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WINDMILLS OF M\UIRCIA

by Pt Oliver

When Don Quixote tilted at the windmills of
La Mancha they were a new phenomenon in
Spain. Llyna White, in his study of medieval
technology has recorded that the windmill did
not reach that area of Spain until Cervantes’
time, La Mancha is in the north, and windmills
probably developed independently further south.
The mills in the north were generally of the
post-mill type with the whole mill revolving on
a single, central stem of tree-trunk proportions,
and with sails of the type most common in the
northern countries of Europe, with canvas
stretched over a framework of laths atrached to
a whip or spar,

How windmills reached the south-east of Spain
has been much debated and those to be seen
still standing in the Campo de Cartagena region
of Murcia are of a type which clearly hints at
Arabic influence, This area lies just to the north
of the important sea-port of Cartagena, Murcia
isn’t as romantic as the land of Andalucia a lirtle
further to the South; there’s few hills of any
size and it is mostly coastal plain with a few
slight undulations in the ground. The wind blows
off the sea and the coasrtal lake of Mar Menor,
separated from the sea by the twelve-mile long
strip of La Manga, It’s ideal country for
windmiils, and only a few decades ago, before
piped water was brought to the farms — and the
developing hotels — the turning sails of the mills
could be seen right across the plain, The farms
are small and every farm had one or two mills.
Some were used to grind corn, but the most
prevalent type of mill still standing in the region
is one that was used for irrigation purposes,

There is a good water table under the plain and
the farms have small, well constructed cisterns
and wells where water for domestic purposes
can be drawn by hand, Generally the well-head
sits right on top of the cistern, and the curved
dome of the cistern has been built in fired bricks,
strong enough to take a considerable weight.
This method of building domes was probably
brought by the Arabs, or at least influenced by
them. Southern Spain came under Arab
domination in the seventh century, and this
continued undl the “Reconquista” of the 14th
century. The Arab heritage is still to be seen,
most grandly in the Alhambra, but also in some
aspects, in the folk vernacuiar.

One of these is the noria, an ancient system of
drawing water for irrigation, which was observed
by the Romans, and which still survives today
in the Balearic islands. Only a few years ago you
could see the blindfolded horses turning the
great arm of the noriz which brought up
successive bucketfuls of water to discharge into
the irrigation troughs. The noriz worked on
much the same principal as the Blue Ridge
mountain sorghum ptess, or cane press; a horse,
(or in North Africa, a camel) walked in a circle,
turning a Jong timber arm which was attached
to his harness. This revolved a central spindle
which, in the case of the cane press, drove a
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noria the central spindle turned a wooden
cogwheel made of vertical bars of wood braced
between two circular wooden plates. This
primitive cog engaged with the teeth of a huge
wheel, constructed by a similar method, with
bars of wood making up its thickness, Over the
wheel was looped a [ong, endless chain, to which
was affixed leather, or sometimes pottery or
wooden buckers, The buckets on the chain were
lowered into the water of a cistern or well over
which the noriz was mounted, and as the wheel
turned through the drive of the central spindle
and eog and the walking animal, the buckets
were raised to discharge into an irrigation
channel. A small boy with a stick ensured that
the horse or camel kept on walking and the
endless chain of buckets maintained a continual
flow of water.

It was the inspiration of the unknown mill-
wrights of Camp de Cartagena to adapt the
noria to wind-power, 50 releasing the horses

for farm-work. Whether this was an Arabic
invention still remains a mystery. “*One of the
curiosities of Tarragona consists of mills builc
by the ancients: they turn when the wind blows
and stop with it"" wrote the Muslim author ibn
‘Abd al-Mun ‘im al-Himyari, but his book,
though probably of the thirteenth century, was
known in translation only from the fifteenth
century, and the mills to which he referred may
date from thart time, Until that time it is known
thar mills in the Iberian peninsula worked on the
vertical axle principle, sg it would appear that
whatever the origin, the primitive form of the
present mills arrived after this period. (Anyone
wishing to pursue the references should trace
them in Llynn White's Mediaeval Technology
and Social Change, Oxford University Press,

p. 16%1.}
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The construction is relatively simple, and the
machinery far less complicated than that of

a grinding mill. It’s comparatively easy to

build, given strengrh, materials and time, The
mill tower is usually of rubble masonry, though
more skillful mason's work can occasionally be
seen, It stands about 30 feet; some are higher,
and others are squat and rotund. There's no
standard dimension but a higher mill allows

a larger sweep of sail and scoops wind at the
higher altitudes across the plain, A heavy timber
windshaft is turned by the sails (discussed
below), and this drives a massive wheel, which
in English usage is commonly termed the
“brakewheel.” A large brakewheel also acts as

a flywheel, while the more teeth it has around
its perimeter the greater the efficiency of the
mill. This brakewheel, inclined as is the windshaft,
at a slight angle, drives a cencral cog or
“wallower”, Early wallowers were of a simiiar
type to that of the soria, but during the
nineteenth century cast-iron cogs seem to have
been firted in most mills, The *wallower” in
turn revoives a central shaft, which rurns another
cog nearer the ground to drive another large
wheel. This wheel in turn drives the exterior
noria wheel of the mijll and hence keeps the
chain continually revolving,

