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The Wind Tunnel Bulletin is produced by the research
group Size Matters: On the Scale and Size of Models
to share material that we find interesting. Following
our concept of a man engine, it is alternately edi-

d tunnel bulleti

win

ted by one half of the group with their different back-

grounds either in the arts or in the humanities.
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What is a wind tunnel? We assume it is Aeolus, our
ancestor: when he caged all winds to leave only one,

wholly artificial because wind is always highly varia-
ble and omnidirectional—whirling on every scale.
Looking at our own wind tunnel in Ziirich we realized
parallels to Gottingen and Ludwig Prandtl, who in-

scale (pp. 2-3, 20). However we learn from the Hand-
book of Wind Energy (pp. 4-5) that this condition is

it produced wind-tunnel-like conditions at a large
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vented and built the first closed circuit tunnel there

in 1908. It is still known today as the Gottingen-type
(pp. 6-7). We have dubbed the housing of the wind
drawings of Kaspar Konig show his idea of the mod-
ular tunnel, which may be the first in the world of its
kind (pp. 8-11). Wind tunnels come in all shapes and
sizes with the common task of ‘straightening’ the
wind to study effects on scalar models (pp. 12-13).

tunnel the ‘Temple of Winds’. Some early design
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When printing this issue, we are still in the making of
our tunnel (pp. 16-19). Finally we ask: Why a wind tun-

nel (pp. 18-19)?

Haseeb Ahmed, Florian Dombois, Kaspar Konig,
Mirjam Steiner, Sarine Waltenspiil, Reinhard Wendler
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2,3 Odyssey

Odysseus with Bag of Winds, Etruscan seal ring. [c. 5th century BC]. Private collection
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Homer: Odyssey X, 17-26

AAN’ st on Kal sywv 060v T‘]TSOV nd’ EKEAeUoOV
rtsunsusv oUdE TL Kelvog avnvaTo TSUXS O€ TIOUTM V.
OWKe OE Uol €Kdelpag AoKOV BOOC EVVvEWPOLO,
£vBa d¢ BukTawv avepwy Katednoe keheuba:
Kelvov yap Taulnv avsuoov r[omoa Kpovw)v

nusv nauaueval nod’ opvuuav oV K’ 898)\‘r]0l

vm o} 8Vl y)\acpupn KATEDEL uspulel cpaalvn
apyupan va un TL napanvauon o)\lyov nep:
aump sum r[vomv Zscpupou npoenKev anvalt,

oppa p€Epol VAAC Te Kal auTtoug:

But when | also asked the way and bid him dispatch me,

that one refused nothing, and made me a convoy.

He gave me a leather bag, of a nine year-old ox he'd skinned,
and bound the ways of the blustering winds in it,

for Cronion had made him master of the winds,

both to start and stop the ones he wishes.

He tied it tight in our hollow ship with a shiny silver cord,

so nothing would blow out even a little,

then he sent forth West Wind'’s breath to blow for me,

to carry the ships as well as ourselves.

Transl. by James Huddleston

Als ich nun weiter verlangte, und ihn um sichre Geleitung

Bat, versagt’ er mir nichts, und riistete mich zu der Abfahrt.
Und er gab mir, verschlossen im dichtgenéaheten Schlauche
Vom neunjahrigen Stiere, das Wehn lautbrausender Winde.

Denn ihn hatte Kronion zum Herrscher der Winde geordnet,
Sie durch seinen Befehl zu emporen oder zu schweigen.

Und er kniipfte den Schlauch mit glanzendem silbernen Seile
Fest in dem hohlen Schiffe, dass auch kein Liiftchen entwehte.
Vor mir liess er den Hauch des freundlichen Westes einherwehn,
Dass sie die Schiff’ und uns selbst heimfiihreten.

Transl. by Johann Heinrich Voss



Tony Burton, David Sharp, Nick Jenkins, and
Ervin Bossanyi (eds.): Handbook of Wind Ener-
gy. Chichester: Wiley, 2001. Extract pp. 11-17

21 The Nature of the
Wind

From the point of view of
wind energy, the most
striking characteristic of
the wind resource is its
variability. The wind is
highly variable, both geo-
graphically and tempo-
rally. Furthermore this
variability persists over a
very wide range of
scales, both in space
and time. The impor-
tance of this is amplified
by the cubic relationship
to available energy.

