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NATIONAL ADVISORY COMMITTEE FOR AERONAUTIOS
TECHNICAL MEMORANDUM NO. 618

AERONAUTICAL EDUCATION AND RESEARCH

AT THE SWISS INWSTITUTE OF TECHNOLOGY IN ZURICH*
By.L.>Karner and J. Ackeret

The folloﬁ1ng artlcle, whlch glves the
details of the aerodynamic 1aboratory to be
erected at the E.T.H. (Eidgendssische Tech-
nische hocbsnhuWe) (Swiss Institute. of Tech-
nology), first appeared in a special number .
of the Schwelzerische Bauzeitung, November 1,
1930, on the occasion of the seventy-fifth
anniversary of the founding of the school. .
We are now reprinting this article through -
the courtesy of the. or1@¢nul publlshers.

.- Editor, Aero-Revue.

P:ogressAin the(seientifie epd.preqtiqal_fields“of avia-
tion has_caqsed the Swiss Iﬁsiitute ofiTechﬁQlogy to organize. -
lectures and practical training courses in all branches of BeTO-
nautics and to found centers of s01ent1f10 research laborato—.
ries, etc., in order to supply the government and 1ndustr1es
with scientifically and technically trained englneers. Athher
purpose is to establish close contact and cooperation between
theoretical research and practical aviatioq‘and.to'enable Swiss
participation in international aeronautical progress end in the
investigation of aeronautical problems pf particular interest

to Switzerland.

*¥*"Forschung und Unterrichet im Flugwesen," from Aero~Revue,
November 15, 1930, pp. 378-379. ' :
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Thae task of the,aefonautieel engineer is becoming more dif-
ficult witﬁ the steadily increasing introduction of scientific
methods into the construction of eircfeft5 aviation engines,
and instruments, the pieduction of maﬁerials, planning and in-
stallation of air-traffic equipment, etc. For the purpose of
adequately educating engineers for government service as civil-
air-traffic inspectors or defense experts, they must become thor-
oughly acquaiﬁtediwith the scientific and practical problems |
considered. Besides, certain considerably developed aeronautical
industries require a rising generetion of properly trained engi-
neers, acquainted with modern research and working methods and
capable of‘effeCtively promoting aeronautical progress. Among
the Swiss industries interested in aeronautical development are .
the aluminum industry (A.I. Co.,'heﬁhaueen); the engine industry
(Schweiz. Lokomotiv-und-Kaschinen Fabrik Winterthur, Ad. Saurer
in Arbon, etc.), the magneto industry (Scintilla Co. in Solo— '
thurﬁ)'and,“particuiafi?; workshops for aircraft construction.
The Swiss Aircraft Factory at Thun not only fills part of the
governﬁent orders, dbut has also exported duriﬁg recent yeers a
considerable number of excellent airplanes of all—duralumin
construction. The A. Comte Aircraft Faetory at Horgen is well
known for its passenger and training airplanes, as likewise the
Doinieq Aircraft Company, at Altenrhein. |

hnd

The purpose-and aims of the E.T.H. for the developmenﬁ.of

aviation being thus outlined, the installations for instruction
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aﬁd scientific research will now be described. The courses of
instruction comprise'léctures on aerodynamics, aerostatics, air—.
craft and éngine cénstruction, light métals, wireless telegraphy,
genéral mefeorology, aircraft instruments and accessories, tech—
nical problems of air tiaffic? air-traffic economiés, and poli-
tics. A considerablé number of thesé courses include praotical
exercises in drafting rooms and laboratoriés. Collections of
models and airplane parts, drawings, plates, etc., éré also used
to supplement the instruction. A further wélcome addition is
the aeronéutical seminar briefly descfibed at the end of this
report. n

Institutes and laboratories for scientific research are now
being developed in'conhection'with the engine 1éborat6ry of the
E.T.H. The most imﬁortant data on the proposed installations
are given below | A

The ohlef means of research in the aerodynamic laboratory
is a Iree—Jet wind tunnel (Fig. 1).‘ The tunnel was d631gned to
enable the use of all the available sﬁace; An elliptical sec-
tion, 3 m (6.56 ft.) wide by 1.5 m (4.92 ft.) high, was there-
fore adopted for the open working portion in which airplane,
wing and fuselage models, etc. are tééted 'mofé‘Space being re-
quired in the horlzontal w1dth so as to provide sufficient mar-
gin on all 31des between the model and the llmlts of the azg 24
stream. Calculation shows that alrplane models of 1.2 m (39:3%

in.) span can be satisfactorily tested in the‘propOSed air strean.
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‘The drive consists of a Leonard gear with special speed‘control;
a D.C. motor, and a fa1 with guide mechanism. The air flows
from the blower 1nto tne closed portlon, 1s gulded by vanes,
and reaches the open portlon at a max1mum speed of 150-160 km/n:
(93-99 mi. /hr )_ It is then drawn into the exit cone aad led
back to “the blower All une tunnel parts, such as the ?ulde
vanes, emlt cone, etc,, are now underg01ng spe01al tests for theA
purpose of redu01ng tne flov losses and thus increasing the ef-
flClenC” of tne tunnel | |

The ras 1mum power 1s 200 hp,whlle for standard tests the
power 1is aoout lOO hp. For propeller tests, a smaller entrance
cone of 01rcu1ar cross sectlon, 1n Wnlch wind velocities of soo
km/h 143 mi. /hr ) can, be reached 1s prov1ded. The models are
suspended from a. s1x~componeqt belance by means of which all |
the forces and momonts actlng on ul 0del can be measured.
All possible pos1tlons of fllght such as side slipping, invert-
ed flight, etc., can be thus 1nveSu10ated Extensive installa-
tions are also planned lor 1nvesb1gat1qg the effect of tne pPro-—
peller sllpstream on. the control surfaces and for pressure~dis-
trlbutlon measurements for, dlfferent cases of loadlng All the
details of the dangerous sp1n can also be SUUdled

