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RESULTS. OF -EXTEEDED TESTS.OF THE
. FOCKE-WULT F 19a "ENTE", A TAIL-FIRST AIRPLAIE*

By Walter Hﬁbﬁer

lieasurements were made for the determimation of the
characteristics of tail-first- airplanes in general and of
the Focke-Wulf F 19a "ZEnte" in particular. These inves-
tigations consisted chiefly of measurements of the take-
off distance under wvarious starting conditions and with
the c.g. in different positions; of the climbing speed. as
a function of the impact pressure and location of the c.g.;
of the static longitudinal staebility and fore-and-aft con-
trollability and of the determination of the elevator for-
ces and characteristics of the elevator coantrol. Géneral
observations of the airplane were made,. especially.
flight at larse angles of attack and in squally weatner,
for the determlnatlon of safety in operation. These meas-

urements are part of an exteusive program of investigation

for the determination of the characteristics of taill-first
airplanes.

I. REASOW FOR INVESTIGATION

Several tail-first typces were known before the war,
They were .subseqguently discardéd for various reasons none
of which, Lowever, was the fault of the design. after the
war tail-first gliders were built and tested by Elemperer
a2d Liprisch (RhBn-Rossitten-Gesellschaft). The experience

. gained was not, however, applied tc the construction of

powered airplanes. A twin-eangine %ail-first alrplane was
built in 1926~27 by the Focke-Wulf Comgany, Bremen, on the
bagis of tests made in 1S07. Thise 1rulane was destroyed

~in 1927 in a crash for whica the-iai1~fims¢-ﬁqsign caqanot

s
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be held responsible. A second airplane was built in 1930.
The probable cause of the above crash was remedied in this
new type by slight modifications. This example met en-
tirely the requirements for transport airplanes.. After
passing the type test it was put in service on commercial
passenger lines. A series of measurements for the deter-
mination of the characteristics of tail-first airplanes
was made with this tyre,known as the F 19a. The main re-
sults are given below.

II. OBJECT OF TESTS

Incorporation of the best performance features and
weight characteristics in the design of the F 1%a was in-
tentionally avoided. The main task was rather to adapt
the flight characteristics to the needs and requirements
of the moment. Hence, the purpose of the present inves-
tigation is not to compare the verformances of the "ZInte!
with those of standard types, but merely to determine its
characteristics, During the tests it was found hecessary
to incorporate in the program the determination of the
performances with the c.g. in different positions. Thus
extended, the problem covered the following subjects:

Determination of take-off distance under differeant
conditions and with the c.z. in various positions;

Determination of climbing speed at full throttle and
~ith the c.g. in different positions;

Determination of fore-and-aft stability with locked
controls at full throttle. '

Heasurement of elevator stresses with different loca-
tions of the c.g. and determination of the controllability.

Study of flight under various weather conditibns._

The results of the above measurements are given Helow.
Another series of tests is contemplated, especieally for the
determination of directiongl stability and its relation to
the size of the lateral fians under the wing, and for a 4dy-
namic study of the airplane at large angles of attack.
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cnatei 0 ITI. NOTATION

1ift coefficient of aiiplane for, total wing area.

drag copffvclent for total w*ng area..

moment coeff1c1ent of" alrplaae about transverse axis.

elevator moment coefficient.

angle of attack in degrces = anzle between propeller
axis and fllght pa*h (nosztlve when airplane noses

Sup).

Qg =

angle -0f attack of stabilizer in deérees = angle be-
tween stabilizer chord aznd flight path (pos:tlve
when airplane noses up) : .

fore and-aft inclination in degrees = angle between
nropeller axis and horizon (p051 1ve when airplane -
noses up).

climbing angle in degrees =:ang1é betweéﬁ flight

path and horizon (positive when climbing).

elevator deflection in degrees (ﬁbsitive whien stick
is pulled back).

control-stick deflection in degrees {(positive when
stick is puiled back).

control gear ratio QHS/ﬁH
rropeller efficiency
coefficient of propeller advance.

rearward position of c.g. in percent of tm (posi-
tive toward rear) (fig. 1). -

gspan of main wing in meters.

meéan wing chord in meters = wing chord at 2%/3m
from .center of wing = 2.5 m (8. 2 ft. Y.

clevator chord in meters.
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length of elévator”control;lever in meters.
ground run in meters.
total or gross weight in kg.

manual force in kg on control stick (positive with
nose-heavy airplane) (fig. 24).

control force on stick in kg = force required to
balance moment of control weight (p051t1ve when air-
plane is nose-heavy) (fig. 24).

force of elevator moment on control stick = force re-
guired to balance moments produvced by air forces a-
bout elevator axis (pos1t1ve with nose~-heavy alrnlanc)
(fig. 24).

friction force on control stick in kg = force re-
guired to overcome friction of coantroli.

time in seconds.

total wing area in m? = area of main wing + area of
forward wing = 35.7 m% (384 sq.ft.).

area 0T forward wing in m? 5.2 m?2 (87 sq.ft.).
elevator area in m?2 = 1.7 m2 (18.3 sq.ft.).
flying speed in m/sec

climbing speed in m/sec.

