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NATICNAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECENICAL NOTE NO. 38.

MEASUREMENTS OF RUDDER MOMENTS ON AN ATRPLANE

DURING FLIGHT.

By

Ing. v. Heidelberg.

¥ Translated from
nZeitschrift fur Fiugtechnik und Motorluftschiffahrt,"

Volumee Nos. 81 and 33,
Paris Office, N.A.C.A.

The following report on the Measurements of Rudder
Moments taken on an Airplone in Flight, is a translation
from "Zeitschrift fur Flugtechnik und Motorluftschiffahrt,”
Volumes Nos. 31 and 32. The translation was prepared by
the Paris Office of the National Advisory Committzse for
Aeronautics.

The urgent need for the highest possible numbsr of
utilizable machines, turned out in the shortest possible time,
gave rise to such a demand on the airplane industry during
the War, and there was such constant need for innovations

in the airplanss themselves, that the manufacturers had to
depend on their own common sense and experience rather

than on scientifically acquired knowledge in the early years
of the War. The results obtained were uncommonly success-
ful, in spite of therz being no spare time for developing
aerodynamical theories and utilizing them as foundation

to work upon. The method suited the times, but such an em-
pirical mode of testing new types, constructed on unsure
bages, could not be continued later on., The future of air-
craft design will have to be entrusted to technically
trained engineers who are specialists in their own line of
work.

" The creation of systematically scientific bases for
the further development of airplanes will be gpecially
sought after; their construction, their utilization and
their efficiency will be studied, and streungth calculations
will be established by means oi model tests, not only by
static tests of breaking loads on costly finished airplanes,
as heretofore. Much had been done along these lines before
the War, and a great deal more-has been achieved within




the last faw years. Wind tunnel model iests have been adopted
extensively, but few practical tests have been made on air-
planes during flight. The first utilizable tests carried
out at the German Testing Laboratory*were cut short by the
War. There is urgent need for such tests, for it is by their
means alone that the value or model testis, obtained under
simplified conditions, can be proved in respect of th2ir ap-
plication to actual airplenes. Wind tunrel measurements of
large models and high velocities have occasionally produced
astcnishing results. This shows thut it is only by means
of & large nuumber of practical tzsts that the rasquisite ac-
curacy can be ettained in aerodynamical calculations. Flight
conditions, in their actual succession, can certainly never
be realized by means of model tests, as such conditions de-
end upon the pilot, and are maneuvers which cannot be re-
produced in testing wodels. All the conditiens of non-steady
flight and of the working of the propeller cen certainly be
obtained in model test3, but such tests can only be carried
out with grest difficulty.

Up tc tne present time, there have been but few results
of pracitcal flight tests, it being difficult to reduce the
art of aviation tec the limits of regular and systematic
tests. The airplane reguires s0 many constructional altera-
tions, when ite proportions are reduced to the dimensions
of the model, that the effect of such modifications cannot
always be foreseen and flight tests on actual airplanes
are still dangerous, though less so than in former years,
when less experience had been gained and there was less
excess of engine power.

The rational starting point of all flight tests is
steady horizontal flight. Weasurements of swinging and steer-
ing conditionas in curved flight should be postponed until
norizontal flight has been brought to the siandard of our
present scientific knowledge. All the thedretical investi-
gations and model tests made as yet deal with it alone.

There are two main points to be determined in investi-
gating steady horizontal flight: they are the estimation of
the forces wnd of the MCMENTS. The sccpe of the forces is
important in its influence on the climbing capacity, speed
and gliding capacity; that is, for e efficiency of the air-
plane. Tne .equilibration of the moments is absclutely es-
gential to its safety, stability, and contrellability, -
that is, as regards its flight qualities. The difficulties
encountered in determining these two points are different
in character: in measuring force, the functioning qualities
of the angine and of the propeller are of such importance
for the total efficiency of the airplane, that its aerody-
namical qualities are of relatively minor importance and

* See "Zeitschrift fir Flugtechnik und Motorluftschiffahrt,"
No. V, 1914, pp. 3, 17, and 149; alsc "Technische
Berichte der Flugzeugmeisterei," Vol, I, p.61.




slight alterations in the distribution of force may easily

disguise aerodynamical influences quite effectively. It is |
essential , for thess reasons, that particularly sensitive :
instruments should ve used in measuring forces on airplanes,

snd & thorough acquaintance with the airflow conditions is |
equally necessary. It is, indeed, only when the propeller |
efficiency, decreass of power with atnospheric pressure, etc.

has been thoroughly grounded thet such measurements can be

taken at all. When measurements of moments are taken, pro-

peller and angine are, on the contrary, of small importance.

Hers we have to deal with the compensation of aerodynamical

forces only, in the first case, and they céan e measured

#ith less delicute apparatus. The difficultiss here encoun-—

tered are of a purely tecinical nature, as the measurements

of moments necessitate derangements of the equilibrium

through unbalanced loads or DY one-sided bracing of the cel-

lule, and the pilot is therefors obliged to fly in an un-

balanced airplane. These drawbacks way, nowever, be met by
controlling devices and by cxperience on the part of the

pilot.

We now propose tc deal with such measuremznts of moments,
giving the results of the action of 'the rudder on the posi-
tion of the airplane as on the equilibrium of the moments.,
The measurement of moments is preceded by measurements of
the dimensions of the moments produced by the steering of
the rudder in their relation to the angle of attack. Cali-
brated rudder curves are obtained by such measuremanis, in
the present instance for the rudder and the elevator. This
theoretical data is closely connected with the direct and
practical study of the influence of bracing on moments, and
consequently on the equilibrium of the airplane end its
safety in fligh%t. Mention will also be made of the means
by which errors in position can be corrected. A simple
method of bracing is thus arrived at, znd its direct util-
ization is shom in the test results given below.

