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Gustave Eiffel and the Wind: A Pioneer in Experimental
Aerodynamics

Dijana Damljanovi¢"

1912 - 2012 Centenary of the Eiffel Wind Tunnel

"Le vent, mon ennemi..." Gustave Eiffel

GUSTAVE Eiffel (1832-1923) is a prominent name in the history of engineering and technology. Educated as a civil
engineer at the Ecole Centrale des Arts et Manufactures, Eiffel had a career spanned over fifty years during which he
designed dozens of legendary iron and steel structures, including the Porto Viaduct in Portugal, the supporting structure
for the Statue of Liberty in New York Harbor, and the Eiffel Tower in Paris — the structure that cemented his name in
history. This long and successful career brought him considerable wealth, and late in his life he decided to invest in the
newly emerging field of aeronautics. At the age when many people retire, Eiffel built and operated some of the finest
aeronautical research tools of his day using his own funds. In 1909, at the foot of his famous tower, Gustave Eiffel built
one of the first wind tunnels dedicated to a new science: Aerodynamics. In 1912, the wind tunnel was moved to Auteuil, in
Paris, where it is still in operation. He gathered data systematically setting new standards for measurement accuracy. His
wind tunnels and methods served as models for subsequent laboratories around the world. This article traces the
evolution of Alexandre Gustave Eiffel as an engineer and scientist, and gives a short overview of the celebration of the

centenary of the Eiffel wind tunnel at Auteuil. The VTI has also taken part in this celebration.

HISTORIC MECHANICAL ENGINEERING LANDMARK

EIFFEL 1903 DROP TEST MACHINE
AND 1912 WIND TUNNEL

WUSTAVE EIFFEL (1832.1527) EERAN AEROOTNAMIC TESTING
BY DROPPING VARIOUS BOOY SHAPES ATTACHED TO A OROP
TEST MACHINE GUIDED BY A WERTICAL CABLE SUSFENDED
FROM THE EIFFEL TOWER. THIS MACHINE MEASURED AND
RECORDED THE DRAG UF THE BODIES AND THE DROP VELDCITY.
IT/WS THE MOST ADVANCED DEVICE OF ITS TYPE.

EIFFEL BUILT HIS FIRST WIND TUNNEL BESIDE THE TOWER IN
1009, BY TESTING THE SAME BODIES HE HAD DROP TESTED,
EIFFEL VALIDATED THE CONCEPT OF RELATIVE MOTIDN.

THE 1812 WING TUNNEL OF AUTEUIL FEATURED AN OFEN JET
OF AIR WITHIN A CLOSED TEST CHAMBER RND INTROBUCED
A DOWKSTREAM DIFFUSER. THIS INNOVATION, PATENTED IN
1812, IMPROVES THE EFFICTENCY OF THE
*EIFFEL AERQDYNAMIC SYSTEM™ WHOSE FERTURES WERE
EMULATED I MANY LATER TUNMELS.

THE AUTEUIL LABORATORY I5 THE WOST COMPLETE
EARLY AERDNAUTICAL LABDRATORY [N EXISTENCE AND
STILL IN DPERATION.

lexandre-Gustave Eiffel was born in Dijon, France in
1832. Interested in construction from an early age, he
attended the Ecole Polytechnique (Polytechnic School) and
later the Ecole Centrale des Arts et Manufactures (College
of Art and Manufacturing) in Paris, graduating in 1855.

EUSETAVE EIFFEL (1BI2-THIT} I]'!IlTIT TET ESEATE
AERDDYNAMIGUES EN LATSEANT TOMBER D0 DEUNIEME ETame
DE LA TOUR DES CRJETS DE FORMES GEOMETRIQUES DIYERSES
BUIDES PAR UN CABLE VERTICAL ET RELIES A UN APPAREIL
QU| MESURE ET ENREGISTRE A LA FOIS LA RESISTANCE DE
L'ATR E7/ & WITESSE DE CHUTE DES OBJETS.

LAVIATION INCITE EIFFEL A CONSTRUIRE EN 1909 UNE FREMIERE
SOUFFLERSE AERODYMAMIQUE AU PIED DE LA TOUR, IL ¥ TESTE
AU « POINT FIXE = LES MEMES CORPS ET VALIDE LE CONCEPT
ESSENTIEL DE MOUVEMENT RELATIF.

