a wing
structure consisting of a pair of inboard wing

panels constituting g central structure and a pair

of outhoard wing panels connected to and ex-
tending outwardly from said central structure,
seid inboard and ocutboard wing panels being con-
neacted together and connerating to define a con-

tinuous. wing structure having continuous lead- :

ing and trailing edges, directional control means,
trailing edge elevator flaps extending along sub-
stantially the entire length of said inboard panels,
and trailing edge control flaps extending along
substantially the entire lengzth of said outhoard
panels, said wing structure having a forward
sweep such that its center of gravity is disposed
rearwardly of the mean center of lift of the out-
board wing panels and is disposed forwardly of
the mean center of lift of the inboard wing panels,
said wing panels being so constructed and ar-
ranged that in any trimmed attitude of the air-
plane said leading pair of wing panels and said

trailing pair of wing panels exert their respective .

lifting forces with respect to the center of gravity
in such 2 relation as to effect a state of longitudi-
nal equilibrium in said airplane, and said trail-
ing pair of wing panhels being constructed and ar~

ranged with an airfoil section such that an in- .

‘crease in 1ift is accompanied by rearward shifting
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of the mean center of pressure thereof as the air-
plane approaches its stalling angle to thereby
induce a corrective pitching moment in the air-
plane, and said forward sweep being such that
movement of said control flaps to their extreme
depending positions induces shifting of the mean
center of pressure of said outboard wing panels
rearwardly through g range terminating forward-
ly of said center of gravity of the airplane,

7. In an airplane of the flying wing type, a
wing structure embodying a pair of inboard wing
panels and g pair of outboard wing panels con-
nected to and extending outwardly therefrom.
directional control means, elevator flaps and ¢on-
trol flaps operatively associated with and carried
by said wing structure, said wing structure having
a forward sweep such that its center of gravity
is disposed rearwardly of the mean center of liff
of said outhoard wing panels and is disposed for-
wardly of the mean center of lift of the inboard
wing panels, said wing panels being so constructed
and arranged that in any trimmed attitude of
flight said outboard wing panels and said inboard
wing panels exert their respective lifting forces
with respect to the center of gravity in such a
relation as to eflect a state of longitudinal equi-
librium in said airplane, said trailing pair of wing
panels having an airfoil section so constructed
and arranged that an increase in 1ift is accom-
panied by rearward shifting of the main center
of pressure thereof as the airplane approaches
its stalling angle to thereby produce a corrective
pitching moment in the airplane about the cen-
ter of gravity of the airplane, said leading pair of
wing panels having an airfoil section so con-
structed and arranged that an increase in lift is
accompanied by an abrupt rearward shifting of
the ‘mean center of pressure thereof when the
stalling angle of the leading wing panels is sub-
stantially reached to thereby increase the effec-
tiveness of the aforesaid corrective pitching mo-
ment, and said forward sweep being such that
movement of said control panels to their fully
lowered positions induces shifting of the mean
center of pressure of said outboard wing panels
rearwardly through a range terminating forward-
ly of the center of gravity of the airplane.

8. In an airplane of the flying wing tyve, a
wing structure consisting of a pair of inboard
wing panels and a pair of outhoard wing panels
connected to and extending outwardly therefrom,
said inhoard and outhoard wing panels beifig con-
nected together and cooperating to define a con-
tinuous wing structure having continuous leading
and trailing edges, directional control means,
trailing edge elevator flaps extending along sub-

‘stantially the entire length of said inboard panels,

and trailing edge control flaps extending along
substantially the entire length of said outboard
panels, said wing structure having a forward
sweep such that the center of gravity of the air-
plane is disposed rearwardly of the mean center
of lift of the outboard wing panels and is disposed
forwardly of the mean center of lift of the in-

5 board wing panels, said wing panels being so

constructed and arranged that in any trimmed
attitude of the airplane said outboard wing panels
and said inboard wing panels exert their respec-
tive lifting forces with respect to the center of
gravity in such a relation as to effect a state of
longitudinal equilibrium in said airplane, and
said inboard wing panels having an airfoil sec-
tion so constructed and arranged that gn increase
In lift is sccompanied by rearward shifting of
the mean center of pressure thereof as the air-
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plane approaches its stalling angle to thereby
induce a corrective pitching moment in the air-
plane about the center of gravity of the airplane,
said forward sweep being such that movement
of said control flaps in unison to selected de-
pending positions produces a substantially uni-
form lift distribution throughout the length of
said ocuthoard panels, a control stick operatively
associated with said trailing edge elevator flaps
to impart movement thereto when said control
stick is moved in one direction and having ac-
tuating connections with said ccntrol flaps to
actuate said control flaps as ailerons when said
control stick is moved in another direction, and
means operable to adiust said sctuating connec~
tions to operate said control flaps as high lift
means in vnison in the same direction.

