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~ This invention relates to -airplanes and
particularly to those in which certain sec-
tions thereof are provided with a metal or
like stress transmitting skin or covering, the

principal object being the provision of means
for maintaining such skin or covering in 1ts
normal position and

N preventing undesirable
deflection of the same. I
Another object is to provide means for

maintaining the interior of an airfoil sec-
tion under a pressure commensurate with
the maximum pressure at any time present

on the exterior of such section.

Another object is to provide an airfoil sec- -

tion, the interior of which is divided into a
plurality of separated compartments, and

- providing means for maintaining each com-
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partment with an internal pressure substan-

tially equal to the maximum exterior pres-
sure which at any time may be acting upon

the same.

~ Another object is to provide a new and

novel wing slot for airplane wings.

- .

Another object is to provide a new

internal pressure on the wing.

~ Another object is to prov'ide_a.*ndvél: '__'type

" of wing slot for airplane wings which will
be operative only during those intervals

when such slots are beneficial. S
Another object is to provide a wing slot

for airplane wings with automatically actu-
- ated means for closing and opening the same

to the passage of air to obtain optimum op-
erating conditions. |

~ A further object is to provide an airfoil
section with means for maintaining the in-
.« terior thereof under pressure, automatically
actuated valve mechanisms being provided

to accomplish the same.:

The above being among the 'objects" of the

present invention, the same consists 1n cer-

tain features of construction and combina-

tions of parts to be hereinafter described

with reference to the accompanying draw-

ing, and then claimed, having the above and

other objects in view.
in the accompanying _
trates suitable embodiments of the present

~ to like

and
novel form of wing slot for airplane wings
~ which at the same time will maintain an

drawing which .illus-'

invention, and in which like numerals refer

VIEWS,— -

Fig. 1 is a more or less diagrammatic side

elevation of the airplane. :
Fig. 2 is a plan view of one of the wings

of the airplane shown in Fig. 1, '
Fig. 8 i1s a sectional view taken on

3—3of Fig. 2. ' _
Fig. A 1s a sectional view taken on the

line 4—4 of Fig. 2. | -

Figs. 5 and 6 are sectional wews shoWi'ng

parts throughout the several different

the line

55

two positions of a modification of the con-

struction shown in Fig. 4.
Fig. 7 1s a partially b

Fig. 8 is a sectional
8—8 of Fig. 7.

‘In airplane construction 'i't' is desirable, be-

cause of the deterioration to which fabric
covering is subjected due to the elements, to
employ a metal covering. The chief disad-

- vantage of metal cove'rmi'at the present time
s the Increase in weight thereof over the con-
ventional fabric covering. This has been

is the 1ncrease in weight t

minimized to some extent in some construc-

| ken side elevation
of a rudder. ' T
view taken on the line

o
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tions by utilizing the metal covering as a -

stress _transmittin

mode of accomplishing this is to corrugate

or rib the covering parallel with the direc-

- tion of movement, thus imparting strength -
to the wing in that direction which permits
the use of a lesser number of ribs, but such

corrugated or ribbed construction of the cov-

- ering does not aid in increasing the strength 4

- of the wing along the length thereof or at an.’

‘member. The usual

80

appreciable angle to the corrugations or ribs.

e use of the metal covering as a stress trans-
mitting member may be greatly increased,

and thereby allow a decrease in the ultimate
~ weight of a metal covered wing, by the em-

00

ployment of unribbed or uncorrugated metal °

covering so that such covering may transmit
stresses in all directions, thereby permitting
the internal bracings and load carrying mem-
bers to be materially reduced in size and

weight over those necessary in fabric and cor-

rugated metal covered constructions.

