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A. Proll.

The determination of the distribution of the 1ifting forces
on a wing seotion and on the whole width of a supporting surface,
concerns not simply the calculation of the strength of the oell,
but is also very importsnt from the aerodynamic standpoint, cinéo
it makes it possible to draw valuable conclusions concerning the
action of the surface; its nﬁro or less favorable shape and aioo
concerning the agreement of the theoretical and aotﬁnl alr fiow.
It has therefore long been sought to solve this problem by exper-
imenting with models, as welli as by many theoretical calouliti.om.
In passable agreement with these, so-called "normal cases" have
been adopted, which represent possible flight oondifiono and typi-
cal unfavorable kinds of loading. In this conneoction, rsference ie
made to the publications of the "Flugzeuguelsterei” (Air Service
Administration), Techrische Berichte, Vol. 1, p. 81.

In actual flight, these cases 6verlap more or lesse and it is
Qquite concelvable that dangerous stresses may arise from eepeci-
ally unfavorable pressure distribution. Even the hitherto little
regarded conditions in curved flight and the dynamic effeots of
gqualls are often very important in strength problema. For in-

vestigating these effects, it is desirable to make the pressure

‘measuremente on the wing itself in 2 similar way to those made

* From "Zeitachrift flir Flugtechnik und Motorluftschiffahrt,"
June 30, 1931, pp. 177-181.
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on models. By means of small tubes, distributed over the entire
wing and connected with recording pressure gages, diagrams are
made of the pressures exinting at every 1n-fant and with them the
varying stresses on the airplane, which diagrams however now give
a true record of the pressures occurring in aotual flight, in con-
trast with the testing of only certain typical cases on models,
provided possible sources of error are avoided (for instance,
difference of pressure within the wing from.thai on the outside,
too iong tubes and the consequent damping and phase displacement of
the indications of the instrument).

Experiments of this kind have beei variously performed, with
more or less successful results. FEspecially in rngland (Reports
of the Advisory Committee of Aeronautiocs, 1921), many experimeﬁto
have been made in this connection both during and since the War.
In most cases, all the pressure tubes lead to 1iquid gages, mount-
ed side by side on a board and whose position could be permanently
registered by photography. Similar experiments on tail planes
were carried out at the "Flugzeugmeisterei® by Fverling (Flossen-
druckmessungen, Technische Berichte, Vol. 1, p. 303.)

When, in the following lines, mention is made of the first
experiments undertaken by the Aeronautical Research Institute of
the Hanover Technical High School, there will also be shown an-
other, not unfavorable device, employed in the same connection.
That, notwithstanding, it was impossible to obtain better relultg
was due to the fact that when, after many difﬁ.ouluel , the ex-
perilanto were well undor way, all further aotivity had to be
uulpondod as a result of the flight prohibition by the Entente.

Nevertheless a few experiments offer much of interest and conse-



quéntly Justify a ghort review.

A. General Arrangement.

The original idea was to record the air pressure on the spot
that is without long intervening tubes, by some eimple automatic
Tegistering device. This was therefore made in suoh emall dimen-
slons that it could be inserted into the wing betweem the ribs
and stand in direct connection with the pressure openings, as
shown in Fig, 1.

Tho Pressure recorders (Fig. 3) consisted, in the first ex-
perimente, of flat digks with thin rubber diaphragms and were
differently constructed for increased and diminighed pressure.
_Since the results, in epite of frequent adjustmentc could not be
considered free from error, the disks were afterwardl made with
thin corrugated metal Covers. cpecial attention was gl ven to the
balancing of the reoording otylun.

The holes were sttu&ted along a middle line on the upper
wing in a broad ash strip, which replaced the fabric oovering at
this place. Comparative experiments were also tried with ring-
shaped tubes, instead of slmple ones (see below).

8. Prelimi Experiments for Determini the Best Location of
the Pressure Gage. '

Since it was not demonstrable off-hand that the air in the
wings could not agree with the static pressure of the undisturbed
surrounding air (on account of the greater or emaller permeabil-
1ty of the fabric, the openings, eto.), the pressure rocorﬂir was,
in a few further comparative experiments, placed in an airtight
sorewed-on aluminum case, which was connected with the interior of
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the fuselage (observer's post) by a tube of 30 mm. diameter.
vven here the surrounding pressure was not everywhere undisturbed,
as was shown by the results of a few observations.

