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My invention relates to aireraft and more par-
ticularly to aerofolls and it is one of the objects
of my Invention to provide novel means for com-
pensating the losses of energy In the boundary
layer of aerofoils. It is known to those skilled
in the art that the lift-coefficient of an aero-
foil increases in proportion to the angle of attack
of the relative wind up to a certain critical angle
which has been found by tests to lie between 10
and 20 degrees. The lift-coefficlent developed
at the critical angle of attack is called the maxi-
mum lift-coefficlent. Beyond this critical an-
gle the lift-coefficient drops again owing to dis-
continuity of the airflow over the upper surface
of the wing. This discontinuity is known as
burbling and the aerofoil is said to be in stalling
position. Stalling 1s due to energy losses 1n the
houndary layer of the upper surface of the wing
which results In a decrease of velocity of the
alrflow over the wing in the directlon towards
the tralling edge thereof. An increase of the
angle of attack results in increasing energy loss-
es in the boundary until the velocity of the air-
flow af the tralling edge of the wlng becomes
zero and there begins backflow from the trailing
to the leading edge, causing separation of the
airstream from the upper surface of the aero-
foill. Now stalling begins and an increase of the
angle of attack will cause the separation to be-
come more and more accentuated until the criti-
cal angle of attack is reached and separation
takes place almost throughout the aerofoil from
the trailing to the leading edge.

It is also known to Increase the maximum
lift-coefficlent of an aerofoil by arranging a nar-
row-chord aerofoil in close relatfon to the trail-
ing edge of the maln aerofoll, only a narrow
gap being left between the two aerofolls. This
narrow-chord aerofoll Is called external sero-
foll section flap.

The maximumm lift-coefficlent can be increased
by deflecting the tralling edge of the flap with
a point well forward of and below the chord
thereof as hinge-point. The suctlon which
arises at the upper surface and In particular at
the leadlng edge of the flap when deflected, sucks
away the boundary layer of the main wing,
thereby accelerating the boundary layer and
compensating energy losses In this houndary
layer. The suction effect ls Incressed in pro-
portion as the flap is deflected, while a linear
increase of the lUft occurs in proportion as the
deflection angle grows untll the critical angle
of the flap relative to the direction of the alr-
flow behind the maln wing is reached, which
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according to tests lies between 30 and 35 de-
gress relative to the chord of the main wing.
Deflecting the flap to a greater angle does not
Increase the Iift-coefiicient, which then drops
rapidly. This is due to stalling of the aerofoil
sectlon flap which takes place In the same way
as described with reference to the plain wing.
When stalled the flap 18 no longer effective and
does not exert its beneflcial action on the flow
over the main wineg.

Several means are known for compensating
the energy losses In the boundary layer of a
simple aerofofil and for thereby delaying stalling
to a much higher angle of attack. They are
known as meahs for boundary layer control,
the most effective of which are the following:

1. Removal of the boundary layer of the aero-
foil at the rear half of the upper surface through
a spenwise extending slit or serles of openings
by means of suction maintained at the inside
of the wing, for instance with the aid of a blower
or other pump provided in the interior of the
wing. It has been found by tests that the max-
imum lift-coefficient of a certaln aserofoil, which
without boundary layer control amounted to
1.5, can be increased In this manner to 5.5. . By
the same means the profile drag coefficlent of
the wing is substantially reduced. Thus the ra-
tlo of lift to drag of the aerofoll which Is a
measure of its efficlency, 1s increased consider-
ably.

This mode of boundary layer control however
Involves several disadvantages which render it
practically inapplicable: a great quantity of air
must be sucked off and handled which requires
a large and heavy pumping installation, air ducts
etc. The operation of the pump reguires con-
siderable power and the difference betweén the
angle of attack for crulsing and the maximum
lift-coefliclent is very great (about 40 degrees)
which requires a long-legged and heavy under-
carriage, to say nothing of the discomfort for
the passengers and crew of an airplane equipped
with this kind of boundary layer control.

2. Boundary layer control by blowing alr tan-
gentially to the upper surface of the aerofoll
through a slot opening towards the rear. This
method is not as satisfactory as the one first
mentioned and with a very high power absorp-
tlon the maximum Uft-coefficlent still reinains
below 3. Thus this method offers the same ad-
vantages but also involves the same drawbacks
as the method flrst mentioned.

3. The energy losses In the boundary layer of
an aerofoll can also be compensated by subdl-
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viding it by spanwise extending slots into two
or more parts, each of well rounded form, form-
ing a so called Lachmann or Handley-Page.
With any such combination of parts a lift-co-
efficient of about 2,3 can be obtained.

These slotted wings involve the drawback that
the maximum lift-coefficient, which is only a
moderate one, is only reached at a very high
angle of attack, the cruilsing and maxXximum lft
angle being spaced about 30 degrees; and more-
over the profile drag 1s considerably increased.

According to the present Invention, now,
boundary layer control is applied not to the main
wing, but to the external aerofoil section flap of
an aerofoll provided with such Sap.