- However, heretofore there have been cer-
tain disadvantages apparent in the employ-
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ment of a plain metal covering caused pri-
marily by the fact that such covering 1s eas-

ily flexed between its lines or points of sup-

port so that under a change of air pressure

~on the wing, from a positive pressure to a
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negative pressure, or vice versa, the metal
covering 1s caused to flex or vibrate and re-
sults in a snapping noise not unlike that
which occurs when the bottom of an oil-can
is pressed. One of the principal objects of
the present invention is to eliminate this ef-
fect and may be accomplished as indicated in
Figs. 8, 7 and 8. | -

s indicated in Fig. 3,- the Wiﬁg ms—iy be

'provided with a load carrying spar 15 of
metallic construction, a nose-stiffening mem-
ber 16 and a supplementary spar 17. Ex-

tending between and secured to the members
15, 16 and 17 are a plurality of spaced rib
members 18. A plain metal skin or covering

19 is provided over and secured to the ribs

18 and members 15, 16 and 17, the covering
extending to the rear end of the ribs 18 where
it may be connected together as at 20. The
spar 15 may be made imperforate, as shown,
as may also the supplementary spar 17, thus

forming the interior of the wing into three

spaced chambers 21, 22 and 23, each substan-
tially air tight and sealed from each other.
In accordance with the present invention

. I form an opening 24 in the nose of the wing
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at or near the point where the maximum pos-
itive air pressure is normally exerted there-
on, and form openings 25 and 26 in the lower
walls of the chambers 22 and 23 respectively

at the points thereon where the maximum.
positive air pressure is exerted on such walls.
The result is that during flight of an air-

plane provided with the chambers apertured,
as indicated, the interior of each chamber 1s
subjected to the maximum pressure which

acts on the exterior of its surfaces and thus

insures the metal covering against being de-

pressed at any time due to a pressure acting-

on the exterior thereof. I find that this ef-
fectively prevents any injurious snapping
action of the covering whatsoever, .

The openings 24, 25 and 26 may, _
readily be apparent, be formed as a plurality

-

of separate and independent openings, or.
each may comprise a slot extending contin-

uously from one end of the wing to the other,
or for any portion of the length thereof. It
will also be apparent that the interior of the
wing may be divided into any number of

- chambers that may be found desirable, and

€0

each of the chambers provided with its own
opening or openings, and in some cases, it may
be found desirable to form the interior of
the wing into one single chamber, or in a
plurality of chambers extending transversely
of the length of the wing. One or more of
such chambers may also or alternatively take
alr from a duct such as 77 in Fig. 1 which
connects with a proper source of pressure,

as will

1,777,598

and it will be obvious that the principle here
disclosed may be applied to any such modifi-

cation with the same beneficial results.

Where the present invention is applied to -

the rudders or elevators in which the surfaces

thereof may be alternately subjected to either

a positive or negative pressure, the applica-
tion of the maximum pressure acting on the
exterior thereof to the interior thereof may be
taken care of as indicated in Figs. 7 and 8.
As indicated in those figures, a rudder 1ndi-
cated generally as 28 is shown, which is p1vot-
ally supported on a post 29 suitably supported
as at 30.. The interior structure of the rudder
may comprise a plurality of apertured ribs
such as 31 and apertured cross members 32.
The ribs 31 and members 32 are covered by a
plain metal sheeting 33. In-accordance with
the present invention I form one or more
openings 34 in the covering 33 on each side of
the rudder at a point thereon at or adjacent
to the point at which the maximum exterior
pressure may act upon it, and I preferably
provide a scoop such as 35 for directing the
air into each of the openings 34. It will be
recognized that when the rudder 1s turned
to turn the airplane, one side surface thereof

~ will be subjected to a negative pressure, and

in order to prevent the air entering the open-
ing.or openings 34 on one side of the rudder
during such a time from escaping through
the ovening 34 on the opposite side of the rud-
der, I provide on the interior of the rudder a

fabric or like flap 36 secured at one edge adja-
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cent the corresponding opening 34 and posi- -

tioned so as to overlap the same. These flaps
36 permit ready entrance of air into the inte-

rior of the rudder on that side upon which a

positive pressure is acting, but the flaps co-
operating with the openings on the side where
the negative pressure is acting are moved to

cover the corresponding opening and there-.
by close the opening to the passage of air
- through the same. This efféctively insures a

p68i€ive pressure being present on the inte.

“rior of the rudder at all times.