propeller r.p.m.

moment about transverse axis in m-kg.

engine power in hp.

dynamic pressure in kg/mz.

specific gravity of air in k:/m3,

acceleration due to gravity = 9.81 m/sece.
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IV. TEST PROCEDURE

. 1. Instruments and Calibration

The dynamic pressure. is measured w1th an Askania

.dynam1c pressure recorder calibrated .in flighti -the alti-

tude, with an Askania barograph; -the fore-and-aft inecli-

;f,nation. with a DVL -inclinometer integral with the barograph;

the elevator deflection, with a DVL deflection recorder;
and the stick force, with a DVL stick-force recorder. The

. instruments are simultaneously switched on and off by an
.electric switch on the sgtick-force recorder. The revolu-
"tion speed is measured with the standard airplane revolu-
.tion counter. The take-off distance ‘is recorded with -the
DVL talke-off recording cariera. A thin layer of snow covered

the ground -on the day of .the take-off tests. 'The take-off
run was thus directly: Shown by the marks of the front and

rear wheels of the airplane. The 5r0und wind was measured
with a Fuess anemometer. :

2. Preliminary Heasurements

In flight, the elevator moments produced by the air
forces and the moments of the control weights are balanced
by the pilot. 1In acceleratedi flight the coatrol friction,
the air force moments, and the control moments have to be

 overcome. The moments of the coatrol weights, for which

allowance must he made in the interpretation, are measured
at various fore-and- aft_lncllgaulonc (fig. 2). . Tne force
applicable by the pilot. on the control stick depends on the
gear ratio of the controls. This gear ratio was measured

(.Lié- 3)

.~ 'Two Heine propellers w1th a d1ameter of 2.45 m and a
pitch of 2.11 m were used in the test flights. - The propel-
lers were calibrated in'a flight with wide-open throttile

~at 100 to 200 m height (fig. 4).

The position of the c.g. and the: total weight were de-

u;term1ned in each load .case by weighing: tw1ce on three scales
placad under the laﬂd1np—gecr aeels.;sw- . .
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3. Flight Measurements

a) Effect of elevator deflection on take-off distance.-

In various tests the direction and magnitude of the eleva-
tor deflection were found to affect materially. the length
of the take-off run. By pushing the elevator coatrol at
the start the take-off run was not reduced tut increased.
Hence an attempt was made to determine the numerical value
of the influence of the elevator se+t1ng on the length of
the take-off.run.

Three take-off measurements were made for this purpose
‘on the same day, in the same place, under the same general
conditions and in perfectly quiet weather. The airplane
took off from a congrete runway covered with a thin layer
of fresh snow, - Before each start the airplane was brought
to the same starting point where the grouand was sanded to
enable the wheel brakes to take effect. The engine was
started with brakes applied. The latter were released af-
ter reaching full engine power. In the first test the ele-
vator was immediately deflected through -12.5°9, As soon as
the airplane acquired the necessary speed, the front wheel
and then the whole airplane were taken off by pulling the
elevator control. The same procedure was adopted for the
second and third tests with initial elevator dexlectlons
of -3.5% and +0.89 respectively.

gl_ggtermination of the influence of the location of
the c.g. on the take-off run.- Heasurements with the c.g.
in three different positions were made under the best con-
ditions for shortening the take-off run. Tae total air-
plane weight was 1500 kg (3307 1b.). The position of the
c.g. was changed by ballast weights carried in the fuselage.
In one case these weights were shifted as far as the pilot's
seat. During the take-off runs the c.g. was at 26.0, 27.4,
and 28.65 percent of the mean wing chord. The actual meas-
urement was made under the same conditions and in the same
way as that of the influence of the elevator.deflection.

c) Measuremeni of the climbiug speed with the c.g. in
various positions.~- Short climbs at full throttle and wvari-
ous dynamic pressures were made with the c.g. in different
positions and only slightly changed total weight. The dy-
namic and air pressures were recorded. liecasurements at 100
to 200 m height, with sufficiently constant dynamic pressure
and under weather coanditions with no vertical thermal air
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currents at the flight altitude, were selected for subse-
guent iaterpretation. The results are plotted in figures
5.and 6. The fore-andrafﬁmincllnat1or was determined in
several of these climbs (fig. 7). ' :

d) Measurement of elevator deflections and control
forces with the e.g in various positions.- The elevator
deflections and the dorresponding stick forces were plot-
ted in uniform flight at full throttle with the c.g in six
d:fﬁergnt rositions. The stab111zer was fTixed. '

4, iptérpretation of Meaéuremehts-

a) Influence of elevator setting on the take-off.-The
take-off run waé détermined gs a fuunction of the time plot-
ted on a logarithmic scale-and the éxponent of the function
of the take-off process S = at® wag also determined. The
speed was found by differentiating this function according
to the time, and the take-off speea was determined by ia-~
troducing the 1nstant ‘of "pull-up 1uto the resulting equa-
tion. With kaowa _wing' loading, the take-off pressure and
the 1ift coef11c191t 4% the moment of take-off could be ap-