LA DEURIEME SOUFFLERIE, CONSTRUITE A AUTEUIL ER 1912 SE
CARACTERISE PAR UNE CHAMBRE D'ESSAIS FERMEE DONNANT
SUR UNE VEINE EXPERIMENTALE GUIDEE A LAYAL DANS
L'ATMOSPHERE PAR UN DIFFUSEUR COMIDUE. CETTE INNDVATION,
BREVETEE EN 1912, AMELIORE LES PERFORMANCES DU
« SYSTEME AERODYMAMIGUE EIFFEL » ET ASSURE SOM SUCCES
AUPRES D'INMOMERABLES LABORATOIRES.

LR SOUFFLERIE D'AUTEUIL E5T LE FLUS ANCIEN LABURATOIRE
DPESSAIS AERDNAUTIQUES, TOLIOURS EN ETAT DE MARCHE.

After graduation, Eiffel specialized in metal constructions,
most notably bridges. He worked on several ones over the
next few decades, letting mathematics find ways to build
lighter, stronger structures.

" Military Technical Institute (VTI), Ratka Resanoviéa 1, 11132 Belgrade, SERBIA
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Alexandre-Gustave Eiffel, [1]

Early Projects

One of Eiffel’s first projects dates back to 1858, when he
supervised the construction of an iron bridge in Bordeaux.
By 1866, Eiffel set up his own company. By the time he
designed the arched Gallery of Machines for the Paris
Exhibition of 1867, his reputation had already been well
established. Also in 1867, he designed the 160-meter steel
arch bridge over the Douro River in Oporto, Portugal.
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Working from the same design nearly 20 years later, he
built the renowned 165-meter long Garabit viaduct in
Truyére, France (suspended 122 meters above the water
surface, it was the highest bridge in the world for years
after its construction).

As his career advanced, Eiffel moved away from
bridgework. In 1879 he created the movable dome for the
astronomical observatory in Nice, France. That same year,
when the Statue of Liberty’s first engineer Eugéne Viollet-
le-Duc unexpectedly died, Eiffel was hired to continue his
work. Eiffel created a new support system for the statue that
would rely on its skeletal structure to support the copper
skin. Together with his team, he built the statue from the
ground up and then dismantled it for its journey to New
York Harbor.

Eiffel Tower

Eiffel is most famous for what would become known as
the Eiffel Tower. The works started in 1887 for the 1889
Universal Exposition in Paris. The tower is composed of
12,000 different components and 2,500,000 rivets, all
designed and assembled to handle wind pressure. The
structure is a marvel in material economy, which Eiffel
perfected in his years of building bridges — if it were melted
down, the tower’s metal would only fill up its base about
two and a half inches deep. Onlookers were both awed by
Eiffel building the world’s tallest structure (at 300 meters)
in just two years and torn by the Eiffel Tower’s unique
design, derided by most as hideously modern and useless.
Although the tower became a tourist attraction
immediately, only years later did critics and Parisians begin
to view the structure as a work of art.

Eiffel Tower, an intricacy of the member connections — a view of the base arch; an upward view of the tower from the inside; and a view of the corner;

Author’s personal collection
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The tower also directed Eiffel’s interest to the field of
aerodynamics, and he used the structure for several experiments
and built the first aerodynamic laboratory at its base (which was
later moved to the outskirts of Paris). The lab included the first
wind tunnel ever built, and his work there influenced some of
the first aviators, including the Wright brothers.

He went on to write several books on aerodynamics,
most notably Résistance de I’ air et |’ aviation (Resistance of
the Air and Aviation). Eiffel turned his interest to
meteorology in the last years of his life, studying the
subject at length before dying on December 27, 1923.

Eiffel is justifiably remembered for his famous bridges
and other landmarks of civil engineering, but his
mechanical engineering contributions to aerodynamics are
seldom mentioned in today’s aeronautical circles. This is a
pity, not only because of his wind tunnel innovations, but
also because of his significant contributions to aeronautical
research techniques.

