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PRESSURE HEASUREMENTS DBRING FLIGHT.*

By
A. Proll.

The determination ef the distribution of the 1ifting forces
on a wing seotion and on the whole width of a éuppor&tng surface,
concerns not simply the calculation of the strength of the ocell,
but ie also very importent from the aerodynamic standpoint, ainée
i1t makes it possible to draw valusable conclueions concerning the
actlon of the surface, its more or less favorable shape and also
oconcerning the agreement of the theoretical and aotﬁal air fiow.
It has therefore long been sought to solve this problem dy sxper-
imenting with models, as well as by many theoretical caloulations.
In passable agreement with these, so-~-called "normal cases" have
been adopted, whioh represent possible flight conditions and typi-
cal unfavorable kinde of loading. In this comnesction, rsference is
made to the publications of the ﬁFlugzeugmeisterei“ (Alr Service
Administration), Techuische Berichte, Vol. 1, p. 8l1.

In aoctual flight, these cases overlap more or less and it is
Quite conceivable that dangerous siresses may arise from ecspeci- |
ally unfavorable pressure distribution. Even the hitherto little
regarded conditions in curved flight éﬁd the dyn#mio effects of
squalls are often very important in strength problems. For in-
vestigating these offects, it is desiradble to make the pressure

.measuxements on the wing 1tself in a gsimilar way to those made 3

* From "Zeltschrift flr Flugtechnik und Notorluftaschiffahrt, ™
June 30, 1821, pp. 177-181.
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on models. By means of small tubes, distributed over the entiie
wing and conneoted with recording pressure gages, dlagrams are
made of the pressures existing at every instant and with them the
varying stresses on the airplane, which diagrams however now give
a true reéord of the pressureo_occurring in aotual flight, in ocon-
trast with the testing of oniy certalin typidal cases on modéla,
protided poesible sources of error are avoided (for instance,
difference of pressure within the wing from that on the outside,
too long tubes and the cdnsQQuent damping and phase displacement of
the indications of the instrument). | |

Experiments of this kind have baeﬁ variously perfo:med, with
. more or less successful results. FEspecially in ¥ngland (Reports
of the Advisory Committee of Aeronautiocs, 1921), many experiments
have been made in this connection both during and since the War.
In most cases, all the pressure tubes lead to liquid 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 "Flﬁgzeugmeisterei"vby Fverling (Flossehr
'druckmeséungen, Technische Berichte, Vol. 1, p. 3023.).

¥hen, in the following lines, mention is wmade of the first
experihgnts undertaken by the Aeronautical Research Ihaﬁitu&a of
the Hanover Technic¢al High School, there will also be shown an-
) other;“nét unfavorable device, employed in the same oénnootion,
That, notwithstanding, it was impossible to obtaln better results
waa_due to the faoct that when, after many difficulties, the ex- |
periments were well under way, all further aoéiv&ty ﬁad to be
suspe;déd,- as a result of the flight prohibition by the Entente.

Nevertheless a few experiments offer much of interest and conse-



7Y,

‘g&;;._@ . . -3 - A -
duently Justify a short review,

"A. v general “Arrangement.

- The original idea was to record the air pressure on the spot,
that is without long-intexven;ng tubes, by some simple sutomatic
registering device. This was therefore made in such small dimen-
sions that it could be inserted into the wing between the ribs
and stand in direct connection with the pressure openings, as
shown in Fig.'l, _ |

The pressure recorders (Fig. 3) consisted, in the first ex-
periments, of flat disks with thin rubber diaphragms and were
differently constructed for inoreased and diminished pressure.
Since the results, in spite of frequent adjustments, could not be
considered free from error, the disks were afterwards made with
thin corrugated metal covers. ¢Special attention was given to the
balancing of the recording stylus.

The holes were situated along a miaalq line on the upper
wing in a broad ash strip, which :eplaoe¢ fhe fibrio covering at
this placé. Comparative experimehts«were also trged with ring-‘

shaped tubes, instead of simple ones (aee below) .

B. Preliminagy Expsriments for Detarnining the Best Location of

the Preasure Ggg“

o - - —

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 smaller perméabilf
1ty of the fabrio, the openings, etc.), the pressure recorder was,
in A few further comparative exﬁertmentn, placed in an alrtight
screwed-on aluminum case, which was connected with the interior of

o




the fuselage (observer's post) by a tube of 30 mm. diameter.
Even 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 looated near one another on like saction
points on the lower side of the upper wing. The original dia-
grams (Figs 3 aﬁd.i) are préctiaally,the same, only the absolute
deflections are smaller iith the 1néloned instrument, a like re-
"sult being obtained in a second experiment, in which the pres-
sure recorders had been exohahged. The open instrument always
showed the,greater presgure differences both on the pressure side
(maximum 18 and 13 mm. water column) and on the suction side (-13
and -8 mm.) At first thie created the impression that, with the
inclosed instrument, the counterpressures were constantly dig-
placed in the same direction againit the external pressure, con-
stituting a kind of‘damping effect. It was,not_posaiblo however
to confirm any 1nertig‘u£tect (phase displacament} in the in-
closed instruments. o K

In another experiment of this nature, the same phenomenon was
exhibited in still_gr&atgr.deg:ee, There were far greater deflec-
tions of the open instrument{ wheréby, to be- sure, fhe opening-
for the latter were located nearer the middle of the wing section,
.uhere the nressuro 1ncreases rapidly.