Fxperiment a.- Two pressure recorders in the wing, one open
and the other covered in the above-mentioned manner. The requi-
site openings were located near one another on like seotion
pointes on the lower side of the upper wing. The original dia-
grams (Figs 3 and 4) are practiocally the same, only the absolute
deflections are smaller with the inclosed instrument, a like re-
‘sult being obtained in a second experiment, in which the pree-
sure recorders had been exchanged. The open instrument always
showed the greater pressure differences both on the pressure side
(maximum 18 and 13 mm. water column) and on the suotion side (-13
and -8 mm.) At firet thie created the impressiom that, vith the
inclosed inatrunent, the counterpressures were constantly dis-
placed in the sameé direction against the external pressure, con-
stituting a kind of damping effect. It was not poqsiblo however
to confirm any inertia effect (phase displacement) in the in-
closed instruments.

In another experiment of thie nature, the same phenomenon was
exhibited in still greater degree. There were far greater deflec-
tions of the open instrument, whereby, to be sure, the openings
for the latter were looated nearer the middle of the wing sectlon,
.where the pressure increases rapidly.

Fig. 5 is also interesting. This was taken with the open

pressure recorder on a flight in which curves were cons tantly

flown during the ascent.



Experiment b.- In order to answer the Question as to whether
perhaps the long tube to th..taolo-od pressure recorder was to
blame for the great differences (through some action on the prin-
ciple of the variometer) an incloesed pressure recorder was sus~
pended by epiral springs in the rear end of the fuselage and the
20 mm. again carried to the cbserver's post. The pressure open-
ing to the diaphragm was closed air-tight. This was also the case
with an open prescsure recorder, -hioh'uan suspended direotly in
the observer's cockpit. The pressure recorders chpuld then have
worked like barographe. There were however no deflections worth
mentioning, probably due to leakiness of the diaphragme.

An explanation of all these phenomena was first obtained
through experiment c. One pressure recorder was placed open in
the wing, and the other open in the observer's cockpit, with the
interpolation of a small pressure pipe from the tube, of 3.5 m.
length and 2.7 ym. inside diameter, the tube openings of both in-
struments being close together. The open instrument, located in
the wing, again gave far greater pressure differences (Figs. 6
and 7).+ A :

Since no inertia effect of the outer alr can here enter into
the question, the cause of the differences observed under a and
b was immediately explained. The instrument in the wing is, in
fact, on account of the leaky wing covering, holes, etc., under a
very difficultly controlled counter-pressure which, in nearly all

cases, is gmaller than the uniisturbed static alr pressure and

* The suotion etfect on the lower side of the wing, which was no-
ticeable in the instrument in the wing with the strong 1ift be-
fore landing, was not shown at all in the other pressure recorder.




hence gives greater deflections of the inoresased pressure recorder
(On the other hand, the condition mentioned under a, that the
suction pressures of the inclosed instrument are smaller than
those of the opcn*inatrunent, is probably due to the fact that
there 1o a still more reduced pressure in the long tube or in the
observer's oooxﬁit, than in the wing))

€. Experiments on the Influence of Long Presgure Tubes,

Before oringing the pressure recorder into the observer's
cookpit, it was first necessary to determine how far the long
emall tube from the cone would iafluence the pressure readings,
espeoially for cudden pressure changes. Two pressure recorders
were compared in the laboratory, one with a very short direot
gonneotion, and the other with & 8 m. aluminum tube of 3.7 mm,
diamater. The pressures, meésured »ith a manometer, could be
changed very rapidly, without showing any phase displacement on
the two pressure reocrders and wi{h scarcely any diminution in
the defleotions of the second instrument.

The pressure reccrder oculd accordingly be placed unhesitat-
ingly in the observer’e cockpit, whioh considerably facilitated
ite management and first made ite adjustment possible during
flight. ¥Por the surther experiments, the ten holes (5 on top and
5 on the bottom of the wing), as shown in Fig. 13, were aaded,
with the tubes leading to the pressure recorders. The latter
warTe arrangsd over and near one another in a frame on the left
gide of the obaerver's seat, whereby however the existing pres-

sure differences in the dirferent parts of the observation space

could not be taken into account. The space however was so -neh
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reduced by the fixtures and by the observer himself, that dynamic
pressure differences 6ould hardly be generated in the narrow in-

tervening spaces.

D. Fxperiments with Different Entrance Tubes.

The air openings ordinarily employed in the wing é.ro 2 mm,
holee in small round steel plates, which are set into the ash’
strip on the wing. Although the edges of the holes were rounded,
there was still the conjecture that local dynamic pressures might
be generated by these edges and accordingly tubes with ring-
shaped opening (4 mm. dlameter, 3/4 mm. wide) were sought. The
results were however the game throughout, on which account the

simple holes were considered sufficient. -

E. Provisional Results of Pressure Measurements.

Simul taneously with the pressure recorders which were in-
etalled in the abovg—&eecribed manner in the observer's cockpit,*
the flight speed was recorded by an "Atmos" speed recorder (Fig.
@) and likewise the longitudinal dip of the fuselage axis (Fig.