As for the sails, these are of the Medirerranean
island type. They take their technology, as
might be expected among maritime peopies,
from the small boats that ply between the
islands and the mainland. The sails are literally
sails, triangles of canvas which can be reefed

to the whips or spars, and which can be opened
up to provide a fair spread on each of the eight
spars. As the spars, which are inserted into the
end of the windshaft, require bracing, they

need a superstructure of support. This cannot
be behind the sails because the bulk of the mill
tower i in the way; it has therefore to project
beyond the sails, somewhat like an umbrella
turned inside out. The superstructure is strong,
but not rigid, and like a ship’s mast, spars,
rigging and sails, it creaks in the wind, 2nd bends
and gives to wind pressure. As the spar bends,
the rigging rautens, and as the wheel of the

sails turns, the tautened rope relaxes and
another comes under tension. In this way the
whole structure responds to the wind withoue,
in normal circumstances, fracturing or brezking
off, Ropes usually provide the rigging from the
tapered tip of the windshaft extension to the
outer perimeter of the wheel sail. The wheel was
completed by ropes between the spars at the
perimeter, bus later, forged iron rods of narrow
diameter were used instead. The rods did not
break under strain, and lasted longer than the
ropes, but they had one drawback in that they
could not be shortened by the simple expedient
of a thumb-knot or a sheepshank, Various
alternatives were tried out, including an $-shaped
link which could be removed from one or two
of the rod lengths, and later, an iron box through
which the threaded ends of the rods could be
inserced and tightened by bolts.

As the slots to take the sail spars would weaken
the windshaft if they were all inserted at the
sarne point, they have to be fixed at intervals
along its length, This creates slight problems of
rigging and a sormewhat unequal catchment of
wind in the sail. Skilled millers could balance
the reefing of the sails to take this into account,
but a nineteenth century innovation was a star-
shaped forged iron plate to which the spars
were affixed, which was bolted to the end of the
windshaft. This placed all the sails in the same
plane. It seems however, to have been little
used and probably the advantage gained was
outweighed by the reduced three-dimensional
strengrh of the rotal sail structure,

It is important that the sails are kept into the
wind, and as the wind comes from more than
one direction the sail structure had to be rurned.
As the mill was a fixed tower the apparatus was
tutned by revolving the cap which rested on the
top of the tower. The cap gave support to the
windshaft and brakewheel and could be rurned
manually by a tong rail-spar which extended at
an angle zlmost to the ground. Though it
demanded considerable effort, the ring of the
cap was well greased to facilitate its movement,
while the structure was made as light as possible
by using thatch or thin planks for the roofing
matetial of the cap.

Some of the mills were quite small, like Molino
los Alceitas at Los Urrutias on the coast. Othets,
like Molino de la Pichorra at El Algar were high,
with the main noriz wheel some fifteen feet
above the ground providing water for an
irrigation channet several hundred yards long.
Perhaps the most interesting mill is La Luenga,
a complex near El Algar which demonstrates
very well the sequence of development of the
Murcian mill. Nearby are to be seen several
others, all within a few hundred yards and they
must have presented a brave sight a half a century
ago, when all were turning. About thirty yards



A mill of the Cartagenan type would not present
major problems to an inventive builder today.
The tower need not be a solid structure but
could be built on a sturdy frame of timber, or
probably an old pylon or the framework of an
American anoular mill could be pressed into
service. Only the brakewheel and wallower would
present some problems but it seems likely that
suitable parts could be adapted from nineteenth
century machinery. The principle is so simple
that ic is open to innovation and improvisation.
Though the mills were mainly used for jrrigation,
some grinding mills for grain were also built and
a few were used for grinding salt at the salinas
which are to be found near La Manga and Mar
Menor. Today however, all that remains of the
majority of these are the slowly deteriorating
rowers and the heavy windshafts and brakewheels
which have been inconvenient to remove.,

Generally the mills would seem to date from the
eighteenth and early nineteenth centuries, but
restoration and rebuilding obscures the evidence
in most cases, and some bear traces of seventeenth
century consttuction, Now they are falling into

ruins but very recently an organization, Amigos
de Los qulinos Viente de Campo de Cartagena,

on Aoy has been formed. Their conservation methods
Mggé;fd?ﬂ /72!// ﬁ I! = 47.;_,(.: extend hardly beyond a coat of whitewash and
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away from the mil) rower still stands the remains
of an ancient noria , sited over a deep well, Its
channel did not run straight to the field but to
a large, fairly shallow, open cistern abour thirty
feet across. This cistern had a sluice which
allowed the farmer to conserve water when he
needed to, and to release a controlled flow from
the cistern when it was required. It is surprising
that this method of controlling itrigation wasn't
used more frequently, but I've found few
examples of it. However, the builder of the mill
at La Luenga was clearly impressed and devised
a two channel system which poured water into
the reserve cistern when required, but which
also had an overflow channel which fed directly
to the fields when the water in the cistern was
at a high level, La Luenga mill stands on a round
plinth and it seems likely that part of the mill

is built directly over the structure of the well.
This complex, the most sophisticated I have
found, seems to have evolved from the early
noria over several centuries, and characteristically
this well-kept farm used the star-shaped boss for
the mill windshaft, when this innovation was

introduced. . .
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Sail Windmill Project

In February 1978 - a group of students from Institute 3A - The School of
Architecture - in Copenhagen Denmark were invited to visit the native village of
one of their fellow students - Milorad Karadiz from Serbiain Y ugodavia.

The students designed and built a sail windmill to bring with them as a gift and as
a demonstration project for the village inhabitants and as a contribution towards
the introduction of Renewable Energy technology.

The village of Novi Durevac has no access to electricity and the nearest grid
connection is 8 kms away in the larger village of Zitni Potok.

For lighting - the Karadiz family have installed 6 units of 12 volt fluorescent lights
in their house and barn. Power is supplied from old car batteries - transported
every 14 days by ox-cart to Zitni Potok for re-charging.

The windmill would be erected on a small mound in the garden for charging the
lighting system’ s discharged or flat batteries. A direct electrical connection to the
house would result in too high a power loss.

The windmill should be based on recycled materials and have a technol ogical
level equivlant to what loca village inhabitants and the local blacksmith could be
expected to reproduce.

