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This invention relates to certain improve-
ments in airplanes; and the nature and ob-
jects of the invention will be readily appar-
ent to and understood by those skilled in the
aeronautical art in the light of the following

" explanation and detailed description of the

accompanying drawings illustrating what I

at present believe to be the preferred em-

bodiments or aerodynamical and mechanical
10 expressions of my invention from among va-
" rious other forms, arrangements, combina-
tions and constructions of which the inven-
tion is capable within the spirit and the scope
thereof. :

More specifically the invention has to do
with and is directed to airplane wings, or
supporting or lift surfaces of those general
t}')lrpes in” which variable lift is obtainable
through the employment of a pivotally
go mounted lower or under surface, or so-called

wing flap, capable of depression or down-
ward swinging to positions such that through

_the establishment of pressure differences on

increased lift is developed by and from a

256 wing or supporting surface; and a general
characteristic of the instant invention re-
sides in the provision of such a pivoted sur-
face or wing flap with a balance portion,
which preferably forms a unitary structure

so therewith, and through the medium of which
more efficient operation and control of such
surface or flap is made possible, and a tend-
ency of the surface or flap toward automatic
functioning or operation to vary the wing

35 1ift in accordance with changes in the angle
of attack of the wing, obtains.

a6

In certain types of airplane wings, sup-

porting, or lift surfaces, air displacement
openings, slots, or passages are provided by
40 which the lift of the wing or surface is
“varied, through the control of air displace-
ment therethrough, either by means of vanes,
flaps or the like, or by the angle of attack
of the wing, or by both such means; and a
45 further characteristic and feature of the in-
vention resides in the provision with such

general types of wings or surfaces, of the"

pivoted surface or wing flap having the
balance portion, in which the balance portion
80 forms and provides the means or medium

for controlling air displacement through a
wing opening, slot, or passage, in accordance
with the position of the pivoted surface or
flap; and in the further feature and charac-
teristic with certain forms of such types of s
wings, of both the pivoted surface or flap and
the balance portion thereof performing the
function of controlling the air displace-
ment through the wing slots or passages;
such features and characteristics having the
attendant objects of obtaining more efficient
operation and control of the wing and the
pivoted surface or wing flap thereof, and
of developing the tendency of the balance
portion to cause automatic functioning and
operation of the surface or flap. _

Another feature of the invention is the
structural and mechanical simplicity ob-
tained in a wing having the foregoing charac-
teristics, by which practical manufacture is
made possible, and a design and structure
produced having the required factor of safety
with minimum weight and efficient aerody-
namically in operation, while retaining ease
of operation and control for the pivoted sur-
face or wing flap through simple yet efficient
mounting thereof in the wing structure.

With the foregoing general characteristics
and objects, as well as certain other objects
and results in view, which will be at once
apparent from the following explanation,
the invention consists in certain novel fea- |
tures in design, and in-combinations and con-
struction of elements thereof, as will be more
fully and particularly referred to and speci-
fied hereinafter. v o :

Referring to-the accompanying drawings:

" Fig. 1 is a transverse sectional view, more
or less diagrammatical, through a wing of the
air displacement passage type embodying the
balanced wing flap unit of the invention in-
corporated therein. - ,

Fig. 2 is a view similar to Fig 1, in which
the displacement passage provides an open-
ing or slot through the upper surface of the
wing and controlled by the balanced flap unit.

Fig. 3is a view similar to Fig. 1, of 2 modi-
fied design and arrangement of wing and bal-
anced flap of the invention. R

Fig. 4 is a view of the wing of Fig. 8, show-
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ing a modified mounting and arrangement of

- the wing flap balance portion or member.

Fig. 5 is a transverse, vertical section, more
or less diagrammatical, through a design of
wing having an air displacement slot there-
through, with a form of balanced wing flap of
the invention in which the balance portions of
the flap control the slot and the flap is remote
from the slot.

Fig. 6 is a transverse, vertical section, more
or less diagrammatical, through a wing of a
type without air displacement openings, slots,
or passages, with a balanced flap of the inven-
tion mounted thereon and embodied therein.

