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’ NATIONAL ADVISORY COLIIITTZE FOR AERONAUTICS.
TECHNICLAL MEJIORAKNDUM NO, 594
PRICTICAL TESTS WITH THE "AUTO CONTROL SLOT"*
By G. Lachmann
PART Il: Discussion
Dr. . Pleines.- For some wtime the D.V.L. (Deutsche

Versuchsanstalt fur Luftfahrt) (CGernman Aeronnutic Institute)

has been investigating the question of the applicability of

Handley Page slotted wings to German alrplanes. Comparative
4 gliding tcsts were made with open and closed slots on an
) Albatros L 75 airplanc equipped with the Handley Page "auto

control slos." This investigntion served to detcrmine the
effcet of the auto control slot on the propertice and per-
formances of airplanes at large angles of attack. The most
important problems were as to whether the angle of glide at
small anglcs of attack can be increascd by the adoption of
the auto control slot and, in particular, as to whether the

flight charccteristics at large englcs of attack are improved
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thereby and equilibrium in gliding flight is gunranteed even at
larger than ordinary angles of attack.

The arrangement and form of the auto control slot, whose
functioning has just been described in detail by Lachma is
ghown in Figure 36. The auxiliary wings or flaps were placed
gsimply on the leading edge of %the upper wing opposite the aile-
rons. When closed, they did not exactly reproduce the original
profile shape for comstructional reasons, They could be freed
for autonntic functioning simply by removing a few Dbolts.

The angle of attack, air speed, sinking speed, longitudinal

inclination, angle of glide and elevator deflection were meas-—

ured in unaccelerated gliding flight. The most important results

of these measurements, whose ezecution and calculation will not
here be described in cdetail, are presented in Figures 37-36.

Figure 27 shows the course of the sinking speed vy OB

plotted against the acctual dynamic pressure Ay with open and

closed slots. The actual dynamic pressure q  Wwos determined
w

from speed flights over a guadrangular course by & suitable

o

calibration of the indicntions of the dynnmic-pressure gauge.

With the slots
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es greatly for d,
values smaller than 50 kg/m? ( v34 1b./sq.f5.) and greater
than 40 kg/m® (8.19 1b./sq.ft.), while, with the slots open,
the previous course of the v, curve ie preserved up to o,
values of about 45 kg/m® (9.23 1b./sq.ft.).” Above this point,

however, the i) values increace much more rapidly. Through
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the course of the v, ourve, which is reverscd for an airplane
with the slots open, at small dynamic pressurces down To 36 kg/m®
(7.37 1b./sq.f%.), in such a woy that the v, values increase
considerably, with increasing dynamic pressure fron 36 to

42 kg/m? (7.37 to 8.6 1lb./sq.ft.), it is found that the maxi-

mu 1ift of the airplane is reached and even exceeded.

With the slots closed, gliding flights can not be made at
B =4l kg/m?® (8.4 1b./sq.ft.), because the increased difficulty
of operating the airplane, due to the lessened damping and
controllability about the longitudinal axie, renders impossible
the tcking of measurements and the longer maintenance of a
given state of equilibrium. With the slots open, however, the
damping about the longitudinal axis and the controllability,
even in n state of equilibrium with the control stick pulled
clear back, were still adequate for long glides at constant

dynanilc pressur

Q

In Pigure 28, the :angle of glide ¢, as determined from

(')

the alr specd anc the sinking speed, is plotted against the

actunl dynamic pressurec & 'The difference in the size of

the gliding angle calls for the auto control slot on this
airplanc, because greater gliding angles can be attained
lower speeds with the slots open. The maximum angle of glide

@ e " 0
, Wnile it wae 13.5

with the slots closed was abous 10.5
with the slots open. The airplane was found to be perfectly

controllinble with the slots open and to be able to maintain
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: Lo ; S 0
its equilibrium for a long time. At a gliding angle of 10.5

with the slots closed, the damping about the longitudinal axis

()

was appreciably diminished even for slight disturbances of the
condition of equilibrium. A long gliding flight could be made
only with difficulty.