It was the intention to demonstrate to the other villagers how one could produce
electricity from the wind, as an intelligent aternative to centralized eectrical
power stations that are not only resource-intensive but also discriminate against
distant rura areas resulting in emigration from the countryside to the towns.

The windmill should aso be able to charge batteries belonging to neighbours - in
addition to providing mechanical power for water pumping, sawing wood, etc.

Our first step was to ask Claus Nybroe to assist usin getting started. He acted as
our source of inspiration and technical consultant and together we were able to
choose the blade-design and to estimate the expected production.

The most important detail - information on the available wind was sparse,
Inaccurate and disappointing. Wind data from two larger towns - about 150 kms
distant from Novi Durevac showed an average wind speed of about 1Y% - 2
meters pr. second.

However mountains and hills are different from larger towns and Milorad
informed us that the wind was stronger in the mountains with often strong gusts.
However as the average yearly wind-speeds are rather low, - we had to consider



some form of multi-blade farm-type windmill that could utilize the available low
wind speeds.

The actual construction was done in the School of Architecture’ s workshop -
where we received assstance with welding and machining etc. During the find
construction period we were visited by Jacob Bugge from the Danish Technical
University who pointed out some errors, - assisted us with different calculations
and suggested practical aternative solutions for such things as “turning out of
wind’. Heinformed us- that he thought that the windmill looked “good-
enough” - but that we would first know whether theory aso agreed with praxis
after the windmill had been in operation for awhile - this last information was
later shown to be very true.

Progress in the workshop was very sow - we were only 2 - 3 persons and our
task was amix of both design and congtruction.- we were finally able to finish
the task with a great effort and with the assistance of friends - only 14 days
before the windmill was due to be transported to Yugodavia.

The dow rotational speed of this blade design requires a high gearing to produce
sufficiently high dynamo rotational speeds. We also had to consider the possibi-
lities of the powerful gusts of wind and provide the windmill with atail-construc-
tion to turn the windmill out of the wind so as not to overload either the blades or
the dynamo.

The requirement for the use of re-cycled materias - gave us many deliberations
asto just what we could expect to find in a Serbian junk-yard - Milorad thought
that used car parts were more abundant than used bicycles. These deliberations
had to be combined with what we in the concrete situation could find back home
in Denmark. This resulted in many unusual choices. [Outside observers often
pointed-out easier and more efficient solutions which did not however take fully
into account our absolute requirements of low-technology and re-cycling of
resources).

This was a very important parameter for us - as the windmill should fit into the
already existing technologica level and at the same time fall insde the framework
of the local practical-technological capability - which can be of course limited by
the resource base of existing on-site tools and machines.

During the final 14 days we built and erected a tower and carried-out a prelimi-
nary tria-run, where we did not have time to try-out the gear and electrical
equipment. This was an unfortunate omission as these particular components
gave us severd problems later.

However we were all in good spirits when Milorad drove off for homein his 4-
whed drive Unimog with the loaded - disassembled windmill.



Blades

The blade type that we used are smilar to those used for centuries by the Greeks
in Crete. Six wooden poles - covered with canvas - radiating out from a wooden
hub and al joined and connected together with steel wire to stiffen the construc-

tion.

To keep the rotor away from the tower - the poles, spars or masts are set at an
angleof 7°-[7 degrees| - away from the vertical position by wooden wedges
placed in the hub and by the use of steel wires running from each mast-tip or cap
to an extended axle or bowsprit.

The hub is made of 2 pieces of waterproof plywood. - wooden spacers are
placed between the poles to maintain the correct distance between the two sides.
The completed unit is bolted onto an iron pipe with a welded flange and aloose
plate.

The canvas sails are sewn with extra reinforcement pieces at attachment points
and the sails are treated with sheep’ s-tallow [fat] to prevent soaking.

During periods of high wind speeds the sails will stall - and will therefore not
increase their rotational speed above a certain level. As an additional safety factor
- the rope that holds the sail in position will rupture - if the force of the wind
threatens to tear the sails or break the spars.

The rotor diameter is 3.20 m. and the swept areais app. 3.5 m2.
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Nacelle and Turntable.

The rotor requires a high gearing and as we did not wish to use a gearbox - this
could be difficult or expensiveto find in Serbia - the power was transmitted
down through a vertical shaft.

The gearing system using several wheels and a V-bdlt pulley-drive took up so
much space that there was not sufficient room on the nacelle upper bed plate.

A bearing construction is placed on a5 mm iron bed plate. A bevil drive gear or
crown-whedl on the horizontal stedl axle inter-meshes with a shaft drive pinion
fastened to the upper end of the vertical shaft.

To enable the windmill to turn into the wind - the upper section is mounted on
top of another iron plate. A thick layer of grease prevents friction between the
two plates.

4 iron strips or “flaps’ are fastened to a pipe welded to the bottom plate. These
strips are to bolt the whole construction to the upper vertical wooden tower
section.

The rear tail boom assembly is bolteded to the rear end of the upper rotating
section - positioned on top of the bottom fixed plate. The wooden vaneis
fastened to the tail assembly with a piece of angle-iron. The sde-mounted tall
boom in asimilar fashion - is bolted to the front end of the upper rotating bearing
section.

Due to the flimsy construction the nacelle had several weak points. The force
from the blades bent the 5 mm. thick iron bed plate. This resulted in unsatisfac-
tory inter-meshing of the bevel gear teeth due to displacement of the bearing
case.

We were unable to construct a satisfactory cover for the nacelle at the workshop
in Copenhagen. Thiswas atask for Zitni Potok’s skilled and effective tin-smith
who supplied the local surroundings with buckets and containers. Inside an hour
- he bent, hammered and riveted a suitable “ hat-cover” . We had made a small
drawing , but he had no use for that. He just took alarge cardboard-box - cut it
with a pair of scissors and then asked us - “Does it ook like this ?".

