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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL MEMORANDUM NO. 432.

SLOTTED-WING AIRPLANES.*

By E. Everling.

Air traffic is swift traffic. An airplane must continuously
perform gainless work just to keep itself in the air. Hence, it
has a greater, more unfavorable L/D ratio than an airship,
water craft or land vehicle of any kind, whose weight is supported
without the expenditure of its own energy, btecause the airplane
must overcome a greater head resistance in proportion to its own
weight. This entails greater operation costs and higher transpor-
tation charges, which must be offset by the advantage of the great-
est saving of time.

Adr traffic is swift traffic for still another reason. While

all other kinds of traffic the driving energy increases with
the third power of the resistance (except that wheel resistance
increases more slowly), the requisite flight energy increases,
within certain limits, only in direct proportion to the flight
speed. Since the fuel consumption is proportional to the flight
time and the engine power, it is, within the same limits, inde-
pendent of the speed, inrcontrast with all other vehicles of traf-
fic. Therefore, if its speed could be increased at will, the
airplane would excel, even in economy, all its water or earth-

bound competitors.

*"SpaluLluvel Flu»ueuy " from "Zeitschrift des Vereines deutscher
Ingenieure," May 7 5 % pPp. 645-647.
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Thirdly, air traffic must be swift traffic, because. the
greater its speed, the more independent it is of the currents
of the atmospheric ocean and the more closely it can confom to
a precise schedule.

There are various obstacles, however, to increasing the
speed. In the first place, an airplane requires more powerful,
and consequently, heavier engines, whose additional weight must
be at the expense of the pay load or the fuel supply, thereby
reducing the flight distance. Above all, however, the greater
speed of the airplane (whose utilization is still further pro—
moted by the choice of the direct air line without reference to
the nature of the ground and the distribution of land and water)
only effects an actual saving in the travel time when the air-
ports are not located too far from the traffic centers, i.e.
when it doesnot take too long to get to them. In the vicinity
of large cities, however, the ground is so valuable, that only
small spaces are available for aviation fields. Hence, commer—
cial alrplanes should have a low landing speed, so as to be able
to land or take off with only a short run. The same requirement
holds for intermediate or emergency landings, so that the appar-
ently paradoxical saying that "flying is landing" still holds
true.

The demand for a lower landing speed is, however, incompati-
ble with the natural demand for a higher flight speed. If the

power and, consequently, the weight of the engine are not to be




N.A.C.A. Technical Memorandum No. 433 %)

excessively increased, great speed must be obtained through a
low-wing loading which, in its turn, sets a lower limit to the
landing speed. While flight is ordinarily at 1ift coefficients
of less than 0.5, ordinary wing sections give no maximum 1ift
greater than 1.8 and well-streamlined shapes give still less.
Hence, the so necessary speed range is narrowly limited. Increas-
ing the angle of attack avails nothing here. Under ordinary
flight conditions, the 1ift coefficiént increases first -in pro-
portion to the angle of attack of the air current, and then in a
smaller ratio until its maximum value is reached at about 15°.
If the angle of attack is further increased, the flow becomes
detached, the 1ift decreases and the airplane falls. - The de-
tachment or separation is due to the fact that the air 'in the
boundary layer is retarded and loses its momentum, so that, be-
hind the thickest part of the wing where the velocity must be
again converted into pressure, it can no longer overcome the ex-
ternal counterpressure.

Hence, there are two ways for increasing the speed range,
go important from the commercial viewpoint. The first is to
make the real flight at a high altitude, as compared with the
take-off and landing altitude, and hence in rarer atmosphere
where the speed is greater for a given wing loading and where a
more economical angle of attack can be maintained. This way is
not feasible, however, till high-altitude engines have been fur-

ther developed. Near the ground the flight speed, with retention
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of the same landing ability, can be increased only by reducing
the wing loading and simultaneously diminishing the maximum 1ift
coefficient. This can be dGone by preventing the separation of
the flow on increasing the angle of attack. For this purpose,
energy must be .communicated to the boundary layer.

In order to accelerate the boundary layer, a layer of air
might be blown out thrdugh a slot in the suction (upper) side of
the wing. This would, however, require a pump, which would gen-—
erally be operated by the engine, so that it would not be availa-
ble at the very time when it would be most needed, namely in the
event of a forced landing with the engine stopped. Or, one
might use a different wing section or profile during swift
flight, than when taking off or landing, i.e., employ a wing
with a variable camber.*

A third way consists in transmitting energy to the boundary
layer on the suction side of the wing, where the tendency to
separate is the greatest, from a point where the velocity is small-
er and the flow energy in the retarded boundary layer is manifest-
ed in the formm of pressure. This is the case in the immediate
vicinity of the critical point on the pressure side of the wing.
It is only necessary to provide channels through the wing and to
see that the flow resistance in them is not too great. Air will
then pass from the pressure side to the suction side of the wing,

thereby converting its energy into velocity and communicating the
*H. Herrmamn, "Zeitschrift fur Flugtechnik und Hotorluftschif-
fahrt," May 31, 1821, p.147.
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latter to the boundary laver, so that it will not separate till
later, at a greater angle of attack, and thus enable the augmenta-
tion of the angle of attack with a corresponding increase in the
maximum 1ift.* In practice, these channels must take the form of
slots, owing to the laterzl extension of the state of flow.