The ailerons 40 may be subjected to an In-
ternal pressure in much the same manner as
the main section of the wing, except that in
view of the relatively small size thereof the
interior thereof may be treated as a single
chamber or compartment or else may be di-
vided transversely of their length infto sev-
eral compartments. In Fig. 4 the aileron 40
is shown as being provided with an opening
65 adjacent the point of maximum external
pressure thereon during flight so that such
pressure may be transmitted to the interior

of the same. This pressure may be increased

by providing a scoop suchas 66 for each open-
ine 65 so that the air flowing against the same
will maintain the internal pressure in excess
of any external nressure acting on the aileron.
While the provision of such a scoop 66 will
normally be unnecessary where an opening
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- Toil section, in those cases where it may be
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such as 65 1S prdvided at the point where the
greatest external pressure acts upon an air-

found impossible or undesirable to place the
opening at the point of greatest external pres-

sure and i1nstead found necessary or desirable

to place it at some intermediate point, such as.
the opening 67 in Figs. 5 and 6, the provision
~of a scoop such as 68 in such a case is desirable -
1n order that the pressure within the aileron
may be increased over that pressure acting
on the surface adjacent the opening 67 to av

least equal the maximum external pressure
acting on the section at any point. The con-

struction disclosed in respect to the ailéron
40 may. of course, be applied to a full wing ma; _ _
o - through either an aileron or a wing flap.

section or part thereof. - o
The same principles of internal pressure

may be found desirable for use in connection
with the fuselage. One mode of accomplish-

ing this is illustrated in Fig. 1 in which the

fuselage 69 is provided with a cabin 70. In
the particular constructica shown, the inte-

rior of the fuselage is divided into two sepa-
rate compartments 71 and 72, the compart-
ment 71 including the cabin 70.- The interior
of the compartment 71 may be maintained

~under 1nternal pressure by the provision of

adapted for the carryine of passengers. such .

openings stich as 74 in tle surface thereof for

which co-cperating scoops 75 may-or may not

be provided as desired. Ordinarily, however,
in view of the fact that this compartment is

openings 74 and scoops 75 may be undesirable

5 1n view of loss of pressure in the compart-

ment which would result if one of the win-
dows 76 were opened during flight. The com-

- partment 72, however, not being adapted for
~thecarrying of passengers, is preferablv main-

1()
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tained under internal pressure. One mode
of accomplishing this is shown in connection
with the chamber 72, the particular means
provided consisting of a duct 77 connecting

the interior of the chamber 72 with the exte.

rior surface of the plane at a point where a
maximum air pressure is normally present.

- Various types of so-called wing slots have
been developed to prevent the presence of air
eddies on the upper surface of the wings at
the time an airplane is in or about to go into
a stall. These slots arve usually employed

in connection with wing flaps or ailerons and’
‘may consist of an opening between the flap

and the main wing so as to permit air to pass
from the lower to the upper surface of the
wing In order to displace the eddies.

~In the present invention I provide a novel
form of wing slot that will result in less
disturbance in the passage of the wing
through the air than in conventional con-

structions and that will be capable of sup-

plying a greater volume of air at the re-
quired point when necessary. o
I also provide means wherein the construc-

tion may be utilized for effecting a positive

3 _

internal pressure in the wing, as previously

Furthermore, I provide a means whereby

“described, as well as providing the wing slots.

the wing slots may be automatically opened.

and closed in accordance with the necessity
of their use. B
Although the wing generally indicated as
14 1n Fig. 2 is provided only with an aileron
40.and no wing flaps, it will be readily appar-
ent in the following description and explana-
tion that the aileron 40 may be extended to
also serve as a wing flap, or else that portion
of the wing inwardly of the aileron 40 may
be formed to provide a wing flap at its trail-
ing edge, and in either case, the sections 3, 4