The course of the elevator deflection Byp, as plotted
against the actual dynamic pressure in Figure 89, shows that
the maximum elevator deflection with the slots open (>15°) is
greater than with the slots closed (about 10.30) and at much
lower q, wvalues. The maximum elevator deflection in gliding
flight with the slots open corresponded therefore with the
maximum deflection of the control stick in the pulling diree~
tion,

For determining the maximum angle of attack, the inclina-
tion of the direction of flow to the longitudinal axis of the

airplene, at o given n front of the airplane, was taken

3
(=3

o3 nt

15

as the criterion for the angle of attack. The measurcments
were made with a new instrument developed by the D.V.L., The
angle of attack a'! (Fig. 30) is here designoted as the angle
between the direction of flow and the line of symmetry of the
instrument at the given point. In Figure 30 the o' values,
thus obtained, are plotted agninst the actual dynamic pressure
4y Dboth with the slots open and with them closed. As was
expected, all the measuring points indicate a common course

throughout the whole angle-of-attack region, the only differ-
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ence being that 5 gregler o ‘valles (aﬂTﬁX = 80.8°%) are
ES TSP

obtanined at small pressures with the slots open than with

them closed (af

= a0
nax ol 17.8 )n

The angles of attack a, o8 determined by enother method
from the gliding angle @ and the longitudinal inclination 3
to the flight-path axis, are likewise plotted for conparison
in Figure 30 as a curve representing the nean value of the
individual meaéuring points. Since the numerical magnitude
of the a values can be rather assumed to be correct, the
difference in the course of the two curves can be explained
only by the fact that the angle-of-attack meter is still in
the region of great variations in the flow and therefore in
the region disturbed by the wings. The result is that there
is an apparent increase of the actual angle of attack in the
region of large Qg values and an apparent decrease in tae
region of small q, values. Tae difference vetween the angles
of attack of the two curves is therefore a criterion for the
inclination of the direction of flow at the given point in
comparison with a flow parallel to the wihole airplane. For
the present measurements, nowever, the absolute magnitude of
the a' values is entirely satisfactory as a standard of
comge rison.

The 1lift and drag coefficients of the airplane were
determined from the measured Vg values and the fineness

rotios. The mathematical cxpression of the experimental
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results was based on the conditions of equilibrium for gliding
flight without engine. Thereby the fact was disregarded that

1

the propeller thrust with the engine idling still had a defi-
nite positive or negative value and that the revolution speed
of the propeller at the idling position of the throttle depends

.

on the dynamic pressure. These assumptions are justified,
however, since it is here only a question of comparative meas—
urements. In Figure 31 the coefficient of 1lift is plotted
against the coefficient of drag with the slots closed and in
Figure 32 with them open. The mean polars are plotted in Fig-

T

ure 33 for cowparison. Figures 31-33 show clearly that, up to
a certain c, value, both polars follow the same course through-
out. Though the region of the maximum 1ift above this cg
value is soon reached for the airplane with the slots closed,
the maximun 1ift is considerably greater for the airplane with
the slots open and extends over a considerably longer range.
Due to the previously mentioned diminished controllability, the
maximum 1ift of the airplane with the slots closed could no
longer be utilized. On the contrary, in the gliding flights
with the slots open it was possible to fly at several points

of the polar above the maximum lift. However, due to the
lessening of the elevator effect in this angle-of-attack re-
gion and the consequent great variations in the measured dy-
namic pressures, the accuracy of the meansurements wns corre-

spondingly diminished. This also explains the relatively
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greater scottering of the mensuring points in this stalled
region of the polar. IHevertheless the airplane was sufficiently
controllable and laterally stable, even at these angles of
attack corresponding to the maximum elevator deflection in the
¢imection of pulling.

In figure 34 the 1lift coefficient ¢, is plotted against
the angle of attack o' for the airplane with the slots open
and with them closed. The generally rectilinear course of the
relation in most of the range of the angles of attack is here
preserved throughout., Greater B values are attained at
greater angles of attack, however, with the slots open.

Figure 35 illustrates the advantage of the auto control
slot for landing on a field surrounded by obstacles. Thus, for
example, in gliding from a height of 40 m (131.2 ft.) with the
throttle at idling speed, the landing glide is shortened about
50 m (164 ft.) or 24% of the landing glide of an airplane with
the slots closed. Care must be taken that the flight charac-—
teristics and the controllability of the airplane with the slots
open, even at the maximum pull of the coantrol stick, fully
satisfy the requirements.

The knowledge of the poor controllability of most airplanes
at large angles of attack is the principal reason why all air-
planes are flown with & smaller utilization of their working

range than would be fe

9

sible even with regard to safety. The
=]

use of the auto control slot contributes considerably in this
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case to safety in landing and to the more complete utilization
of the working reonge of the airplane,

In conclusion I will add & few words regarding the lateral-
stability tests now being made for the purpose of determining
the effect of the Handley Page cuto control slots on the lateral
stability and controllability at large angles of attack. The
index for the behavior of an airplone at large angles of attack
is the sign and magnitude of the damping about the longitudinal
axis in disturbances of the equilibrium. A criterion for the
magnitude of the damping is the magnitude of the angular veloc-
ity ebout the longitudinal axis due to sudden disturbances of

£

he 1 o g, isturbances of © guilibrium of 1
the equilib Dist the equilibrium of known

mognitude were produced by suddenly releasing sand bags from

the tips of the lower wing by means of an electrical device,

J.