. prox1mately determined from thiis %ueed

) Relation between take-off and lLocation of .the c.g.-

The interpretation of the mcasurements depends on the de-

termination of the influence of the elevator setting. The
take-off distance was again determined as a function of the
time, speed, and 1lift coefficient at the moment of taking

c) Folars at full throttle.- The result of the ¢limb
measurement was used for caliculating the polars at full
throttle., Inasmuch as the climbing chiaracteristics vary
with the location of. the c.g. a specific polar was found:
for each position of. the c.g. The drag coefficient could
not, however, be determined in absolute values, the engine
power, the propeller efficiency and its variation with the

- coefficient of propeller advance not being known. "Besides,

the absolute values are not needed for comparing the polars
at ﬁlf?erent 1ocatlons of the c.g.

The engine vower used in the calculation and its re-
lation to the revolution numbar are shown in fig. 8. The
variation of the propeller efficieacy as a function of the
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coefficient of propeller advance, based on ‘earlier propel-
ler tests, is plotted in ilgure 9.

d) Caleulation of the angle of attack.- The angle of
attack of the airplane was calculated from the angle of
climb sin Q= vy4/v and the fore-and-aft inclination 3.

e) Determination of the static stability with locked
control.~- The elevator deflections, measured for various
locations of the c.g. as functions of the dyramic pressure,
are plotted in figure 10 against the 1ift coefficients de-
termined from the wing loading and dynamic pressure. These
curves are straight lines with different gradients accord-
ing to the location of tae c.g. Their extensions cut the
abscissa in a point corresponding to an elevator deflection
of -13.29 (figure 11). The gradient of the elevator-deflec
tion curves, expressed by aﬁH/aca, was determined.

The moment coefficient CpE = ME/qth was determined
for constant elevator settings and various dynamic pressures
and positions of the c.gs This coefficient 1s plotted in
Tigure 12 against the 1ift coefficient c¢c_,. The gradieant of
the moment coefficient against the 1ift coefficient, namely
depz/dcy s+ is a criterion for the stability with locked
control.

may be derived from

The "static elevator effect" SaCmH

3

BRE] Cond J_cmH

5 3G e« This sffect, which in the present case is
c a

a

a

CmH = 00,0154, is unaffected by the location of the cegs

The statlc St”Dlllty with locked control is ususlly ex-
pressed bJ 3“-a s whickh is the variation of the moment

coefficient with the angle of attack. This valve was de-
termined,

f) Determination of elevutor control characteristics.-
The stick force, which baslances the control moments, was
determined from test results at various fore-and-aft incli-
nations (fig. 2) and is plotted in figure 13 against the

fore-and-aft inclination for various elevator settiags,

" For a Turther determination of the control character-
istics the stick forces, :measured in flight Tor a given
location of the c.Ze, were plotted agzainst the elevator
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""deflection.  The fore and-aft 1nclxnat10n corrcspondlng in
flight to each .of the mea asured stick forces was also de-
termined. The co“respondlnu stick iorce produced by con-
trol moments was determined from the fore-and-aft inclina-
_tion and elevator deflection in figure 13. .Inasmuch as P
equals + P, the d1f1erenne between the stick forces

P mensureg in %ll?ﬂt and the control forceq PG is the air
force - P exerted through ‘the ele#aﬁor ‘on the control _
stick. % and Pg Vbeing mnegative in the measuremen y DOSi-
t1ve value% are obta:ned for Py, o -

-The glevator moment coefflc1ent ‘tpg for each eleva-
tor setting was then determined from the following ecuation.

Py, % k emg’

T Cme = .
RE . .
o Fzr tunm : |

Ve REsULTS-OF THE INVESTIGATIOW

.. 1. Flight Performances

a) Take-off. N

Influence of elevator setting on the take-off disg-
tance.~ After "pushing" the elevetor contrel Auring the
_take off run until the dyunamic pressyre required for hover-

ing is reached, the airplane is taker off by pullihg the
control stick back. Undzr these conditions the take-off
distance of the "Ente" is grester than if the elevator set-
. ting had been positive from the beginning., Tor an initial
-elevator deflectlon of -12.5° the take-off distance is 160
m (525 ft,), whereas, for an initial setting of 19, it is
only 130 m (426,ft.). . The tak%e-off speed of the airplane
changes also, Thus, in the sbove example, it drops from
107 km/h to 89 km/h. in accordance with the 1ift coefficients
-during take-off, which are ¢4 ~ 0.7 and c, ~ 1,1 vre-
Spectlvely (flg. 14) . ,

a

. These results are chiefly ascrlbable to. t%e faﬂt that
the main landing gezr lies . far aft, as in the wind-tunnel
model, The Tqrvurd_w1ng is tne“epore too heavily loaded on
;- the ground, -In future dosigns this influence will have . to

be overcome by mouﬂb14g the main ]and*nb goar nearcr to the
ce2s 0f tho airplanc, : :
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Inflvence of location of the c.gz on the take-off run,.-

Variations- in the location of the c.g. greatly affect the

length of the take—~off run, Théd latter is shortened by

_backward shifting of the c.g.

