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NATIONAL ADVISORY COMMITTEE FCR AERONAUTICS.
TECHNICAL HMEMORANDUM NO. 502.

ANALYSIS OF FLIGHT AND WIND-TUNNEL TESTS ON UDET AIRPLANES,
WITH REFERENCE TO SPINNING CHARACTERISTIZCS.*
(Low-wing Udet U 6, Udet U 7 "Kolibri," .Udet U 123 "Flamingo.")

By H. Eerrmann.
Introduction

During 1983-1925 many different types of light airplanes
~were made ih Germany. FQr the analysis of the results at-
tained, many comprehensive wind-tunnel tests were made in
thtingen at the suggesticn of the writer with three differ-
ent models constructed by him. The results were reported to
the D. V. L. (German Institute for Aeronautic Research) of
Berlin-Adlershof, which, in tugn, commissioned the writer
with thelr analysis. .

The values were determined for the effectiveness of all
the controls at various angles of attack. The autorotation
was studied by subjecting the rotating model to an air blast.
With the low-wing moneplane U 6 the aerodynamic longitudinal
moment decreases suddenly at large angles of attack. The
inertia forces then exceed the air forces and prevént escape
from the spin. This actually occurred with this type. Re-
cently a similar accident happened to another monoplane.

The causes of the disastrous drop in the longitudinal moment

" puswertung von Flugversuchen und Windkenalmessungen an den
Udet-Flugzeugen." From Zeitschrift flir Flugtechnik und Motor-
luftschiffahrt, January 14, 1929, pp. 3-15.



N.A.C.A. Technical Memorandum No.. 503 a2

have not yet been explained.
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Symbols Used

Wing area including fuselage section and ailerons.
Accelergtion due to gravity.
Air density.

Speed or velocity.

Dynamic pressure v2/2g.
Reference chord.

Span.

Abscissa of center of gravity.
Ordinate of center of gravity,
Peripheral velocity.

Total weight.

Drag.

Lateral force.

Coefficient of 1ift, cg = % q.
" ' drag, Cw = %—J(‘ q.

t " lateral force, cg = % g.

L " normal force, c¢p = Cg COSA-Cy sina .

" ! tangential force, ct=cy C0sG-Cy sina .

Pitching moment due to air forces, positive when
nose-heavy.

Rolling moment due to air forces, positive when
causing rotation to the right.
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Cmh

Cmq

Cms

.

[GA]

mkg | Lateral moment due to air forces, positive when
causing a turn to the right.

mkg | Pitching moment cdue to the inertia forces, positive
when nose-heavy. '

Pitching moment due to the gyroscopic moment of the
propeller, positive when nose-heavy.

Mrr
By

Coefficient of pitching moment o Ftq.
' 1%
" " rolling " ?Q t q.
" " lateral " %§ t q.

Axes through center of gravity and fixed in space:

x—-axis in the direction or flight;
y—-axis perpendicular to the direction of flight;

z—axis parallel to tae direction of flight.

Axes through center of gravity and moving with the airplane:

x', longitudinal axis;
y', vertical axis;

z', lateral axis.

Jx, Jy, Jz mkg/s?, inertia moments about the 3 axes.

v, Wy U/s, angular velocities about the 3 axes.

Angle of attack.

Angle of flight path.

Angle of rolls

Lateral angle, positive when airplane turns to left,

Elevator angle, positive when causing nose-heaviness.
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3q Elevator angle, positive when ccusing right roll.

Ba Rudder angle, positive toward the right.

1, Historicol Sketch

The U 8 was built in January-February, 1933,

in May.

It surpassed the other airplanes of that time.

and was flown

1t was

purposely made slightly nose-heavy and was valanced by 5 kg

(11 1b.) of vallast in the tail.