On a large scale, spatial
variability describes the
fact that there are many
different climatic regions
in the world so much
windier than others.
These regions are large-
ly dictated by the lati-
tude, which affects the
amount of isolation. With-
in any one climatic re-
gion, there is a great
deal of variation on a
smaller scale, largely
dictated by the physical
geography—the propor-
tion of land and sea, the
size of land masses and
the presence of moun-
tains or plains for exam-
ple. The type of vegeta-
tion may also have a
significant influence
through its effects on
the absorption or
reflection of solar radia-
tion, affecting surface
temperatures, and on
humidity.

Top: Haseeb Ahmed, World Wheat Wind Study, Size Matters Wind Tunnel, Ziirich, Switzerland
Bottom: Haseeb Ahmed/Micha Zwiefel, World Wheat Wind Study, Hegenheim, France

2.2 Geographical Varia-
tion in the Wind Resource

Ultimately the winds are
driven entirely by the
sun’s energy, causing
differential surface heat-
ing. The heating is most
intense on land masses
closer to the equator,
and obviously the great-
est heating occurs in the
daytime, which means
that region of greatest
heating moves around
the earth’s surface as it
spins on its axis. Warm
air rises and circulates in
the atmosphere to sink
back to the surface in
cooler areas. The result-
ing large-scale motion of
the air is strongly influ-
enced by coriolis forces
due to the Earth'’s rota-
tion. The result is a large-
scale global circulation
pattern.

2.3 Long term wind
variation.

There is evidence that
the wind speed at any
particular location may
be subject to very slow
long-term variations. Al-
though the availability of
accurate historical re-
cords is a limitation,
careful analysis [...] has
demonstrated clear
trends. Clearly these
may be linked to long-
term temperature varia-
tions for which there is
ample historical evi-
dence. There is also
much debate at present

wind tunnel bulletin n° 01, nov 2013

about the likely effects of
global warming, caused
by human activity, on
climate, and this will un-
doubtedly affect wind
climates in coming dec-
ades.

2.4 Annual and Seasonal
Variations.

o[ ()]

Weibull distribution:
Hourly mean wind speed
over a year at many typi-
cal sites.

FU) =

Where F(U) is the fraction
of time for which the
hourly mean wind speed
exceeds U. It is charac-
terized by two perime-
ters ‘scale perimeter and
‘shape perimeter’.

2.5 Synoptic and Diurnal
Variations

On shorter time-scales
than the seasonal
changes...wind speed
variations are somewhat
more random, and less
predictable. Neverthe-
less these variations
contain definite patterns.
The frequency content of
these variations typically
peak around 4 days or
so. These are the synop-
tic’ variations, which are
associated with large-
scale weather patterns
such as areas of high
and low pressure and as-

sociated weather fronts
as they move across the
Earth’s surface.

2.6 Turbulence

Turbulence refers to fluc-
tuations in wind speed
on a relatively fast time-
scale typically less than
about 10 minutes.

Turbulence is generated
mainly from two causes:
‘friction’ with the earth’s
surface, which can be
thought of as extending
as far as flow disturbanc-
es caused by topo-
graphical features such
as hills and mountains
and thermal effects
which can cause air
masses to move vertical-
ly as a result of variations
of temperature, and
hence of the density of
the air. Often these two
effects are interconnect-
ed such as when a mass
of air flows over a moun-
tain range and is forced
up into cooler regions
where it is no longer in
thermal equilibrium with
its surroundings.

Turbulence is clearly a
complex process, and
one which cannot be
represented simply in
terms of deterministic
equations.



Gottingen Wind Tunnel

6,7

Gottingen-type wind tun-
nels take their name from
Gottingen, Germany
where Ludwig Prandtl
laid much of the founda-
tions of modern aeronaut-
ics. He discovered the
boundary layer which
separates surfaces from
fluid mediums especially
in motion. The Gottin-
gen-type wind tunnel was
developed in the early
20th century when aero-
nautics made its initial
leaps and bounds.