. With the ceg. at -28.65 percent of the mean wing chord

;pgj the take-off distance was approximately 200 m (556 ft.),

whereas, with the c.g. at -26.0 percent of the t,, this

-distance.was only about 145 m (475 ft.), The take-off speed

varied in the same proportion, It was 90 km/h in the first
and 83 km/h in the second case, The lift coefficients at
these -speeds are e, 0.98 and e, ~ 1.16 respectively.

The test results are shown in figure 15.

Bad ground conditions increase the effect of the posi-

tion of the c.g. on the take-off distance, siunce, with a
constant total weight, the . load on the front wheel increases
with advancing c.Z., Pressing the wheels deeper into the

soft soil. The ianfluence of the location of the c.g. on the
length of the take-off run is also explained by the resrward
position of the main landing gear ard can be rediced by
mounting the landing gear nenrer to the c.g. of the airplane,

b) Climbing speed.-

Influence of the location of the c.g. on the climbing
speed.- As snown in figures 16 and 17, the climbing specd
of the airplane varies, for the same total weight, with the
position of the c.g. For a constant dynamic »nressure the
climbing speed decreases with advancing c.g. However, the
measurements are extended to positions of the c.g. which
lie beyond the admissible limits, These limits were exceed-
ed in the direction of decreasing climbing speed. In orac-
tice, the airplasne is never flown with the c.g. in the two
foremost positions r = -29.3 and r = -29.65 percent of t,

at which the smallest climbing speeds were recorded.

As shown in figure 17, the dynamic pressure at maximum
speed also changes with the position of the c.g. However,
the same restriction applies to this case as to the c¢limbing-
speed measurement. The c.g. casnnot exXceed an admiscibdble
forward linit r = -28,5 per cent of t_. With the c.g. in
this position, the impact pressure at maximum speed is 86
kg/ma. riore advanced positicns of the Cc.Zey, with smaller
dynamic pressures at maximum speed, cannot occur in practice.
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Cllﬂbing—sneed me°51reﬂe nts involve considersble
qources of error., The engine vower -varios slightly ow
different days. The relation between *%he svecific grevity
of the air end the altitude is rlso gvbjeet to variation.
The air is seldon free Tronm vnrulcdl ther.:al alr c= rrerts.
The instruments, especially aaderoid bYarometers, are’ sub-
ject to'many errors a=nd the'clochworkq are-not fully proof

agaiqst‘temgerature Vﬂria*ion;. The nrnsnnt ineasurements
recaired gres "aUtion._ 211 records showing a material

-variation of the eagine SJoed, +emoere ﬂrﬁ-;nversion, de-~
partures from the revlon between 100 and 200 m altitude,

or turbulent weather conditions were dlec"rded. Tiag data
remaifiing after exclilwsion of uheqe doubtful -items secmed
sufficiently reliadle for = determination of the order of

magnitudo of the elimding spced_varlatlvo ith the posi-

tion of the ceZe

Observetions msdc in a series of flishits shaw that
two different flight conditions may occur at verysmall and
very large dynsmic pressures, .Thus, the climbing speed
was very small wien, tsiing ofY with fully deflected ele-
vator, this deflection was gradiuvally reduvced, . On the
other hand, + grerter clinbinr specd was resched when the
elevator control was wushed well forward for. a short time
after the tale-off and then nulled back rgain to thz sane
dynsmic pressure ss anove, oSimilar conditions prevailed
at larze dynanic wressires, At times downward, verticsl ve-
locities up to 5 m/s were reacied in Fflight at full throttle
with dynamic pressures of approximntely 120 kg/m?, wheress,
under normsl conditions thé downward vertical velocity at
such pressures is only half thie above valve.. These condi-

"tions are ascribabls to change® in the form o0f flow about

certain varts 6f the airnlane. The changes are crused or
affected by the mabaluude, direction and rapidity of the

elevetor deflection end by variations in the initial 4i-

recition oz flow.

In estinating the influeunce of the location of the c,.g.
on the climbving speed and dynaxic nressure at maximum speed
allowance must bYe made for thae fact that these measurements
cover 'a range of C.8. vositions considerably exceeding
practical reguirements.

"Even the performances of sirnlsnes with control sur-
faces at the rear vary with the position of the c.2., €8~
vecially when the zirvlane ia very sitsble about the trans-
verse axis. " The sebting of the wing. with respect to the

r
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Lorizontal tzil surfaces (i.e. the longiitudinel dihedral)
mtist “be increased with the static fore-and-aft stzdbility,
T¢13'resd1%s.in'a greater induéed drag of the airplane.