The shaft drive pinion gear whedl’s mounting on the transmission shaft with a
keyway or dot and alocking ring was a further weak point. The locking ring
dipped off when the machined mounting track on the shaft became worn. We
had neglected to have the transmission shaft hardened.
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Gearing

We had difficulty in caculating the gear ratio as we could find no exact formula
concerning the blade-tip speed and the effect of our chosen blade type. With the
assistance of Claus Nybroe - we gpproximately estimated - a maximum dynamo
effect at 2400 rpm. - the gearing should therefore be app. 1: 28 - asthe
rotational speed of the blades was estimated to be about 87 rpm.

The main gear is placed at the foot of the long 5.5 m. vertical transmission
shaft. This shaft is supported by 3 wooden oak block bearings. These bearings
are each made from two blocks of oak boiled in linseed ail. The bearings are
then fixed around the shaft as seen in the drawing -and will absorb the radial
thrust and prevent unwanted sideways movement and vibration in the shaft.

The shaft is made of three lengths with welded flanges to enable coupling [thick
rubber washers should perhaps be placed between the flanges - note by JF.].
The power take-off - a 52-teeth bicycle crank-whed - is positioned between
the fixed ball bearing and the lower bearing support.

A bicycle chain goes from here over toa 22" [22 inch] bicycle rear-whed
equipped with a

14-teeth gear whedl. A V-bdt goes from the inside rim over to the dynamo’'s V-
pulley whed!.

This congtruction gives the required 1 : 28 gearing. There is also the possibility
of a gear-shift to alower gearing as the whedl hub is equipped with a 3 speed -
Sturmey Archer hub gear. This alows the possibility of compensating for
possible calculation errors concerning the windmill gear ratio.

The whedl, dynamo and bearings are supported by brackets and fittings on the
tower-leg horizontal cross pieces. These cross pieces are subject to strong
vibrations during periods of strong wind - resulting in arisk of the V-belt faling-
off. A much stronger reinforcement of the cross pieces is necessary.
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Tail and Side Wind-Vane

The very strong girder construction of the tail and side wind-vanes was made of
1.5 cm. thick - wooden laths - to reduce the weight.

A spring mechanism was first used to return the side vane and the rotor back to
an operative position. This was later abandoned in favour of a “Falling-weight” -
[this principle is clearly shown in afollowing diagram taken from another pro-
ject]. When the windmill turns out and away from the wind - the faling-weight is
pulled up. The weight's “return-force” is therefore able to return the windmill to
the start position as soon as the force from the excess wind speed has lowered.
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Tower

The experimental tower - built in Denmark - was too big to be transported to
Serbia, - and a new one was constructed on site.

The upper 2 m. vertical wooden tower section - was assembled in the form of a
svadtika - bolted onto the lower nacelle bottom plate “flaps’. This section was
then bolted onto the angled tower legs. Wooden cross pieces were then fixed to
provide additiona constructional stiffnesss.

The rough and uneven tower oak poles gave many problems. This was erected
with the assistance of the 4-whedl drive Unimog truck. Four foundation holes
were excavated 70 cms. down into the solid rock. Each leg was fitted with two
bolted-on lengths of angle iron - to provide a good join with the concrete poured
into the foundation holes and to raise the wooden legs app. - 15 cms. above
ground level.

Following the tower erection - a home-made scaffolding was built to enable the
nacelle, top covering and the rotor to be mounted in place.






The Electrical System

Dynamo

Most newer cars use an effective AC-generator caled an dternator. Alternators however require a
darting current from a battery to energise the system [magnetise the stator]. This meansthat during
periods of no-wind - this requirement could discharge the battery.

A dynamo will gart to charge at about 1000 rpm - it will have a maximum effect at about
2400 rpm and highest rotational speed at about 7000 rpm.

NB: - If the dynamo has been unused for along time - or if it hasbeen run in reverse. Thereisa
possihility that the remanence or residua magnetism has been logt. [that is - theiron core haslogt it's
magnetism and must therefore be re-magnetized).

The dynamo is connected to a battery [botha6 V or al12 V - battery can be used] - andrunasa
motor for an ingtant. The dynamo is re-magnetized and is therefore now able to produce eectricity
and charge batteries. Thismethod is also a good test of of adynamo - if these are purchased
second-hand. If adynamo cannot run asamotor - it isfairly certain that it is defect.

Relay

The function of the relay isto regulate the current and voltage produced by the dynamo. A relay is
an iron core wrapped with a copper wire winding [a spool]. When current is sent through the spool
- theiron core is magnetized - and is able to attract an loose iron plate [the relay armature]. The
relay armature is connected to one or more eectrica contacts - which are then opened or closed.

There are severd different manufacturers and many different types of reay’ s available on the market
- differing in numbers of spools and armatures. It isimportant when purchasing arelay to ensure that
the dynamo and relay can function satisfactorly together. And to ensure that the they both have plus
[+] or minus[-] to earth [ground].

Electrical Wiring

Current-loss in alow-voltage system is quite considerable. This means that one must place the
windmill in the near vicinity of the power consumption if one does not wish to use arm-thick power
cables. We chose to place the batteries at the foot of the tower, enabling us to use norma household
electrical wiring. Every week or so - the discharged battery from the house must be exchanged with
the now fully charged battery from the windmill. If we had chosen to lead the current 20 meters -
directly into the house - we would have required a cable with a thickness of 10 mm cr oss-section -
as can be seen in the nomogram.

Battery

A car battery is not the most efficient for windmill use - asit is congtructed for many smdl charges
and discharges - and is not very suitable for deep discharging. We were fortunate in obtaining a
battery from afork-lift truck - nearly an ided type - built for hard daily use with anight-time re-
charge.