It consists of a closed
loop through which air
circulates. This creates a
steady or laminar flow of
air and keeps it separate
from the turbulent flows
outside of the tunnel.
When placing a model in
this uniform airflow in
the relatively small
test-section, one can
see how it interacts with
air flow and where vortex-

es appear.

The Size Matters team
chose the Gottin-
gen-type wind tunnel for
several reasons. One is
technical, because it al-
lows for low speed wind
tunnel testing. The closed
circuit requires much
less power and allows for
an open test section so
artists can interact with
the wind beyond the
placement of objects. We
are especially interested
in the small and slow as
it interacts with the air
and how different this
reality can be.

Top: Aerial view of the Walter Hv. Beech Memorial Wind Tunnel at University of Wichita, Kansas, USA. 1951
Bottom: A 3D printed scale model of the Size Matters Wind Tunnel. Ziirich, Switzerland. 2012

Top: The Construction of a Wind Tunnel Experimental Station for Models, Gottingen, 1908
Bottom: The Construction of the Size Matters Wind Tunnel. Ziirich, Switzerland. 2012

wind tunnel bulletin n° 01/ nov 2013




: . FURNCKS
s T2 o g i 2013

rtewed !
rf’;\“:"”fw N\\'\ //M:‘j ﬁ {}/ (4 VéO N’Aﬁ— =
—] s N ‘ PASERSHTHILE e
R HARDPATPE (-
X b '( b P RECYcLE/
= w\sﬁ po— Q?Fj; RAucH L;Z{Rmﬂg f%
DI o f,:f«s = . PUC - GHRUWMPF ,SHKWk%AP :
0 o e TARTLKE 5
. oL CRIKRD PLASTIK . )
DUsSEN ROToRT YT jOFJfKTE
0%)‘;“1 (3 @ i , (7 ﬂ { T‘VUJ ég, WAND

' 5?6-6.WEMD : / Z ] <\—:21P

AT Wp @%ﬁ 9,
) psrragin il o

| ol pusey b —

2 oo INTBGRERT [T1\ 7 M)LL

= o - _ — [MFBAD pBERFLACHEN

g5 100 Telye k. 7 | Low TREssuse AINDSCHUB )

= [ - 1 | | piicgen KLANG INSTRUMENTE

EF — 0 : — ]  LAN G HERUMSCHICKEN
U mfr= § TITTTTT §pEZ (AL DUSER/ - RESONANZ / LGGENG)

o 4 Lm/ > t [ | \

’E@ﬁaﬂlmm ol A KApooR.

Kaspar Konig, Size Matters Wind Tunnel Drawing, Ziirich, Switzerland. 2012
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Left: Kaspar Konig, Temple of the Winds, Ziirich, Switzerland. 2012

Right: Kaspar Konig, Size Matters Wind Tunnel Sketch, Ziirich, Switzerland. 2012
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Florian Dombois, A Wind Tunnel Collection, Drawings, 2013
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Why a wind tunnel?

An interview with Florian
Dombois, head and
founder of the Transdis-
ciplinarity Research
Focus

Why does this wind
tunnel exist?

There are various an-
swers to that question.
It depends on what you
mean.

Okay, to begin with: Why
was it built?

Intuition. In 2011 it sud-
denly dawned on me that
| definitely wanted to be
build such a device. The
trigger was the wind tun-
nel at MIT in Boston,
which l initially saw from
the outside and visited
only later. I've sailed since
| was a child and have
long been fascinated by
the design of large tech-
nical facilities which, due
— to engineering needs,
@ continually take on fan-
E tastic forms in my eyes.
You look at these facili-
= ties and feel they have to
o have this form. This form
C isthe only right one...
§ the engineers can explain
it to you in minute detail.
They have a certainty we
E‘ often have to struggle
; for a long time to achieve
in art.

18, 19

But why does every wind
tunnel look different?

(Laughs) Because there
are different possibilities
in science too. And every
team believes it has
found the perfect solu-
tion. And for a moment,
it’s often true. But then
new questions are found,
different parameters. And
aerodynamics is a trial
and error science. For
example, the teardrop
shape is not the only
possible way to offer little
resistance. So the shapes
are continually varied.