¥or the saie resson, an iacrease of the induvced drag
of the "Inte" is unavoidable with increasing static sta-
bility. The designer proved, however, that his increment
is too small to account Tor the measured veoriation of thae
climbing speed with the position of the c.g. Tiie observed
variations of the climbinz speed se=m to be due to sevars-
tionn of the flow from the lower surface of the main wing,
czused by variations of the downwash and, on the uvper sur-
face of the forward wing, by the fuselage, Similar sepa-
ration p;enom4 12, revestedly observed in wind-tunnel tests,
are acconpaniaed by a marked increase in the profile drag,.
According to +nﬂs explanation the ovserved variation of
the climbing Sueed-is not inherent in tail-first tyves,
but merely an incidental aerodynacic dsfect of ths dresent
exnmnple. '

InIluence of the location of the c.Z. on the flight

polers.- The ‘i in¥luence of ths location of The ce.ge is also
shown by the, comparative polars ia figure 18, The measured
‘drag coeificient increases with forwerd shifting of the
airplane Cee Tae angles of attack are marked in the com-
oarative polars of figure 18, As showan in figvre 19, the
oabsolute values of these angles change witihh the location

of the c.ge The incresase of the 1ilt coefficient with the
anzgle of attack & c, / C, shown in figure 206, also de-
nends on the location of the Cefo

The sbtove explanations for +He variation of the climb-
ing speed also 3p1y to tze d The latter is

rag vi:riation., T
cniefly attribatable to the inif ;
tion vaenomena not inhorent 1

a) Taxying characteristics.- Thesl brakes and throttie
control of the two engines afford excellent wansuvera ;ility
on the ground., Inesmuch as tiic sirplane cannot czosize,

;’J
the taxying sveed and the bdbreke force are not limited by
the eclevator seisin

.
<3

D) Take--off snd_landiang cheracteristics.- Accordiag to
the above measursuenis, tihe Dest tzze-ofi conditions are
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rezched by pulling the elevator control'back”ftoﬁ'the he-
rises Tirst, fol-
lowed snortly by the airplane, which osSciallstes simul-:-
taneously about the transverse axis, After the take-off
the best practics is to "push'" the selevs stor control well

. forward for a moment, Otherwise, the 1lift is deficient ur
Pprobsbly on ~ccount of separstion of the flow from the for-
ward wing. This short "push" apparently csuses the flow

.to conform and the climb again becowmes normal, - In general,

o

this airplane cen be tsken off very easily. o

The - 1n1t1a1 landldg mane1ver is identic .1'with that
of airplanes of orthodox design. The estimation of the
height above the ground, required for flattening ount, is.

. greatly facilitated by good visivpility. Upon approaching

the ground, the elavator control is pulled slowly dack un-
til the rear wheels %touch the ground, If the elesvator re-
mainsg "pulled" duriang the lznding run, the front wing

drops with a Jjerk, probatly o2 account of the far backward

position of the main lanfling gear. It is. therefore advis-

able to push the control stick slowly forward, asfter the
rear wicels touch the ground. . The froat wheels then cone
down sméothly and graduslly. The landing maneuvers are ex-
tremely simple and "bﬁ/d landings" are practlc(llJ 1mnossz~
ble, .

c¢) Stability characheristics.

Stability w1,n lockud _gcontrol and conirollanility a-
bout the transverss axis.- b"atic utF“l;le with locked

control is denoted by cc 1ﬂ/h c,. This expression is g

linear finection of the location of the c.g (fi‘ 21). Tith

the c.z2. in the 'o;nmost of the investigated positioans, at
-29.65 nercent of the mean wing chord, tne stability was

Q_cmH - . e
T, = 0,135, 7Tith the c.g. in the rearmost positinn, at
- a. o

‘ - o e . . : U Coyy
-26 percent of the mean wing chord, thlsgvalue wes 5 ;“ =

: o . ' Ca

0.096. Under normal load conditious, the stadility with
locked control is approxim?telj 0f the same urggitude as
tnzt of the Junkers F 13 ze.2 The location of the c.g.,
when the stebility is nil, csn be determined by extrapola-
tion. The p¥iht of "neutral aquilibriua® is. at -16.3 Der-
cent of the mesn wing cnord,

rst airolsces, stabpility cannot

In the case of tail-T1 ke
be expressed by © c,x/C a, at least not for comparing
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stavilities with the c.g. in different positions (figz, 22).
Inasiuch as o cz/d a changes with the, shifting of the
CeZey, the variation of the mowment coefficient with the an-
gle of attack is not a reliagble standard of comparison. On
the-econtrary, considering the relation bhetween 1ift and an-
gle .of attack, ‘the aerodynamic condition of the tall unit
~differs for each position of the c.g. '