30

and 5 may be considered as being taken

As indicated in Fig. 4, which shows a sim-

ple application of the .basic idea, an open-

ing 41 1s provided in the leading edge simi-
lar to the opening 24 illustrated in Fig. 2.
The covering 19 rearwardly of the member 17
terminates adjacent the forward edge of the

ailerons 40, which may pivot about the pins

43, and the rear edge of the lower portion
of the covering 19 is bent upwardly into

spaced but adjacent relationship with re-

spect to the rear edge of the upper portion of

the cover 19 so as to leave an opening 46 there-

Letween. The member 17, in line with the

‘alleron 40, is apertured as at 42, and the main

spar 15 1s apertured as at 44. Extending be-
tween the edges of the opening 41 and the

ua

edges of the forward aperture 44 I prefer to

provide a metal sheeting 45 formed to pass
the air through the same with a minimum of

‘disturbance and resistance.

During flight, air entering the 0penihg‘ 41
expands and passes through the length of the

wing section and is discharged through the

opening 46 adjacent the line of connection
between the main body portion of the wing 14
and aileron 40, and this discharge of air is
suflicient to prevent the presence of unde-
sirable eddies ator adjacent that point. The

- opening 46 provided between the rear edges

100
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of the covering 19 is of materially lesser di-

menslons than the opening 41, so that more
air 1s capable of passing through the opening
41 and 1s capable of being discharged through
the opening 46, with the result that a positive

pressure is set up within the interior of the

wing which serves the same purpose as the in-
terior pressure obtained in the construction
described in connection with Figs. 3, 7 and 8.
This pressure and flow of air may be in-
creased if deemed necessary or desirable by
forming additional openings such as 80 in the
lower surface of the wing intermediate its
edges and providing such openings with co-
operating scoops 81. Where the aileron 40 is
spaced from the rear edge of the wing, as

- 1ndicated in Figs. 4, § and 6, a certain amount

of air will also be permitted to pass between
the lower and upper surfaces of the wing at

ila
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such point, as in conventional construction,
and this may act to supplement the air escap-

ing through the opening 46 from the interior

of the wing. The provision of the slot 42 at
the particular location shown 1s, of course,
arbitrary, and it may be placed at any other

point so as to discharge air at any desired
point on the uppe

obviously may be formed as a continuous
opening or as a plurality of separate openings.
" Inasmuch as wing slots, as those described,
are necessary as a general rule only at those

- times in which the angle of the wing ap-

15

proaches the angle of stall, the slots at any
other time may be superfluous, and in Figs.

5 and. 6, I show means for closing the slots

20
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41 and 46 respectively.

when they are not required. I do this by
providing valvular means for the openings
These valves may
take the form illustrated in Figs. 5 and 6
which is as follows: A simple flap valve 50
pivotally supported at 51 is provided adjacent
the opening 46 so as to be capable of being
moved to close the same, as indicated in Fig.
6. The valve for the opening at the leading
edge may be formed in the following man-
ner: The leading edge may be formed with
a semi-cylindrical end portron 52 and a valve
member be provided having a complemen-
tary semi-cylindrical portion 53 overlying the
portion 52 and pivotally supported on the
same axlal center as at 54 by ribbed mem-
bers such as 55. The valve member is pro-

vided with a rearwardly extending portion

30

40

50

C.

56 which closes the opening in the nose when
the valve member is turned to bring the rear
edge thereof into contact with the covering
19 at the rear edge of the opening in the
nose, as indicated 1n Fig. 6. An arm 57 piv-
otally supported at 58 and projecting for-
wardly through the covering 19 is provided
at its forward edge with a small surface 59
of airfoil section. The lever 57 1s provided
with an arm 60 extending downwardly there-
from which is freely engaged between a pair
of lugs 61 formed on one of the rib mem-
bers 55, a rod 62 pivotally connects the flap
valve 50 with the arm 60. The edges of the
opening in the cover 19 through which the
arm 57 projects are formed to provide two
stops for limiting the upward and downward
movement of the arm 57. The arm 57 and

surface 59 are so arranged relative to the

wing 14 that during normal angular travel
of the wing 14, the air forces acting on the
surface 59 tends to move the surface 59
downwardly with the arm 57 about the pivot
point 58, or in a counter-clockwise direction
as viewed in Figs. 5 and 6. This position of
the arm 57 tends to move the arm 60 in the
corresponding direction and acting through
the lugs 61 tends'to move the valve in.the nose