Data on rudder efforts and the resultant moments has so
far been Obiainable from the controlling measuregents taken
in the Gottingen lodel Testing Laboratory alons. Such tests
can only be carried out under simplified conditions, wnd
they can only be applied to an airplane after it hus been
practically tested in flight. The Gottingen measurements
take no account of the effect of the slip stream on the
controls, although the rudder und fins are sensibly wuffect-
ed by the slip stream, as shown by the various positions
tagksn up by an airplane fhen the engine is running, and in
gliding flight. In the Gottingen measurementsé the angle
of attack has been successively increased by 57, whereas
such great differences never occur in the angle of attack in

* Compare "Technische Berichte," Vol. I, No. 5, p.léB.
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actual flight, or at least not under the influence of the
elevator. If the model tests are finally to be applied to
that part of the control situated in the wake of the pro-
peller wind, some further preliminury tesis are nesdaed, as
ordinary plates were ussd in testing the control models,
®#hile the lateral controllirg mechunism is always t0 be re-
garded as an sxisnsion of the wing ribs; also because such
measurements apply to rudders having a depth of 0 -
3/5, and 4/5, shereas in actual airplanss such depth smounts
tc about 3/7. '

During the War, the present writer took meesurenents
of moments and rudder forces while flying on a DIwCV air-
plane (sese Figs. 1 to 3), with a 300 H.P. Benz engine, at
the Germen Testing Luboratory at Adlershof. The results of
the tests are collectively stated below, as compared to
those of the GOttingen Laboratory. The exect measurements
of the airplane ars to be found in Table 1 and Fig.l.
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Vil ASUREMENTS OF LATERAL MOMENTS ON AN AIRPLANE.

o
-

There are two ways of producing unbalanced latersl
moments in an airplane, apart from the steering moment:
1. By the application of weights on one side.
2. By unegualized bracing (unbalanced lifting force).

As the moment due to unbalanced lifting Torce can 08
compensated by the action of the aileron, and the location
of the aileron wt the moment in question therefore pre-
sents the possibility of .gquilibrating both ta= methods
above referred to, und of establishing calibrated curves
showing the force on the aileron in terws of the angle of
attack.

Water weighis are used in order to produce weight mom-
ents. A second wanner of producing such mouents is that of
unequalized bracing below the spars (dissimilar angles of
attack on the right .nd on the left). The measurcments
taken are for directional control and elevator control.

On the outer struts, water tanks of similar size and
shape are built in between the wings in such & manner that
the extra head resistance and the weight of the tanks are
equal on both sides of the wings, and are therefore, equil-
1ibrated for the airplane (Figs. 2 & 3). The observer's
cockpit contains a watsr tank of 30 liters capacity, lo-
cated close to the pilot's seat in order to keep the extra
weight as near as possible 10O the center of pressure.

From this tank, a side-tank can be filled with water by
means of & pressure pump b. The rubber tubing for that
purpose is located in the bracing of the lower wing, so®
that it causes no derangement to the airstreanm. The vol-
ume of water pumped into the side-tank during flight can
be read in liters on a benzine meter d spacially cali-
ibrated for the purpcse.

Thz aileron is at a distance of 5 m., from the center
line of the body. The angles of attack ars measured on
the lower wings below sach rib by means of a water-level,
and determined as angles of the corresponding wing chord
in felation to the engine shaft. I the angies of attack
of & wing need alteration, the gadlies of the front bearing
surface are left as they are, the cables and counter-cables
of the rear bearing surrace alons being altered. The turn-
buckles are thoroughly lcoessned befors brading, and then
tightensd until the relative Lositions of the upper wings
and the lower «+ings (stagger O being measured With a p.umb-
line) are squal. In this way, the dihedral angle remains
unchangcd, the fore main struts and the front loads are not
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eccentrically loesded, and there is unct tco high a stress
on the turnpuclties. The differerncss in the angles are the
differsnces in the chord angles of the right and left lower
wvings at the ribs which are marked as baing adjustable, on
the outer or innmer strut. On account of ihs corsiruction
of the interior of the wirg, the adjoining ribs take up the
positions showm in Tabls 2 after such adjustment. The fourth
ribs, left and right, counting from the outeide, bzar the
nark 4.5° angls of attack. A aifference of 1* g, for in-
stance, thus obtained in the angle of attack on the outer
strut (test series D), shen the fourth right rib is re-
duced by 1°, so that its chord is inclined towards ths en-
gine shaft at an angle oI 5.59, while the leff rib ie in-
clined to the engine shaft at an angle of 2.8%. . Thip 1o the
process adopted in equippirg airplanes at the factories,
Dif ferences of 1° in the angle of attack, at the rear outer
strut, are visible to tns naked eye by reason of the notable
camber of the upper surface, With the aild of a cup anemom-
eter located bevond the sweep of the glip etrsam, on ths
right inner strut, a unifiormw flight velocity is maintained
during the entire series of tests, when flying either at
full intake or in gliding flight. In flight against the
wind, readings are taken at an altitude of 3000 to 3300 m.,
so that approximeately equal flying conditions may be attain-
ed sven when the flights take place on differsnt days.

o
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Bracing of the Test Airplane in Test-series a) to a).
Angle of Attack in Degrees.
Test
Series: Right Wing (number of ribs):
; R s Booiga ey 708 e 30 2 1 (RS A : 14 .15 v 16
a) 25 zo Ao Lw; 35.3ﬁ5.3§5.535.7 oo 6o.fo 606 ‘5.9 35.9
5.9