Type U 6. v 7 U 13
Year built 1923 1924 19235
Span m 9.8 10 10
Distance of elevator from .
center of gravity m 3.7 i 3.5 4.3
Reference chord m 1.50 1.50 1.32
Wing area including ailerons m? 13 12.5 24
Alleron crea m2 1.2 1.3 1.4
Stabiiizer area m2 1.8 1,8 1.5
Elevator " m2 0.8 0.8 0.8
(1.05)*
Fin n m 0.25 0.25 0.45
(0.70)*
Rudder " m= 0.30 0.30 . 0.54
(1.00)*
Dead load (weight empty) ke | 330 165 500
Useful load " 2330 85 300
Total " " 550 ! 850 800
*The parentheses refer to spinning tests, The other numbers

refer to wind-tunnel tests.-
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Engine power HP. 55 18 | 80
Maximum speed km/h 145 95 140
Climbing speed (air density .

1 kg/m3) n/s ca.1l.0 0.8 1.2
‘Maximum 1ift coefficient

attained - , - -
Take-off run - m 200 100-200 130«
Landing run ’ m 125 .l 80 150
Inertia moment about vertical

axis, mkg/s2 | 90 77 234
Inertia moment about longitu-

dinal axis mkg/s?| 60 53 184
Inertia moment about laternl i

axis mkg/s?| 50 38.5 | 150
Inertia moment of propeller mkg/s? 0.211 0.079; 0.174
Abscissa of center of gravity m | 0,74 0.64 | 0.75
,0rdinate of center of gravity m +0. 30 -0.45 QO.93

Flight characteristics.— Longitudinal stability with and
without gas. Lateral stablility of curves up to 30°. Liﬁe high
effectiveness of 2ll three controls. Uniform alwmecst zero pres-
sure.on all controls. Very sensitive in flight. Looping and
rolling showed that thé_elévator was very small for such stunts.

Once pilot D. forced the airplane into a spin. It spun
very slowly at a large angle cf attack. The engine remained
still, and the pilot could not get out of the spin. He was

very familiar with spinning, had good nerves and presence
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of mind and escapea uninjured on crashing in the woods. He had
done all thet was humanly possible to get out of the spin and
reported that 211 the controls were pressureless -nd ineffective.

The U' 7 ("Kolibri") was built in November, 1933; remained
idle three months for lack of an engine; was first flown in June,
1924, and won three first prizes the saome year in the Rhoén con-
tests, The rudder had to be enlarged. It could not ve consid-
ered perfect. I+ was intended for training purposes, but failed
as regards the engine question. Two accidents; due to stalled
ilight at altitudes of 20-30 m (65—100 ft.) by incompetent pi-
lots, could not e attributed to the characteristics‘of the
airplane.

The U 12 ("Flomingo") was Duilt in December, 1934 - Febru-
ary, 19285, ond was first flown in Merch. It was found to be
5 cm (2 in.) tail-heavy os compared with the design. Since it
was first used chiefly for stunt flying, no complcint was made,
because a slight taill-heaviness facilitated looping and rolling.

The first sample did not exhibit the perfeétion which sub-
sequently led to its general adoption. Its ecosy t?ansiﬁion into
and out of turns, combined with godd lateral stability and con—
trollability at large cngles of attack, distinguished this type
from the others of that time,

The elevator was first enlarged. The inner contour was
then cut eway, in order to produce a pressure equal to that on

the ailerons. This »nroved successful. For the some reason
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the rudder was likewise enlarged toward the rear. Thus it Was
brought about that all the controls produced the -same angular
acceleration for the same pressure and motion of the hand or
foot; The sensitivity to gusts was also the some about all
three axes.

The following incident then occurred, which affected the

whole development. Von Ki, a new pupil who had never been in

O]

spin befofe, came out of a flat spin into a close spiral, ap-
parently without rebognizing it socn enough and high enough,
and struck the side of a house. The airplene had an enlarged
elevator and rudder.