to the closed position, indicated 1n Fig. 6,

and at the same time acting through the rodé_
62, tends to move the flap valve 50 to closed

er surface of the wing, and

1,777,508

pbéition;it being aided in this respect if de-
sired by a coil spring 63. Should the angle -

of the wing be increased until 1t approaches

its angle of stall, the air forces acting on the

surface 59 will at that time be reversed, and
acting on the bottom of the surface 59 will

move it upwardly until stopped by the upper
edge of the opening in the surface 19 through
which the arm 57 extends.
of the arm 57 acting through the arm 60 will
cause the valve portion 56 to move upwardly
away from the cooperating portion of the

70

'This movement -

75

covering 19 and uncover the opening in the

nose of the wing, and moving the rod 62
forwardly will open the flap valve 50, thus
permitting air to enter the nose and escape
through the opening 46 1n order to cisplace

the air eddies that tend to build up above

the wing at such times. | _

It is preferable that the connection be-
tween the arm 60 and the lug 61 permit a
small amount of lost motion so that during
normal flight the pressure of the air on the
leading edge acting on the portion 56 of the
forward valve member will raise the portion
56 an amount sufficient to permit air to enter
the interior of the wing so as to maintain
the positive pressure previously described.
A shight coil spring such as 64 may be pro-
vided for limiting or controlling this action,
if desired. | '

The forward valve members and the rear
valve members may In practice be provided
either as a plurality of single separated mem-
bers, or continuous members, as may be
found most desirable, and manually operated
means may be provided, when desired, in-
stead of the automatically actuated means
for controlling the valve members, and other
formal changes may be made in the specific
embodiment of the invention described with-
out departing from the spirit or substance of
the broad invention, the scope of which is
commensurate with the appended claims.

I claim:

- 1. In combination with a hollow airfoil

‘having a single thickness stress transmitting

skin, means for stiffening said skin by main-
taining the interior of said airfoil under a
pressure commensurate with the maximum

pressure acting on the exterior thereof coun-

prising means for passing air from a point
at or near the point of normal maximum ex-
terior pressure thereon to the interior there-
of. -

2. In an airfoil, a
transmitting covering for said framework,
and means for stiffening said cover by pre-
venting the air pressure acting on the ex-
terior of said covering from becoming sub-
stantially greater than the air pressure act-
ing on the interior thereof comprising means

" for introducing air to said interior from said

exterior. - |
3. In an airplane, a structural part there-

framework, a stress
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skin with the inferior surface thereof, and
a forwardly opening scoop cooperating with
sald passage exteriorly of said skin whereby
to force air into said airfoil and create a
~pressure difference on opposite surfaces of wg
said skin to normally maintain said skin un-
der tension during flight. = -
10. In an airfoil, a framework, a smooth
sheet metal covering for said framework se-

of comprising a framework and a smooth
sheet metal covering therefor, said covering
forming a major structural stress transmit-
ting element of said framework and being
provided with an opening therein at or ad-
jacent the point of maximum external air
pressure acting thereon during flight, and
means for maintaining the interior surface
of said covering under substantially the full

10
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air pressure transmitted thereto through
sald opening during flight whereby to main-

tain the character of the stresses acting in
sald covering during flight. L

4. In an airplane, a hollow airfoil surface

having openings on each side thereof lead-
ing to the interior thereof, and means co-
operating with said openings permitting air
to enter said surface and normally prevent-
~1ng its escape therefrom. -

- 5. An airplane, a compartment therein,
two or more air intake openings each pro-

vided with check valves designed so that
pressure 1s transmifted to the interior only

through those openings which are at or near
a point of maximum pressure acting on said
compartment. | | |

6. An airfoil of the stressed skin principle
of design having an opening in the skin
thereof for introducing air into the interior
of said airfoil, said airfoil also provided
with a second opening for conducting air
from the interior of said airfoil to the ex-

terior surface thereof at a point normally
‘under a negative pressure, said openings

being so proportioned as to normally main-

tain the interior of said airfoil under a

positive pressure whereby to maintain said

skin under tension to increase the rigidity

of said airfoil.