9. In an 2irplane of the fiFing wing type, 2
wing structure consisting ef a psir of inboard
wing panels and g pair of outboard wing panels
connected 10 and extending outwardly therefrom,
said inboard and outboard wing panels being con-
nected together and cooperating to define a con-
tinuous wing structure having continuous lead-
ing and trailing edges, directional control means,
trailing edge elevater flaps extending along sub-
stantially the entire length cf said inboard panels,
and trailing edge conirol flaps extending along
substantizlly the entire lsngth of said outboard
panels, said wing structure having a forward
sweep si:h that the center of gravity of the air-
plane is disposed rearwardly of the mean center
of ¥t of the cutboard wing panels and is disposed
forwardly of the mean center of lift of the in-
board wing panels, said wing panels keing se con-
structed and arranged that in any trimmed atti-
tude of the airplane said outhoard wing panels
and sald inboard wing panels exert their respec-
tive lifting forces with respect to the center of
gravity in such a relation as to effect a state of
longitudinal equilibritm in said airplane, and said
inboard wing panels having an airfoil section so
constructed and arranged that an increase in 1ift
is accompanied by substantial rearward shifting
of the mean center of pressure thereof ss the
airplane appreaches its stalling angle, said for-
ward sweep being such that movement of said
control flaps in unison to their extreme depend-
ing positions causes shifting of the mean center
of lift of said outboard panels rearwardly through
a range terminating forwardly of said center of
eravity of said airplane sand prosduces a substan-
tially uniform lift distribution throushout the
length of zaid ocutboard panels, a control stick
operatively associated with said trailing edge ele-
vator Aans to impart movement thereto when said
conirol stick is moved in one direction and hav-
ing actusting connections with said control flaps
to actuate said control flaps as ailerons when
said control stick is moved in another direction,
and means operable to adiust said actuating con-
nections to operate said control flaps in unison in
the same direction.

10. In 2an airplane of the flying wing type, a
wing structure consisting of 2 pair of inboard
wing panels and a pair of outboard wing panels
connected to and extending oufwardly there-
from, directional conirol means, trailing edge ele-
vator flaps extending along substantially the en-
tire length of said inbkeard panels, and trailing
edge control flaps extending along substantially
the entire length of said outhboard panels, said
wing structure having a forward sweep suzh that
said mean centers of lift of the outboard wing
panels and said inboard wing panels are disposed
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in spaced relation forwardly and rearwardly, re-
spectively, in relation to the center of gravity of
said airplane, sald wing panels being so con-
structed and arranged that in any trimmed atii-
tude of the airplane said outboard pair of wing
panels and said inboard pair of wing panels exert
their respactive lifting forces with respect to the
center of gravity in such a relation as to effect
a state of lomgitudinal equilibrium in said air-
plane, and said inboard palr of wing panels hav-
ing an sirfoil section g0 constructed and arranged
that an incregse in liff is a:zcompanied by rear-
ward shifting of the mean center of pressure
thereof as the airplane approaches its stalling
angle, said forward sweep being such that move-
ment of said control! flaps ag high lift devices to
their extreme depvending positions produces a
substantially uniform lift distribution throughout
the length of gaid outhoard panels with the cen-
ter of pressure in all portions of said outboard
panels disposed forwardiy of the center of gravity
of the airplane, control means for operating said
control flaps szlectively as high lift devices, as
ailerons, and as ailerons while said control Haps
are acting as high lift devices.

11. In an airplane of the flying wing type, a
wing structure consisting of a pair of inboard
wing paneils and a pair of outhoard wing panels
connected to and extending outwardly therefrom,
directional control means, trailing edge control
flaps extending along substantially the entire
length of said outboard panels, said wing strue-
ture having a forward sweep such that its center
of gravity is disposed rearwardly of the mean
center of lift of the outhoard wing panels and is
disposed forwardly of the mean center of lif{ of
the inbecard wing ranels, said wing panels being
s0 constructed and arranged that in any trimmed
attitude of the airplane said outhoard pair of
wing panels exerts a greater lifting force than the
lifting force exerted by said inhoard pair of wing
panels, and said outboard pair of wing panels and
said intoard pair of wing panels exert their re-
spective lifting forces with respeczt to the centfer
of gravity in such a relation as to eifect s state
of longitudinal equilibrium in said airplane, and
said outboard pair of wing panels being formed
from 2 substantially unstable airfoil section so
disposed as to approach g stall prior to stalling of
said pair of inboard wing panels and said inboard
pair of wing panels being formed from an air-
foil section wherein an increase in lift is accom-
panied by a substantial rearward shifting of the
mean center of pressure as the airplane ap-
proaches its stalling angle, said forward sweep
being such that movement of said control flaps to
their extreme depending positions produces a sub-
stantially uniform lift, distribution throughout
the length of said outboard panels, and control
means for operating said trailing edge wing flaps.