©5.5.The. 8tatic elevator effect d c_p/d Bg is obtained
from o cmH/a Chs» Which denotes the static stability, and
d Bz/d c, indicating the varistion of the elevator setting
with the 1ift coefficient., The static elevator effect,
which equals 0,0154, is unaffected by the location of the
CeZs Tor Junkers F 13 airplasnes flying et full throttle
this figure is 0,020, Tae stability figures detecrmined in
flight agree well as to magnitude with those obtained by
wind-tuhnel measurements, JThile the flight figures
d e,z/0 ¢, " are invariable within the range of practical
1ift values, for each position of the c.g. and all 1ift co-
efficients, the wird-tunnel figures vary slightly with the
Stability with released control and elevator-control
characteristics.- The results of the coatrol-force meas-
urements in figure 23 show considerable scattering. This
is eniefly due to the insufficient accuracy of only £100
g of the DVL control-force recording device.and to the in-
fluence of control friction which was large, as compared
with the small absolute values, and reduced the control
forces in uniform flight., On the bench, the friction meas-
ured at the control stick was 1.2 to 1.6 kg (2.6 to 3.5
1b.). In flight the control friction decreased materially
as & restlt of vibrations in the bearings and transmission
pnlleys., The remaining friction increased the dispersion
of the points of measurement. The manusl forces measured
in flight were less than 1 kg, ' The variation of the manual
forces with the dynamic pressure was not linear, nor the
gradient of the manual force above the dynamic pressure,
Plotted against the location of the ceg., uniformly straight
as for all previously tested airplanes. The smallness of
the measured forces was chiefly due to the small slevator
chnord and the. rearward location of the elevator axis.

The relation betwacn thé-gie%aﬁor_moment coefficient
cRE and the elevator deflection {fig, 26) likewise depcnds
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on the angle 'of attack.* - Yet the curve of the elevator
.moment cogfficient permits of an approximate estimation

of the elevator balsnce., The elevator moment coefficient
is small betwesn -90 and ~79, Its increase is linear from
=70 to -40, This curve agrees with the results of Gdtting-
en wind-tunnel measurements w:th similar tail- surface sec-
tions (reference 1).

As mentioned above, the vnriation of the manual forces
in flight is not linear with the dynamic pressure, It is
curvilinear, and intersections with the abscissa occur for
two different dynamic pressures (fig. 23). These inter-
sections, coiancident with zero manual force, correspond to
equilibrium with released control. Thus equilibrium with
released control is achicved in each case for two different
dynamic pressures, The sign of stability with released
control shows the sign of the gradient of the menual forces
#bove the dynamic pressure g P/a qe According %o the curve
of the manual forces, the airplene is stable with released
control at small dynasmic pressures and unstable at large
dynamic pressures,

his statement is hased on figure 24 in which the
stick Forces are nlotted agalast the elevator settirg, the
CeZ2. being in a position in which the dispersion of the
points of measurement is relatively small. The fizure
shows that the nesative rforce PG’ produced by the moments
of the control weight, including the weight of the elevator,
is greater than the manual force measured in £light, The
manuasl and control forces have, nowever, the sameg direction.
The difforencc betwecen the two forces is PL’ the air
force moment on thce control stick, Its giegn is tacrefore
opposite to the sign of the wmanual force in flight and to
that of the coatrol force.

The direction of the control momeats of alrplancs with
rearward control surfaces is cxactly opposites In normal
f1ight the main ovart of the control momnents usually coxnsists
of the unbszlanced momrent of the elevator weight, The =leva-
tor drops in normal flight and on the ground. In sirvlanes
with rearward tail unit this drop reswmlts in an elevator
-dL;lectlon corresnondlng to a veiuctlon of the angle oif at-

*In order to deuermee the +“a9 r-latlon bnuwccn the slava-
tor moment cocefficient and the sclovator setting, tests with
different stahilizer settings would have to be made, This,
however, was impossible, since the stabilizer was not adjust-~
able.
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Jote.

tack., The elevator of the tail
in forward tail uniis the fesql
corresponds to an increase in’% ranzle of attack, In both
_typeé, thé moments of the elevabor: ‘weight have the ssme-di-
rection about tiae elevator axis, but are opposite with re-
spect to the airplane. In the tail-first aitplane the di-
rection of the elevator weight moments with respec¢t to the
airolsne does not, as in most standard airvlans tynes, in-
crease c‘1‘.5.0111»” Wlth released control’ over %falllltJ w1tn
locked ¢on urol (reference 2). :

firsu ‘type also drops, but
ng elevauOr ‘deflection”

A slicht modificiation easily pernits reversing the
dlrecnzon of the elevator-force moments on finished air-
planes. .Weignt balances must be fitted forward of the ele-
vator hinge. “his change brings the elevator forces in a
lineer relation to the dynamic pressure, thus extending
sta0111ty with released control to the whole range of dy-
naaic pressures, Besides, stadility with relenséd control
is thus matericlly increased and extended to positions of
the Cege at which the airplane is unsually unstable with
locked control. Tize result of the nrovosced modifications
is oﬂOWH nutmerically in figure 25.

tability .avout the vertical 2nd longitudinal axes.
This stadility puu not yet Decn measured. A qualitative
estimate shows a small degree of stavility about the lon-

Tgitudiaal sxis un& considerable stability about the verti—
cel axiss Special tests are planned to study stability
bout the vertical axis and tue influence of the Qllerons.
Accurate,mepsvro‘ent% of lateral airplane stabdility for va-
rious lift coetfficients are alno nlanned. '

\\‘!