Eiffel and Aerodynamics

There was much interest in flight as the twentieth
century dawned, particularly in Europe and America, but no
one had yet flown in a powered aircraft when Gustave
Eiffel began his own investigations into the effects of a
solid body moving through the air. Several test methods
had been used by various experimenters, including drop
testing, whirling arms, and rudimentary wind tunnels
(although the term “wind tunnel” would not appear until
later), but most of these techniques were very primitive, and
they yielded inconsistent results.

Eiffel applied his engineering knowledge and experience
to two of these methods, and he produced what arguably are
the most sophisticated drop-testing apparatuses ever
constructed and some of the most capable and consistently
performing early wind tunnels. Eiffel designed these
devices with specific research programs in mind. Unlike
many of his contemporaries who tried to build gliders and
flying machines based on unproven notions, Eiffel realized
that certain basic information about how solid bodies and
air interact would be crucial to success.

The Drop Test Machine

Eiffel began experimenting with drop tests in which a
body was simply dropped from a height, with gravity doing
the work. This method was simple and reliable, but it
proved very difficult for an observer on the ground to
measure and records the body’s motion and the forces
acting on it. When released, a body would accelerate until
the air resistance force equaled the force of gravity, after
which it would move at a constant speed until it struck the
ground, or was otherwise stopped. To get useful data, it was
necessary to know the portion of the fall where the body
was moving at a constant speed and the air resistance force,
called “drag”, was constant.

Eiffel designed a machine that could record the drag on
an internal paper graph during the test. Rather than trying to
measure velocity during the test, he could examine the chart
afterwards, when he could carefully measure points on the
line drawn on the graph at his leisure. Eiffel’s machine
featured two identical parallel cylinders with conical noses.
Inside each one was a recording mechanism and a
measurement device attached to a rod that protruded out the
bottom. Various shaped objects were fastened to it. When
released, the amount of drag drawn on the graph would

increase as the machine accelerated, but then level off at a
constant value once the constant speed was reached. The
device recorded the time and the distance traveled on the
graph as well, so it was easy to compute the magnitude of
the constant speed for each test. Eiffel calibrated the device
by dropping it with no test specimen attached. This
revealed the drag on the machine itself, which could later
be deducted from the total drag to get the net result for each
test body.

Not coincidentally, Eiffel had an excellent location for
his drop testing, the Paris tower that bears his name. He
installed a vertical guide wire from the tower’s second floor
to the ground, a distance of approximately 115 meters.
Eiffel also included a brake that actuated about 21 meters
above the ground. This preserved the machine and test
body, and the sudden reduction in drag on the graph
indicated the end of the steady-state test conditions.

Ly .--;'-_Irq. gl ald Chanfe

The drop test machine with one cover removed; The recording cylinder is
on the left and the springs of the force gauge are on each side of the rod;
Test of a circular plate, [4]
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Eiffel conducted his first drop test at the tower on July
30, 1903. Over the next three years, he tested some 40
different two-dimensional and three-dimensional shapes.
All were tested facing directly into the air stream, and
several were mounted so that they could be tested at various
angles of attack. In 1907 Eiffel published Recherches
expérimentales sur la résistance de I'air exécutées a la
Tour (Experimental research on air resistance executed at
the Tower), detailing his methods and results. His speed-
versus-drag values were soon accepted as the most reliable
data available.

Eiffel generated important data with this apparatus, but
he soon realized that it limited the scope of his
investigations. If he wanted to study wing lift, propeller
action, or just about anything else aeronautical, he needed
something better, a device capable of longer duration tests
under more carefully controlled conditions. In his
characteristic fashion, Eiffel performed a thorough,
systematic review of existing aeronautical research
methods, publishing the results in La Résistance de I'air:
Examen des formules et des expériences (Air Resistance:
Review of formulas and experiments) in 1910. By then,
Eiffel knew what his next device would be.

Eiffel’s First Wind Tunnel

Eiffel decided that the device now known as a wind
tunnel would best suit his needs, but this decision rested on
an important assumption: that the forces on a stationary
body from a fluid moving around it are the same as the
forces on that body moving at the same speed through still
air. This concept, called relative motion, had been
postulated at least four centuries earlier by Leonardo da
Vinci, and later recognized by notables such as Isaac
Newton and Jean le Rond d’Alembert. But no one had ever
run physical tests to confirm the theory, and some doubts
remained. Having reviewed the state of the art, Eiffel felt
confident in accepting the validity of relative motion, and
he realized that such a tunnel could give him the
repeatability and long test times he wanted.