‘Up to that time no spinning had been tried with that type.
Systematic spinning tests were made with it in November, 1925.
TWo.rudders were used, one of them being enlarged backward and
the other upward. Von Schénebeck was the pilot. The report
reads:

"The tests yielded perfectly normal spinning curves up to
five rotations and 350 m (1150 ft.) loss in altitude. With the
aid of a triple recording device, there were measured the loss
in altitude, the rotation time and the number of rotations aur—
ing the whole spin. The radius was estimated, partly from the
ground and partly from another airplane. The results were as

follows.
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Spin of the U 12

Approxi-
Number of |Number of | Altitude | Time per |Number of mate
the flight !the spin | loss in m | rotatien |rotaticns | speed of
' descent
km/h
1 185 - - -
1 2 160 3.5 2 82
3 160 4.0 2 72
4 204 2.5 1% (195)
1 182 3.0 2-3/4 80
3 2 285 2.5 4-1/2 143
3 355 - 4 -

"The altitude loss was calculzted with the aid of the
Jordan altitude formula:

h = 16000 E-E-SL, (1 - 0.004 tp), .

1

in which B denotes the barometric height at the end of the
spin; B,, the barometric height at the beginning of the spin;
tm the mean temperature of the air stratum, which was ?ut at
-10°¢ (14OF). The values plainly show that (in comparison with
English measurements) the spinning curves were perfectly normal.
The radius of the flight path was estimated at 8-10 m (26-30 ft.).

"The spin was entered from a steep 'corkscrew! with full
aileron and rudder deflection in the same directien and with
the elevator up. .The transition from the spiral into the spin
was effected by a suddgn jerk. The spin was uniform until the
steering controls were released, when there was a gradual tran-
: sitién to normal flight. This usually required about 1.5 rota-
~tions.

"The enlarged rudder required 2 to 3 rotatiens before the
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requisite angular velocity for spinning was attained. The re- .
covery from the spin was accomplished in about the same manner
for both rudder sizes.
| "Stalling in straighﬁ flight caused pancaking while stall-
ing in a turn, without a very high angular speed, caused side-
slipping. .

"It seems advisable to use the enlargéd fin and rudder be-
cause they tend strongly to prevent the transition into a spin."

It was thérefore decicded to use only the large fin and rud-.
der. Subsequent tests made it seem advisable to enlarge the
fin still further. These measures increased the tail-heaviness.
The writer made flights with ballast in front of the center of
gravity; These flights showed the'besf location for the center
of gravity to be 5 cm (2 in.) in front of the location calcu-
lated from monoplane tests. The next series was then made with
a correspondingly longer fuselagé and advaﬁced landing gear.

Two other tests led to no further structural changes.
Once the wing contour was made rectangular iﬁ order to cheapen
its production. The result was a'iessened aileron efficiency
and an increased pressure on the ailerons. There was no possi-

bility of rolling. The dihedral was then e%iminated with a

‘much poorer control while going into and oﬁ§ of turns. Experi-
ence also showed that the elimination of the one degree of
washout had an unfavorable effect on curvilinear flight. Last-

ly, the gear ratio.of the control stick to the ailerons was
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raised, thus equalizing again the pressure and effectiveness

of all the controls.

Characteristics of Production Airplanes

Characteristic ieans and cause
" Equalization of pressure and Flight tests, changes in the
effectiveness. Good transi- controls. 3° dihedrsl, ellip-
tion into and out of turns. tical 1ift distribution cross-

wise to the flight direction
obtained by 1° washout and wing
plan form.

Ability to land easilye. No separation of flow at large
angles and good effectiveness
of all controls. Correct loca—
tion of landing gear.

+

No loss of control in stalled  Elevator sufficiently effective
flight, lateral stability at to overcome the wing moment at
large angles of attack. 1+ large angles. Apparently no

diminution of the 1ift coeffi-

cient at large angles. Wing-
plan form. ‘

Ability to do all kinds of Control effectiveness. .
stunt flying.

Surfaces of the four types: varnished plywood fuselages
and fins; fabric-covered wings, stabilizers, elevators and Tud~
ders., The wings of the U 6 and U 7 had leading edges of ply-

wood. The wings of the U 12 had auxiliary ribs.
3. Wind-Tunnel Tests

Models with landing gears were made corresponding to Fig-
ures 1-3. The wings of the biplane were ccnnected by.thin
streamlined struts, whose drags were not determined separately.

The test results were not suitable for efficiency calculations.
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Reference Quantities

The reference quantity for all forces and moments is the
wing, including the central section.

