WATER AND WIND

The energies of nature

WATER AND WINE Evclution of the water wheel

The horizontal paddie wheel or Greek mill

was the carliest wheel used (2nd century

BC - 181 century ADY It was used Lo grind

grain and operated withowt gears.

The Roman engineer Vitruvius (18t century

1 AlYy was the lirst to design a vertical wheel |
with gears which was much more eflicient |

The eaergies of paluare

The water of Fivers and the wind were the
lirst natural ferces used by humans.

In order to be used, water has to be chan-
melled or dammied, and wind requires s sur-
[ace which opposes resislance to it

The rivers of Catalonia have been exhausti-

vely harnessed throughout history, with the installation of mills

and, later, river [actories,

new industry,

MILLS, WHEELS AND TUR-
BINES

THE WATER WHEEL
AND FLOLR MILLS

I Cafolonia, as
throughenl the
Medier Fadredam
region, the fori-
=anlal wheel wie:
hoal gears was
eised for grind Mour

Flour mills began to be developed in
Catalonda in the Middle Ages, A& head - dif-
ference in water level = was indispensable
to drive the whisel, and small dams werne
therelore built. The outputl of the mill
depended entirely on rainfall and the
fAow of the river.

“Arribar and moldre™

The llour mill signilied important savings
I btk and waork,

It brought the figure of the miller into
being. The miller ground the (kour, recei-
ving a part In payment. A mill would
serve some S neighbouring [anms.

THE WATER
WHEEL AND ITS
MEW MECHANESMS:

Servomidlls Doy o
praliferate in the
ity of The
Pyrences and Fre
Pyrenees, taking advantage of the
streny curreal and sharp falls.

In the Pallars S3obird and olher Pyrenean
districts, almost every willage had its
sawmill [or making planks. Thete mills
used vertical rollers with wooden padd-
les. Many sawmills continued to operate
until the 19705,

Paddle wheels were also used for lofge
hammers and wool fulling mills

THE WATEK
WHEFEL AND
FLOUR MILLS

Paddle ioheels and
Aoaiing mills were
installed oo rieers with large Rouws
such as the Ebro

Mills could be put out of sction if water
levels rose or (el greatly. A solution [o
this was the constructhon of Hoating mills
with one or bwo wheels which were moo-
ried to the riverbank.

THE WATER
WHEEL AN
INDLUSTRIALISA-
T

TTee Barckel iealier
toheewel woars pEed fo
mre e Trst

derd wstrial maehi-
mes,

The vertical bucket wheel was the engine
ol the lirst industrialisation. It gave grea-
ter efliciency and improved use of water
in irregular rivers and rivers with low
llow. It was known as lar back as Koman
times, bt it use did nol become wides-
pread until the expansion of sech manu-
lacturing sectors as the paper and textile
Industries, previous bo industrialisation.

hant clid nent become widely known undil the Middle Ages.

Uurlllg the 18th ceniury, the need o increase the Erlh:h!ﬂfj" of
wheels led the English engineer 1, Smeaton o carry out theoreti-
cal amd |Jr-=ll.'ll'l.'-ﬂ| aludies (o increase this.

However, it was B, Fourneyron's inventbon of the turbine (1527)
which allowed hydraulic enengy (o be used for the needs of the

THE WATER TURBE
NE AND INDLUS
TRIALISATION

The frarlslmes
wiich drowe the
ahafts of Catalan
factories

The Fontaine turbi-
ne was a varlant of
thee Fiowrmeyron -
bine, adapted to rivers with ireegular
flows typical of the Mediterranean
region. It had & regulator which sdjudted
the number of water inlet holes to fow
variations.

The firm of Planas, Junoy, Barné § Cia, of
Giroma, I}EE-!['I to make turbines in 1858
under the patent of the Fontaine oo
pany, quickly conguering a large market
throwghout the Iberian Peninsula

THE WATER TURREI-
ME AN INDLS-
TRIALISATION

The efficiency af
turbines iRCreases

The need [oF mere
efficient  turhines
s led 00 lechni-
cal improvements.
In Francls turbines, the water entered
through the valule, Dowed between lixed
guide vanes and moved the central runs
ner, which had curved vanes (0 increase
efficiency.




THE WATER TUREI
NE AND INDUS-
TRIALISATION

Caterlon imdusivy
refnrns fo wafer,
abandoning the
“English™ model of industrialisatiion

In order to operate, river lactories nee-
ded to install turbines and to build canals
and dams

From the 1860s, when the hopes placed
on becal coal had been dashed, the rivers
of Catalonia began to be used as a source
of cheap energy. The railways were indis-
pensalde for transporting raw materials
and finished prodecis.

The industrial coldnies
{indpstrial sertlementa)

The factories sel up along the rivers ol
Catalonia brought the workforce to them
The industrial coldmies were characteri-
sed by the proximity of the workers
homes to the factory, [orming & settle
ment including church, soclal services
such as the IZIII{I-PEI'HWL‘ store, school
and civic centre, the entire site doména-
ted h‘_!a' the houge of Uhe owier.

APPLICATIONS
OF WIND POWER

THE SAIL

The Lattn sail ieas
used in Catalonis
far fishing ond
coastal trading
befare the devtrodine.
Hewy el thee interneal combustion engine

The Latin sail allowed ships to close haul
more  than  with  square  sails.
Characterised by ils triangular shape, it
is hent from a yard-arm which crosses
e main mast at an angle. Traditionally
used kn small boats for fishing and
making shorl voyages.

THE WIND

The dosinaiion of fiee e Colperiers:
the sailing ship and the windmill
made aedavd R vilabile fo people,

CATALONLA: MUORE WATER THAN WIND

The widespread pse of ydraelic
emergy areanl! thaet wind power woas
ged lfttle i Catalonia.

Cinly in areas with intense. though irregu-
lar, wind conditions were pump mills
built from the 15th century on.

IMFFERENT WAYS OF LISING THE WIND

The earliest records of the existence ol
windemdlls date back to the Tth century on
the high plateaux of Iran, where regular
winds predominate.

The axis was wvertical and there was o
mechanical transmission.

They were used principally for grinding
#rain and pumplng water for ireigation.
The ariging of the windmill in Eunope are
unclear. However, whether thanks 1o the
lslamie countries or in a whally Indepen-
dent way, windmills began to spread
across Europe in the 1 7th ceniury.
Technical advances allowed the mill 1o be
positioned according to wind direction.
Solutions included making the entire
structure rotary (post milksior bullding a
marhile cap (lower mill).

GRINING GRAIN

The earliest firne-
e ol eelmdmills
wers Poo weiraed grraede.

Im thee Balearic [2les,
where surface
Walerways are sCar-
ce and winds highly
regular,  windmille
became widely used, mainly to grind
grain, In Catalonia, on the other hamd, the
uwge of waler power limited the spread of
windmills 1o more marginal 2ones,

et

DEAINALGE

Tevdewtriolisatizm,
weith the aee of
meer materials and
technolugies, pro-
dieed more effi-
cienl mills.

Smeaton was the
first to wse cast iron
in mills, in the mid-1Tth century. At
arourndd the same time, Edmund Lee intro-
duced the tallpole, which automatically
oriented the axis of the sails in the direc-
tiom of the wind. Various construction
problems, however, delayed ils widespre-
ad use until the mid=19th century

The new windmills, beiter adapted to
intermittent winds were guickly adopted
in Catalonla, principally for dralnage.
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