Eiffel built his first tunnel at Champs-de-Mars near the foot
of the Fiffel Tower. The tower had a generator to produce
electricity that powered the tower’s elevators and lights, so he
could use power from it to drive the tunnel’s blower. A
Sirocco blower driven by a 50-kilowatt (68-horsepower) motor
sucked air through the test section and then blew it through a
hall and back into the building’s main room. A flared inlet duct
with a honeycomb-type flow straightener streamlined the air
flow entering the test section.

The most unique feature of this wind tunnel, and the one
most notably associated with Eiffel, was its test section.
Like other experimenters of the time, Eiffel had concerns
about how the walls near the test specimen would affect the
air flow around it. Other tunnels had been built with open
test sections that had no walls, but open test sections were
affected by atmospheric changes, or even movements
within the room. Eiffel devised a test section that addressed
both issues. He built a room closed off from the rest of the
building. The inlet duct fed air in through one wall of this
“experimental chamber” and the blower’s suction inlet
penetrated the wall directly across the test room from it.
This allowed a horizontal column of air 1.5 meters in
diameter to move across the room, but not come in contact
with its walls. The air speed was 20 meters per second.
Since the experimental chamber was closed off from the
larger space, the test room conditions remained much more
constant than did those in a typical open-section tunnel. The

force measuring apparatus, known as a balance, was
mounted on a mezzanine in this chamber above the test
area. Only the end of the bracket that held test specimens
protruded into the air stream. Future tunnels with this type
of test section came to be known as “Eiffel type” tunnels.

=T

v sbrpasmiges e B E3hL, Erope amgiatons bt |

r

1]
i
=1

A 1
2

Section of the wind tunnel at Champs-de-Mars; Note the enclosed
experimental chamber (C), [4]

Eiffel finished this wind tunnel and began his
experiments in 1909. One of his test programs was to test
systematically the bodies he had drop-tested in the wind
tunnel to validate the performance of the tunnel. This was
the first true test of the relative motion theory, and the data
proved it valid. The forces measured in the wind tunnel
matched those obtained during the drop tests.

Validation of the tests made in free fall at the Tower, [6]

The Wright brothers had successfully flown their Flyer
six years earlier, and they had recently demonstrated their
improved airplane in France to great acclaim. Aviation
fever quickly gripped Europe, and many pioneers pursued a
wide variety of concepts for what they hoped would be
successful airplanes. Because of Eiffel’s reputation, many
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of these pioneers sought him out to test their wing and
propeller designs. Between 1909 and 1912, Eiffel ran over
4,000 tests in this tunnel, and his systematic
experimentation set a new standard for aeronautical
research. As with his drop tests, Eiffel published his
methods and early findings in 1911 under the title
Résistance de I’air et I'aviation: Expériences effectuées au
Laboratoire du Champs-de-Mars (Resistance of the Air and
Aviation: Experiments performed in the laboratory at
Champs-de-Mars). So important was this work that
American naval officer Jerome C. Hunsaker translated it
into English two years later.

Eiffel and a coworker at the wind tunnel of Champs-de-Mars, [4]

With this basic laboratory at Champs-de-Mars, Eiffel
proved the validity and usefulness of wind tunnel testing
beyond any doubt, but he realized that still more could be
accomplished with more sophisticated facilities. While tests
were still being conducted at the Champs-de-Mars
laboratory, Eiffel began to design and build a much-
improved, permanent laboratory.

The Auteuil Laboratory

Eiffel selected a location for his new laboratory at
Auteuil, then a suburb southwest of Paris. There he erected
a substantial building with offices and a large hangar.
While the hangar included some shop space for model
construction and test preparation, its dominant features
were two wind tunnels, one with a 1-meter-diameter test
section, and a larger one with a test section measuring 2-
meters in diameter. These tunnels shared a common
experimental chamber, similar to the one at Champs-de-
Mars, so only one could be operated at a time.