8.8 15,9 N0 - 6.0 6.0 ‘6.0 60 60 59

b) -28;”- 5.1 15.5 5.5 5.7
6) 2.5 3.5 U chee DR

‘ e

5.5 35,1 15.9 6.0 6.0 60 6Oi ¥ ”35'

@]
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a) ‘2.6 k3 351 5.5 5. bm:ﬁm}'rj.s“{;g TR 6 0 6.0 16,0 16.0 16,0 °5.9 5.9

Table 2 (Cont'd)

Bracing of the Test Airplane in Test-Serics o) B T 8

Angle of Attack in Degrees

Test : %g¢;,1_; x
Series’ Left Wing (number of ribs). e
By : 2l - a—j-gﬂ. _A_ﬁ S

St de il T g L3t 4 M 3p Vg 8. 6 5 44 AR S e

a) 5.9 5.9 :6.0 6.0 :6.0 6.0 6.0 5.7 5 5.3 i5.3 5.1 4.5 4.0 3.0 i2.5 e
b) 8.9 5.9 ‘6.0 6.0 .6 0 36.9 '6 0 5 7 5 5 5 55 3 15,1 umiyf%;gmi}ip__?_S 31.001+2°
o) 5.9 5.9 16,0 16.0 6.0 16,0 i5.7 5.5 5.0 15,0 4.8 4 2 3.5 3.1 }2.3 1.3 11.5°420
B 150 5.9 ‘6,0 6.0 6,07 "5”'5 75 -5 0 :_ il g T2 i35 3 2.3 11.3 12.00:42°




‘ Ta-B Ll e =
Results of Test-series a) to d)
fect 1 ift . iy Speed : Altitude : Kind of :Eléva-: ‘piler-: Water:Moment m/k
Series : Angle of: km/h oM. Flight « tor :Rudder: on :Veight:
attack : : : : . - kg,
Gl B8 AeUE e 8 6 K
ieft
. Engine running : 5.5° : 4,52 : 0.0° :
5000 © i Clidine £1icht :-1,0°0 460 G B : &
: 3 to . Engine running : 4.5°0 : 4.0 0.500: s M. 50
e - 2PO0 o Griding flight -1, 4B L R :
a) : 2.0 } rd 30 - and s Enpine running L B0 . L4 Fo . S 75
: - + 2200 : Gliding.flight :-1.5° : 4. 852 . e.oooz :
to . Engine rumning : 4.5° : 4.8° o.25 % 20
: Gliding flight :-2.0° . W B2 . o 78
. Engine running @ 4.8° @ 452 LB -
Mliding flicht :-3.0° : 480 : 3.2 30 : 150
. Engine running : 5.0°0 : 3.5° :-1.57 - -
2000 '+ Gliding fiicht : 0,09 : 382 +-1.0° :
: to C Emmane. Egnpanc 115,09 3 I 0 L 50
s . 2200 : Gliding flight :-0.5° : 3.5% :-0.25%: >
b) : 16 =110 : and : Engine running : B0 v B s B R 75
: - . 25B0 : Glidimp fiight :-1.8° : 2.8 - @, 6% :
to . Engine running : %.0° : 3.59 : 0.75% 20 : 100
2000 - : Gliding fiiebt -2.00 : 3.5° 1 1.28%: :
: Engine running .00 a9 1 e 90 o 150
Giding flight —2.5% + 3,69 « 1.8° : :




‘Results of Test-series

Tagbla 3 (Uont'd)

&
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to

d).

Test - DEff. in Speed :Altitude: Kind of :Eleva-: :Adiler-: Water: Moment m/k
Series :Angle of km/h in m. Flight $0T7 *Rudder: on :"elghi:
Attack : : 2 ke,
rt. and
: left R = B e LA RO ) A =
- ‘Engine running ° 5.07 ° 2.5° :-7.0° ~ -
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2200 :6lidinzy fiight Talee 2 B i
: and :Engine running : 5.0, ohy inealin ot LD Fi
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to :Engine running 5:0q 2. 5e el 51 20 100
2000 :Gliding flight -0.54 2.5¢ 41.25 -
:Engine running M.SO S+ 2=130g 30 150
:Gliding flight :-1.5 o5 o et
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The position of the elewvator and of the laterzl coatrol
ray be read on graduated sectors with movable fingers; these
sectors are installed in the observer's cockpit, in connec-
tion with the correaponding wires, and the position of the
right aileron is determined in a similar wannar, (see Fig.5).
As these flights wexe extended over a period of ten days, so
that thay fook place under approximeately similar conditions
cf temperaturs and altitude, in relation to the surrounding
atmosphere, and at a similar time and speed, the static
pressure may justly be said to be approximately constant in
the different groups of tests. No measurements were taken
at the time,

The tests were carried out in the following manner:

a) With the airplane normally braced (Compars Table 3,
test a), the pilot ¢limped to an altitude of 3000 m., Im
flying from 2000 m. to 3300 m, with the engine running, &
speed of 1}0 kn/h was studiously maintained, accordirg to
the anemometer, in horizontal flight against the wind. The
positions of the elevator, the rudder and the aileron were
read during the time. Then came a descent from 3300 to 2000
m, in gliding flight (throttle closed), the veloecity of 110
k/m being maintained and readings again taken in all three
positions., Ten liters of water were pumped into the right-
hand side-tank by the observer while the airplane dropped
to 1900 m., and climbed again to an altitude of 2000 m. Read-
ings were again taken during flight with the engine running,
from 2000 m. to 2300 m,, and also in the succeeding gliding
flight from 2300 m., to 2C00 m,, and similar measurements
were taken with 15, 80 and 30 liters of water in the side-
tank,