The reference chord for all moments is the maximum chord
near the fusélage.

The reference axis for the longitudinal or pitching moment
is the lateral axis, fixed both with respect to the flight
path and with respect to the airplane itself, passing through
the foremost point of the chard in the middle of the wing (the
upper wing of a biplane). |

The reference axis for the rolling moment is the axis fixed
with respect to the flight path and passing through the fore-
most point of the wing chord in the plane of symmetry parallel
to the direction of the wind.

The reference axis for the turning moment is the axis
fixed with respect to the flight path and passing through the
foremost point of the chord in the center of the wing perpen-

dicular to the direction of the wind.
Angles

The angle of attack is the angle between the line of thrust
and the direction of the air flow. On the U 18 it is the angle
between the chord of the upper wing and the direction of the

air flow.
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The angle of yaw is the angle betweeh the longitudinal
axis of the airplane and the flight path.

The lateral angle is determined from the angle of attack
and the angle of yaw.

There were measured:

1. With the three-component balance, the 1ift, .drag and
pitching moment at angles of -30° to +40° for all three models
with rudder neutral.

3. With the six-—component bélance, the eifect of a de-
flection of 20° of the elevator, rudder and ailerons for all
three models throughout the whole range of angles of attack.
For testing the ailerons and rudder at negative angles of at-
tack, the elevator deflection was plus 20°. TFor positive an-
gles of attack, the elevator deflection was negative, corre-.
sponding to conditions in practice. The elevator was set at
zero for medium angles of attack. |

3. Only on the U 12, the effect of angles of yaw of 15
and 30 degrees on all forces meaéuredhunder heading 3.

4. For all three models, rotation produced by the deflec-
tion of the ailerons and autorotation about an axis passing

through the center of gravity.'
Arrangement of Apparat%s

A shaft, passing through the point in the model which cor-

responded to the center of gravity of the full-sized airplane,
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Was Totatably mounted on the bearings A and B (Figs. 4 and 5).
The model itself was, in turn, made rotatable longitudinally
about the center of gravity, in order to obtain the different
angles of attack. An adjustable counterweight G was added,

in order to obtain a uniform angular velocity.
The Experiment

The revolution speed of the model was determined at verious
angles of attack a, aileron deflections By (from O to 20°)
and wind velocities v, the maximum value of which was deter-
mined by the strength of the model. For angles of attack below
16° the rudder had to be removed, because it hit the shaft.
Control readings at large angles of attack, without the tail
members, showed no measurable differences.

The model was sometimes set in motion at Bgq = 0, and the
spinning direction determined. ©No special tendency to spin in
either direction, or to begin to spin without starting, was
noticed with any model, though it should be noted that there
was some friction in the bearings. The starting was also attempt-
ed, though always unsuccessfully, at Bq = 10° and 230° with
large anglesof attack outside the spinning range. Spinning in
the opposite direction to that produced by the ailerons was
effected only twice (with the U 6 and U 12) in spite of repeated
attempts. Two positions of spinning equilibrium were found at

large angles of attack. On gradually increasing the wind veloc-
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ity from zero, the lower position of equilibrium waos obtained,
which then quite suddenly went over into the upper positicn of
equilibrium at high wind velecities. The latter position then-
persisted, even when the wind velocity was reduced. The revolu-
tion speed was determined as nearly as pbssible fof both posi-
tions, but it could not always be found accurateiy, on account
of the instability at high velocities and on account of the

friction of the bearings at low velocities.
"‘Analysis

The peripheral velocity u = w g was cetermined from the -
measured revolution speed.

Models

a) U 6.— Both directions of turning were tried in order to
compare the uniformity of the left and right turn. The slight
differences were probably due to the lack of perfect éymmetry
of the model. Smaller angles of attack than the ones measured
could not be obtained. At o =:24.8° it.was found possible to
make the model spin contrary to the turning direction determined

by the deflection of the ailerons.

b) U 7.- The trailing edge of the middle portion of the
wing had to be cut away. When o was smaller than 11°, a por-
tion of the fuselage nose also had to be removed. Here also

the control points, at greater angles of attack without the
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fuselage nose, gave no measurable'differenoes.

c) U 12.- The trailing edge of the middle portion of thé
upper wing had to be cut away. At a = 23.8% and Bq = 10°
it was found possible to make the model spin contrary to the
turning direction determined by the ‘deflection of the ailerons.