By applying the boundary layer control to Lthe
flap, stalllng of the flap does not take place at
the low deflection angle of about 35 degrees, but
is delayed to & much higher deflection angle and
the lift-coefficient of the flap-wing combination
can thus be increased to about 4.

Windtunnel tests have shown that the volume
of air to be sucked off and the power required
for this purpose are proportional to the surface
of the wing to which boundary layer control by
suction or pressure is applled. In the case of the
combination of a maln wing and an externsal
aerofoll flap of equal span they are proportional
to the chord.

As in most cases the chord of the external
aerofoil flap is only one sixth of the total chord of
the combination, the power required to obtain
very high lift-coefficients of the combination snd
the volume of air to be sucked off are also about

one slxth of those required to obtain the same.

results on a plain wing by means of boundary
layer coatrel by suction or pressure.

Another Important advantage offered by the
invention conslsts therein that the high lift-co-
efficients are reached at normal angles of attack,
viz, 10 to 15 degrees.

The application of boundary layer control to a
wing subdivided by spanwise extending slots can
also be applied to the external aerofoil flap. In
that case the following advantages are obtained:

1. In the case of its application to the external
aerofoll flap the lacrease of the proflle drag co-
efficlent connected with the subdivision of the
aerofoil covers only a minor part of the total
wing area and consequently also the total in-
crease 0f proflle drag Is only a fraction of that
obtalned by subdividing a plain wing by slots.

2. The highest lift-coeflicient 1s reached at a
normal angle of attack of from 10 t0 15 degrees.

In the drawings affixed to this specification
and forming part thereof several embodiments of
my Invention are Illustrated diagrammatically
by way of example,

In the drawings

Fig, 1 Is o front elevation of a twin-engined
mid-wing monoplane having tapered wings, while

Fig. 2 Is a diagrammatic view, drawn to a
larger scale and showing the wing structure and
its relation to the fuselage.

Figs, 3 to 8 are cross-sections of combinations
of a wing with an external aerofoll section flap,
in which various boundary layer control systems
are applled to the flap,

In Figs. 1 and 2 the invention is shown as em-
bodied in a mid-tapered-wing monoplane in
which I is the fuselage and II are the opposed
wings, the method of boundary layer control be-
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Ing removal of the boundary layer by suction.
Pig. 2 shows the external aerofoll section flap |
as being hollow and hinged to the points 3 and
being formed with a spanwise extending slit 2,
Hollow streamlined supporting members 4, da
distributed along the span allow the air entering
through the slit 2 into the flap to pass into the
holiow rear portion 5 of the main wing IT and
through a tube 6 to the pump or fan T which pro-
vldes for the required suction and Is driven by
the engine 8 or an auxiliary unit over a sult-
able clutch operated automatically or by the pilot
or both. A spanwlse extending channel § leads
the alr from the pump T to the outside. End-
plates 18 reduce pressure losses at the outer ends
of the external aerofoll flap.

The operation of this boundary layer control
is as follows: the air forming the boundary layer
of the flap is sucked off through the slit 2, the
hollow flap |, the supporting members 4, 4a, the
rear part b of the wing II and the tube & into
the pump 7 which ejects it through the tube 9,

Deflection of the flap is carried out as follows:
a jack [4 acts on a lever {7 which rotates the
torsion tube 10 In clockwise direction, its mo-
tion being transmitted through a lever I to a rod
12 hinged to the leading edge of the flap at a
point 13 so arranged above the hinge points 3
of a flap as to make the operating force a mini-
mum. The flap is thus rocked in clockwise di-
rection and its angle relative to the chord of
the main wing is increased. At the same time
the aileron 20 is defiected to the same or a some-
what smaller angle than the maximum deflection
angle of the flap, which is governed by a suitable
device linked between the torque tube 10, the
lever 11 and the ailerons 20 which also enables
the allerons to be raised and lowered as required
for the rolling motion of the airplane.

While in the emhodiment shown in Figs. 1
and 2 the boundary layer is sucked off from the
main aerofoil through a slit extending spanwise
of the external sectlon flap, Fig. 3 illustrates the
election of an air jet through a similar slit 21
extending spanwlse over the front half of the
hollow flap 22, the air belng forced by a fan or
the like (not shown) mounted in the hollow
main wing 23 through the hollow supporting
members 24, The interior of the flap is shown
to be subdivided by a spanwise extending parti-
tion 25,

In the medifleation illustrated in Fig. 4 the
external sectlon flap 26 is provided with an
auxiliary wing 27 arranged in front of its leading
edge which may be utilized for the sucking or
blowing off of the boundary layer on the flap in
the manner indicated in Fig. 1 or 3.

Fig. b fllusirates a combination of an aerofoil
219 with an external section flap 29 divided In
two halves by a slot 30, and Fig. 6 shows a flap
31 divided into three parts by two slots 32, 33
adapted to serve as air passages for the boundary
layer sucked or blown off the flap surface and
carrying along the boundary layer on the main
wing.

Various changes may be made In the detalls
disclosed In the foregoing specification without
departing from the Invention or sacrificing the
advantages thereof.

HENDRIK KEAREL DOMINICUS
vaN DEN BUSSCHE.
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