Several ‘types, designs, and forms of air-
plane wings or supporting surfaces have
been selected and are disclosed and described
herein, together with several forms and ar-
rangements of the invention as adapted to
such wings and embodiment and incorpora-
tion therein in order to carry out and pro-
duce the invention, but these disclosures are
by way of example and not of limitation for
the purpose of explaining and bringing forth
the principles and various features of the in-
vention so that those skilled in the art will
understand the same. Other forms and de-
signs of wings than the particular examples
here shown are adapted to application and
embodiment of the invention thereto and
therein, with the necessary changes in design,
construction, arrangement and mounting of
the elements making up the invention, to con-
form to the requirements of such wings, and
this invention contemplates and includes
such other adaptations and embodiments.

One form of wing or supporting surface
embodying an adaptation of the invention in-
corporated therein, is more or less diagram-
matically shown in Fig. 1, in which a wing A
of the type having an air displacement pas-
sage therein and therethrough, is disclosed.
This wing A comprises an upper section or
aerofoil 10 having the leading edge portion
11, of a thickness or depth to carry the for-
ward spar or longitudinal beam (not shown)
for the wing if desired, relatively thin upper
intermediate portion 12, and trailing, edge
portion 14, with a lower section or aerofoil 15
having the pivoted surface or flap forming
rear portion 16 pivotally mounted at 17,
which is preferably a wing beam or spar for

- the lower aerofoil 15, along the trailing edge

65
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of the forward fixed section of aerofoil 15 and
forming with such forward section the com-
plete Iower aerofoil 15. The lower aerofoil 15
1s mounted and disposed with the forward
portion carrying beam 17 in fixed position be-
low the intermediate, thin portion 12 of upper
aerofoil 10, with its leading edge spaced rear-
wardly from the leading edge portion 11, and
with the pivoted trailing flap portion 16 in
normal raised position (see dotted lines) ex-
tending rearwardly from the fixed forward
portion of aerofoil 15, to and received in an
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under recess 14’ in the trailing edge portion
14 of upper aerofoil 10.

Thus, wing A presents a structure having
the air displacement passage 18 there-
through, between upper and lower aerofoils
10 and 135, with its forward inlet end opening

“through the under surface of wing A, be-

tween the leading edge portion 11 of upper
acrofoil 10 and the leading edge of lower
aerofoil 15, and with its rear discharge end
through the under surface of the wing, but
normally closed by the pivoted flap portion
16 of the lower aerofoil in raised’ position.
The pivoted portlon 16, in normal raised po-
sition forms with the forward fixed portion
of aerofoil 15, the lower or under surface
carrying out the contour and completing the
aerofoil section of the wing A, while in its
depressed or downwardly swung position
shown in full lines in Fig. 1, the rear or dis-
charge end of passage 18 is opened and
formed between trailing edge portion 14 of
upper aerofoil 10, and the pivoted flap por-
tion 16 of lower aerofoil 15. This wing A is
of the -so-called “Hall” variable or higﬁl lift
type familiar in the aeronautical art and the
principles, functions, and results of which
are broadly explained and described in
United States Letters Patent 1,559,091, dated
October 27, 1925, and to which reference is
here made.

In accordance with the principles of the
instant invention, the pivoted trailing edge,
wing flap forming portion 16 of the under
surface forming aerofoil 15, of wing A, is
provided with a balance portion or member
20 which is formed, in the example hereof,
rigid and movable with pivoted flap 16 and
forming a unitary structure therewith, but
disposed spaced and remote from pivoted sur-
face or flap 16. The balanced flap unit
16—20, of Fig. 1, provides a spaced series
of cantilever support members or arms 21,
secured to flap 16 adjacent the leading edge
thereof and extending upwardly and for-
wardly therefrom over and across the fixed
forward section of lower acrofoil 15, through
air displacement passage 18, to points above
and substantially in line with the forward in-
let end of displacement passage 18, only one

_of such arms 21 being seen in the transverse

sectional view of Fig. 1. The balance por-
tion or member 20, in the prosent instance,
tales the form of a vane of substantially
aerofoil section, although not so limited, and
is mounted and secured to and extending
across and between the forward ends of arms
20, so as to be positioned thereby in normal
raised discharge closing position of pivoted
surface or flap 16, in position closing the for-
ward inlet end of wing passagé 18 and form-
ing a portion of the under surface of wing
A; as clearly shown by &hia dotted line posi-

tions of balance member 20 and wing fiap 16,

in Fig. 1.