While similar in design, the smaller tunnel had a Sirocco
blower, but the larger tunnel featured a multi-blade
propeller fan. This propeller proved to be very efficient and
most subsequent wind tunnels would incorporate one. A

37.5-kilowatt (50-horsepower) electric motor and a flat belt
drove each fan. A motor-generator set converted
commercial alternating current into direct current that
allowed operators to vary the fan speed easily.

A cross-section drawing of the wind tunnel with the 2-meter test section in
the Eiffel Laboratory at Auteuil, [6]

Eiffel improved the efficiency of these tunnels in another
important way as well. He understood that air velocity and
its static pressure could be traded off. As air velocity
increased, its static pressure decreased. Since fast-moving
air experienced turbulence and frictional energy losses, he
limited high velocity to the test section. He added a long
diffuser between the test chamber and the blower of each
tunnel that roughly doubled the tunnel’s diameter at the fan.
This made the fan inlet velocity approximately one-quarter
of that in the test section, and the static pressure of the air
correspondingly higher, both of which enhanced fan
performance. As with the propeller fan, a diffuser
downstream of the test section became a standard part of
future wind tunnels.

Each fan discharged into the hangar, where the air
moved slowly through the room until it was recaptured by
the inlet cone. Each inlet cone was flared so that the
entering air would not have to make abrupt, energy-
absorbing changes in direction. As the air moved through
the converging cone, it accelerated smoothly to test speed.
Honeycomb-type flow straighteners at the test chamber
wall ensured the smoothest possible flow of air across the
test specimen and, thus, the best possible measurements.
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As expected, these two wind tunnels outperformed their
Champs-de-Mars predecessor. The 1-meter tunnel could
produce a maximum speed of 40 meters per second, twice
that in the earlier tunnel. The performance of the 2-meter
tunnel was even more impressive. Its top speed of 32
meters per second was slower than in the 1-meter tunnel,
but still 60 percent faster than the Champs-de-Mars tunnel,
and the large tunnel moved three times the volume of air
that went through the smaller one. In both cases, these
improvements were achieved using approximately 25
percent less power than at Champs-de-Mars, primarily
owing to the diffusers. Eiffel patented his diffuser in 1912.
He never asked for royalties but requested that a plaque of 1
by 0.5 meters indicating Appareil Aérodynamique Systéme
Eiffel, G. EIFFEL, PARIS (Aerodynamic apparatus of
Eiffel system, G. EIFFEL, PARIS) be posted at the
entrance of the test chamber.

View inside the Auteuil laboratory showing the electric motors and
blowers at the discharge ends of the tunnels, [4]

Eiffel and Lapresle in the control room, [4]

More than Wind Tunnels

In addition to lift and drag measurements taken with the
balance, Eiffel performed the first comprehensive studies of
the pressure distribution over bodies in an air stream. While
primitive pressure-distribution measurements had been made
by two Danes, Johan Irminger and H.C.Vogt, in 1894, Eiffel’s
were extensive and detailed, and unlike Irminger and Vogt’s
studies, these were specifically oriented towards airplanes and
flight. Eiffel opened a valuable new window of aerodynamic
understanding, and pressure-distribution studies remain one of

the most common and important uses of wind tunnels. In
performing pressure-distribution tests on various airfoils, Eiffel
demonstrated that more of a wing’s lift came from the pressure
reduction on its top surface than from the pressure increase on
its lower surface, a question hotly debated at the time. He
plotted the pressure distributions as contour plots, graphical
representations that were easily understood and compared.
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Pressure-distribution measurement on a flat plate, [6]

In addition, he showed a direct correlation between pressure
distribution and lift and drag forces, noting, “The direct
measurement of pressure has given us a result to which we
attach great importance; viz., the summation of the observed
pressureswas equal in every case to the reaction weighed on the
balance” [Eiffel’s italics] This was no trivial statement, and it
became an important foundation stone in the long saga that
would ultimately link empirical and theoretical acrodynamics.
Although Eiffel was primarily an empiricist who sought
understanding through experimentation, the design of his
experiments coupled with such insightful analysis of the
resulting data also places him solidly among the ranks of the
early aeronautical theorists.