The experimental results are shown in Figures 15-17.
3, Inertia Moments

Before definitely determining the spinning conditions, we
must determine the moments produced by the inertia forces. We
do this first for the angular velocity w = 1. In determining
the actual inertia moments we then have only to introduce the
actual angular velocity. Contrary to the air forces, they must
be referred to the axes moving With the airplane. For their
calculation we use the inertia ellipsoid of the airplane. Its
axes form angles of 1 to 3 degrees with the axes of the airplane.
The centrifugal force thus produced is disregarded.

Before we begin with the calculétion, we will first deter-
mine to what variables we will restrict ourselves, since rela-
tions too troublesome for practical purposes would otherwise
occur. ¢ Since the gyroscopic moments here depend on rotation
in space and not about the flight path, we must take into ac-
count both the angle of attack and the slope of the flight path.
If we imagine the steep spiral developed, we then have an in-

clined plane at an angle equal to that of the flight-path angle,
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on which the airplane descends at a large angle of attack.
Thereby a small lateral angle T, or a small angle of roll }i,
greatly affects the air forces and air-force moments, but only
slightly affects the inertia moments. If the inclined plane is
again coiled into a spiral, the inner wing tip acquires a great-
er angle of attack and consequently a gréater drag.

A moment is thus produced_about the vertical axis. This
is opposed by,é second moment, in that the tail in the spiral
no longer receives the wind symmetfically but laterally from
without. The magnitude of these moments is not known, but must
be quite large. From experience, it is known, however, that
the lateral and'rolling angles bccurring in practice are quite
small., The gyroscopic moments about the vertical and longitudi-
nal axes are thus eliminated. Consideratien of the lateral an-
gle slightly reduces the inertia moments. The gyroscopic mo-

mgnt about the‘remaiﬁing axis of roll, during steady motion, is
uy = (Jx - Jy) wx Wy.
The components of the angular velocity are
Wy = © sin (® - a) eand wy = cos (9 - a).
The introduction of these values yields the simple formula
M = (Jx = Jvy) w?} sin 2 (@ ~- a).

With the 2id of the values mentioned at the beginning, the cal-

culation is now a simple matter. We assume the flight-path an-
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gle to be 70°, which is a conservative mean value. Figure 1é
shows the Tesult. At large eongles the curve falls off.

If we now compare the inerfia forces for w = 1 of the
low—wing monoplane with that of the high-wing, we find a smaller
gyroscopic moment for the former. The gyroscopic moment of the
biplane is greater, corresponding to the greater weight, and
(taking this fact iﬂto accéunt) not fundamentally different.

The high-wing monoplane really has the greatest inertia forcés
in proportion to its small weight. For flight conditions the
square of the angular velocity is more important than the in—
dividual structural type, when the latter does not fundamentally
alter the air forces. Wes will see later, however, that the
contrary case sometimes occurs. | -

Gyroscopic Moments

The gyroscopic moment of the propeller,-hbwever, is not
proportional, as hitherto, to the second power of the angular
velocity, but only to the first power. The moment about the
lateral axis of the propeller, with the inertia moment J; and
the angular velocity wjp due to rofation about the vertical
axis, 1is

Mg = JL (-OL w sin (CP - a),
Figure 18 shows the calculation. It cannot be compared, howev-

er, with the lower curves, since the gyroscopic forces increase

with the first powex aﬁd the other inertia forces increase with
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the second power of the angular velocity. They are responsi-
ble for the difference between right and left spins. They be~
come important only on the installation of an engine with a
very large propeller on a small airblane with very great wing
loading. Their inertia moment incredses with the fifth power
of the diameter. A Reed metal propeller has twice the weight
and twice the inertia moment of a metal-tipped wood propeller.
An untipped wood propeller has a still smaller weight and in-
ertia.moment. Thig difference may be decisive for single-seat
pursult and racing airplanes.' The direction of rotation then

assumes importance.