7. An-airfoil ha,vmga ‘sheet metal skin

forming a major stress transmitting element

of said airfoil, said airfoil having a passage
connecting the exterior surface of said skin

with the interior surface thereof, the rela-

tion of said passage to the pressure areas

acting on the exterior of said airfoil being

- such as to create a pressure difference on op-

50

60

65

posite surfaces of said skin whereby to main-

tain the character and direction of the
stresses acting on said skin.
8. An airfoil having a sheet metal skin
forming a major stress transmitting element
of said airfoil, said airfoil having a passage
connecting the exterior surface of said skin

~with the interior surface thereof, the rela-
tion of said passage to the pressure areas

acting on the exterior of said airfoil being
such as to create a pressure difference on op-
posite surfaces of said skin whereby to nor-

mally maintain said skin under tension dur-

ing flight. = R
9. An airfoil having a sheet metal skin
forming a major stress transmitting element

of said airfoil, said airfoil having a pas-

sage connecting the exterior surface of said

cured thereto and forming a major stress re-

sisting element of said airfoil,said airfoil hav--

ing an opening therein whereby the air pres-
sure acting on the exterior surface of said cov-
ering adjacent said opening is transmitted to
the interior surface of said airfoil adjacent
said opening, and means for maintaining said
pressure on said interior surface during tlight
whereby to maintain the direction and char-
acter of stresses in said covering. N

11. In an airplane wing, in combination,

a framework and a substantially smooth sheet
metal skin enclosing said framework and
serving as a major structural stress trans-
mitting element of said wing, said covering
having an opening therein substantially at
the point of maximum air pressure acting on
sald wing during flicht and being otherwise

face of said skin is constantly subjected dur-
ing flight to a pressure at least as great as
the pressure simultaneously acting upon the
exterior surface thereof to maintain the char-
acter of the stresses acting on said skin.

12, In an airplane,.a substantially closed

compartment formed therein having a sheet
metal covering forming an exterior surface
of said airplane and serving as a major stress

transmitting element thereof, said covering

having a passageway therethrough connect-
ing the interior surface of said covering with
a tPOint exterior thereto at which the pressure
of the air in flight is at least as great as the

maximum pressure simultaneously acting on

75
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‘substantially closed, whereby the interior sur-

05

100

105

sald covering, whereby said covering is con-

stantly ‘maintained under tension during 119

flight.
13. In.an airplane, a plurality of substan-

tially closed compartments formed therein

each having a covering forming an exterior

surface of said airplane, said coverings form-
ing a major stress transmitting element of
sald airplane and each being provided with

115

an opening therethrough connecting the in-

terior surface of each of said coverings with
exterior surface thereof at that point there-

120

on at which the maximum air pressure dur-

ing flight is present, whereby to maintain the
interior surface of each of said coverings un-

der a .positive outwardly acting pressure to
maintain the tension therein. o

14. An airfoil having a sheet |
forming a major stress transmitting element

R ]
metal skin

of said airfoil, said airfoil having a passage

- connécting the exterior surface of said skin

with the interior surface thereof, the rela-

130
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tion of said passage to the pressure areas act-
ing on the exterior of said airfoil being such
as to create a pressure difference on opposite
surfaces of said skin when said passage 1s
open whereby to normally maintain said skin
under tension during flight, and a valve for
closing said passage.

15. An airfoil having a sheet metal skin
forming a major stress transmitting element
of said airfoil, said airfoil having a passage
connecting the exterior surface of said skin
with the interior surface thereof, the relation
of said passage to the pressure areas acting
on the exterior of said airfoil being such as
to create a pressure difference on opposite sur-

faces of said skin when said passage 1s open

whereby to normally maintain said skin under
tension during flight, a valve for closing said
passage, and means controlled by the angle
of attack of said airfoil for controlling said

valve. _
RALPH H. UPSON.
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