The angular velocity of the airplane about its longitu-
dinal axis was measured in terms of the time by determining,
with the aid of a rigidly mounted motion-picture camera with
the field of vision in the direction of the longitudivpl azlis

backward over the tail, the position of the airplane with re-

spect to the horizon both before and after producing the rota—

3

tion. The exposures were 8 to 9 per second. The measurements

o

were mode in the region of large angles of attack at different

=}

Gt

dynamic pressures of gliding fligh

113

with the engine throttled

to idling speed.

)

The first results of these measuremcnts are shown in

Figure 38, where the anglc of roll of the airplane about its
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longitudinal axis, with respect to the haorizon, is plotted
agoinst the time for various gravity moments. The previous

=

measurements show that, within the angle-of-at

4

tack range con—
sidered, the angular velocity aobout the longitudinal axis is
constant after the beginning of the motion, and that no
appreciably greater accelerations are produced.

-

Though these investigations have

(1

not yet been completed,
they have, nevertheless, shown smaller angular velocities of
the airplane about its longitudinal axis with the slots open
than with them closed. ©No detailed report of these compara-
tive measurcments can yet be made, however. It is only
intended to indicate here the methods followed by the D.V.L.
and the way the measurements are made, in order to determine
the behavior of the airplane as regards controllability and
lateral stability.

In reply to the question asked by Mr. Focke, it may be

remarked that the above 1

)
-

*iefly described stability measure-

ments concern only the initiation of a motion, which may be

regarded as a practically pure rotation about the longitudinal
axis at the large angles of attack and at the rotational

angles investigated. The results do not apply to the part of

(T 1

the motion, during which an additional rotation takes place

about the vertical axis due to the changed angle of attack of

H

the wing tips.
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H. Focke.~ The stability of an airplane about all three
axes has always been the most important problem aside from that
of dynamic 1ift. It seems strange, therefore, that the very one
of the three stabilities exhibiting the most dangerous phenomena,
namely lateral stability about the longitudinal axis, has been
conspicuously neglected. This problem is very difficult, because
any change in the angle of attack may effect a rapid and consid-
erable change in the lateral stability alone.

The restoring moment (if present at all in the positive
sense), the aileron effect and the damping moment disappear
veiy suddenly at a certein angle of attack. This is generally
followed bv autorotation or spinning, due to the separation of
the air flow from the sinking wing with its increasing angle
of attack. Any action of the ailerons only makes the matter
worse, since the sinking wing does not gain in 1ift but suffers
a braking effect (moment of yaw in the wrong direction). In the
region of the course stability and pitching stability no phenom-
ena occur, which are even approximately so dangerous as those
described in connection with longitudinal stability. There were
two main reasons for this surprising neglect of the lateral
stability.

The first is external and an outcome of the military
development. 3efore the war we had o laterally very stable
airplane in the "Taube." Since, during the war, the performance
requirements preceded all others, there arose the yet not

entirely abandoned fundamental error, that lateral stability of
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an airplanc necessarily involves poor aerodynamic qualities as
regords 1ift and drog. Lateral stability was deliberately
abandoned, since, at that time, there was and could not be any
clear conception of the importance of this retrogression.

The second reason is internal and can alone explain why
the situation still remained the same almost bten years after
the war. Technical men of today nre inclined to neglect
everything that can not be immediately figured out mathemat-

)

ically, instead of first seeking a qualitative solution by

means of the lows of physics. ateral stability baffles
calculation to o much greater degree thon longitudinal stobil-
iy,

The writer has repeatedly called attention to the urgent

need of o high degree of lateral stability (Z.F.M. 1928, page

545). A very large proportion of the worst airplane accidents
have hitherto been caused by the loss of lateral stability in

stnlled flight. Moreover, there are, even now, many airplanes
which lack lateral stability in normal £flight and can be flown
only becouse the damping about the longitudinal axis is always
great at normal angles of attack.

The Focke-Wulf company has loug eandeavored to make at

least its comwercial airplanes so stable laterally that o)

o o

stalling would cause only loss of altitude and not lateral

rotation. Horeover, the goal was also b) absolut ecurity

6}

ok
U

gpinning induced by rudder deflections The Focke-Wulf

wing is similar in shape to that of the Toube with its upwoard-
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bent tips (Fig. 37). It was important, however, to obtain
stability:

1. Without worsening the aerodynamic qualities as compared
with other good modern wings, in order not to impair the flight
performances.

2. Without rmovable mechaniswms, in order not to introduce
new sources of disturbance.

3. Without weight increase.

4, Without any moment of yaw in the wrong direction when the
ailerons are deflected.