' 10) by means of a pendulum inclinometer with roobrding device.
The readings of the latter_inatru-ont, vhich was provided with
0il damping, could naturally hold good to only a certain extent
for the permanent ocondition. A correction could be estimated

also
for other oonditions.** The speed could/be oorroborate¢ by a

* The experiments were made on an old airplane of the "Hannover-
ische Waggonfabrik," Type Han C. L II, (185 HP Npel Argus engine.

e

** The motion of the large drum of the pendulum recorder was con-
siderably disturbed by the vibrations, for which reason the marks
in Fig. 10 do not entirely agree, in point of time, with those
in the other figures. : :



Morell anemotachometer.
\\ i
i Table.

Point:Time:Height:Speed:Dip of fuselage:Climbing: Angle :Angle of
No. :min.: m. : m/s : Read:Corrected: @&peed :of climb: attack

: : i Wy e omle 5 B e
iy W0 By P Py .8 g ?°
g 4 :300:33:40:31é4°: 1.4 :83/8%: 85 8/8°
CRET W R S e t &9 T2 Slt" £ 8 1‘4°
4 :8 : 300 : 43 :-9.59°: 9 t . ~h.D 2 <5.8" i
6 :18 : 375 : 238:3/4%: 3/8°, : 0.7 :11/0: & 1. a9
7 3G 300 : 67 : L1357 137 ¢ SBS 1-63/4° : N3 /W

Mean incidence of wing to fuselage axis x = 8°
‘e =X+ 9 -B W
In the table and diagrams (Figs. 8-13) the numerical values

of one of the preliminary experiments are given, whereby the cor-
responding points in all the diagrams are indicated by the num-
bers 1 to 7. Since all the instruments had not yet worked per-
fectly, the results of these flightscan make no claim to specdial
trustworthiness. Namely, in the data on gliding flights (which
were continued all too short a time for obtaining a permanent
status) we can obtaln only a very incomplete conception of the
actﬁal phenoména. The experiments described were considered only
as preliminary experimente and were simply for the purpose of
testing the acouracy of the many instruments. On this account,
the flights were not carried further, especially not to great
heights. It was intended, however, to undertake a series of sys-
tematic flights, but the increasingly diffiocult conditione and
the flight prohibition by the Fntente brought the experiments to

a premature end.

* The correction is made with reference to the acceleration con-
dition of the airplane, which may be estimated from the speed

diagram,
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Later, when it was n&pin yosaible to make a short flight, a
second speed recorder was employed, according to tho'cpaoifth-
tions of Dr. muolob;rgor of the Géttingen Aerodynamic Institute,
with very favorable results. (See "Zeitechrift fur Flugtechnik

for January,
und Motorluftschiffahrt, "/ 1931, p.4.) The pressure measurements
led to results similar to those previously obtained, for which
reason they are omitted here.

From the results of the proésuro measurements, as given in
the table, the temporary pressure changes at the different open-
ings oould be graphiocally represented. They indicate clearly the
various flight coﬁditionn. It is however noticeable, that appar-
ently the inoreased pressure effect iz much greater than the suo=
tion effect, which does not agree at all with the known Fiffel,
Gdttingen and other experiments.

| Lastly, Fig. 13 shows the vrescure distribution curves, along
ghe wing section, thtingen measurements, T.B,, section ¥No. 213,
for slightly ascending flight (experimenta;l point Ho. 3 in the
table).' Here it ie moet noticeable that the point of greatest
pressure, acoording to the experiments, hole No. 2) lies compara-
ti wly far back of the leading edge. This may perhpps be explain-

ed by the fact that the greatest dynamic pressure lies between

holes 1 and 3, somewhat as shown by the extrapolated curve (dashed).

It was aleo intended to put more holee in the front part of the
wing, which (for reasons already mentioned) could not however
be @rried cut. Even the pressure distribution in the immediate
vicinity of the leading edge was left undetermined and it would
be wrong anyway to draw general conclusions from these measure-

mente. since thev were onlv undertaken to illustrate the methods.
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In general, it may be said that, by further patient and care-
ful experimenting yith the descr;bed method of pressure neaﬁuro—
ment, surely just as good and, above all, more readily surveyed
results may be obtained, than by the manometer method, and it
will therefore be welcome, if a resumption of these experiments
should be rendered possible in the near future.

'rra.nqla.ted by the National Advisory Committes for Aeronautics.