70

75

80

85

90

95

100

105

116

1i5

i2¢

105



10

18

20

28

30

36

“face of normal wing

1,818,833

The pivoted under surface or wing flap 16
is swingable downwardly to the full line po-
sition shown in Fig. 1, any suitable operat-
ing and control mechanism (not shown) be-
ing of course provided, and 1n such position
opens. the discharge end of wing passage 18
and functions to increase the lift developed
from and by the wing, it here being noted
that in the preferred mounting of flap 16, its
axis along 17 is forward of the center of
wing A. As flap 16 is swung downwardly,
the balance member 20 rigid therewith,
through supporting arms 21, is swung up-
wardly into the wing passage 18, from and
opening the forward inlet end thereof
through the under surface of the wing, as
shown in full lines in Fig. 1;thus permitting
the dispiacement passage to function in co-
operation with the lowered flap to increase
the lift of wing A. Similarly, from passage
opening, lift Increasing position, the bal-
anced flap unit 16—20, 1s swung to raise flap
16 to.normal pesition closing the discharge
end of passage 18, and to lower balance por-
tion 20 to normal position closing the for-
ward inlet end of passage 18, with flap 16 and
balance member 20, disposed within and
forming portions of tl}:ée under or lower sur-
-, With wing A in its high speed condition
the wing flap 16 and its balance member 20,
are in t%eir normal dotted line positions of
Fig. 1, but when it is desired to Increase the
lift of wing A, the flap A is swung down-
wardly while the balance portion or member
20 swings upwardly to open the inlet end of

. passage 18, the member 20 being acted upon

40

&0

55
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85

by the ir pressure and affording balance for .
. the flap 16, materially aiding the operation’

and control of the flap in moving or swingin
the same to lowered passage opening an
high lift positions. In the reverse or flap
raising, passage closing position, balance is
also given the flap by the downwardly mov-
ing forward and remote balance member 20,
with resulting ease and smoothness of opera-
tion and.control of the flap 16, in swinging
the same from lowered, high lift position, to
normal raised, high speed condition for the
wing A. The balance portion or member 20
thus functions throughout the operation and
control of. the pivoted wing surface or flap
16, which control and operation is usually
manual, to give a greater ease, and uniform-
ity and smoothness of operation, with an in-
creased efficiency for the wing A.

With the mounting and arrangement of
the balanced flap unit 16—20, through the
usual range of flight angles for the wing A,

the relative difference in under pressure upon -

the balance member 20 and flap 16, is such
that the resulting forces tend to depress the
flap portion at high angles of attack and de-

velop increased 1ift, while at low angles of

attack the resulting forces tend to raise the

3

flap 16 to decrease the lift for the high speed -
conditions of the wing. This tendency of
the balanced flap unit of and forming a part
of the wing A, to automatically function in-
creases the efficiency of the wing as well as
giving the desired ease of operation and con-
trol of the unit. - :

In Fig. 2, the wing A is formed with an
additional air discharge slot or opening 19

70

through the relatively thin intermediate por- 78

tion 12 of upper aerofoil 10, aft or to the rear
of the forward fixed portion of lower aero-
foil 15, and above the pivoted surface or wing
flap 16. Each of the balance member sup-

porting arms 21 is provided with an upward 8¢

and rearward extension 22, and a member or
vane 23, in this instance similar to balance
vane 20, is secured across and to the upper.
ends of arm extensions 22, in position with

respect to flap 16 such that in the normal 85"

raised position of flap 16, the vane 23 is dis-
posed in and closing passage discharge slot
19, as shown by dotted lines in Fig. 2, while
in high lift, lowéred position of flap 16, the

vane 23 is in the full line, slot 19 opening ¢

position, as shown in the drawings. The
vane 23 thus forms an element of the bal-
anced flap unit 16—20, and by designing the
vane 23 to vary the shape and proportions

‘thereof, the magnitude and direction of

forces thereon can be varied to meet the re-
quirements of operation and control of the.
balanced flap unit and the wing in which in-
corporated. '