The entire series of tests was repeated three times,
as follows:

b) With a differsnce of 1% in the angle of the attack
on the right and left sides, produced by lowering the right
outer rear strut (the fourth rib bélow the struf béing marked
for the angle of attack).

o il ki R :
c) With a difference of 1,5  in the right and left
angles of attack, caused by raising the left outer rear gtrut
by 1/2°, and by lowering the right outer rear strut by 1°,

d) With a difference 6f 2° in the right anhd left an-
gles of attack, produced by lowering the right outer rear
strut, and raising the left ons, }in each case by 1-,

‘ Test series a) to d) were thus accurately carried out
with a view to obtaining & reliable calibration curve by
means of numerous readingg. The results of this test series
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are collzctively given in Table 3. Figs. 6 to 9 show the
eifect of uneunllued bracing of the outer struts on the ail-
eron action, with tvhe engine running and in gliding flight.
The sheaf of curves follows the same general direction, con-
verging only by 5°. It may therefore be concluded that the
wing tips are no ionger under the influence of the slip stream.
If the current had besn disturbed by the slip stream, there
would also have been cousequent alterations in the form of
the curve sheaf. It folilows that only one calibrated curve
is valid for the aileron (Fig. 10), both when the engine is
running and in gliding flight., It also follows that the
measurements of control modelo, taken at the Cott*ngen Lab-
oratory for the calculation of ailerons, may be applied to
flying airplenes if the conditions be duly considered, be-
cause the currents prevaillug et the ailerons, directly they
are beyond the influence of the propeller wind, are similar
to those encountered in the wind tunnel. The conditions
differ only in so far as that certain vortices and diverg-
ences of the air-stream occur at the tips of the wings,
being due to the influence of the edges, during flight,
whereas such derangementvs do not occur to the same extent in
the wind tunnsl.

Tne sweep of the curves of the values of Cn* found in
the Gottlngea Report and reproduced in Figs. 11 and 13 is
quite similar to that of the calibrated curve in Fig. 1C.

It gives the impression that the point of inflection is de-
pendent on the ratio of the rudder area to the total arsa.

In some of the curves, a further point of inflection is shown
for larger angles of attack. The COttingen measurements do
not show whether there is alsc a point of inflection betw%

O and 5°, as they mere carried out onlv at intervals of 5

To judge by the sweep of the curves, however, there is eve*y
reason to believe that it is pOSsible,

The GOttingen valuee of moment cannot be compared with
those obtaincsd at Adle*bhof on account of the comparatively
large angle of attack in_the Gottingen tests. It must also
be remembered that the Gottlngen ratio between rudder surface
and total surface is 1/5: 3/5, whereas it is only 3/7 in the
tests in question. If mean values were found for ths two
Gottlngen models, they woculd appvox imately correspond to the
Yatic of '2/7. 1f the value of 2° be interpolated, the scale
of dimensions of the resulting values of moment is similar
to that of the values found at Adlershof; it is only 10% lower.
If we take a point of retrogression bstween O and ° im tha
Gottingen curves, as was done for the Adlershpf calibrated
curve, higher moments are obtained, and the Gottingen curves
correspond even more exactly to Cd*lbrdted curve No. 10,

* See "gechnische Berichte" Vol. 1, No.5, Tables CLXIII and
LX1IV.




With linsar interpoj}ation, the following medel valuee are
obtsined from the Gottingen curves for the aspect ratio

RIS
Vi o M s

Angls of attack: -139 -9° -8° -3° 0° it il 7 42
Moment : Wi lex'l omE s Ba @800 69 58 4om/ kel

as corpared to 90 m/kg. for the Adlershof calibratsd curve

with 3° rudder position. Values of about 10% higher than the
Gottingen measurements were anticipated, the two vortexes

alone teing bound to reduce the 1ift in measuring the rudders -
unlimited and free as thsy were on both sides - more strongly
than the single vortex on the outer side of the azileron. They
ray therefore be considered to correspond satisfactorily.

The effect of the decrease in the torque of the engine
at an altitude of 2000 m., when passing from flight with the
engine running to gliding flight, is made evident by the dis-
placement of the curve sasaf, in flight with the engine run-
ning, by a difference of 0.5° in the position of the aileron
a5 compared to its position in gliding flight (See Fig.13).

According tc the calibrated curve shown in Pig. 10, the
difference of 0.5° in ths aileron position corresponds to &
clock-wise transverse moment of the 30C HP Benz engine at an
altitude of 2000 m. The only conclusion that can be drawn
ie that tne total influence of engine and propeller is such
that 2 moment of 40 kg/m should be added on the right side,
in order to keep the airplane in a favorable position when
passing from flight with the engine running to gliding flight.