Propeller Alrplane Moment
Right turn Nose-heavy Harder
Turning to Right spin " " Tasier
the right Left turn Tail-heavy Tasier
Left spin " " Dangerous
Left turn Nose-heavy Harder
Turning to Left spin " " Easier
the lefs Right turn Tail-heavy Easgier
Right spin " " Dangerous

4, Spinning

We turn next to the interesting problem of comparing the
inertie forces in spinning with the aerodynamic longitudinal or
pitching moment. We take the pitching moment (Figs. ;9—21)
from the thtingen measurements for the position of the center

of gravity. We determine the angular velocities from the re-
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sults of the autorotation tests as shown in Figures 15-17.

Thereby the following numbers represent the weight and velocity

1. ‘U 8) G = 450 kg, Vv = 4/ 341 = 3353 m/s

This corresponds to the condition and to the inertia forces in

diving. -

2. U7)G=230%kg, v=4 /G

= 17.9 m/s
 Fl.3 N '

This corresponds to the condition for normal flight.

3. U 12)¢ =870 kg, v =4 G__ - 20.1 n/s-
F 1.1

This corresponds to the spinning tests and inertia fogces.

From the resulting angular velocities we find the inertia
forces. They are plotted in Figures 19-81 and represent the

following phenomena.

a) U 6.— The airplane got into a spin only once and failed
to come out of it. At zero aileron deflection, the inertia mo-
ments equal the pitching moment Withouﬁ rotation. From English
calculations and experiments we know that through rotation the
pitching moment of the wing decreases at large angles of attack.
If, in the present case, the wing moment be regarded as excess-
ive, its smallness is the cause of the inability to come out cf
the spime. The inertia forcés are rather great, due to the high
peripheral velocity. The abnormality, however, is not the mag-

nitude of the inertia forces, but the smallneés‘of the longitu-
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dinal or pitching wmoment. The already high angular velocity
for the aileron deflection Bqg = 0 is still further increased,

in comparison with the other types, by the high-wing loading.

b) U 7.~ This airplane went into a spin only once. It did
this at an altitude of only 30 m (about 100 ft.) and immediate—
ly struck the ground. At a higher altitude it should have been
able to spin without accident. Here also it is‘noticeable that

the longitudinal moment decreases at large angles of attack.

- ¢) U 13.~ Many pupils have learned to spin with this type.
The flight results are fully confirmed by calculation. At full
rudder deflection, the inertia forces exceed the aerodynamic
longitudinal moment and establish a position of equilibrium at
34 to 40 degrees with the elevator deflected upward. With all
the controls deflected halfway, both the angular velocity and
the inertia force decrease with a simultaneous increase in the
‘nose~heavy longitudinal moment. The accident which occurred

was due to the inexperience of the pupil.

d) The effect of the propeller is shown by the two lighter
curves, It is tail-heavy or nose-heavy according to the direc-

tion of rotation.
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5 Conclusion

The fall in the longitudinal moment of the U 6 has not
been explained. Guesses are useless without proof. In this con-
nection further wind-tunnel tests must be made. It will also
be well to test the U 6 and U 7 in a lateral wind and also to
exchange the wings of these two types. We can thus determine
the difference between the high-wing and lbw—wing monoplane.
The transition into and out of a turn is almost always combinéd
with a lateral motion, whose great rolling moment is evident
in the case of the U 12.

These considerations did not determine the real effective
moment about the vertical and lateral axes, for which the lat-
éral force, with its lever arm as the reference quantity, must
be considered. From this we can determine the initial angular
veloclty produced by é 20° deflection of the ailerons or rud-
‘der. This is of value, however, only in tests with a lateral

wind and exchanged wings.