A modified design of air displacement 109

passage wing A’ is disclosed in Fig. 3, the
upper aerofoil section 10” of which is formed
with the forwardly extending air displace-
ment passage 18" terminated at its forward
end by the relatively narrow leading edge
séetion 11, and between the lower aerofoil
section 15—~16 and the upper aerofoil 10,
The forward inlet end of passage 18 .is -
through the under surface o%) wing A’ and

105

between the leading edge of the forward fixed 110

portion 15 and the leading edge section 11’ of
upper aerofoil 10°. The lower aerofoil sec-
tion 15—18, is spaced forwardly a greater dis-

“tance than in the wing A of Fig. 1, and due
to the thickness or depth of the intermediate 1

portion of upper aerofoil 10’, a wing beam
or spar 24 is disposed therein spaced approxi-
mately above the wing spar 17 of the lower

15

aerofoil section 15—16; so that it. becomes
possible to interbrace (mot shown) between 120

these beams or spars 17 and 24 with- the bal-
ance member 20 supporting arms 21 of the

pivoted wing flap 16 extending forwardly be-

tween these spars and such spar interbracing.

The foregoing construction and - arrange- 128

ment producing a structure of considerable
strength. The operation, function and re-
sults of the form of wing A’ and the balanced
flap unit 16—20 is the same as described in -,
reference to Figs. 1 and 2. :
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The balance portion or member for the
pivoted wing surface or flap 16, in either the
design of wing of Fig. 1 or of Fig. 8 can be
pivotally mouunted on the supporting arms
21 of the balanced unit for relative move-
ment with respect to such arms. As'an ex-
ample of such a mounting, reference is had
to Fig. 4, in which the balance member 20
is freely pivotally mounted on and suspended
from the forward ends of arms 21 by means
of the pivotal mounting and connection 25.
Where this mounting 25 is employed stops
or seats 26 are provided extending across and
bridging the forward intake or inlet end of
the air displacement passage so as to receive
and hold the pivoted balance member in
proper position across and closing such pas-
sage inlet, with the balanced unit in normal

nassaoe (‘]r\cﬂ]()‘ pnc;f;nn, 'Fr\r the low angle,

poessagc L0 VSR uit Ui xUVY

high speed conditions of the wing. By the
pivotal suspension and mounting of the bal-
ance member 20, as described, in the high lift
or lowered passage opening position of wing
flap 16, the balance member 20 is raised from
passage inlet closing position, into the wing
passage, and is rotated on its pivotal mount-
ings 25 by the airflow into and through the
passage to a position as shown by full lines
in Fig. 4, in which the passageway is less
obstructed thereby, and a minimum of inter-
ference to the airflow through the passage
results.

A wing A’ is presented in Fig. 5 of a type
having a pivoted wing flap 18 mounted in
and forming part of the wing under surface
in normal, raised position thereof, with an
air displacement slot 30 through the wing A’
forward of flap 16 and extending vertically
and rearwardly from the under surface of
the wing to and discharging through the
upper surface of the wing. The pivoted wing
flap 16 is remote from and performs no di-
rect function with slot 80, but is normally
disposed in an under recess 31 formed in
wing A’’, as shown b}Z dotted lines in Fig. 5,
for the low angle, high speed condition of the
wing, while in lowered, high Lift position.is
swung downwardly from recess 31 to the

full line position of Fig. 5. -

Now, f%llowin the %road feature of the
invention hereinbefore explained, balance
means-is provided for the wing flap as a
unit. therewith and is arranged to open and
close the air displacement slot 30 as the flap
is lowered or raised te and from normal posi-

RS

‘tion. This is accomplished in the present

example, by the provision of the forwardly

extended cantilever support arms 32 fixed to:

flap 16, and swingable therewith, suitable
spaces being of course provided in and
through the wing structure to permit move-
ment of the arms, and the balance member or
vane 33 secured to and fixed across the for-
ward ends of these arms. The arrangement
and relative mounting of arms 32 and bal-

v
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ance member 33 is such that, with the flap
16 in normal raised position within wing re-
cess 31, the arms 32 with member 33 are
swung downwardly to position balance mem-
ber 33 in and closing the lower inlet end of
slot 80 through the wing under surface, as
shown by dotted lines in Fig. 5. The slot 30
is formed with a forward enlargement pro-
vided by the recess 34 extending upwardly
of and within the wing to receive the balance
member or vane 33 when it is swiing upward-
ly to position removed from and opening the

- wing slot 30, by and with the flap 16 swung

to lowered, wing lift increasing pésition, as
clearly shown by the full line positions of
these elements in Fig. 5.