a) 3@n@v1or at larze angles of sttack.- Then the ele-
vator coatrol is pulled back and held in this position in
straight fiight, the nose of the airplene rises to a large
positive Tore-and-aft inclination and thean drops back grad-
wally and without jerks, After reaching a slight negative
fore-and-aft inclination %the airplasne flattens out again
and the process is repeated. The flight path with oulled
elevator is an oscillation of apparently constant frequency
and anplitude in a vertical plane.s A study of this motion
is vlanned, When the rudder is gradually deflected with
pulled elevetor control, the airplane makes & spiral with
negat4ve-fore~and—aft inclination. Ko tests were made with
jerky elevotor deflections at Largze: a*mlns of attack for in-
vestigating the spinning characteristicés of the airplene,
Snelr tests mey be fatal to both airplane and p:lot singe




N.A.C.A. Téchnical Memorandum No.. 721 17

the latter can. ha*dly leave the airplane W1th a- parachute
due to the relatlve p031t10n of the prope‘lers aind the pi—
~lotts seat.

e} _Flight in squalls.- In squalls the minimum dynamic
pressures were not always as small ags in still weather. In
squalls the airplane nosed down at relatively great dynam-
ic pressures. Appareantly turdulent air promo+cs the sepa-
ration of -the flow from the forward wing. :

The airplane motion abovnt the transverse axis is par-
ticularly remarkable in squalls., While the oscillations of
the airplane about the other axes, under the action of
sgqualls, are normal, those about the transverse axis, even
for slight disturbances, are considerable. In order to
eliminate the influence due to the operation of the controls
the elevator was held in exactly the same position without
deflection. Even with constant elevator setting, the os-
cillations of the airplane abcut the transverse axis re-
mained unchaanged. It wag first thought that tlis observa-
tion was due to an error made by the pilot, oa account of
the uwanusual position of the axis of rotation and of the pi-
lot!'s seat with respect to tais axis, The airplane was
therefore observed from the ground to obviate possible er-
rors. Itg motions were thus compared with another simul-
taneously observed airplane of standard design. The oscil-
lations about the transverse axis, due to squalls, were
clearly visible from the ground. The standard airplane
with rearward control surfacas did not visibtly oscillate
about the transverse axis.

Tne behavior of the airplane in squally weather is
due to the fa ct that, for the existing elevator deflection,
the forward wing is near its maximum 1ift., Ascending gusts
cause separation of the flow from the forward wing. This
separation causes the airplane to nose down until the flow
conforms again. This explanation is confirmed by the above
remark that the minimum speed in syualls is smaller than in
guiet weather,. the flow about the forward wing tending. to
cause separation in sgualls. o

f) General behavior in flight. Ia spite of a normal
static elevator effect,. the a;rplane seems to be unusually
sponisive to elevator d flections. Thi's impression of

great dynamic controel efficieacr is due, in part, to the
relatively swall elevator forces, as compared with the ai-
leron and rudder forces,
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The airplane can be side~slipped in spite of its
<reat directional stability. With one engine stopped, .
the airplzne can bte flown straight and in curvess, dbut loses
altitude. In quiet weather and under normal flight condi-
tions thails type beaaves exactly like up-to-date airplanes
with rearward control surfaces. :

g) Trial fiighfts.~- In the winter of 1931 the decsigners
of the airplane made a great anumber of cross-country flights
to Zurich, Copenhagen, London, etc. A total distance of
6,000 km was flown. The asirplane proved satisfactory even

sh

in bed weather, thus showing its reliability and practical
utility.

VI. SUHMIARY OF RESULTS

1. FPlight Performances

The length of the take-off run depends on the elevator
setting and on the location of the cege Tiois seems to e
due to the rearward position of the main landing gear, a-
depted in couformity with model tests. This feature may be
improved in future airplanes.

he climbing speed and the dynamic pressure at the
maximum speed vary with the location of the csnter of grav-
ity. These variations are probadly due cuisfly to accident-
al separation phencmena wiich can be avoided in future de-
signs.

2. Plight Characteristics

. Maneuveradbility on the ground is very good, without
danger of capsiziag. Take-off and landing maneuvers are
extremely simple.

Static stability with locked controls is about thae
same as that of the Junkers F 12 ge airplanes. The static
elevator effect has the came magnitude asg that of standard
airplanes. '

3tabilivy is smaller with released than with locked
controls, the direction of the coatrol moments, with re-
spect to the airplane, bein; opposite to that of the moments
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on airplanes with rearward coatrol surfaces. This diffi-~
culty can be ewsily. obviated, even on 'the existing type,
by means of balance weigants.

The airplane has small lateral stability dbut compéfa-
tively great directional stability. Quantitative tests
have not yet been made.

As intended by the designer, the airplane recovers
from stalls by gradually modifying its flight path and au-
tomatically returning to small angles of attack. The alti-
tude lost in recovering from stalls will be measvred later.,
Tnis loss is a criterion of the improved safety ian stalla.

In squalls the airplane has a tendency %o oscillate
about its trazsverse axis., This feature is ascribable to
separation of the flow, avoidable in future desigas.

The airplane secms to be unusially responsive to ele-
vator deflections, T..is impression 1is given by the very
small elevator forces as compared with the aileron and rud-
der forces.