It is important to note that considerable transverse
moments can be brought to bear upon the airplane (See Fig.l0)
by making comparatively small alteratlons in the position of
the aileron, while extremely high unequalized moments way,
on the other hand, sasily be compensated by altering the po-
gition of the aileron. Even for the highest transverse mom-
ent of 150 kg/h, an alteration of 2.8~ in the aileron position
(applied to one aileron) is sufficient. Protracted flight
with such a high unequalized moment is certainly fatiguing
to the pilot, particularly vwhen the airplane has a joy stick.
He must also avoid curves at the side on which & moment of
more than 100 m/kg. arises, as he would find it difficult to
get out of such curves. If we apply this result to the two-
strut C airplane, the spapn of which is about the same when
the aspect ratios are practically stationary and with egually
large surface loads, and which shows Little difference in the
position of the perpendicular struts, the following conclusions
may be deduced:

i In the case of night-bombing airplanes, in which part of
the bomb load is suspended under the lifting surface on both
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sides of the fuselage, 100 kg. may safely be suspsnded
within 3 m. of the center of the fuselage because the air-
plane runs no risk, and can continue tc fly, in spite of
the unequalized weight and even if the bomb releasing
device should get out of gear on one side. It is, there-
fors, not absolutely essential that the bomb-release should
act simultaneously on both sides. DBy means of the arrange-
ment above described, they can be alternately dropped. It
might be advisable, however, that such aircraft should be
equipped with reversible or semi-reversible aileron con-
trols, that is, with wheel gearing, soO that the pilot may
not be over fatigued by the unesqualized loading of the
airplane.

The fact that the calibrated curve is flatter in ths
center is probably due to certain effects of the air current
produced by the portion of the wing in front of the ail-
eron. In case of extremely large angles (over 13° accord-
ing to GOttingen measurements), the inversion of the steep
upward portion of the curve may be anticipated, though that
portion of the curve lies beyond the range of possgible
measurenents.

A further seriess of tzsts mas carried out as & sequel
to those above mentioned, the differences on the right
and on the left of the angles of attack being represented,
by way of comparison, as unequalized displacements of the
inner struts. The results of this series of tests, e ,
are shosn in Table 4. In Figs. 14 and 15, a compariscn is
drawn between this method and the inner strut displacement
applied to the first series of tests, as regards their in-
fluence on the vosition of the aileron in flight with the
engine running and in gliding flight.

This comparison shows that unequalized transverse
moments or the drag of an airplane - which amounts to the
same thing - may be more effectively corrected by a right
and left displacement of the angle of attack bslow the outer
struts. A bracing under the outer struts thus has greater
influence on the transverse position of the airplane than
bracing of the same dimension under the inner struts, in
spite of the decrease of 1ift towards the wing tips.

The actual difference in the angles of attack, from
right to left, is at most 1° from the central position,
though it may amount to 3° in tests. This aisplacement
causes & strong torsion of the surfaces, plainly visible to
the naked eve. Even with a displacement of 1° under the in-
ner or outer struts, the differences affecting the aileron
are not inconsiderable, as the transverse moment amounts to
75 kg/m. in the first instance, and to 56 kg/m. in the second
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Results of Tests with Alterations in the Position of the

Inner Struts (Test-series e)

4

Test : Diff. in : Speed :Altitude: Xind of :Eleva-:Rudder:Ailer-
Series: angle of - km/h. : in m. Flight R 5 s on

< & atbtacks - 3 ’ ‘ s 2

sp s slef s . . . .

.

Water

*Weight

fo o nlia e . : . Enmine running : 5.50 : 4.52 : 0,07
: : : 2000 to : Gliding flight : 0.0° : 2.52 : -0.5
G s . 2200 : Engine ruming : 5.5° Ty e
: . 110 <2200 to . Gliding flight : 0.0° : 2.52 @ -1,5°
R ETe . "50600 : Encine running : 5.5° @ #.59 =
: : : . g1Taine fiteht : 0.0°% : 2.8° r ~2.5°
Ras T S : . Engine rumning : 5.5° B.E0 S0
: : : Gliding flight : 0.0° : 2.5° : B

ey

+ Moment in

r/

o
i g =
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instance. Ths following rules may therefors be applied
to bracing:

The side-slip of an airplane may bs corrected by alter-
ing the angle of attack on one side, under the inner or
outer strut. The latter method is the more effective.

On the basis of test results obtained in serics a
to d,. Fig. 16 furtker shows how the position of the di-
rectional conirel is altered by transverse moments produced
either by adding weights or by altering the angle of attack
on one side. This figure clearly shows that purely trans-
verse moments produced by weights have no iniluence what-
ever on the position of the directional rudder when the en-
gine is running or in gliding flight. The frequently ex-
pressed opinion that a side-slip accompanies iransverse
moments causing rotation of the airplane thus fails to hold
good when such rotation is the result of moments due to
weights, and is equilibrated by altering the position of the
aileron. This action of the aileron may be traced to the
simultaneous action of both. (In the case of moments that
make the airplane tilt laterally, there is no simultaneous
rotation of the cellule if the airplane be disequilibrated.)

With the aileron position formerly in general use, one
side only came into play, while the opposite side remained
inert and rotaticn was the obvious result cf the uneqgual-
ized resistance.

In Fig. 17, a comparison is again drawn between the
displacement of the outer struf in tests a to d and the
displacement of the inner strut in series e , as regards
their influence on the position of the ailsron. We know
that an unequalized alteration of the angle of attack below
the inner strut has no effect on the position of the ail-
eron, though side-slip as well as rotation results from such
alteration below the outer struts, the position of the ail-
eron and the directional control being thereby affected.

Ths following principles may therefore be adopted in
practice: ,

The rotation of an airplane can only be corrected Dy
altering the angle of attack below the inner struts. There
is no need to fear a consequent recurrence of side-slip.

The alteration of the angle of attack below the outer struts
is certainly a more efficacious means of correcting rota-
tion, but it causes side-slip of the airplane after bracing.

Fig. 17 further shows that the directional control takes
up various positions in flight with the engine running and
in gliding flight, in consequence of the action of the pro-
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peller. This may be ascribed to the influence of the siip
stream on the rudder.