70

80

If desired, an additional member or vane

35 can be provided on and as a part of the
balanced flap unit 81—33, for opening and
closing the upper discharge end of slot 30
through the upper surface of wing A”’, Suit-
able upward extensions of the support arms
32 are provided, across the upper ends of
which the member or vane 85 is secured so as
to be positioned across and closing the upper
end of wing slot 30 with the flap 16 swung up-
wardly and balance member 83 in lower pas-
sage end closing position, such position of
member 35 being shown by dotted lines in
Fig. 5. Upon swinging flap 16 to lowered
position and balance member 33 to slot open-
ing position, the upper member or vane 35
of the unit is swung rearwardly and down-
wardly, so that a suitable recess 36 is formed
in the wing structure to receive vane 35 in
its position swung or moved rearwardly from
slot closing position, and removed from the
upper end of and opening slot 30, all as clear-
ly shown in full lines by Fig. 5. In opera-
tion, the members or vanes 33 and 36 of the
balanced flap unit, are moved to position
opening the wing slot 30 with flap 16 swung
downwardly for the high lift condition of
the wing, and are moved to position closing
the inlet and discharge ends of the slot with
flap 16 swung upwardly into wing recess 31,
for the high speed condition of the wing.
The balance functions and results of the bal-
anced flap unit of Fig. 5 will be apparent in
view of the description and explanation of
;uch'functions and result set forth hereinbe-

ore. - '

Attention is here directed to the type of
balanced flap unit of Figs. 1 to 5, and the
fact that for structural strength and rigidity
thereof and in the wing in which embodied,
cross or interbracing 27 (see Fig. 1) is in-
tended, where desireﬁ, between the cantilever
balance member supporting and carrying
arms 21, :

An embodiment and adaptation of the in-
vention is disclosed in Fig. 6, as applied to
and incorporated in a wing B of the type
which does not have.and is not provided with
air displacement openings, passages, and/or
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_slots therein. The wing B is formed with

io

an under side or lower recess 40 therein, inter-
mediate the leading and trailing edges there-

‘of, in this instance, and of gradually decreas-

ing depth rearwardly.. Within the wing re-
cess 40, a pivoted surface or wing flap 41 is
swingably and pivotally mounted on a longi-
tudinal axis 42 disposed within wing recess
40 adjacent but spaced a distance rearwardly
from the forward end of the recess, with the

" surface or flap 41 extending rearwardly

15

- 20

28

from axis 42, and in normal raised position
forming a portion of the wing under surface
substantially within and carrying out the
wing contour, as will be clear by reference
to the dotted line position of this flap shown
in Fig. 6. o
The flap 41 is extended a distance for-
wardly from axis 42 in continuation of and
forming a rigid, unitary structure with the
flap, to provide a balance portion or member
43, the lower surface of which is a substan-
tial straight continuation of the lower sur-
face of flaps 41, but the upper surface of
which is tapered or inclined downwardly

. and forwardly, as will be clear by reference
‘to Fig. 6. The forward or leading edge

.80

36

- B0

- face.

65

. by the balance portion 43.

of the balance portion 43 is spaced rear-
wardly from the forward side of wing recess
40, with the wing flap and balance portion
in the normal dotted line position as shown,
to provide the gap 44 intc the space formed
by the recess a%ove the inclined upper sur-
face of balance portion 43. For economy
of weight and structure, the upper or inner
side 41’ of the fiap 41 is not provided with &
skin' or covering, and similarly the under
side of the recess thereabove to rear of mem-
ber 42 is not provided with a skin or cover-

“ing, although it is to be understood that the

invention is not necessarily restricted to such
arrangement, for if desired & covering can
be provided over such portions of the struc-
ture. o '

‘In operation, the wing B of Fig. 6 is in
its high speed, low angle condition with
wing flap 41 swung upwardly to position
within recess 40 and the balance portion 43
thereof swung downwardly, the entire bal-
anced flap umt 41—43 disposed within the
wing with the under side thereof providing
and being a portion of the wing under sur-
To increase the wing lift, the flap
41 is swung downwardly to the full line
position of Fig. 6, and this movement is bal-
anced and rendered .more easy and smooth
pon upward
swinging of the flap 41 to return the same

" to normal position, the balance portion 43.