The airplane can be side-slipped in epite of its great
directional stability. ¥ita one engine stopped, the air-
plane can be flown straight and in curves, but loses alti-
tude.
tude.

In quiet weather and under normal flight conditions
this airplane flies like up-to-date ty es with rearward
coantrol surfaces.

In fli.hts made by the designers over a distance of
5,000 km, the airplanre nroved its reliability and practi-
cal usefulness, even under very unfavorable weather condi- .
tions.

Translation by W. L. Koporindé, Paris Office,
National Advisory Committee for Aeronsutics.

1. Prandtl, L.: Effect 0f Streanline Ourvature on Lift of
Bipla.n.eS. T'}d- ITO. ‘%1‘3, }1...‘5..0..6.., 1927-

2. Blenlxz, Termann: ieber die Lﬁngsstabilitgt eines Tlug-~-
o=t -

zeuges mit losgelassenem Toxenstencr. i, vol. 21,

no. 8, 1930, p. 189, and 2VL-Yesartook, 193C, p. 6&1l.
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~ e 1 Fropell '
- ropeller 5
g2 @_f opeller axis™

Total wing arca F = 35.7 m° 284 sq. ft.
Area of forward wing Fy= 6.2 " 65,7 M
Area of elevator Fo=171" - g,z "
Span of main wing bE 14.0 m 45.9 ft.
Span of forward wing by = 5.2 m 17.0 f%.
Elevator chord tgp= 0.3 m .98 "
Weight empty,equipped Gp = 1173 kg 2590 1b.
Total weight during tests G = 1500 to 1575 kg 7007 to 3472 1b.
Acceptance weight Gmav= 18650 kg ?683 1b.
Range of c.g. in tests -256.0 to -29.65 % of t,
Acceptance range of c.g. -28.2 to -28.5 %t
Mean wing chord t, 2.5 m 3.2 ft.
Distance between leading edge at mean wing chord

‘ and at fuselage 0.08 m 2.1 in.

Angle of forward wing setting with respect to
center of main wing, approximately 10°,

Pigure 1.-Side view of the Focke-Wulf F 1%a "Ente" airplane.
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Figure 2.-Friction and control force on control stick with fore-and-aft
inclination of-8.1°. In normal Tlight the friction force is not

affected by the elevator setting. It is 1.2 to 1.6 kg (2.6 to %.5 1b.)

at the stick. In flight, friction is reducsd by vibration.
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(6.9 £t.), diameter 2.45 m (8.0 ft.). The various points of the
diagram were plotted in different flights.
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Figure 5.-Climbing speed with c.g. at-26.0,-27.7, and -29.655 of the
mean wing chord. The airplane weight differed in each test
flight. The c.g. at -29.65% of ty is outside the acceptance limits.
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Figure 6.-Climbing speed with c.g. at -26.6 and -29.3% of the mean wing
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Figure 7.-Fore-and-aft inclination vs. dynamic pressure. The fore-and-
aft inclination was plotted with a pendulum. Different marks

are used to denote points found in different fligats.
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nation d.and clevntor deflection B.. Force cxerted on control
stick by moments of control woights depends on zlevator setting and
fore-and-aft inclination. Dirsction of variation of forecc with elevator
deflection is oomosite to that of airplanes with horizontal tail
surfaces at the rear,
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Figure 21. denH 449 a8
de a. E}.T_,"';

against location of c.g.Tae static stability

dcgzrfdea and the static elevator effect depu/dpg are of the

samic order of mognitude g those of good alrplane types with rearward
o . . ! o : S

control surfecces.Thus the depiydeg of the Juniers ¥ 13 ze is approxi-

mately 0.06 and degx/dfy ~ 0.02

. With the c.g. at -16.3% ty the air-

plane is in statically aeutral equilibriwa about the transverse axis
dcmH/dca =0 .
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Figure 22. depy/do and dcﬁy/dca plotted 2zainst location of c.g.

Inasmuch as de,/do changes with the position of c.g.,
dcmH/dca and dcmH/dm stand in differeant relations to the mosition orf the
c.z2.
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Figure 24.-Stick forces against elevator setting. c.g. at -29.3% of tp,

Negative force Pg,which is produced by the moments of the

control weight including that of the elevator,ls greater than the
mannal force measured in flight. The difference between the mamual and
control forces is force Py on the stick,exerted by the air-force moments
about the elevator axis. This force has an opposite sign to that of the
manual force in flight.
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Plgure 25.-Proposed modification of mamual force gradient by changing

sign of control force { use of balance weights). The sign of
the control force Pg is changed by balance weights forward of elevator
axis. This change establishes a linear relation between the manual force
in flight and the elevator deflection, as in other ailrplanc tyves, thus
increasing the stability with released control.
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Figure 26.-Elevator moment coefficient against elevator setting with tho
c.g. at -29.3% t,. This curve also allows for influence of
angle of attack. The elevator moment coefficient is small between
=-9° and -7°, It increases linearly from Bp=-7° to -4°, This agrees
with the results of wind-tunnel measurements with similar control
surfaces.