In the case of an engine running with full load, tn
moment sxerted orn the fixed part of the rudder by the sli
stream causes an anti-clockwise action of the rudder. Th
necessitates the production of a counter-mement by clock-
wise steering with the directional rudder. Observations
taken at the propeller lead to the supposition thai the
right-handed sweep of the slip stream trails off to thse
right at the opack, vwhen the engine is ai full intake, like
the wash behind a rotary ship's propeller when it is sta-
tionary in the water.

MEASUREMENTS OF LONGITUDINAL MOMENTS ON AN AIRPLANE.

Close beside the tail-skid, a tank is built into the
rear end of the fuselage. This tank can be {illed by pump-
ing from the observer's cockpit during Ilight. When the
tests were being carried out in November and December, 1oL
water could not be utilized on account of frost, and the
"Allweil" pump would have been stopped up by tne addition
of kitchen salt to the water. The tank was therefore filled
with gasoline of 0.730 specific weight. The distance be -
tween the center of the tail and the c.g. of the airplane
is taken as the lever arm of the longitudinal moments, and
the migration of the total c.g. towards the rear, due to
increase of weight in the rear tank, is also taken into
consideration. Including the empty tank, the installation
weighs 5.2 kg., and the calibrated curves of the elevator
consequently run from that point. The quantity of fuel
carried during the tests being always the same, the totsl
weight of the airplane and the position of the ¢.g. remain
constant.

Contrary to the method followsd in the preceding tests,
the angles of attack of the wings are altered to the same
degree on both sides of the airplane (the setting of the
wings being left unaltered), that is, the wings are drawm
up just so much on the trailing edges, below the outer
struts, as they are lowered below the inner struts. The
position of the wings relative to the engine shaft depends
upon the wing chord adjustment prescribed by the manufac-
turer. Incrsased incidence is marked with a minus, de-
creased incidence with a plus.

The tests were carried out like the earlier series
with the sole difference that a flight velocity of 120 km/h
was maintained in the present instance. The results are
collectively given in Table ©. If we compare, by means of
this table, the influence of the various positions of the




wing chords, as affecting the engine shaft, on the position
of the elevator when flying with the engine running and in
gliding flight (See Figs. 12 and 1©) there is a noticeable
difference in the sweep of the curves, Coatrary to the re-
sults of previous tests (Figs. & to 9), the curve sheaves
do rot deviate in parallel directions, but in different di-
rections. This confirms the belisf that it is not only the
deviation of the air current behind the wings, and the
1ift of the fixed part of the stabilizer that act as air
forces on the controlling part of the fuselage, but that
the position of the elevator is alse congiderably influ-
enced by the propeller wash. As the measursments were made
with the engine running and in gliding flight, at the same
altitude, on the same day, and at the same flight velocity,
that is, with the same impact prassure, the deviation of
the air current of the wings vwas the same for both methods
of flight. The difference in the curve is therefore due
to the fact that the characteristic values of ths 1ift of
the fixed plane are different in gliding flight from those
in flight with the engine running, on account of the un-
equalized angle of attack and the air eddy of the propeller.
The impect pressure, i % g%g g during the tests, amounted
to 68 kg/sq.m., The angle of attack, in flight with the
engine running and in gliding flight, could not be suocess-
fully measured, the apparatus specially designed for the
purpose proving defective at the first test. In spite of
this, it could be seen that there is little variation in
the angles of attack with the engine running and in gliding
light, so the alteration in the first approximation may
be stated as null.

The calibrated curves of the slevator (Fig. 30), which
are taken from the test results, comprise the influence of
all three kinds of air forces on the conirolling devices
and on the position of the elevator. The possibility of
calculating, from the Gdttingen measurements, a callibrated
curve taking no account of the influence of the propellex
wind, provides an opportunity of checking the curves in
question by comparison with the Gottingen measurements and
determining, at the same time, to what extent a calibrated
curve based partly on theory and partly on measurements
taken in the wind tunnel can be applied in practice.

For the calculation of the calibrated curve, similar
angles of attack were presumed for flight with the engine
running and for gliding flight. 1In the present instance
we get the following values:




Impact pressure 68 ¥g/sq.m.

0
i

inole of attack a constant.

A
o

i

Distance of the axis of rotation of

the elevator from the c¢c.g.&...... = d'm,
Surface of the fixed plane f ..... = 4.13 sq.m.
Longitudinal moment due to the

aoditional WIghE .. .. s ieeiss M, =194 m/kg.
Angle of the 8levalor ... .. .....ces0 = 15,750

The controlling moment My is algebraically composed
of the moment Mgy of the additional weight and the wing

moment M. To obtain equilibrium, we must have the follow-
ing solugion:
Mp = Mp, -~ Mg,
Now Mg ' = Bg - g £ 8.

The normel air force symbol €, for the controlling
action is also dependent on the angle of attack O of the
control and on the angle 2 of the elevator. According to
Gottingen measurements, it is as follows:

Cn:Cno(q)+2.4 e,

/

My = Mp + Mg = Mp ( Q) +Cpo (%) .a . f.q
+ 3.4a fq o

The test shows that an additional moment of 19.4 m.kg.
with a wing angle of -1,00 relative to the normal corresponds
to a rudder angle of 5.75° (See Fip. 20). From the equa-
tion:

ML - constant = 34.3 © ,

we get the following supplementary moments for the addition-
al angles,

- O e s 2.0 2.5 3.0
81,8 . 68.4 882 1DBB

ay)

ML =

caleulated from the normal trim of 5.75° domnwards.