And what other reasons
are there besides artis-
tic intuition?

The wind tunnel is a
form-finding machine. It
is a facility that is there
to give an object an ‘ideal’
form. So around every
wind tunnel there is an
infrastructure of work-
shops and model builders
who operate the facility.
The facility is like a big
animal that has to be
continually fed ideas and
forms. It creates necessi-
ties, asks questions.

Questions related to
aerodynamics?

Not only. And now we
come to some answers
to your first question.
We are dealing here
with models and espe-
cially questions of scal-
ing. This an extremely
far-reaching topic that

also has political dimen-
sions, if, for example, we
look at the situation in
China. There they often
make things on a large
scale that were devel-
oped on a much smaller
scale elsewhere. The
Chinese fascination for
Switzerland and vice ver-
sa also has something to
do with it in my opinion.
However, there are many
things you can’t simply
scale. And that interests
me. In a wind tunnel this
is called scaling effects.
For example, a small air-
craft model doesn’t fly
the same way when it

is built bigger. The wind
doesn’t scale with it...

That’s very general.
Is there a concrete
approach?

| think something has
gone wrong in modernity.
And we cannot over-
come this by simply re-
moving it, forgetting it.
Then we would repeat it
exactly the same way. So
we are proceeding by
going back to one of the
starting points of moder-
nity and heading out
from there again but with
a different approach.

In concrete terms that
means: wind tunnels
were invented around
1900. From 1905, Gustave
Eiffel set up his first
systematic testing facili-
ties (with open wind tun-
nels, which are also called
Eiffel tunnels). In1907
Ludwig Prandtl builta

model testing facility for
aerodynamics in Goéttin-
gen and developed the
circular wind tunnel (the
so-called Gottingen
type). It was at this exact
time the European
avant-gardes set out. For
example the Futurists
use a lot of aerodynam-
ics in their work. Luigi
Russolo used the motif
of the mach cone, to cite
one example, in the
painting Dinamismo di
un’Automobile (1912-13).
But they were all men.
They wanted fast cars,
loud cannons, and the
euphoria of technology.
But a wind tunnel can
also produce slow wind
currents. So what forms
arise then? We use the
same facility but change
the categories. We're
interested in the quiet
and slow. We look for
forms that are not devel-
oped from machismo.
Perhaps you could say
we want to operate the
wind tunnel in a more
feminine way.

But then why are there
more men in the working
group?

We have four men and
two women in the core
team. If just one of the
men were a woman, it
would be balanced out.
That’s one answer. The
other is: why shouldn’t
men be able to embrace
feminine usage of the
wind tunnel?

wind tunnel bulletin n° 01, nov 2013

Is gender an issue?

Gender is always an is-
sue. And the generation
conflict is an issue. The
political situation is an
issue. I'm occupied with
all of this. And it is a sub-
ject of our discussions

in the team, fixed points
we return to often. But
I’'m not a politician. | don’t
have to call a spade

a spade and bandage
things with a semantic
network. | look for forms
of expression that are
more under the surface
and long-term. Hans-Jorg
Rheinberger has called
our wind tunnel “a model
of a second order” be-
cause it is also a meta-
phor machine. It sparks a
discourse, several dis-
courses. Again and
again, we have guests
with whom we sit around
the facility and talk.
They bring surprises, and
see things we didn’t
notice before.

Is that transdiscip-
linarity?

Yes, maybe.

How does the project
function within the uni-
versity?

That’s a devious ques-
tion, which I like. First,
the students like to
come; they work with us,
conduct their own experi-
ments. And many col-
leagues also stop by of-
ten because we practise
such concrete research,
but that is not all.

Such a wind tunnel also
triggers institution-

al dynamics, which | find
extremely interesting.
There’s not only the
streamlined form. Why is
it in the courtyard and
not in the building?
What is research at an
artschool? How does it
work in conjunction with
teaching? Is the circular
tunnel a symbol of insti-
tutional processes? |
also like the fact that you
don’t know where the
energy is: in the machine
or in the wind? And you
can’t even see the latter.