Eiffel was the first to test models of complete airplanes
in his wind tunnels and to show a correlation between test
data and the actual performance of a full-size airplane. He
understood something of a scale effect, where aerodynamic
coefficients change with the size of similar shapes. Because
air molecules do not “scale down” in size like a model
airplane, the forces measured with a model do not precisely
“scale up” to those on the full-sized airplane. Even though
he did not fully grasp the modern concept of dynamical
similarity to account for these scale effects, he did use
“augments” as he called them, to adjust model data when
predicting full-size performance. He developed these
augments from his experiments and concluded that, “the
calculations are in each case in complete accord with the
actual conditions observed in flight.”

Commandant Dorand’s airplane (scale 1/14.5), [6]
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Comparison between model testing and results obtained at Meudon on
Commandant Dorand’s airplane, [6]

Although his understanding of dynamical similarity may
have been weak and this was something of over-statement,
Eiffel nevertheless pioneered the use of wind tunnels in
designing complete airplanes.

Interested in all aspects of applied aecrodynamics, Eiffel
also did important work on propeller acrodynamics, and he
is credited with developing the term “advance ratio” to
describe a propeller’s basic performance parameters.
Realizing that knowledge was worthless unless it could be
communicated to others and understood by them, he
devised ways to make aeronautical data clear and
understandable. The most significant of these was his la
polaire (polar diagram), a graphical depiction that
integrated all important aerodynamic characteristics into a
single diagram. Finally, he must get the credit for the tests
that proved the validity of relative motion.

\IRES DES AILES ETUDIEES AU LABORATOIRE DU CHAMP DE MARS
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Wing testing and polar representation, [6]
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Although two prototypes of a monoplane designed by
Gustave Eiffel were produced during World War I, he is not
primarily known for building airplanes, but his work in
applied aerodynamics formed the basis for all subsequent
developments in the field. This drop test machine and wind
tunnel laboratory form a fitting memorial to one of the
world’s true pioneers of aviation.

1/10 scale model of a Nieuport monoplane being tested in the Champs-de-
Mars wind tunnel, [4]

1/5 scale model of Nieuport monoplane on floats tested in the Auteuil
wind tunnel on January 14, 1913, [4]

Renault car (1920), [6]

The Eiffel Laboratory at Auteuil — From 1912 to
Nowadays

1912 — Inauguration of the Eiffel Laboratory

1921 — STA¢ takes the Laboratory in charge (STAE:
Service Technique de I’ Aéronautique)

1929 — Ministry of Air and GIFAS use simultaneously
the wind tunnel (GIFAS: Groupement des Industries de
I’ Aéronautique et de I’ Espace)

By 1933, ten years after Eiffel’s death at the age of 91,
the 2-meter tunnel was hosting almost all of the research at
Auteuil, so the 1-meter tunnel was dismantled. This
provided a bigger shop and set-up space for what had
become a heavy research load.

Other wind tunnels were built in France and throughout
the industrialized world during the years that followed,
most of them with features introduced by Eiffel.

1983 — Martin Peter creates the firm “ Aérodynamique
Eiffel”

2001 — CSTB buys the wind tunnel (CSTB: Centre
Scientifique et technique du Batiment)

The Eiffel Laboratory in Paris; Author’s personal collection

Even with the capabilities of these newer wind tunnels, the
Auteuil tunnel remains in useful service, over 90 years after its
debut, thanks in part to the installation of a new balance in
1960 and a drive upgrade in 2002. Test programs have
included airplanes, buildings, and even Formula 1 racecars.

Now as a French National Monument, the Eiffel
Laboratory’s survival is assured.
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Blower at the discharge end of the tunnel, The Eiffel Laboratory; Author’s
personal collection

Control room; Author’s technical visit to the Eiffel Laboratory, March
2012; Author’s personal collection

VTI Representatives at the Celebration of the
Centenary of the Eiffel Wind Tunnel

In 2012, the French aerodynamics community celebrated
the centenary of the Eiffel wind tunnel and its continued
use for the study of a large number of aerodynamic
problems concerning aircraft, automobiles, buildings, etc.