The correctness of this assumption is demonstrated by Figs.
1-3, in which the coefficients are 100 times the usual values for
the wing loading divided by the dynamic pressure. For the slot-
ted wing, in’oomparison with the G%ttingen profile 433, the maxi-

an angle of ‘attaeck of 14.5° to 2.18 at

cf—

mumm 1ift rose from 1.36 a
36.209, bccausc three slots transmitted flow momentum from the
pressure gide to the boundary layer on the suction side.** Simul-
taneousgly the drag incrcased from 0.19 to 0.41l, which is more
than doublc for thc wing itself or sbout one-half for the whole
airplane. This is cntirely comprehensible, for the transfer of
energy to the boundary layer must be made at the expense of the

his drag

o
5

flow energy. T is not so very harmful, however, because
in the flattening out before landing, a greater drag is just as

important for the. diminution of the landing place as the shorten-
ing of the actual landing run. Since, however, the minimum drag

(]

simultaneously increases from 0.02 to 0.045, which is considera-

¥R« Betz, "Die ulrkurgswelse von Unterteilten Flugelprofilen'
from "Berichte upd Ab bardludreq der Wissenschaftlichen Gesell-
scha¢t fur Luft zahru ' Jan., 1928, p- 28. (For translation, eee
+A.C.A. Technical Hote Ho. 100. i

**Wl@“GloDCI‘PI "Intersuchungen uber Tra:flu*e‘ mit unterteiltem
Prordl." from ”'IQGDHluSe der Aerodynamischen Versuchsanstalt zu
Gottingen," Report II, 1933, pp. 55-64. (For translation, see
McCook Field Mermo ROUort No. 134.
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ble, even with the inclusion of the structural drag, the use of
the slotted wing is of advantage only when it is possible to re-
store the usual shape of the wing section (Fig. 2) in ordinary
flight. Thig is very difficult to do in flight with a triple-
slotted wing section under the great stresses to which the wing
is subjected by the bending moments.

Lachmann*, the inventor of the slotted wing has, however,
indicated a way for the technical application of this principle
which, in its most recent form, mnot only diminishes the drag in-
crease in ordinary flight, but also improves other disadvantages
of .the large angle of attack, namely excessive inclination of
the fuselage and excessive rearward shifting of the center of
pressure and the attendant disturbance of the flight stability.
To the leading edge of the main wing, which has about the shape
of an ordinary wing section, there is fitted an auxiliary wing
of sheet aluminum in such manner that it ordinarily forms an
extension of the leading edge, but can be raised in landing, so
as to increape the 1ift, as shown in Figs. 4~6. The position
3d in Fig. 5, indicates the closure of the upper end of the
slot, whereby nothing is gained, however. Fig. 6 shows that the
moment about the leading edge, which is dependent on the 1ift,
is kept small by pushing the auxiliary wing forward, thus awoid-

ing the rearward shifting of the center of pressure (intersec-

*"Neuere Versuchsergebnisse mit Sﬁéltflugeln,” "Zeitschrift fur
Flugtechnjk und Motorluftschiffahrt,” May 26, 1934, pp. 109-116.
(For translation, see N.A.C.A. Technical Memorandum No. 382.)
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tion point of the wing chord and the resultant of the air forces)
due to the great increase in the angle of attack, and improving
the equalization of the moments and the static longitudinal sta—
bility in landing, an advantage which does not even need to be
procured at the expense of a complicated device for opening the
front slots Since the pushing forward of the auxiliary wing
also increases the wing area, it means a slight further diminu-
tion of the landing speed.

Since an angle of attack of 28°, for obtaining a 1ift coef-
ficient of 1.95 (Fig. 4) means an excessive inclination of the
fuselage in flying horizontally, and consequent undesired land-
ing on the tail, such a slotted wing must either be made adjust-
able as a whole (which principle has hitherto been successfully
applied only to gliders), or be reduced to a simple form of ad-
justable profile. Lachmann attaches to the trailing edge of the
wing throughout its whole span, in addition to the customary
ailerons, flaps which in landing can be pulled downward to in-
crease the angle of attack of the wing itself and also the wing
camber, thereby further increasing both the 1ift and the stabili-
ty. Between the main wing and the flap there is also a sglot
which supplements the action of the auxiliary wing.

In recent years these principles have been applied to a num-
ber of German airplanes and 1o a few airplanes of other national-
ities. Fig. 7 shows the Junkers low-wing monoplane, construction

type T.29, which has a flap on the trailing edge with a strong
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slot effect, with the slot open in the landing position ("Luft-
fahrt," Vol. 29, 1935, p. 370). Heinkel has also utilized the
slot effect on the trailing edge in two construction types.