The battery 9ze must aso roughly correspond with the dynamo’s electrica production capacity or
effect - as can be seen from the following teble.

Batt. - Amp/hours 105 150 300

Dynamo 130 200 500

Batteries that are not often used - will suffer achemica discharge and over alonger period of time
the cells are destroyed. If a battery isleft unused for alonger period - it must therefore be charged
from time to time and digtilled water must be added to the cells. [sdf-discharge is roughly about

0.7% of the battery capacity pr.day]
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Total Costs

If one has time to look through junk-yards and if material is bought through
scrap-merchants etc. - awindmill can be made at very low-cost.
Our cot list from 1978 - does not include the the expense of the tower.

Bearingsincluding housng ~ ---------- App $35.00 USD
Top bevel gears - 5.00
Spars-etc. 00000 e 26.00
Iron sheet/plate e e 17.00
Angle-iron 3.00
Wood and plywood sheets e e EE e 23.00
Various bicycle components ~ --------------- oo e 35.00
Dynamo with V-belt and

relay -- 27.00
Nuts - Bolts, screwsetc ™~ -—-—-- 131.00
Battery 43.00
Exttes - mmmmmmmmm e 10.00

Total app: $ 355.00 USD.
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PLATE NO. 48

The sail windmill can be the most efficient of all wind machines if proper modern airfoil cut
sails are used. A great deal of development money has been spent te perfect such sail designs for world
class yacht races, like the Americas Cup.

It might even be a good idea to tailor your mast lengths to the size of the sails you can buy.

Home made sails will work, they just do not work as well.

If you use “store bought” sails, you should also use the masts that are designed to go with them.
Tailor the hub thickness accordingly.

The disadvantage of the sail windmill is that the sails have to be taken down, or furled, (fig. 3),
in foul weather. They are, therefore, not ideal for northern hemisphere winters.

The theory, or principle, is that the windmill sail operates in the same way as the jib sail on a
yacht, (see 1, 2, 3 and 4). The jib sail in fig. 4 looks just like the windmill sail in fig. 1.

Fig. 5 and 6, show that the windmill sail works in the same way as the sail on a yacht when the
yacht is sailing on a “beam reach™.

A six sail windmill, therefore, has the same power as a yacht with six jib sails sailing on a beam
reach.
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PLATE NO. 49
These designs are all for 15' masts and 30 diameter sail areas, (see plate no. 2), which are most
effective in areas having expected annual seasons of very light winds.

For areas where the expected norms are for winds of 10 m.p.h., or more, the mast lengths can be
reduced to 7° 6" and the sail diameters to 15'. All given measurements will apply in terms of the reduced
scale.

The mast thickness here recommended for all mast lengths is the dressed Douglas Fir or Pine, 2"
¥ 2" which actually measures 1 1/2" X 1 1/2".

Fig. 1, 2 and 3 show how the sails in fig. 1 can be “furled” o reduce the sail areas so that they
resemble the sails in plate no. 2.

Sail sizes are reduced in area by “reefing” for reasons of safety, when wind speeds indicate that
they might increase to alarming proportions.

To reef a sail, you take the selected reef strings, hanging from the reef points (fig. 3}, and tie
them together around the long side of the sail. Be sure to use proper “reef knots”, or the reefs will be
impossible to untie when you want to increase the sail areas.

Fig. 3 and 4 shows how the stays and halyards work. “Stays” are permanent support wires, while
halyards are working ropes that run through a pulley.

The “triadic” stay is a wire cable that mns from masthead to masthead, as it does on a schooner,
and, thereby, creates the permanent unbreakable circle,

The “halyard” ropes work through the pulleys on the mastheads to pull the sails up and out. The
halyard ends must be coiled and tied off, or cleated, at the bottoms or “feet” of the masts.

The sail windmill, especially with the 30 diameter sails, is designed to work on the wooden
rotating table. Fifteen foot diameter sails, however, can be mounted on a metal rotating table, (see
references in the “design relationships™ section).
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Fig. 1 to 6 show sail fittings that can be made at home or bought from marine supply stores.
Fig. 7, 8 and 9 show an easy to build masthead cap that will accommodate the stay cables and

the cables that hold onto halyard pulleys.



PLATE NO. 51

Fig. 5, 6 and 7, show ring fittings that hold sails to masts that can be made at home. The only
problem is that as the rings have to run up and down the whole length of the mast, which means that you
can only have one fore stay, you can not have a second fore stay running of the rings from the top to the
bottom of the mast.

The car and rail systems, shown in figures 8, 9 and 10, allow for the second fore stay, as
illustrated in plate no. 53, fig. 5. These systems can be purchased, in total, from marine supply stores.

Fig. 10 shows an alternative that can also be purchased from marine supply stores. It also
permits the use of a second fore stay at the centre of the mast. Fore stays run foreword and support the
mast against the force of the wind.

Note the masthead stay and halyard arrangements, illustrated in fig. 1, 2, 3 and 4.

Fig. 11 shows the cleat arrangement at the base of the mast for tying off the halyards. The cleats
can also be placed on the hub at the base of each mast, (see plate no. 52, fig. 3).