80

functions by the action of the forces there-
on to steady and balance the flap and render.
the operation and control thereof easier and

* smoother.

The invention in accordance with the prin-

68 ciples and features thereof as exempliﬁed in-

“out

the drawings and explained above, thus se:-

cures a balance for, and ease and smooth-
ness in the operation and control of, lift in-
creasing surfaces or flaps of airplane wings
o supporting surfaces, through the provi-
sion of a unitary structure forming a bal-
anced surface or flap unit, which unit is
structurally simple and lends itself to
mounting and incorporation in a wing with-
material structural complications.
While wings or supporting surfaces are
specified herein, such terms are to be inter-
preted in a broad, generic sense to cover and

‘include any and all aircraft elements or

structure having equivalent characteristics.

It is also evident that various changes,
modifications, substitutions, and variations
might be resorted to without departing from
the spirit and scope of my invention, and
therefore I do not desire to limit myself to
the exact and specific disclosures hereof.

What T claim, is:

1. In an airplane wing, 2 balanced flap
unit pivotally mounted at the under side of
the wing, said unit embodying & flap mem-
ber and a balance member therefor, and in
normal position forming a portion of the
wing under surface and said unit swingable
from normal position to operative position
with the flap member extended downwardly
from the under side of the wing.

2. In an airplane wing, a balanced fla
unit pivotally mounted 2t the under side

wing under surface in normal position there-

of, the unit embodying a flap and a balance
portion, said wing formed with a recess in

which said balance portion is disposed for
movement, and the flap unit swingable to
operative position with the flap extended
downwardly from the wing and the balance
portion swung upwardly in the recess within
the wing. -

3. Inan airplane wing, a balanced flap unit
pivotally mounted at and disposed on the
under side of the wing and forming a por-
tion of the wing under surface in normal
position of the unit, said flip unit includ-
ing a flap and a_ forward balance portion,
the wing provided with an inwardly extend-
ing recess for receiving said balance portion
with the unit serving to extend the flap
downwardly from the wing.

4. In an airplane wing, a balanced flap
unit pivotally mounted at the under side
of and forming a part of the under surface
of the wing with the pivotal axis of the unit
forward of the center of the wing. ’

5. An airplane wing formed with an air
displacement passage therein having its in-
let end opening through the under side of
the wing, a wing flap pivotally mounted at

the under side of said wing remote from the -

passage inlet, and a balance portion carried
by said flap, said balance portion opening or
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closing said passage inlet in accordance with
the position of said pivoted wing flap. :

6. An airplane wing formed with an air
displacement passage therein having its in-
let end opening through the under side of
the wing, a pivoted wing flap at the under
side of the wing spaced rearwardly from the
passage inlet and swingable vertically to and
from normal position forming a portion of
the wing under surface, a balance member
carried by and movable with said flap as a
unit but spaced forwardly therefrom, said
balance member positioned by the flap in nor-
mal position thereof closing the passage inlet
and moved to position opening the inlet with
the flap swung downwardly from normal po-
sition.

7. Inanairplane wing, a pivotally mounted
wing flap at the under side of the wing, and
a balance member for the flap rigidly carried
thereby as a unit therewith and disposed at
Ehe underside of the wing but spaced from the

ap.

8. In an airplane wing, a pivotally mounted
wing flap at the under side of the wing, a bal-
ance member for the flap spaced forwardly
therefrom and rigidly carried thereby as a
unit therewith, and said balance member dis-
posed at the under side of the wing.

9. The combination with an airplane wing
having an air displacement passage there-
through, of a pivotally mounted wing flap
having a balance portion rigid therewith, said
flap opening and closing the discharge end of
said passage, and said balance portion open-
ing and closing the inlet end cf said passage.