The auxiliary wing on the leading edge and the flap on the
trailing edge are joined, tlms forming a sort of three-part wing
section, in an experimental airplane of Udet ("Illustrierte
Flugwoche," Vol. 7, (1935), p. 477), in which a rotary rod, run-
ning throughout the length of the wing and operated by the pilot,
pushes the auxiliary wing forward and simultaneously depresses
the rear flap. The Albatros newspaper and commercial biplane
(Fig. 8), which has thie device on both wings, works the same
waye™*

Handley Page, the English airplane builder who, independent-
ly of Lachmann, developed the same principle somewhat later and
who is collaborating with the German inventor, has recently
adopted a very similar device in his three-engine "Hamlet" high-
wing monoplane (Figs. 9-12) ("The Aeroplane," Vol. 31, 1926,

p. 504). A rotary tube pushes forward the supports which are

jointed to levers (Fig. 11) and simultaneously pulls down the

rear flap by means of comnnecting rods (Fig. 9), which are joint-

ed to slotted double bell—-crank levers by smaller levers (Fig. 10) .
So simple as these devices are, they still entail an in-

crease in weight and a complexity in the wing structure which,

*Lachmann, "Zeitschrift fur Flugtechnik und Motorluftschiffahrt,"
Vol. 15 (1926), p. 199; and "Illustrierte Flugwoche," Vol. 8,
Bidce) ., pe 172.
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at the present time, are not sufficiently offset by the gain in
1ift. Even if the 1ift ‘coeffléient ve raised from 1.4 to 2.3,
the landing speed is thereby reduced only in the inverse ratio
of the square roots, or about 30%. - When it is considered that
the momentum, which has to be destroyed during the taxying, de-
creases in the ratio of the 1ift coefficients themselves, or
about 36%, the gain is not very great. It cannot, however, be
demanded of a technical innovation, which opens hitherto impas-
sable ways, that it lcad immediately to the desired goal.

A very advantageous application of the slotted-wing princi-
ple, likewise rightly recognized by Lachmann* is afforded in the
field of steering. If the ailerong are provided with slots,
which open when the ailerons are depressed, but close when they
are ralsed, the flow will closely conform to the srched wing
(Fig. 13), but will separate, on the contrary, from the broken
profile (Fig. 14), thus producing a greater 1ift in the fommer
case and a smaller 1ift in the latter case than with the ordi-
nary arrangenent. The result is that the ailerons, even at
large angles of attack at which the speed is low and there is
danger of going into a spin, not only retain their efficacy but
can also prevent autorotation** by the difference in the 1ift

at the wing tios.

*Lachmann, "Stall-Proof Airplanes," "Berichte und %bhunalungen
der lesensc“ aftlichen u63871svﬂaft fur Luftfohrt," May, 1926,
pp. 86-90 (N.A.C.A« Technical lMemorandum No. 205 .

**At large angles of attack, the air forces are so distributed
that many wlrpla:eb teqd to rotate around their longitudinal
axis (autorotation). The axis of rotation tends to shift to the
airplane axis (maximum inertia moment), thereby maintaining a
greater angle of atback, accompanied by diminished maneuverabil-
ity and a condition of spin.
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Although thc slottcd wing offcrs advantages for the steer—
ing and for lesscning the landing speed, it cannot yet be said
to afford o solution for the oroblem of the small landing field.
Even should the maximum 1ift of 1.4 be increaseéd not only by the
small fraction thusg far attained, bﬁt even a hundredfold, the
landing speed of a moderately swift airplane would thereby only
be reduced from 100 km (63 miles) per hour to 10 km (6.2 miles)
per hour, hence still so swift that jumping off would be danger-
ous. This would not enable one to land scfely on a house roof,
entirely aside from wind disturbances. Here we must have ground
arrangements, as occasionally recommended but not yet obtained
in practical form. In this connection, a wide and promising

field of activity lies open to the imagination of the engineer.

Translation by Dwight M. Miner,
National Advisory Committce
for Acronautics.




N.A.C.A, Technical Memorandum No.4323 Piga.l,2,3.
24 ] - : WAL, [ :
TR e
EIE = TO I T T =k

i T RS e r | ;
3 ) j;b 3 3 50 R . Lihy T
5150 ACSU A SRRRAR.YEN -8 I g T /1
.,c—; /A,’-p;'_;"-%].il 4-3_ i )}/ A gl e l—-)—E ’ p
o o) | | j@tfteck A
S 2 Y % ! 4
) A/ 10 Modified |fiorm .
o 4 I ; WENEEE /
© 8OHHA 5T SEN }ﬁ 4
ol 1 Lt ALY
- Tt EERARED 7 ) TP
= /',_.Orfﬂ‘g + T : ik ¥ /A =5
C% XJ.K l ! —— 74’ |
o} O[ \é-i—:g 19 | A |

h } -t Xl L
ale Ix ERANRREEE [WERE RS 48
0 10 a0 30 40 50 O 20 . 30 BO & 100
Cy» Drag coefficient Cps Moment coefficient,
Fig.l Fig.3

Fig.1,2, 3.

¥ Modified form

e /jL~>K
- BT

Fig.3.

Functioning of a multi-slotted wing in
comparison with the Géttingen profile 422,




Figs.4,5,6.
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Contrast between lowered and raised aileron.

Increasing the effect of an aileron by an
auxiliary wing with intervening slot.

Figs.13,14