Prov1s1on has also been made Ior SuuleDg problems ln orher
fields of technlcal act1v1ty. It 1s comparatlvely easy to use
the 1nstallat10ns for Wlnd~pressure measurements on bridges,

,venlcles, and bulldlngs Prov1s1on ig mede IOI measurements on
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individual wing sections and airfoil gratings, which are of the
highest practical as well as scientific importance in turbine
construction (Kaplan turbines).'™. |

| About one hundred wind tunnels are now in operation, mostly
in the large countries, but thé acdcomplishments of Poland, Spain,
etc., in this field likewise deéserve consideration. Switzerland
is participating none too soon in this work. ' 'The government
authorities have‘now‘demonStratedwtheirlfarsightedness, however,
by granting appropriations for the simultarneous construction of
another wind tunnel which is only ‘secondarily“designed for aero-
nautical purposes (Fig. 2). ‘The completely enclosed air stream,
although not very large, develops unusuallyﬂhigh velocities.
According to calculation, a velocity of 500 m/s (16840 ft./sec.)
or approximately 1800-km/h° (1120 ‘mi./hr.) is expeoted,‘~'a speed
never yet reached even by the fastest airplanes, but frequently
attained in steam turbines and turbocompressorcs. While air may
be coﬁsidered fairly incompressible at flow velocities not ex-—
ceeding 150 m/s (492 ft./sec.), its compressibility becomes very
apparent in the neighborhood of the velocity of sound and com-
'pletely changes the laws of flow. -The problem of‘COmpreSSibil;'
ity is of considerable importaﬁce in giant-turbine construction,
but has not yet received the attention it deserves. ‘This field
Tequires thorough investigation, in’order to promote the: work
to which Proféessor A. Stodola has devotéd much of his lifetime.

Two large turbocompressors will be set-up in cooperation
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with. the i@@:modynamic division. On account. of the unusually
large volumes of air, one of the compressors is of quite novel
design, with axial flow. A diagrammatic view of the installa~
tion is shown.ip:FigureaB,;_The blowers‘are operated jointly or
sepapatglyuby‘a three-phase. 4.0, turbomotor of approximately
3000 hp. --The previously dried. air. flows through the entrance
cone into the .experimental section,.where guide vanes, exit
cones and other objects.are: mounted. Forces and pressures ex- .
erted on theseJQbiggﬁsﬁaxgTmeasured-by‘balanoe$ and manometers.
It .is, .of course, possible, to work. at lower velocities.- Direct.
observation. of .the flow:phenomena at ultra-sonic velocities is
afforded by the T8pler-iach striae method. The whole tunnel
can be ‘exhausted: in -order %o attain.maximum velocities. Special
measures are'requ;redvfo;“phegnemoya;;Qf,thegenormous amounts

of heat produced gun;ng;ﬁge;tgéﬁ,;;ln;th;s_connaotion all impor-
tant parts are subjected to.preliminary quel.tests.

Engine drivesspan;bewtested<inAth@_newiengine laboratory.
Actual brake tgstgibf;poweyful¢gngings_mp§t;be made at the avia-
tioﬁ field,,the,taék.gfmthe 1aboratory3(the:modynamic division)
‘being thus confined, aside from the: testing of .small engines, tb
more gener&l,and”detailed,investigations,g These;infestigations
chiefly involve. problems. of cooling, ignition, lubrication, car-
buretion, etc., as well as eritical. crank-shaft vibrations. The
development of aircraft engines of the Diesel  type involves fur-

ther difficult problens..
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The quarters and installations of the static aeronautical
division are also developed jointly with those of the engine
laboratory. Even simple cases of static and dynamic aircraft
strenéth calculation involve difficulit questions and problems,
which cannot be fully solved by purely mathematical methodé,
but require exhaustive scientific tests and measurements. iany
of ?hese problems await their solution and represent tasks of
gieat,xif not vita1,3importance fo the development of ‘aviation.
Among these problems are airplane vibrations; wing torsion,
stress distribution in streamlined sections under tensiom Of
compression, buckling of thin-walled parts, etc. Thege_qxamfu B
ples indicate the great variety of problernis aﬁd'neéé§$§;j ¢§£fe;
sponding sdientific investigations. Since the 1écfﬁre é&ﬁréeé.n
; in aviation will now be so supborted as to gi&e the rising geh—
eratién'of-aeronautical engineers a proper scientific training,
the institute must he equipped with up-to-daie apparatus for
the application of the different methods of static and>dynamic
tests. The institute must, in the first ﬁlace, do scientific
work and place the results at the disposal of its students. It
may, however, also work on problems submitted by government
authorities, aviation companies, aircraft factories, etc., and
thﬁs»help these organizations by special investigations. The
institute has already begun some of its work which does not re-
quire special equipment, and has made several interesting in-

vestigations, on which special reports will soon be published.
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Finally, the purpose of the above-wentloned aviation semi-
nar is.to establish close conuact and oooperatlon between the—
ory and practlce Lectures aﬁd dlSCuSSIODS will be arranged at
regular 1ntervals at tne E.T. H _ They W111 be open to all per~
sons. 1pterested 1n the suogects dlscussed Wthh W111 1nclude
all 1mportaﬁt aeronautlcal proolems of the day Means for a
free exchange of v1ews is thuo afforaed together Wlth the op-
portuﬂlty to 1ear1 the needs of the 1ﬁdustry,_on the one hand,
and che latest reeults of domestlc and forelga aeronautlcal re—
search, on the other hand - | |
Tranglation by *° - -

National Advisory Gomulttee
for Aeronautics. AR
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