Jovan Isakovi¢, Deputy of VTI General Manager, as a
member of honorable committee, took part in the
celebration of the centenary of the Eiffel wind tunnel
(1912-2012) organized by the French Directorate of Civil
Aviation (DGAC) and association Aero Eiffel 100 with the
support of the National Office for Aerospace Research
(ONERA) and French Aeronautical and Astronautical
Association (3AF) in Paris, 26th—28th March 2012. The
celebration was attended by about 200 representatives of
aeronautical organizations worldwide.

Herd Eiffel
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Honorable committee of the celebration

VTI representatives, The 47th International Symposium of Applied
Aerodynamics, Arts et Métiers ParisTech; Author’s personal collection

The 47th International Symposium of Applied
Aerodynamics, on the subject ‘Wind tunnel and
Computation — a Joint Strategy for Flow Prediction’, was
placed under the auspices of this celebration. It was focused
on today’s strategy used for performance predictions and
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detailed flow analysis. This included intensive use of CFD
in connection with wind-tunnel experiments aiming at
assessing the accuracy of computations, investigating the
physics of complex flows and improving theoretical
models. The symposium also considered the close
connection between the wind-tunnel operation and CFD
within the context of a computer-aided wind tunnel. The
symposium was also attended by Porde Vukovi¢, Marija
Samardzi¢ and Dijana Damljanovi¢, engineers from the
VTI, who presented three papers related to wind tunnel
testing.
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Gustav Ajfel i vetar: Pionir eksperimentalne aerodinamike

1912-2012 Stogodisnjica Ajfelovog aerotunela

Gustav Ajfel (1832-1923) je istaknuto ime u istoriji inZenjerstva i tehnologije. Pedeset godina duga Kkarijera gradevinskog
inZenjera francuske $kole obeleZena je desetinama legendarnih struktura od gvoZda i ¢elika, uklju¢ujuci Porto vijadukt u
Portugalu, unutra$nju strukturu Kipa Slobode u Njujorku i Toranj u Parizu, koji je i uévrstio njegovo ime u istoriji.
Ovako duga i uspe$na Karijera donela mu je znatno bogatstvo, koje je kasnije investirao u novu oblast rada —
vazduhoplovstve. U godinama kada se veéina ljudi penzioniSe Ajfel je, uloZivsi sopstvena sredstva, izgradio neke od
najboljih vazduhoplovnih istraZivackih alatki svog doba. Ajfel je 1909. godine u podnoZju svog ¢uvenog tornja podigao
jedan od prvih aerotunela, posvecen novoj nauci — aerodinamici. Aerotunel je 1912. godine premesten u predgrade
Pariza, gde je joS uvek u upotrebi. Ajfel je koristio aerotunel u sistematicnom prikupljanju podataka i postavio nove
standarde za tacnost merenja, a aerotunel i metode koje je primenio bili su polazna osnova eksperimentalnim
aerodinamickim laboratorijama koje su osnivane Sirom sveta. Ovaj rad prati razvoj Aleksandra Gustava Ajfela kao
inZenjera i naucnika, i daje kratak osvrt na proslavu stogodiSnjice Ajfelog aerotunela u Parizu, kojoj su prisustvovali i

predstavnici Vojnotehnic¢kog instituta.