Translation by Dwight M. Miner,
National Advisory Committee :
for Aeronautics. ' '
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Figs.4 & 12,

and 22° angle of attack
they produce larger rolling moments and
smaller yawing momeuts, The smaller yawing morient s

Thsa

cater on the high wing
the ailer

ons of

are oegsgocliated

with the esmaller increases in drag shown on the U7 polars and

require

smaller ruddar novements to counte

act then,

The poor

effectiveness of the rudder found in flight tests can be
attributed to the lack of dihedral,
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NOTE.~- Subsequent to completion of report, legends of

Figures 5, 6, 7, and 8 have been corrected to read as follows:
Fig. 5. Wind tunnel arrangement for spinning tests.

Fig. 6. U 6 polars.

Note the great increese in drag for control
movements of 230° and the course of the moment curve at
leorge angles of attack.

Fig. 7. U 7-polars.

Hote the great increase in.drag for control
movements of 30°. The increase in drag due to movement
of the ailerons is less with this plan form of wing than
for the U 6. The aillerons are the some size. Note the
course of pitching moment at large angles of attack.

Fig. 8. U 12 polars.

Note the great 1increase in drag for control
movements of 20°. The increase in drag due to the
aillerons is similar to that on U 7. The pitching moment
no longer decrenges with increasing angle of attack.
This 1s the principal and most iwuportant difference as
compared with the monoplanes.
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Fig.1l3 Effectivness of rudder and ailsrons of the Ul2"Flamingo!

with T = 00,15° and 30° yaw. A yaw without movement of
the ailerons gives a rolling moment which is twice as great as
that produced by 20° movement of the ailerons at zero yaw. These
values are affected only slightly by a 20° movement of the rudder,
whose effectiveness increases with increasing angle of yaw. The
effectiveness of the ailerons is increased by vaw.

Experience shows that to execute a recll first obtain
excess power then give full rudder with bank,as seon as a heavy
stick force is felt,indicating a large angle of yaw,give full
aileron. The rudder used in flight tests was larger.

Fig.13 (continued on next two pages)r a
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Fig.13(cont'd)
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© is 021l the worcnt diagren which was deternined.
Unfortunately little usc can bc miade of it because no
rmeasurciicat gove an elevator movensnt of zero. -
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Fig.1l5 UB spinning tests. 4 30° gileron deflection gives

considerebly greater angular veloecity than no
deflsction. With increcasing wind velocity the rotational
speed likewise increases. The garne is also true of the U7
and Ul2.(sce Figs.16 and 17.)
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Fig.1l6 U7 Spinning tests. Thc aileron deflecction and
specd increase the angular velocity.
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Fig.17 Ul=2 Splnnlng tests.Here the angular velooity is
a ninisum for angular deflection, O,and a
maximum for 8. = 20°.Their orders of megnlgude agree
fairly well with thb flight-tests results.No accurate
conparison is poc51b1o because the magnitudes of the
aileron deflections in the flight-test are lacking.
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Fig.18 1Inertia ferces for an angular velocityw=1l.The
' centrifugal woment is least on the lovwing
monorlane.The Gyroscopic moments correspond to 750 and
1500 R.P.M.that is full throttle.One must never forget
thay the gyroscopic moments increase with the first
power of the angular velocity and the centrifugal
moments increase withthe second power.
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Fig.1l9 UB Pitching moments and inertia forces.The upper

line corresponds to the pitching morient in steady
flight.The lower curves represent the inertia forces.The
gyroscopic moments arc introduced as thin lines for right
and left spins.The insufficient excess of the air forces
‘over the inertia forces is shown.
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Aerodynamic moment
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Fig.20 U7 Pitching moments and inertia forces. The aero-

dynamic pitching moment is almost twicens great as
for the U6,which has almost the same wing and tail. On
referring to Fig.18,it is seen that the square of the angular
velocity is decisive. The effective inertia forces are there-
fore smaller than for the UB. The gyroscopic moments are
again indicated as thin lines for right and left spins.

Aerodynamic moment

" Gyroscopic
moment

Fig,2l Ul2 Pitching moments and inertia forces. The magni-

tude of the aerodynamic pitching moment is conspic-
uous.: The airplane was equipped and spun with a larger ele-
vator than that used in the wind-tunnel tests. In practice
therfore the pitching moment is still greater. The airplane
should recover immediately with the sontrols neutral and
with some pressure.
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