Pos ATE No 5/

~THE SAIL WINDIMVILL TV
- ~INAST HEAD AND RiA DETAIL-TT

FURTHER MASTHEAD pf;rmx_®

Yo CABLE LOOPS TOFIT OVER
/MASTHEAD CAP- MELD w:r«/

CanLs CLAMPS—~

CABLE <PpLE cm;w_s
&5 o—>—OF— TRIRTICTY
) * I Cﬂ)lﬁ’ 10:»;%;‘-’*-
o Pus LfJ -l /TURNPUCK‘." R
ST SmASTHERD CAP SAan "
7 CORMER
T—mAsT

oUY HAUL
HALYARP

@ T0P VIEW-CAP

SIDE VIEW - CAP - @ SAIL RWg DETAIL
\r.nasrufap‘car '

g—?’kmnc STAY

=3
LruRM BUCKLE

SAIL
CORNER
/

WP HAVL
MHALY ARD

~

mAasr HEAD v - #oRg S7Ay —r| | DACK STAy
CAP j FORE .srnj
. ) c 7!
7RIATIC STAY <] 7/—| l\mgﬁif"’ @sz RiNg DETRIL CONTD
% HALYBRD ROPE — SRIL
" — PULLEY el
SAiL CORNER NotE wEM
FOm RiNg AR OV g.b
QuT HAUL HALYAXY ~SAL SEWN /RO
) CORVER  “LikE . I:
BACK STA NALy ARD "BurTod,
Y ~ HoLE® ( [P\ 4 " '&/‘ =
S SLIDE OR CAR-ONTRACK LinE Nors-aur'g ISMADE

~ALTERNATIVE TO RiNgs -~

TRACK SCREWED SibE
TO MAIT
1€ ARING
o™ -
L cAR RIDES\] JEND
ﬁ - ON TRACK
lf’ /
- A L QROMMET
\ CUND
mAas7T HIL TO CAR ~——__
tYa Xk V &
- - *
Q:JR_ woo) . :I %
il
= woTes -1
1)
- !l L
g 11BN
\ - ~ SAIL
cABLE |- fcar-5rno?
cLAmp : OPENS TO
~f fcar-/ To ALiow
- STop REeEmMov AL
SECOMD OF CAR
FORE-JITAY | &= (D AND Sard
m:p-way P el
P MAST Nore -
'\ CAR-TRACK ALLOWS
FOR SECOND FoRE-STAY

AL Rtﬁjs Do ~NoT

DOuVBLE HEM A

NoTe= 3" Doupes MHE Jﬂx
REINEIRCES SAL TO,
MO¢D RING-PREVENT

op.}; Woop STERMED INTO
aYys C+RELES AND Bovrp

WITW FINE WIRE OR
FiSH LINE=ALTENNAT IVE=
VIE FENCING RRACE WIRE
AND GROMMETS~ AS WiTH
RELE PoinNTS—

SLIDE CAR FOR MEIAL MAST
conp SLIDE CAR
/

=R !

—

SAIL

LsLoT
FOR

TRACK CAR

N
W
1.
[Nd
=
kN
hY

- -

HOLD BoTH~
CLEATS ~




poare Ao S

IHE HUB

FRONT NIEW

F— (A)YMASTS

. —
.3/# '?z.y' woap |~
2L prAm. =y |~
A
1 AXEL ::
-~ Y
. L o
- e ol
PLATE oR -
HURl PrECE —
p—
'qﬂ
o
—

X

~EACH TWo (AYERS

-THE SAIL \WINDM

eV

-T#E HUB - TAlL VANE -

RATAT/NG

3
g
|

TABLE -
SIpE VIEW

BOLTEY THRY

MOTE THE SiX
oE PIECES -

\\\_\\\\\\Fl SN\ ,/5

)’

“ " eF 3. Py wfoo)ﬂ £
¢ 24 1 3tue,§:“ro £ 7w R mnsr—-a\\ 24" PIAMETER
‘ LT DIAMETER Cﬂtc&aﬂ‘- CIRCVLAR 3
—THE MAIIS ARE NWELD By PIECES OF /4.,
BolTS-TwEy ARE NoT GQLUED- Py woop -

HuB .
FRONT VIEW OUT HAUL HUB  FRONT VIEW
RorPLr 7o
UPNAUL ctear (6) mpsTs
RoOPE To
cernT &) masts

%

{(8)Borrs -

PLATE '357\-(;:” THE
2-CLEATS HUB PIECE S MASTS = THROUGH
AT THE f12' prAmETER TﬁE (24 DIAMETER)
BASE OF \ woo PS5 anp .
EAcH 3 Piy woo .' , % e e css-

gy e 4
MAST - 2 agpiamere \ (8)-porTs~
maougﬁ F/cH
2N A \ A MAST AND
= Tuaougﬂ
- ' \ ~ , HU
IAXE cE-
e NOTE ~CLEATS ON (6)-,3017:5- THROU
. HUB Do NoT EACH MAST— AND Bo re,b
. iy > WEAKEMN mnsr- THROUGH THE TwWo 2.4~
- 2/AMETER P/6CES OF
'L-j 3/*_ PLY wooD

AL VANE AND TowWER

T
FORE Sray 4_\.sw'rvn. Rm‘g-ﬂu ows CABLE To swug TAL VEINE
WITH TRIL VAME BAR mAapE or K
SAHILS . . gAas PrPE
' e covt’.lt‘p \"IN'H
J/J"Rxn. _,9 METAL CABDLE SUTDORTS CANVASS'Sock”
R-5L5- HigH /78 BAR 4/5:
s Jrs Pt 4 gas ?:vs-\ >
‘ Y Pire B L
e a—- Y —
26 T rask} Hrnae \ o sns Pive
S .r= L —> ¥
RoTATING /8"’ ]
Tﬂp(f T 6‘_'90 Eo”s" -
Bacx STAY \M"\ wWEeLDED To H
TRIL VANE 7 CORMERS - g

~OoRE SrAy

PLATE NO. 52

The hubs in fig. 1, 2, 3 and 4, work in the same way as the metal hub in plate no, 17. Take
special note of plate no. 17, fig. 3.

Fifteen foot diameter sails can have a 12" diameter hub, but 30 foot diameter sails should have a
24" diameter hub. This is a question of properly “stepping” the mast.