Fig. 5 is also 1ntareating. This was taken with the open

pressura recorder on a flight in which curves were constantly

flowm during the aacent.
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Experiment b.- In order to answer the question as to whether

perhaps the long tube to the inclosed pressure recorder was to
blame for the great differences (through some aotion on the prin-
ciple of the variometer) an inoclosed pressure recorder was sus-
rended by epiral springs in the rear end of the fuselage and the
20 mm. again carried to the observert*s poat. The presaure open~
ing to the diaphragm was closed ailr-tight. This was also the case
with an open preseurn,recorder, nhioh‘waa suspanded_diraotly in
the observer's cookplt. The pressure recorders should theh have
worked like barographs. There were however no deflections worth
mentioning, probably due to leakiness of the diaphragms.

An explanation of all these phenomena was first obtained
through experiment ¢. One pressure recorder was placed cpen in
the wing, =nd the other open in the observex's cookplt, with the
1nterpolation'of a small pressure pipe from the tube, of 3.5 m.
length and 3.7 ym. inside dlameter, the tube openings of both in-
struments being close together. The open instrument, located in
the wing, again gave far greater pressure differanéps (rigs. 8
and 7).* o | | ' -

Since no inertia effect of the outer air can here enter inte
the Qquestion, the cause of the differences observed under a and
b was immediately explained. The instrument im the wing is, in
'faéﬁ;‘6nvécconﬁf'bfthéhiéai?"wiﬁgwédieriﬁé,ﬁholée, etc., under a
very 4ifficultly controlled counter-pressure which, in nearly all

casea, is amaller than the undisturbed static alr pressure and

* The suotion sffect 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 reoorder.
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hence gives greater deflections of the inoreased pressure recorder.
(On the other hand, the condition mentioned under &, that the
suction prezasures of thewinclaaed 1nntrument are swaller than
those of the open instrument, is probably due to the fact that
thers ia a still more reduced pressure in the long tuba or in the

obssrver's coqkpit, than in the wing))

€. Experiments on tﬁé Influancg of Long Presgure Tubes,

-Béfora oringing the pressure recorder into the observerts
cockpit, 1t was first neceesary to determine how far the long
emall tubs from the come would iafluencs the pregsure readings,
espeoially for sudden prossure changes. Twe pressure recorders
were compared in the laboratory, one =»ith a very short direct
conneotion, and the other with a 8 m. aluminum tube of 2.7 am,
diamater. The pressurée; meéaured %#1th a manometver, could be
changed very rapidly, without ehowlng any phase displacement on
the tmo pressure reacrdars and'wiﬁh scarcely any‘diminnﬁion in
the,deflé¢$tens of the sécan& inesTument.

B The pressure reccrder oould accordingly be placed unhesitate
ingly 15 the ébaeréar's cockpit;'ﬁhzch’considarably f&cilitated
1is managemant and zlrst maie its adjuatmant possible during
flight. For the ’nr*hex axpsrimenta, the ten holes (5 on top and
5 on the bottom of the wing), as shown in Fig. 12, wers aaded,
with the tubas 1ead1ﬁg to the pressure recorders. The latter
ware grranged ovar and near ane‘another in a framg on the left
side of the obaerver's saeat, whereby howsver the existing pres-

sure differences 1n‘thé ditferent parts of the observation space

could not be taken into account. The space however was so much
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reduced by the fixtures and by the observer himeelf, that dynamio
pressure differences could hardly be generated in the narrow in-

tervening spaces.

D. Experiments with Different Entrance Tubes.

The air openings ordinarily employed in the wing are 3 mm.
holes in small round steel plates, which are set into the énh'
strip on the_wing. Although_thevedges of the holes were rounded,
there was still the conjectuio.that loosl dynamic pressures might
be generated by these edges and accordingly tubes with ring-
shaped cpening (4 mm. diameter, 3/4 mm. wide) were sought. The
results were however the game throughout, on which account the

simple holes were considered sufficient.