L 34.
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Bracing of the Test Airplane in Test-Series

Angle of Attack in Dezrees.

: T Rigzht Wing (Number of Ribs).

e e 5 B T 196 8 S0 T o dn e e
4.0 4.5 :5,0 i5.5 :5.8 :6.2 :6.5 6.8 :7.0 :7.0 :7.0 i7.0 Fu0 . shml (6.6 By
tas 5 u_;_d_f;:um{i"é*fm; 6.2 16.3 :6.5 :6.5 6.5 6.5 (6.4 16.3 1 6.2
2.5 :3.0 4.0 1h.5 5.1 5.3 5.3 :5.5 5. 6.0 16,0 16,0 6,0 6.0 6.9 T8
2.3 12,8 13,6 13.9 4.0 1.k h.6 k8 h9 53 5.k 5.5 5.0 i5.] 5.7 ;5.1
T 2‘; 13.1 13,5 i3.8 45 14,3 ?Lf}m’ﬂ?"?éfb'?5.075.075.075.0 65 0 & B

5 (Conclusion).
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Results of Test-series f)~39_k).

Test:Diff.4in :Speed: Altitude Kind of :Elevator:Rudderi§iler-:Wa?er : Moment
Series:angle of at- km/h: in m, Flicht : ¥ on EWeightz m/kg.
rhack, rights oot

and left: : = R )
| £ . : . Engine running : 7.5% : L.50 : 0.07 5.2
i : . 2600 . Glidine flight : 6.20° ?.52 : 0.58 : 19.4
| :to 2200 : Engine running : S.SC@ : 4.50 ; O‘Ob ‘10l 46.0
| Sy R 120 : and i@ iding fileht : - 7.00 -1 20550 OpBcn
: 2200 : Engine running : 8,7C6 : H.SO : 0.0y :16.0 59.2
: 1o g0O0 . Giding fIAght : 7.8 1 2.6 00
: ; : Engine running : 9.0Q, : %5, 1 .0 g g 5.3
: - Gligihg flight :- 8,00 : 2.5 8.5y » :
: : Engine running : 9.hd’ c BST c 00 naf B S 9% .3
: Gliding flight g.pd-: el gL : |
— =]
: Engine running : .6.952 : u.Sg : 0.0g 5.3 19.4 ©
: Gliding flight : 6,00, 1 2.5y ¢ 0.8 n
2000 : Engine running : 7.755 @ 4.55 ¢ 0.05 112 4 46.0
to 2200  : Gliding flight : 6.90, : 2.55 : 0.5,
G@.B° 150 v and > Engine running : 8.00, : 4.55 : 0.05 :16.0 59.2
: 2900 . - 5 Qtding Blteht 5 1.7305 L2505 SR
to 2000 : Engine running : 8.25, : 4.5, : 0.05 19,6 72.%
: Gliding flight : 7.800 2 ?.50 0 PR
: Engine running : 8.70, : %.55 * U.05 top @ 9g. 3
Gliding flight B0 BB £ -
: Engine running : 6.00° : 4,60 . 009 : &2 19.4
: ‘Gi{ding Tiight -« - 4.70% - 2 89 1 G 50
. Engine running : 6.90° : L.,50 : 0,00 :32.4 46.0
: 2000 - Glidine flight . 5. B0° : 8550 . @ 68
0.C° : 120 :to 2200 : Engine rumning : 7.20° : 4.5° : 0,02 :4¢ ¢ 59.2
: and ;- Qliding flight : 6.00° : 25" G50 ¢
2200  : Fngine flight FERE B bl vl dgk 72.3
‘0 2000 gliding flight : 6.582 : §.5o : 8.50 :
: *. : Engine rumning .9 r &, L 3 126 :
£ ¥ ;-500 T 20 Seth :26 g s 3

Gliding flight :

318

|
!
!

‘U
M -



Table 6 (Cont'd) ‘

Results of Test-series f) to k).

Test :Diff.in an- :Speead: Altitude @ Kind of :Elevator: Ruduer Ailer-: Water: Moment
Serice:gle of attack km/h: in m, Flight : : . on :Weicht: m/kg/
rlfth & left: 3 - : : : SR T
: . Engine Tunning @ 5.8 : L./ : 0.20 : 5 o = 19,4
: : Gliding flight : T80T 060 s D RS :
; : Engine running : 6 BeP v et . DR E i s e
: : + 2000 . (lidine flicht . H.sP - oo ogg : :
~0.6° : 120 :to 2200 : Engine running : 6. 850 PSSR S T o 59.2
: and . Glidine flicht : 5.000 : 2.5 @ 0.5 : |
: : - 2200 : Engine running : 7. 100 - h.?o e AR U 75.3
: : :to 2000 : Gliding flight : 5. ROO Lo ‘50 : O.'F)O s 8
- : Engine running @ 7.50) : .50 : 0.0 :26.8 % 98.3
e it S0 s o : '
: . Engine running @ 5.750 @ 4.8+ 0.° g l
: - Gl%dlnd flwht oo D . DU Sl L 19.4
: . Fnzine running : 6.50° : 4,80 : 0P : 354 ¢t 44,0
T : 2000 : Gliding flight B BoP- « 5l o BaER o e |
BT : 120 :to 2200 : Fngine running 6.800 : B.BY . BWAOS: op gt 59.2
: : and . Glidine flight : U.50° : 2.59 : 0,50 : :
: 9200 : Engine ruming : 7.00° : B.50 : 0.0° : 396 ¢+ 72,3
40 2000 -+ Gliding flight : 5.00° : 2.52 : 0.50 : :
i : Engine running 1.50° heel . o g 9¢. 3
: Gliding flight Boott = o8 (BT :
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These moments, with the initial moment 19.4 m/kg. ars
marked in dotted lines in Fig. 20; the calibrated curve runs
in a straight line midway between the curves for flight with
thz engine running for gliding flight, and this leads to the

. 4 2 A 5 s = et d
. conclusion that the Gottingen tesis coincide remarkably with

the tests during flight, carried out quite independently.
The difference between the curves calculated without includ-
ing the influence of the propeller wash on the controlling
devices, and the curves found in actual tests, constitutes

a direct standard measurement for the influsnce ol ths pro-
peiler on the controlling device both in flight with the en-
gine ruaning and in gliding fiight.