12. In an airplanc of the flying wing type, a-
wing structure consisting of g pair of inboard
wing panels and a pair of outboard wing panels
connected to and extending outwardly therefrom,
directional control means, trailing edge control
flaps extending along substantially the entire
length of said outboard panels, said wing struc-
ture having a forward sweep such that its center
of gravity is disposed rearwardly of the mean
center of 1ift of the outboard wing panels and is
disposed forwardly of the mean center of Hft of
the inboard wing panels, said wing panels being
so constructed and agrranged that in any trimmed
attitude of the airnlane said outboard pair of
wing panels exerts a greater lifting force than the
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lifting force exerted by said inboard pair of wing
panels and said outboard pair of wing panels and
said inboard pair of wing panels exert their re-
spective lifting forses with respect to the cenfer
of gravity in such g relation as to effect a staie
of longitudinal equilibrium in said airplane, and
said outboard pair of wing panels comprising air-
foil sections so formed and dispoesed as to ap-
proach a stall prior to stalling of said pair of in-
board wing panels and said inboard pair of wiag
panels comprising airfoil sections wherein an in-
crease in 1ift is accompanied by substantial rear-
ward shifting of the mean center of pressure as
the airplane approaches its stalling angle, said
forward sweep being such that movement of said
control flaps to their extreme depending positions
produces a substantially uniform lift distribution
throughout the length of said outboard panels
with the centers of lift throughout said outboard
panels disposed in every instance forwardly of
the center of gravity of the airplane.

13. In an airplane of the flying wing type,
a wing structure consisting of a pair of inboard
wing panels and a pair of outboard wing panels
connected to and extending outwardly there-
from, directional control means, trailing edge
means for trimming the airplane, said wing strue-
ture having a forward sweep such that its center
of gravity is disposed rearwardly of the mean
center of lift of the outboard wing panels and

is disposed forwardly of the mean center of Iift

of the inboard wing panels, said wing panels being
so constructed and arranged that in any trimmed
attitude of the airplane said outhoard pair of
wing panels exerts a greater lifting force than
the lifting force exerted by said inboard pair
of wing panels and said outhoard pair of wing
panels and said inboard pair of wing panels exert
their respective lifting foreces with respect io
the center of gravity in such g relation as to effect
a state of longitudinal equilibrium  in said air-
prlane, and said outboard pair of wing panels com-
prising airfoil sections so formed and disposed
as to-approach a stall prior to stalling of said pair
of inboard wing panels and said inboard pair of
wing panels comprising airfoil sections wherein
increased lift is accompanied by substantial rear-
ward shifting of the mean center of pressure as
the airplane approaches its stalling angle,

14, In an airplane of the fying wing type, a
wing structure consisting of a pair of inboard
wing panels and a pair of outhoard wing panels
connected to and extending outwardly therefrom.
directional control means, trailing edge elevator
flaps extending along substantially the entire
leneth of said inboard panels, and trailing edge

control flaps extending along substantially the.

entire length of said outboard panels, said wing
structure having a forward sweep such that said
mean centers of lift of the outboard wing panels
and sald inboard wing panels are disposed in
spaced relation forwardly and rearwardly, respec-
tively, in relation to the center of gravity of said
airplane, said wing panels being so constructed
and arranged that in ahy trimmed attitude of the
airplane said outboard pair of wing panels and
said inboard pair of wing panels exert their re-
spective lifting forces with respect to the center
of gravity in such a relation as to effect a state
of lengitudinal equilibrium in said airplane, and
said inboard pair of wing panels having an airfoil
section so constructed and arranged that an
increase in 1ift is accompanied by rearward shift-
Ing of the mean center of pressure thereof as
the airplane approaches its stalling angle, sald
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forward sweep being such that movement of sald
control flaps as high 1ift devices to their extreme
depending positions produces a substantially uni-
form lift distribution throughout the entire length
of said outboard panels and throughout the oper-
ative range of sald control flaps, control means
including a control stick for operating said con-
trol flaps as ailerons, and control means operable
selectively upon said contrel flaps to adjust said
control flaps in unison as high 1ift devices or to
adjust said control flaps independent of each
other as high 1ift devices. '
15, In an airplane of the flying wing type,
a wing structure consisting of a pair of inboard
wing panels and a pair of outboard wing panels
connected to and extending outwardly therefrom,
directionsl control means, trailing edge elevator
flaps extending along substantially the entire
length of said inboard panels, and trailing edge
control flaps extending along substantially the
entire length of said outboard panels, said wing
structure having a forward sweep such that said
mean centers of lift of the outboard wing panels
and said inhcard wing panels are disposed in
spaced relation forwardly and rearwardly, respec-
tively, in relation to the center of gravity of said
airplane, said wing panels being so constructed
and arranged that in any trimmed attitude of
flight said outboard pair of wing panels and said
inboard pair of wing panels exert their respective
lifting forces with respect to the center of gravity
in such a relation as to effect a state of longi-
tudinal equilibrium in said airplane, and said
inboard pair of wing panels having an airfoil
section so constructed and arranged that increase
in lift is accompanied by rearward shifting of
the mean center of pressure thereof as the air-
plane approaches its stalling attitude, said for-
ward sweep being such that movement of said
control flaps as high lift devices to any depending
position within the operative range thereof pro-
duces a substantially uniform 1lift distribution
throughout the entire length of said outboard
panels, control means for operating said control
flaps selectively as high lift devices, as ailerons,
and as ailerons while said control flaps are act-
ing as high 1ift devices, trim flaps mounted on
the respective elevator flaps, and means operable
independently of the adjustment of said elevator
flaps to impart adjusting movement to said trim
flaps substantially in unison. ‘
GEORGE W, CORNELIUS.
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