5. With adequate aileron effect in stalled flight.

Since 1924 all the Focke-Wulf commercial airplanes have
met requirement a with the fulfillment of conditions 1 to 5.
By reason of improvements, which can not here be fully described
on account of patent rights, requirement b, absolute security
against spinning, was also successfully nmet in 1939 by sur-
prisingly slight changes, likewise with the fulfillment of
conditions 1 to 5.

Here therefore we have a rare instance of an important
effect being produced by formative measures without any conse-—
quent disadvantages. On the other hand, it must not be assumed
that every thick wing will have equally good characteristics.

The following report of the D.V.L. (German Aeronautic
Institute) describes the phenomena observed on the spinproof
Focke-Wulf A 28 "Habicht." Of especial interest is the

absolute independence of the spinproofness of the location
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of the center of gravity, which was shifted aft to an excep—
o b

tional degree (39%).
"Iateral Stability of the Focke-Wulf A 28"

"The Focke-Wulf A 28 was tested by the D.V.L., June 6,
1929, with respect to its flight characteristics. The D.V.L.
test pilot Sch&z found that this airplane exhibited surprising
lateral stability not only in normal flight but also in stalled
flight.,

"On account of the importance of this result, the D.V.L.
arranged with the Focke~Wulf Co. of 3Bremen for another flight
test of the airplane, in order to secure a qualitative verifi-
cation of the above-mentioned results. In this test, which
took place Jan. 10, 1930, the following data were obtained:

"Flight l.- The flight wos made with the greatest possible
advance of the center of gravity (32.1% with respect %o Bogd
at a distance of 2b/3nm from the middle of the fuselage, and
33.8% with respect to the wing chord at the fuselage).

Trimaing: Fuel (forwerd tank only) 50 kg (110.233 1b.)

0il tank 10 ¥ f B30 " 2
Pilot 76 M. CAEIGE P )

3aggage Toom g
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air spced of 65 km/h (40.4 mi./hr.). It was not possible to
throw the airplane into a spin.

"Flight 2.—- This flight was made with o mean position of
the C.G. (35.6% with respect to 1 at o distance of 3b/3m

from the middle of the fuselage, and 37% with respect to the

3

wing cihord at the fuselage.

Trimming: Fuel (forward tank only) 50 kg (110.33 1b,)
0il tank =T B A AR
Pilot vg M (187,855 # )
Baggage room . BE™ {18538 ™)

The result was the some as in flight 1. No perceptible changes
occurred in the behavior of the airplane as compered with flight
l. No spin could be developed.
"Flight 3.~ This flight was wmade with alwmost the farthest
possible rearward position of the C.G. (57.5% with respect to
] at o distance of 3v/3m from the middle of the fuselage
m? H

and 39% with respect to the wing chord at the fuselage).

Trimming: Fuel (front tank only) 50 kg (110.83 1b.)

0il tank g " { 1984 %3
Pilot g M (167.55 " )
Baggage rToom 90 ™ (198.42 ")

The result was the same as in flights 1 and 8. No spin could
be developed even at this position of the C.G.

"According to the results of these tests, the lateral-—

0

=

stability characteristics of the Focke-~Wulf A 38 corresponded
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approximately to those of airplanes fitted with Handley Page auto
control slots. The fact that the behavior of the airplane in
stalled flight was not affected by the location of the C.G. seems
to indicate that it was due to the shape of the wing. The
attainnent of adequate lateral stability and controllability in
stalled flight is one of the most important problems as regards
safety."

The present possibility of safe flight in the stalled con-
dition yields further very important results. It is possible to
fly with a very poor fineness ratio near the maximum 1ift and
hence make a steep landing zlide (about 1:4) at a minimum speed
to a narrow field. The spinproof Focke-Wulf "Habicht" has, e.g.,
a minimum speed of 62 km/h (38.5 mi./hr.) with a maximum speed of
179 km/h (111 mi./hr.). This enables a sinking speed of 4 ~ 5
m/s (13 - 16 ft./sec.) and, although present-day landing gears
~can not stoand a direct landing in this manner, it would not be
very difficult to adapt them to it. It would require twice the
travel of the springs, about 40 cm (16 in,) instead of 230 cm
(8 in. ).

It should also be noted that the spinproofness of the
Focke-Wulf airplane has nothing %o do with its stallproofness.
This follows from the fact that a spin can not be developed when
very great angles of attack are produced. It would certainly be
desirable to avoid stalling altogether. On an ordinary airplane
it is not generally possible, at the maximum 1ift, to eliminate

I}

the elevator «wffect suddenly enough, if it is to suffice for
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normal flight. Hence this method is feasible only for "Ente"
airplanes, where the very powerful elevator effect near the
region of maximum 1ift drops automntically and almost instantly
to zero.