Figs. 21 and 22 show that the lines of longitudinal moment
climb more steeply in flight with the engine running than in
gliding rlight. From this and from the calibrated curves, it
may further be seen that the elevatior is more effective in
flight with the engine running than in gliding flight. It
follows that if the airplane cannot be righted in & steep nose-
dive, even whcn the elevator is at i1ts largesv angle, it may
possibly be done by putting the engine at full throttle.

At the same time, the flight velocity is also increased and the
1ifting force of the wings augmented. Filight with the engine
running is less suitable for testing longitudinal stability
and steering capacity of an airplane type than gliding flight.
If the elevating control has been incorrectly measured, the
airplane willionly crash when it is gliding at a steep angle;
the larger the angle of the elevator in a steep glide, the
greater is the difference between the longitudinal moments
produced by the rudder (1ifting moments) in gliding flight

and in flight with the engine running. The airplans can there-
fore be steercd in flight with the engine running at an angle
that would not be possible for gliding flight, as the moment
produced would be insufficient.

It is further shown, in Figs. 281 and 23, that when the
angle of attack of the wings is increased, the longitudinal
rmoments corresponding to the angle of the elevator increase
with the same velocity. As a result, the curves in Fig. 33
are flatier than those in Fig. 31, in gliding flight more not-
iceably than in flight with the engine running. With the

same angle of attack and at the same velocity, the angle of
the elevator is larger in flight with the engine running than
in gliding flight; that is, the airplane is nose-heavy within
altitudes of less than 4000 m. - which is the test limit - if
it has been equilibrated for flight with tke engine running.
When it is equilibrated for gliding flight, it is tail-heavy
in flight with the engine rumning. With a view to overcom-
ing these differences in the flight of an airplane under the
two flight conditions, the fixed part of the stabilizer has
been so dispesed as to be adjustable from the pilot'’s seat,

by means of a self-locking hand-wheel. This system has been
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chiefly adopted in Fngland. The airplane can thus be ecquili-
brated undésr any known condition of flight - with the engine
running or in gliding flight - at a given aliitude, with a
given angle of attack and with a given velocity. No effori is
required on the part of the pilot, because the elevator is

not called into action. No sooner does one of thnese factors
undergo an alteration, however, than the equilibrium is again
disturbed and can ornly be restored by the readjustment of the
fixed plane or by the action of the elevator. If an altera-
tion takes place in all the above-named influences, brusquely
as in the case of steep gliding with the engire stopps=d, it
may sometimss happen that the increase in the.eleveator angle
no longer suffices for the adjustable fixed planss. On this
account, there is some objectiion to ad justable fixed planes;
to begin with, the pilot can compensate his airplane for only
one flight condition, at high altitudes, through altering

the position of the fixed part. This derangement of the equi-
1ibrium when passing to another condition of working may be
dangerous in the case with airplanes with extremely marked
variations of position and speed, such as fighting monoplanes,
for instance, especially when the c.g. is locatzd high up

on account of the position of the pilot's seat and the machine-
gun, as in German fighting monoplanes with a stationary en-
gine.

The adjustable tail plane is favorable for airplanes in
which the c.g. varies considerably during flight (ag, for in-
stance, through the weight of bombs appiied in front of or
behind the resultant of the air-forces in night-bombing or
giant airplanes) as the pilot can considerably lighten the
elevator, after bombs have been dropped, by readjusting the
fixed plane. In airplanes of the newest types, the adjust-
ment of the fixed part scarcely needs 10 be taken into, ac-
count, there being no marked alterations in the flight condi-
tions. The same may be said of large size or giant airplanes.

SUMMARY OF THE TEST RESULTS.

1. C airplanes with two struts are extremely suscept-
ible to aileron maneuvers, slight alterations of the alleron |
sufficing to compensate great unegualized moments. |

2. Great unequalized moments can be produced or neutral-
ized by the unequalized alteration of the angle of attack be-
low the outar or inner struts. Adjustment below the outer strut
is the more effective method of the two. Contrary to the ef-
feot of alterations in the angle of attack bslow the outer
struts, moments resulting from weights and alterations in the
position of the inner struts cause no side-slip in the air-
plane.

3. When a load of bombs is suspended beyond the center
of the airplane, below the wings, the bombs nced not be dropped
on both sides simultansously.

B
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4. The propellsr wash of a wide cpen engine has con-
siderable influence on the position and working of the ele-
vator. The elevator is more susceptible in flight with the
engine running than in gliding flight.

5. Adjustable tail planes are not advisable for D
airplanes, nor for the C type, but they are, on the other
hand, to be recommended for large size and giant airplanes
in which the c.g. changes cduring flight.

&. The aileron values obtained by wind-tunnel meéasure-
ments ars about 10% toc low, though otherwise applicable.
For the elevator, the results of such measurements should be
taken as mean values between flight with the engine running
and gliding flight.
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