Fig. 5 shows the need for the four leg metal tower to give proper support to the cable that
supports the 18’ tail vane for the 30 foot diameter sails. This tower will not be needed on 15' diameter
sails. They can use the tail vane system illustrated in plate no. 36.



PLATE NO. 53
Fig. | and 2, show the “sock type” tail vane in which a canvas “sock” is sewn over a light (1/4"

gas pipe), metal frame and then given a few coats of paint to make it stiff. The advantage of the “sock”
type is its lightness, a necessary factor on an 18' tail vane bar.

Fig. 3 and 4 show how the fore stays hook onto the nose ring. The nose ring is constructed in
the same way as the metal hub, illustrated in plate no. 17.

The nose ring is placed on the axle, 4' ahead of the main hub (fig. 5), in order to give proper
support to the fore stays. If possible, you should use two fore stays because the wind force is always on
the front side of the masts. Good support is necessary, especially if you use masts of 2" X 2" Douglas
Fir or Pine. '

Note also, the “back up hub”, 4' behind the main hub. The purpose of the back up hub is to give
proper support to the (wire cable) back stays.

This means that the main hub must be at least 4' 6" ahead of the thrust bearing on the rotating
table. To take this strain, the axle should be at least 1 1/2" diameter. A 2" diameter axle would be better.

The 4' distance between the back up hub and the main hub also puts a lot of leverage, (wpward
pressure), on the second (ball bearing), pillow block. Make sure everything is very secure. This is a
good argument for the wider, (wooden), rotating table that is possible on the concrete block tower,

illustrated in plate no. 2.
Always make a scale drawing to make sure that the sail tips will not strike the tower legs.



PUATE No-53 —THE SAIL WINPMIL L V)

~THE 7A VANE 172
- EoRE _AAND BAcK STAYS— HUYBs-

TAIL VANE

TAIL VANME Sock

BACK UP HUB -~

Beup? Zap OR NOSE Rk
END 4 A ¢
Tris / h
CORNER PIPE FRONT JIEW
£ Baw -
JoinrT |~—9 —’l
74 '
77::4 VAN E PAR
=4t a5 PrPs PrpLE
77 / l T FomT
Vi g i ¥ /8
T N F 3 N
WELD THESE 72° 8 gupg £ons]
FoInTS Ta BAR AT AL
RPtPE AND CORNERS SipE VIEW
QupgEoans s . . — 8
oR—- use 2 F 4 —n 7% | I
ToINT AND
BN LS PiPES
INTO 7=
! PIPE STAY 7
ELBow (c.:apae)
. JOINT— 2" AxEL
[ -]
wear any \ 108 J
Berp - |
THIS - g
CORANNER
MOTE ~ Tl BEsr ‘CANVASS SockK=- CUT 70 SuwapE —

METHOP ¢S5 FO DRAW AcTuhRL S12E TR
VRNE ON S#oF FLBOR- Benp PrPES
ACCoRPINGly 70 ASSURE THAT BLL ANGLES
~TroP AMDd Borrom- ARE THELE SAME -

FORESTAYS AND BAcKk STANS-SIpE.

FOLD ALANZ DOTTED LINE-L~- M~
Frr OVER TRIL VANE B/DFES -
SEW FroF-3TOH- AToB-C70D -

7oP VIEW SRAILS-STAyS- 74l VANE

N 2" pra |+ S e |
FMASTHERD e DrameETER L_ 2 14 wp 4
cCAP Ak’ jemasr 437 SPRING

—

marv FORT {
»
"'”'3'1 | anell, 1—3;'2:.«3 RoPE

2 Axec 3
.

T

' [ . Ravalivg
FADLE
p 3 TArL VANE IN _I
oS E OPEA
Hub l . EN Posir/oN
HALE CLOSED POSiTron
b, T . ~ RS
SAiL BAcCKk-up - - - N
] M . - . -
nAST vop : ,4—-;‘31’52 gc‘tOSED T e ~ o~
- . PN
U Thal. YANE BAR IV T e
BACKSTAY\ Poie-RoPE |1e———cios5&p PosiTion T
) Puciey i
a2y’ Dram. . . T
2 Axes MAIN HUD \ NOTE- SECOMD FORES:AYS NOTE~ /% OR 1M, DIamETER
4 CAN ONLY BE USED T Alumimem PIPE CANBE
wWern 3L+/pE CARS SUBSI/TUTED FoR AT » AT FrR FoR
T-NOSE NUB Bﬂcn_-tif_ﬁ AND MAST TRACK- THE MAKING oF MAST S - IN SOME
Mo NOT wilH a -
copesrans [ 02 0] Rt CovNTAIES BAMBOO 15 usE
. . AMOTE-IMAST LENQTH CAWBE REDPUCED To +O0° OR 5§ WiTw
— ¢ 4 — SIMILIAR REDGiTions 76 ALE OTHER MERSUREHTS Excorr Rov, TABLE -




The Wind Power Book. Park. Cheshire Bks/Van Nost. USA 1981. 0-917352-05-X.

Installation of a sail-wing rotor at the Park ranch in California. This
16-foot diameter rotor was eventually replaced by a larger version.




A Sail-Wing Water-Pumper

John Welles is an inventive tinkerer who
has installed a number of wind-powered

water-pumping systems around Northern .

California. In 1977, John loaded a “sail-
wing"” wind machine into the back of his
Volkswagen Beetle and delivered it to my
ranch. We set it up in only two days.