The entire development of the Focke-Wulf wing, due to lack
of funds, has hitherto taken place almost without quantitative
measurenents of the lateral stability. It is very nuch %o be
desired that the D.V.L. should now be given the opportunity to
make such tests on an actual airplane, as have already been made
for the Handley Page wing with similar although not so compre-
hensive aims, because the results of wind-tunnel tests can hardly
be utilized in practice, on account of the noncomputable charac-
teristic effects which occur in the immediate vicinity of the

maximum 1ift.

Professor Hoff.- I did not quite understand the unit weight

indicated by Dr. Lachmann for a slotted wing. What relation does
this unit weight bear to the unit weight of the whole wing? This
relation might furnish indications reganrding the practical possi-
bility of using slotted wings. How great is the elevation of the
troiling edge of the auxiliary flap? The pictures shown by
Dr. Lachmann did not indicate this clearly enough.

In the many-jointed mechanism of +the auxiliary wing no
damping of the motion of the flap is necessary, according to
Dr. Lachmann, while a flop with o straight guide is difficult to

shift from one position to another. Since the straight-guide
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mechanism has certain structural advantages, it is desirable to
know the amount of the damping vainly resorted to with such de-
vices.

Dr. Lachmann very graciously referred to the work of the
D,V.L. which had thus far been done in the realm of slotted wings.,
This work has been small, because until recently there was no air-
plane with slotted wings at our disposal. We hope the D.V.L. will
be able to conduct further researches in this very interesting
tield.

The task of the D.V.L. is to investigate thoroughly the
various possibilities of eliminating dangerous flight conditiomns,
in order to balance the advantages and disadvantages against one
another, The Focke-~Wulf "Habicht" was flown by the D.V.L. in a
series of type tests, but no static tests were made. This air-
plane has the favorable characteristic that it can not be thrown
into a spin. It is hoped that the D.V.L. will get one of these

airplanes for static testing.

H., Herrmann.- Land tests of seaplanes have been made, in

which not the lowest possible landing speed of the given air-
plane, but the mean landing speed for ordinary pilots was deter-
mined. This was 15 to 40% above the actual minimum speed. Now
if a normal twin-float seaplane is flown at its maximum coeffi-
cient of 1ift, it will strike the water at a greater angle of
attack than the float is adapted to. The result is 3 or 4

violent oscillations on the water, which the pilot can not
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prevent. If the landing is made at a higher speed and smaller
angle of attack, these rocking motions are not produced. They
are caused by the floats and are common to all twin-float sea-
planes known to me.

Take, for example, the landing of a seaplane in a rough sea.
At first it grazes the crests of the waves and loses speed. In
a normal landing of a modern seaplane nothing happens at this
time. At the moment of immersion, however, the seaplane has a
sinking speed with respect to the water, which, aside from the
now low horizontal speed, depends only on the size of the waves
and the size and shape of the floats. The pilot can change

e constructor can do hardly anything.

oy
(@)

nothing at all. Even %

&

He con vary only the absolute size of thc seaplane. E.g., the
hull of the "Do X" covers two wave lengths in seaway 4, while an
ordinary float seaplane of 2 to 3 metric tons flying weight covers
only about 1/3 of a wave length. Experience has shown that the
damage is done a4t the moment of immersion. The only protection

is afforded by the great strength or the shape of the float
bottom. Reduction of the landing speed does hardly any good,

B

since immersion occurs at about 40% of the same. In the great
diversity in the nature of the seaway, it matters very little
whether it is 40% of 100 or of 80 km/h, (49.7 mi./hr.).

I built two seaplanes with slotted wings before these focts
were known. The slotted wings always worked perfectly. Their

extra weight was perfectly allowable. In landing on quiet water

the londing angle wns too great for the visibility. HNo sco test
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was made. If one were nade, however, the landing angle would
make itself felt not only in the first contact but also on
immersion, after which every seaplane type would assume an
approximately horizontal position. The large angle of attack
required for the action of the slotted wings is lacking.* For
thege reasons I no longer use slotted wings on seaplanes. I
may possibly try them again on some type, since they always
functioned perfectly. Regarding the use of slot control, I
venture to refer to my remarks of a year ago during the dis-
cussion of Hubener's paper. I then said that one should be
able to obtain the same result in another way, namely by giving
a suitable form to the wing tips. It seems quite possible that
within five or ten years, other devices may be found to prevent
any undesired spinning. ZEach such device will probably be used
in the particular field for which it is best suited. Slot
control seems to be better adapted to nilitary airplanes, while
the Focke-Wulf wing is probably better adapted by its unusual
lateral stability to commercial airplanes. To the best of my

