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such ancient inventions as the ghaduf, the pot-wheel, rota, hympanuem or
bucket-chain described in an earlier article of this series, but instead of 2
device which is still in use today and would oot cause the majority of us
to sit back and ponder its origin: the water-wheel. This water-wheel is
often partially submerged in water and attached to & mill of some kind, but
despite its continued moderm use and s appearance in landscapes of many
modern artists, the origin of both the water-wheel and the water-mill goes
back some 2000 years.

Although such ancient devices as the ghaduf, pot-wheel and bucket-chain
were in common use for hoisting waler for many decades and even
centuries before the invention of the water-wheel, it was not until well into
the time of the Roman Republic that people actually made use of the water-
wheel a5 a labour-gaving device to mill grain. We are told by Marcus
Vitruviug Pollio, who wrote in the Late first ceatury B.C., that water-whealy
accomplished "the pecessary work through being tumed by the mere
impulse of the river, without any treading on the part of workmen.” (Ten
Books on Architecture, X 5.1}, Alibough thiz coocept may scem quile
simple and obvipus to most of us in our mechanized word, the invention
of & water-wheel as a power source to do work for us was 4 long time in
coming and revolutionized ancient engineering. In this case, the stream
was ool lifted for use in imigation or for coosumplioa, but insiead (he
power of te water itself was used to homn the wheel. While there is literary
evidence of ihe water-wheel being used a8 3 source of power a8 early as the
first century B.C., there is no real archaeological evidence for its use as
such until the second century AD., with large-scale application of the
system not being found until the third or fourth century AD.

One reason for the slow uptake of this new lechnology in Greece and [ialy,
25 suggesied by many modern scholars, may have been the lack of rivers
* in those amas which maintain & steady and adequate flow of water yeas-
round. While the late Grsi century B.C. author Strabo, in bis work on
Geography (XI0.3.40), mentions that Mithridaies, in what is now norh
central Turkey, buill & water-mill in the frst centary B.C., his installation
wias constructed close to a large and substantial river gystem providing his
mill with water virpally year-round. This kind of adequate, fast-flowing
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pevertheless, addmessed in ancient imes by actually building a fast-flowing
supply of water to feed the ancient water-wheels in the form of agueducts
and conduits.

While ooe factor Emiting the widespread use of water-mills in some areas
may bave been a lack of adaquate nivers feeding the mills, another very real
obstacle to the spread of ancient watcr-driven mills was the cheap and
abundant availability of draught-animal power to drive mills af the time,
Animal mills were oof only less expensive (o build but had also been
around for many geperations and were, therefore, well established in the
Llifestyles of the ancient people.

The three: basic water-wheel types are commoaly called the vertical-shafft,
the undershot and the: overshot, with the latter two most prevalend in ancisnt
Greeca and Rome. The vertical-shaft watsr-wheel consisied of a bub with
blades atached to it at about 30 degress at the bottom of a vertical shaft
{s=¢ Figure 1a). This turbine-type of system depended on a very fast
stream which could be

chanoelled through a

trough or equedoct ooto

the wheel of blades,
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vertical axle which in
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direcily and did not
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direcied onto the

turbine blades.

The second type of

waler-whe=l device is

geoerally refermred (o as the undershot wheel or "Vituvian™ water-wiwel
since it is the one degeribed in greal defad] in that author’s comprebensive
work oo architecture and building fechmdques (Ten Books oo Architechre,
X5 The undershol wheel operated with moderale efficiency where a
subgsiantial, alihough perhaps sluggish, river fowed beoeath the blades of
a wheel et vertically into the water (see Figure 1b). As the force of the
water turned the wheel, & simple but efficient pearing mechanism



trametomned this vertical
movement inteé &
horizonotal ooe aod
made possible  the
rofation of a millstone
used in grinding grain
for meal (see Figure 2),
The key o ihe
efficiency of this bpe
of amangement is its
gearing, yet the
Viktnuvian water-mill did
o immediately tzke
over from the earlier
dranght-animal driven
mills, since amimals
such as donkeys were
sill an  inexpensive
form of “mamial” labour. Onece established, bowever, this water-mill
proved to b far more efficient with an cutpot many times greater than the
amimal-driven mill,

For all its apparcot sophistication over the earier types of mills, the
undershot wheel was still lesa cffective than the main component of the
pext "generation” of water-mill mechanisms: the owershot wheel, While
perhaps twice as powerful and efficient as its predecessors, the overshot
wheel did, however, require 8 great force of water from a mill-race or
aqueduct to be directed onto the paddles of the vertical wheel, which was
now no longer in the water fselll (see Figure 1c),

Dz o the sometimes enomous costs of tamsponing the construction
materials and building the overshot installation and its accompanying mill-
race, the undershot amangement, as described by Vitnovins, was still the one
prefemed in many cises, despite being slower and less efficient. Becanse
the nndershot wheel required oo mill-race or aqueduct to raise water to the
necessary height of the wheel for the water to fall from the top, or a pit for
the wheel itself as did the overshot, virually any location with & moving
gtream was pdequate for the construction of an undershod mill,

In regards to the overshot mill, what may have been one of the lagest and
most efficlent overshot installations in the ancient world was located at
Barbegal, near Arles in southern Prance, Here, the Romans of the thind or
fourth century AD. built & geries of eight pairs of overshot witer-mills,
complete with mill-races, wheel pits and mill-bouzes supplying a great

quantty of grain products for the entire region. Bvidence for this massive
installation cixn stll be seen at this site today. Portions of mill-races,
aqueducts, overshotl wheels, millstones, mill-houses, wooden mill-wheels
and iron spindles from the second 1o the founh cenmories AD. can also be
found in other parts of Prance, &8 well ax in Italy, Greece and Great Britain,

One of the main factors in favour of the owershot mill was, 83 mentioned
earlier, the fact that throughout much of the Mediterranean regicn thers i
oo dependable and continuous supply of runming water necegsary for the
undershiot wheel to be functional. Due to sexsonnl Hoctuations in many
areas, therefore, and despite the much higher cost of building an overshot
mill and aguednet or the overall inefficiency of animal-driven mills, both
of thess latter gystems had their advanfages over the undershot wheel in
maey casss, It was nob untl several cemturies later, in medieval times, that
the Yitruvian undershot mills ganed populadty and incressed efficiency.

Although the investigation info eady waler-mills could be a very in-depth
and complex propesition of gear-ratios, fow raies and mechamics, the
overview given bere has, I hope, provided some insight imto this
revplutionary ancient technology. As with most of the concepts presented
in these lact gaven articles on ancient bydranlic gygtems, they have merely
been an aftempt to infroduce the fascinating wordd of early engineering
techniques and technology. Ancient hydraolic systems coverad every aspect
of water collection, storage and subsequent distribution, and in this geries
of articles we have looked at the various ways In which eady civilizations
raised water, collected it, bransported it and made ase of it. Maoy ancient
and modern sources coald be tapped to iovestigate further this extraordinary

agpect of our early history,

The advances which teok place in bydranlic engineering in the ancient Mear
East, Greece and Rome were, without a doubt, among the most significant
technological achdevements ever accomplished by mankind in the history
of the world, If this seems lke a broad, sweeping statement consider the
fuct that these advances made possible habitation of regions which would
otherwise have been eotirely inhospitable to avilization; and consider the
fact that these advances made day-to-day Hving far more eojoyable and
manageable for our ancestors.

It should be encouraging to all of us today to realize that our ancestors ros:
o the challenge of finding ways to ease their (ol and hardships thoough
some of the anclent bdraulic systems described in this series of anticles,
and thereby passed on to us a legacy of technology which may well outlive
ug all
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