10. The combination with an airplane wing
having an air displacement passage there-
through, of a pivotally mounted wing fiap
swingable to open and close the discharge end
of said passage, and a balance member car-
ried by and swingable as a unit with said flap
to open and close the inlet end of said passage.

11. The combination with an airplane wing
having an air displacement passage there-
through with the inlet and discharge ends of
said passage at the under side of the wing, of
a pivotally mounted wing flap at the under
side of the wing closing the discharge end of
the passage in raised position and opening the
same in lowered position, and a balance mem-
ber for said flap supported spaced theréfrom
and movable as a unit therewith, the said bal-
ance member closing the inlet end of said pas-
sage with the flap in normal raised position
and opening said inlet with the flap in low-
ered position. ‘

12. In an airplane wing formed with an air
displacement passage therein having its inlet
end opening through the under side of the
wing, a wing flap pivotally mounted at the
under side of the wing spaced rearwardly
from the passage inlet, support members
rigidly carried by and extending forwardly
through the wing from said flap member to

1,818,322

the wing passage, and a balance member for
the flap on said support members within the
passage, said balance member movable with
the flap to close the inlet end of said passage
with the flap in raised position and to open
said inlet with the flap in lowered position.
18. Inan airplane wing formed with an air
displacement passage therein having its inlet
end opening through the under side of the
wing, a pivotally mounted wing flap at the un-
der side of the wing spaced rearwardly from
the passage inlet, support members carried
by, movable with and extending forwardly
through the wing from said flap member to
the wing passage, and a balance member for
the flap freely pivotally suspended on said
members within the passage, said balance
member movable with the flap to close the
inlet end of said passage with the flap in nor-
mal raised position, and swung upwardly by

the flap in lowered position to open said inlet,.

the balance member in raised passage inlet
opening position freely swingable by air pres-
sure in the passage to minimum passage ob-
structing position. _

14. In an airplane wing, a balanced wing
flap unit embodying a flap and a balance
portion remote from the flap, and said flap
unit pivotally mounted and disposed at the
under side of the wing. -

i5. An airplane wing formed with a re-
cess in and opening through the under side
thereof, the recess covered at its upper side
by the wing, and s balanced flap unit em-
beding a flap and a balance member therefor,
said flap unit pivotally mounted and dis-
posed at the under side of the wing within
the wing recess. .

16. An airplane wing having an air dis-
placement passage therethrough, a wing flap
pivotally mounted and disposed for down-
ward swinging movement from normal posi-
tion closing the discharge from said passaﬁe
to position extended downwardly from the
wing opening the discharge from the pas-
sage, and a member carried by sa2id flap and
swung therewith to close the intake to said
passage with the flap in normal position,
and to open the intake with the flap in down-
wardly swung passage discharge opening
position.

17. An airplane wing having an air dis-
placement passage therethrough, a wing flap
pivotally mounted and disposed at the under
side of the wing for opening and closing the
discharge end of the passage, and a member
carried by said flap and swung therewith for
opening and closing the inlet end of the pas-
sage. .

- 18. An airplane wing having an air dis-
placement passage therethrough, a pivotally
mounted wing flap for swinging movement
to open and close the rear discharge end of
said passage, and a member carried by and
disposed  forwardly of the wing flap and
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swung with the flap to. open and close the
forward inlet end of the passage.
19. In an airplane wing of the variable
1ift type having an air displacement passage
5 for fiow of air therethrough to increase the
lifs developed by the wing, a wing camber
and lift varying flap movable from normal
position to position increasing the camber
and the lift of the wing, and a member car-
10 ried by said flap and moved therewith for
closing the wing passage against liff increas-
ing flow of air therethrough with the flap in
normal position, and for opening the pas-
sage for lift increasing airflow therethrough
15 with the flap in camber and lift increasing
position. .
20. An airplane wing having an air dis-
placement passage for flow of air there-
through to increase the lift developed by the
28 wing, & flap mounted on the wing for vertical
' swinging to open and close the discharge end
of the passage, and a member carried by said
flap and swung therewith to open the passage
with the flap in passage discharge end open-
25 ing position and to close the passage with the
flap in passage discharge end closing posi-
tion. ’ :
Signed at Tthaca, New York, this 9th day
v of October, 1928. o
<0 RANDOLPH F. HALL.
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