knowledge, there is no large commercial aviation company

*In his concluding remarks the speaker mentions that the second
seaplane had slotted wings with only a leading-edge slot. liore
careful consideration shows, however, that the slight variations
in the angle of attack in this case (about 32-24° as against 18°
otherwise) are of no practical consegquence. Villiers made his
tail floats with unusually small displacement and had to accept
consequent disadvantages on the water, which are intolerable on
the Baltic and North Sea. He probably hoped to get more benefit
from the slotted wings as a consequence of elevating the tail.
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operating 20 or more airplanes, Which has equipped even 10%

of them with slotted wings.*

i . £ 3 :
Georg Konig.— I know of an airplane, which was flown

horizontally at a very large angle of attack with the throttle
wide open. It Was in the spring of 1914, and the airplane was
a biplane of 9.5 m (31.2 ft.) with a sWeepbaOk.of 15°, a wing
gap of 1.55 m (5,09 ft.) and a positive stagger of 0.7 m (3.3
ft.). Without slipping over the wing, it flew at an angle of
attack of 270, which was accurately determined by the obser-

vation that the wing struts assumed an exactly vertical position.

Dr. Lachmann in his concluding remarks first thanked

Dr. Pleines in particular for his report, which constituted a
valuable supplement to hi$ own lecture. He also thanked the
D.V.L. in general for their systematic investigation of slotted
wings, Wwhich had hitherto been rather neglected in Germanye
Such fine exact flight tests of slotted wings, as Dr.
Pleines had made, stood alone and perhaps were made possible
only by the rare union, in his person, of the airplane pilot

and of the engineer schooled in exact scientific methods. On

*With the limitation that the company must operate at least 20
airplanes, I wished to excludec the "Imperial Airways." According
to Janel's "All the World's Aircraft" 1929, they have 36, After
deducting 3 flying boats lost in the Mediterranean, they still
have 23, though I had estimated them at only 30. It remains

true, however that large companies, like the German "ILuft-
H%nsa " the Latecoere lines oT the areut American lines with more
than lOO alrplanes, make no use of slotted wings worth mentioning.
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the other hand, only such flight tests, recorded by perfect
instruments, could furnish the data for the definite and
accurate determination of flight characteristics. The judg-
ment of a gingle pilot os based on his feeling, has only a
linited qualitotive volue, and even the mean result of the
conclusions of several »nilots can never be accepted as a

perfeet quantitative criterion, for there is often such a

"scattering" between plus and minus as to render impossible
the finding of any mean wvalue,

In detail he remarked regording the experimental results
obtained by Dr. Pleines, that the elevator on the tested air
plane was apparently not effective enough, since a maxinun angle
of attack of only 21° could be obtained with the control stick
pulled clear back. He suggested increasing the angle of setting

er angles of

(o

of ‘the stabilizer. in ozder to attain still or
b

(0]
@

Q

o

tock and steeper angles of glide. The differences obtnined in
the polars are remarkable and show thnt not only the flight
characteristics, but even the performances of an airplone of
unusual stability and fineness can be improved.

Regarding the continuation of the tests for the deter-
mination of the lateral damping, he suggested the rolling motion
be initiated by dropping ballast and neasuring the time required
to eliminate the rolling wmotion by means of ordinary ailerons

and also with the aid of . slots

To the questions of Prof. Hoff
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the unit weight of the auxiliary wing mentioned by him oand
constructed for a large commercial cirplone was 8.73 kg/mn?
(1.38 1b./sq.ft.), or, since the chord of the auxiliary wing
the moin wing, the weil
portion of the main wing fitted with auxiliary flaps is 0.83
kg/mz («17 1b./Ba:f5.). The unit weight of the whole cell 18

3 kg/m® (1.7 1b./sq.f%t.). The increase in the unit weight is
accordingly about 10% for the portion of the mein wing fitted

a

with the auxiliary flaps. The airplane was a biplane with

relotively low wing loading (10.24 1b:/sgutts

Since the utilizeation of the material in the construction of
the cuxiliary wing was not carried very far for structural
reasons, it is assumed thot the unit weight of the auxiliary
wing does not increase in proportion to the unit load, so that
the percentile increase in the unit load due to the auxiliary
flap is probably less for airplanes witn high breaking loads

He snid that the elevation of the trailing edge of the
auxiliary flap is always very small, amounting to only a few
millimcters,

The sudden projection of the auxiliary flap from its
position of rest with the straight guide could be avoided
without ~additional demping by using a curved guide. enerally
speaking only air dempers wore used, as 0il dampers werc very

liable to freeze,
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The Hondley Page firm is very grateful to the Du¥olae fOT
the thorough testing of the slotted wing ond will support
further research work in every way. A ncew improved o puRlliney
wing together with a slot-controlling device operated by the
aileron have olready been put at their disposnl.