English translation: Burke Barrett



Homer: Odyssey X, 17-26

gvvApap HEV Ou®GS MAéopev vUKTAG Te Kal Aap,
T dekdtn &’ dN avedaiveto matpiq dpoupa,

Kal dn nuprioAéovtag EAeUoCoUEY €YYUG €6VTAG:
£vO’ gue pev YAUKUG Utvog EMEANARE KEKUN®DTA,
[...] ol &’ ETapol emEeool MPOg AAANAoUGg Aydpeuoy,
Kal W’ £paocav xpuodv te Kal dpyupov oikad’ dysobal
d@pa nap’ AibAou peyaAntopog ‘Irmotddao.

wde d¢ TIg einMeoKkev IdWV €¢ TAnaiov AAAov:
 ToToL, we 6de aaot ¢pilog Kal Tiuleg EoTv
avBpwrolg, 6Tewv Te MOALV Kal yalav knTalt.
TOMA pev ek Tpoing dyetat KepnAla KaAa
Anidog, Nueig & auTe OUNV 0BOV EKTEAECAVTEQ
oikade viobueba kevedg oUV Xelpag EXOVTEG:

Kal vOv 0i Ta Yy’ £dwKe XaPLLONEVOG PIAOTNTL
Afolog. AN’ dye BAooov dwueda OTTL TAd' £0Tiv,
0000g TIG XpUOOG TE Kal Apyupog AOK®D EVEDTLV.
¢ £dpaocav, Boulr) de Kakn viknoev etaipwv:
Aokov peEv Aloav, dvepol &’ €k mavteg dpouoav.
ToUGg &’ aiy’ dprd&aoca Ppépev MOVTOVOE BUEAN
kAaiovTag, yaing dmo rmatpidog.

Nine days we sailed, day and night alike,

and on the tenth our fatherland appeared,

and we caught sight of them tending fires, near as they were.
Then sweet sleep came upon me in my weariness, [...]

My comrades talked to one another,

and said | was bringing home gold and silver,

gifts from great-hearted Aeolus Hippotades.

In this way, glancing at another near him, one would say:
Humph! How dear and honored this one is to all mankind,
whoever’s land and city he arrives at.

While from Troy he brings many beautiful treasures

from the spoils, we, who made the same journey,

return home holding empty hands together.

Just now Aeolus favored him with friendship and gave him
this. But come, let’s quickly see what these things are,

how much of any gold and silver’s in the leather bag.’

So said they, and my comrades’ evil plan prevailed.

They loosened the leather bag and all the winds rushed out,
and storm at once snatched them and carried them,

crying, out to sea, away from fatherland.

Transl. by James Huddleston

Schon durchsegelten wir neun Tag’ und Nachte die Wogen;
Und in der zehnten Nacht erschien uns das heimische Ufer,
Dass wir schon in der Nahe die Feuerwachen erblickten.
Jetzo schlummert’ ich ein, ermiidet von langer Arbeit; [...]
Und die Genossen besprachen sich heimlich untereinander,
Wahnend, ich flihrte mit mir viel Gold und Silber zur Heimat,
Aolos’ Ehrengeschenke, des hippotadischen Konigs.
Und man wendete sich zu seinem Nachbar, und sagte:
Wunderbar! Dieser Mann gewinnt die Achtung und Liebe
Aller Menschen, wohin er auch kommt, in Stadten und Landern!
> Aus der troischen Beute wie manches unschatzbare Kleinod
Bringet er mit! Und wir, die alle Gefahren geteilet,
@ Kehren am Ende doch mit leeren Handen zur Heimat.

Nun hat Aolos dieses Geschenk aus besonderer Freundschaft
lhm verehrt! Auf, lasst uns denn eilen und sehen, was dies sei,
Wie viel Silber und Gold in diesem Schlauche doch stecke.

"0 Also sprach man. Es siegte der bése Rat der Genossen;
Und sie 16sten den Schlauch, und mit einmal entsausten die Winde
Plotzlich ergriff sie der Sturm, und schleudert’ weit in das Weltmeer
Hin die Weinenden, ferne vom Vaterlande.

Transl. by Johann Heinrich Voss
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