E. Provislional Results of Pressure Measurements.

Simul taneously with the pressure recorders which were in-
stailed in the above-described manner in the observer's cookpit,*
the flight speed was recorded,by an. "Atmos" speed recorder (Fig.
8) and likewise the . longitudinal dip of the fuselage axis (Fig.
10) by means of a pendulum 1nclinometer with recording device.
The readings of the latter instrument, shioh was provided with
oil damping, could naturally hold good to only a certain extent
~for the permanent condition: -A corregtion could be estimated

_ , also
for other occnditions.** The speed could/be corroborated by a

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

** The motion of the large drun 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 tima, with those
in the other figures.



Morell anemotachometer.

Table.

Point:Time:Height:Speed:Dip of t‘uaelage-cnmbing Angle :Angle of
‘No. :min.: m, m/8 : Read:Corrected: @peed .af climb: attack
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v ¢ VA m/& : B : o
1 :1.3: 106 : 31: P 5° : 1.8 : . 3° : 7°
2 :4 : 300: 33 : 40 : 3 1/40 : 1.4 : 2 1/z° : 5 3/4°
 :5 : 360 : 36 : 3°: i 0.8 :13/4°: 5 144"
4 :8 : 300 : 43 1-9.50% g : -4.3 : «5.8°
6 :13 : 375 : 38 : 3/40: 3/4°, 1 0.7 1 1/4‘; D el a2
7 :1% : 300 : 47 : -13°: -13° 5.5 :- /4 : -1/4

Mean incidence of wing to fuselage'axia X ==£P
e =X + 9 - B
In the table and diagrans (Figs 8-13) the numerical valuee

of one of the preliminary expgr;menta are given, wheroby the oor-
responding poiﬁtl in all the diagrama are indicated by the num-‘
bers 1 to 7 Since all the 1nstrumenta had not yet workea per—
fectly, the results of these flightscan make no claim to special -
trustworthiness. Namely, in the data on gliding flights (which
were continued all too short a time for 6btaining a permanent
statu:) we Ccan obtatxaonly a very 1ncomplete conception of the

- actual phenomena. The experiments -described were considered only
as preliminazy experiments and were simply for the purpose of

_ testing the acouracy of the manyvinstnumgntt. On this aoccount,
the flights were not carried further, eapecially not to great
heights;' It was intended,thwevei; to undertake a series of sﬁn—
tematic flights, but the increasingly diffiocult conditions and
the flight prohibition by the Fntente brought the experiments to

a premature end.

- The correction is made with refererice to the acceleration con-
dition of the airplanes, whieh may be estimated from the speed

diagram,
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Later, when it was agalin posaible to make a short flight, a
seoond apeed recoraer waa emplcyed according to the specifica-
 tioms of Dr. wieeeleberger of the GSttingen Aerocdynamic Institute,
with very favorablo results. (See “Zeitschrift fur ¥lugtechnik

for January,
und Motorluttaahiffahrt %/ 1931, p.4.) The pressure measurements
led to results similar to those previously obtained, for whioh
reason they are omittad here.

From the results of the pressure measurement-, as given in
the table, the temporary preaeure changea at the dirferent open-
inges ocould be graphically repregented. They indicate clearly thg
various flight conditions. It is however noticeable, that appar-
ently the inoreésed pressure effect ia mich greater‘than the suo=
tion effeot; which does not agree at all with the known Eiffel,
Gdttingen and other experiments.

lLastly, Fig. 13 shows the pressure distribution curves, aiong :
the wing section, thtingen measuremant§, T.B,, section No. 213,
for slightly ascending flight (experimental point No. 3 in the
table) . Here it ie most notioceable that the point of greateat
pressure, according to the experiments, hole No.. 2) lies compara-
tiwly far back of the leading edge. This may perhpps be explain-
ed by the fact that the greatest dynamia preaeure 11es between
holes 1 and 3, somewhat as-shoun by the extrapolated curve (dgﬂhed)a
mItuuasx&lnoftntendedwta~put“morﬁfhoieé"fﬁ”fhé?fféht”ﬁafﬁfdf"the
wing, whi&h (for reasons already meﬁti@nad) cduld,notahownver
be emrried cut. Even the pressure distribution‘in~thev1mmedtate
vicinity of the leading edge was left undetermined and it would.

be wrong anyway to draw gensral conclusions from these measure-

ments, since they were only undertaken to illustrate the methods.
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Ta emersd, it a2y be szild taat, by further patient acd care-
Tul exgaricenting yith the Azssrived 23tand of pressure wcasure-
wznt, surely Jju3st as good and, aoove ail. more readily surveyed
»3oul$e 3y ve obiained, than D7 the manometer method, and it
=111 thcreliore be welcocome, 1T a regumption of theas experiments

~hnurd e orenlersd oasinle in ths n3zar future.

Translated by the National Advisory Com:itte= for Aeromnautiocs.
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