Regarding the stntenentg of H. Focke, Dr, Lochmnnn renarked
that he had anticipated his address with much interest. He
regretted that Mr. Focke had presented no quantitative data
regarding the charncteristics of the "Habicht" in stalled
flight. It could hardly be assumed that o firnm, waich,
according to lr. Focke, had for yenrs been busy improving the
lateral stability of its oirplanes, should dispose of no exact
experimental data, e.g., of polars obtained from flight or
wind-tunnel tests, from which to determine the moxinum angle
of attack and the beginning of the separantion of the air flow
and also the course of the gradients den/da or dca/da,
which tells the specialist all he wishes to know regording
gtobility in stalled flight.

He took issue with Iir. Focke's statement that the lateral
stobility was not amenable to mathenatical or empirical treat-—

=

ment and referred to the voluninous German* and English**

womente beil

¥R. Fuchs and W. Schmidg, "udqufRI“G und Luftkr t
ler Tragwerks—

grossen Anstellwinkeln und inre A‘hanglokelu von
seabtalt % Z.F.0, Jon. 14, 1B30, ppe l=i2s

o }“)

*#U¥Phe Loteral Comtrol of S*,lﬁed Aeroplones. Gencrnl Report by
the Stability and Control Ponel. Renorts and lenoranda, No.
1000, 1926,
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literaturc on the subject of autorotation and stability in
stalled flight.

It is not at all true that data obtained from wind-tunnel
tests afford no basis for determining the behavior in flight on
account of the effect of the characteristic value. Correctly
flown polars (with cngine stopped) agree very well with the wind-
tunnel polars even for thick wing profiles.*

From the general stotements of Mr. Focke and the purely
gualitative report of the D.V.L. it may be concluded that
nothing was determined aside from the speed and the location of
the C.G. and that all the statements regarding the lateral
stnbility and aileron effect in stalled flight, the angle of
glide, ctc., were based on feecling and visual estinmation.

On thick-winged monoplanes one is subject to optical

P

illusions in estimnting the angle of attack with respect to
the flight path. The Fokker monoplane, on the basis of skill-
ul demonstration, wos considered absolutely spinproof,
laterally stable and controllable in stalled flight, until

the mysterious characteristics were thoroughly investigated

in England with the aid of systematic tests. The results were

published in Reports 1238 and 1236 of the 1938 British Reports

and Memoranda, "Full Scale Control Tests cn Fokker F, VII -~

*WPull Scale Measurements of Lift and Drag of the Fokker F.VII =
34 Monoplene," by J. K. Hardy, B.A., British R&M No. 1096, 1937,
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3 M Monoplane" and "The Control of the Fokker F., VII - 3 H
Aeroplane. " rorn the latter report the following sentences
are quoted. i

"There appears to be no doubt that when the machine is
really stalled it is subject to the same dangere which are
present in conventional British asroplamnes. Thus if either
of the wings drop, the comntrols are quite inadequate to restore
equilibrium without a reduction of incidence involving a dive
and goin of speed.

"The results of wind tunnel experiments are in agreement
with this conclusion, since they give, in essentials, results
similar to those for coaventional British aeroplanes, with the
exception, however, that they show unusual stability for small

rates of roll. The wind tunncl experiments suggest, in fact,

o

-

that the aeroplanes might be unusually easy to fly stalled
whilset it is on an even keep, but should be no freer from

danger then other machines once a serious roll or yaw has

comnenced,

"In respect of danger from stalling, the matter may be
surmiarized by the statement that the danger following a stall
on a Fokker is no less than that upon other machines, but the
probability of the stall occurring nmay be less."

Dr. Lachmenn said that he was inclined to hold the sanme
opinion regarding tlhe Focke-Wulf airplane as thot expressed in
the British report regarding the Fokker F.VII, g0 long as Mr.

Focke does not furnish conclugive proof that his wing is not
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subject to autorotation at angles of attack of &5 to SOO, and
that an airplane equipped with hie wing and with efficient
horizontal and vertical control surfaces can not be made to
gpin.

He did not deny the importance of .the method adopted by
Fokker and Focke-Wulf for avoiding the danger of stalled flight,
namely by reducing the dimensiong of the elevator and all the
other control surfaces with simultaneous maximun damping about
all three axes.* This mcthod does not absolutely eliminate,
however, the danger of autorotation and can be used only on
airplanes where a reduction in the contrellability and maneu-
verability is known to be permissible. This point was not
mentioned by Mr. Focke. Any reduction of the controllability
is not only a disadvantage, but also dangerous, namely when
the airplane is forced into a full stall by powerful external
influences (gusts).