I'ycraB Jiidens u Betep — [InoHep 3KCIepPUMEHTAIBHOM
A3POAMHAMUKH

1912-2012 Crosietme aspoauHammydeckou Tpyoe Eiffel

I'ycra Diidean (1832-1923) siBiasiercsi HMeHeM C XOpolleii peryTanueii B MCTOPMM TeXHHKH M TexHoJoruu. IlaTeaecsiT-
JIETHSISI Kapbepa B KauecTBe HHKEHEPA-CTPOMTENs] (PAHIY3CKOH IIKOJBI OblIa OTMedYeHa NeCSITKAMH 3HAMEHHTBIX
CTPYKTYP U3 :KeJle3a H CTA/IH, B TOM 4yncie Buagyka Ilopro B IlopTyranuu, BHyTpeHHeii cTpykTypbl CTatyn CBo6oabl B
Hulo-Mopke u 3namenntoii Bamuu B Ilapu:ke, KOTOpasi H YKpeNnia ero uMs B ucropun. Takasi J0Jrasi M yclenHas
Kapbepa NpPHHEC]a eMy H 3HAYHTEIbHOEe COCTOSIHHE, KOTOpPOe OH MNO03)Ke HHBECTHPOBAJI B HOBYIO 00JacCThb CBOeil
AeATeIbHOCTH — B aBHalMI0. B roael, Koraa 00JILIIMHCTBO JIIOJell YXOAHT B OTCTAaBKY, Ji(esb CBOM COOCTBEHHbIE
cpeIcTBa BKJIAALIBAET YTOOBI MOCTPOHTH HEKOTOPbIE U3 JYYIIHX ABHAIMOHHBIX HCCJIeA0BATEIBLCKHX CTPOEHHI CBOEro
BpeMeHH. Jiidesib B 1909 roxy B NoAHOXKbE CBOeif 3HAMEeHUTOW BauiHu nmocTpon1 oHy U3 nepBbIX A3POAUHAMUYECKHX
Tpy0, MOCBAINEHHYI0 HOBOIi Hayke - a’poJMHaAMHUKe. A’poauHaMuueckasi Tpy6a B 1912 roay OblLia mepeHeceHa B
npuropon Ilapmika, rae u g0 cux mop pa6oraer. Jiidens HCHOIB30BAT CBOIO A3POAHHAMHYECKYIO Tpydy B
CHCTEeMaTH4YeCKoM c0ope NAHHBIX M YCTAHOBMJ HOBbIe CTAHIAPTHI ISl TOYHOCTH HM3MEPeHMH, a AIPoAMHAMHYECKAs
Tpy6a W MeToabl KOTOpble ObLLIM NPUMEHEHbI CTAJH 0a30BBIMH IKCHEPHMEHTAILHBIMH a3POJHHAMUYECKHMH
J1200paTOpPHsIMHU, KOTOPbIE MOTOM OBbLIM CO3/IaHBI 10 BCeMy MHPY. JTa padoTa NMpoC/eKMBAET Pa3sBUTHE AJIEKCAHIPa
I'ycraBa Diidesisi Kak MHKeHePa M YYEHOI0, M AT KPATKHI 0030 NMPa3IHOBAHHUS CTOJIETUS A3POAMHAMHUYECKOI TPYObI
Jiigens B Ilapuike, B KOTOPOM NPHHSIH y4acTHe H NPeICTABHTE/H CepOcKoro BoenHO-TeXHHYeCKHOT0 HHCTHTYTA M3

Benarpana.
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Gustave Eiffel et le vent: Pionnier de ’aérodynamique
expérimentale

1912— 2012 cent ans de la soufflerie de Gustave Eiffel

Gustave Eiffel (1832 — 1923) représente un nom célébre dans I’histoire de I’ingénierie et de la technologie. Sa carriére
d’ingénieur, longue de cinquante ans, est marquée par de dizaines de structures légendaires en fer et en acier, y compris
le viaduc Porto au Portugal, la charpente intérieure de La statue de la Liberté 2 New York et la Tour a Paris qui a assuré
son nom dans I’histoire. Une carriére si durable lui a apporté une richesse considérable qu’il a investie plus tard dans une
activité toute nouvelle — I’aéronautique. A I’4ge ou la plupart des gens prend la retraite Effel a financé et fait construire
certains de meilleurs objets pour les essais aérodynamiques de son époque. En 1909 il a fait batir au pied de sa célebre
Tour la premiére soufflerie consacrée a une nouvelle science — I’aérodynamique. En 1912 cette soufflerie a été transférée
dans la banlieue parisienne ou elle est encore en service. Eiffel a utilisé cette soufflerie pour ramasser systématiquement
les données et il a établi les nouvelles normes de précision de mesurage . La soufflerie et les méthodes qu’il a appliquées
ont servi de base pour les laboratoires aérodynamiques expérimentales qui ont été construits dans le monde entier. Ce
travail présente le développement du savant et de ’ingénieur Alexandre Gustave Eiffel et donne une courte information
sur la célébration du centenaire de cette soufflerie a Paris ou étaient présents aussi les représentants de ’Institut militaire
technique.