In making an aerodynamic analysis of autorctation, we
cone upon phenomena in the boundary layer (separation due to
incrcase of pressure and loss of energy), which can be avoided
only by secondary means (slotted wings, increase of energy or
renoval of boundary layer by suction) and not simply by
changing the shape.

Dr. Lachmarn said that his ubtterances are not to be

congtrued either as a onc-sided propeganda for slotfted wings

*Bven a fully stalled airplane, when equipped with slotted wings
can be thrown intentionally into a spin only when it has an
efficient rudder.
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or as an attack on the meritorious labors of Focke who had the

sane goal in view, namely, increasing the safety of flight. 1In
the interest of progress it is necessary, however, to have a

clear conception of the quantitative limits of the Focke principle,
and he thanked Mr. Focke for his stirmlating and valuable re-
marks.

Regording lr. Herrmonn's statements, Dr. Lachmann remarked
that Mr. Herrmonn had used on the previously mentioned seaplane
only a leading-edge flap without any connected aileron which
could be pulled down. This device can be used only on seaplanes,
since it makes it possible to attain the maximum 1ift of the
wing without excessive incidence of the longitudinal axis of the
ailrplane., When o leading-edge flap is used without aileron, the
angle of attack corresponding to the maximum 1lift is said to be
85»280(!). It is obviously inpossible to utilize so large an
angle in landing. When an aileron is used, the incidence of the
longitudinal axis for the maximum 1ift of the slotted wing is
about the same as for a conventional wing.

All the new types of the "Imperial Airways" (namely the
new Argosy's and the Handley Page 43) are provided with the auto
control slot, because this coupany is convinced of its practical
importance. It has not been generally adopted by other compa-
nies, due partly to lack of conviction and partly to lasck of

funds.
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Subsequently Added

The gencral pitching novements ("porpoising") mentioned by
Mr. Herrmann, which occur in landing at maximum 1ift, had been
previously observed on twin-float seaplanes in England.

According to a personal communication from a well-known
British seaplone test pilot, this trouble has been remedied by
a suitable YV shape of the bottom of the float, correct
position of the steps, and the correct position of the floats
with respect to the fuselage and the wing chord on all recently
built 3British seaplanes.

Figures 38-39 ghow o twin-float seaplanc equipped with
slotted wings. It is the Handley Pag

e "Harrow" designed and

o
J
2

built by Short Bros., Rochester. According to the experiences

2

of the Handlecy Pngze firm, this seaplane represents not only the

(%]

most successful applicotion yet of slotted wings to seaplanes,
but also one of the most succesgsful applications of the slotted
wing anyway. This seaplane has automatic stabilizing and
lifting slotted wings actuated by gears, which, in opening,
sinultaneously deflect an aileron downward.

With the slot closed, the take-off speed is guite high,
but, with the slot open, the seaplane can taoke off almost

o

immediately after rising on the step at a reclatively low speed

and a large angle of attack. Alighting with the slot closed

takes ploce in the conventional monner, in thot the seaplane

hts on the step without subsequent pitching.
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With the slot opcn, not only the sinking speed is lower,
but the horizontal speed on alighting is about 18 km/h (10 mi./
hr.) less than with the slot closed. The run after alighting
is very short. The stern of the float touches the water first,
which naturally produces o tendency to thirow the airplane for-
ward with a certain impetus on the bow of the float. The
unpleasant pitching movements mentioned by ir. Herrmann do not
occur however,

On the basis of these tests, the Handley Page company has
cone td the conclusion that the use of slotted wings is nore
advantageous on seaplanes than on landplanes, provided the
floats are correctly designed ond adapted to the altered con—
ditions.

Automatic stabilizing slots are especially advantageous
for flying boats, since many flying boate have the unpleasant
habit of "jumping" in a rough sea, before attaining their take-
off speed. There is then great danger thot they will lose
their balance and slip over the wing.

Regarding the statements of Iir. Kgnig, Dr. Lachmann re-
marked that a strongly staggered biplane resembles in principle
a slotted wing with a greatly enlarged auxiliary flap, especially
when the upper wing has a smaller angle of attack than the lower
wing. It is also probable that the great yawing stability, due

to the strong swespback, facilitated flight at a large angle of

92]

attack. It is surprising that it was possible at that time to
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fly level with full gas at so large an angle of attack.
In conclusion Dr. Lachmann thanked the audience, and

especially the participants in the discussion, for their

great interest.

Translation by Dwight M. Miner,

National Advisory Committee
for Aeronautics.

30
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?igs;§§,39 ﬁéndleymigée "Harrow" with slotted wings.
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Figs. 32,33
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