Water is available at this site from an
artesian spring close to the surface; it does
not need to be raised from deep in the
ground. Wind power supplies the pressure
needed to transport that water along 300
feet of plastic pipe and up 2 feet of elevation
to a stock-water tank used as a reservoir for
a smail goat dairy and a trickle irrigation
system for the organic gardens atthe ranch.
Much of this water pressure occurs because
friction forces work against water flowing
swiftly through a long water pipe. This friction
back-pressure is referred to as the friction
head. The total power the wind pump must
generate is based on the total height water
must be lifted (in this case only a few feet),

the friction head, and the rate at which the
water flows.

The design of this sail-wing windmill
evolved from a notion that only hardware
store components and materials would be
used. The entire rotor, suppon structure,
and pump are made from iron and plastic
plumbing components. The sail spars are
made from electrical conduit tubing. And
the “tower” is a redwood fence post with
clothesline-cable guy wires.

Originally the three sails spanned a
diameter of 16 feet, but they now span 20
feet. In water pumping systems, the wind
rotor (blades, hub and powershaft) must start
turning under wind power against a heavy
load of water. Rotor design for this type of
ioad usually calls for a fairly large total
blade surface area. This is why the familiar
farm water-pumper has so many blades—it
needs high starting torque. The term for the
ratio of blade area to frontal area is sofidity.
The more blade surface area, the more “solid”
the frontal area. The -sail-wing machine at
my ranch has few blades—or a small blade
area relative to the large frontal area of the
entire three-bladed rotor. Hence, it doesn't
have much starting torque; fortunately, it
doesn't need much because it only lifts
water a few feet. With the 16-foot diameter
rotor, the machine began pumping when
the windspeed reached about 10 mph. The
larger diameter rotor lowered this “cut-in
windspeed” to about 7 mph. More blade
area means higher starting torque and a
lower cut-in windspeed. Extra area can be

added by sewing wider sails or by adding
more sails similar to those aiready installed.
More blade area, however, means greater
loads on the guy wires or cables that sup-
port the tower, because there is more surtace
area for the wind to push against.

Sail shape also plays an important role
in determining the ability of the wind machine
to pump water. These sails billow and flap
aboutin the wind a bittoo much. It's probably
impossible to achieve perfection in sail
design, but govermment and private research
programs are exploring windmil! sail designs
to improve performance.

The sails on the rig at my ranch are sewn
from sailboat-quality dacron cloth, although
canvas or other materials could be used.
Dacron is lightweight and very strong. It's
also one of the few fabrics that can last a few
years in an extreme outdoor climate. Freezing
weather and strong sunlight combine to
destroy the fabric eventually, but it lasts
long enough to make a sail machine worth-
while. Screendoor springs connected to the
sails hold them taut for normal operation.
These springs stretch under sail loads
imposed by high winds, allowing the sails to
“lufi,” or flap, out of the wind. This simple
“governor” protects the sails from damage.
Because the governor lessens the sail loads,
tension loads in the guy wires that support
the tower remain low enough during high
winds that short stakes such as goat-tether
stakes are adequate for tie posts.

A simple crankshaft translates rotary
blade motion into the up-down stroke needed
to drive a water pump. This pump, a piston 3
inches in diameter with leather pump seals,
is a “single-acting” pump. That is, it pumps
only on the down stroke. This pump pushes
water into the pipe in pulsing streams. How-
ever, peak water flow rates can be too fast
for efficient operation. The faster that water
flows in a pipe, the higher the friction and
the resulting back-pressure against the
pump. By installing a surge chamber {(a
simple tank with trapped air) in the water
line near the pump, we created an air space
where strong water pressure pulses could
expand and slow down the peak flow rate.
More continuous water flow resulted, and
more water was pumped because of im-
proved pump performance.

This sail-wing water-pumper has worked
well for over a year, with only minor problems
associated with the realities of a do-it-yourself
system. For example, the 300-foot plastic
water pipe was not buried at first, and when-
ever a horse stepped on the flexible poly-
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The sail-wing machine in action, pumping water from an artesian
well close to ground level.



Sucker rod and water pump used with the sail-
wing. The sucker rod pushes down on leather pump
seals, driving a pulsing stream of water into the
plastic pipe at rear.




ethylene, a water lock was created that
stopped the pump. Occasionally this occumred
during high winds and broke a “sucker
rod"—the long, thin tube that connects the
crankshaft to the pump. Solutions included
a stronger sucker rod and—finaily—burying
the water pipe.

Perforrnance has been adequate. The
storage tank requires about 400 gallons of
pumped water per week. The wind resource
at the site is minimal, about 8 mph annual
average, but evening breezes of about
11 mph drive this sail machine long enough

fo keep the stock full.

This sail-wing water-pumper can be
readily adapted to many sites. With deeper
water, however, more sail area would be
required to provide the necessary starting
torque. The reliability of such a machine is
directly related to the amount of care you
put into the project and the time you devote
to solving its early problems.



Choose a design for the task. Mechanical -
loads like piston water-pumps, washing
machines, or piston compressors usually
need high starting torque. Here, a recycled
multiblade water-pumper or a Savonius rotor
make sense. For loads like generators that
do not "kick in” untit they are spinning quite
fast, choose a high-speed lifling rotor such
as the two- or three-bladed propellor or a
Darrieus rotor.

One overlapping design is the sail-wing
rotor. Sew large sails and you have a high-
torque, slow-turning rotor for water pumping.
Sew smooth, narrow sails, and the rotor rpm
increases—making electrical generation
reasonable. The sail-wing rotor is also very
appropriate for low-cost, low-technology
systems constructed by owner-builders.

This mill, as
opposed to the other two types, is slow speed, allowing
much cruder construction and less demanding operating
restrictions. This permissible roughness brings'with it a
proportionate decrease in efficiency, but this may or may
not be significant. The fuel is essentially free, making the
investment for a given power output relatively more
important,

The sail windmills are the most suited to junk parts and
home-made construction with a minimum of exotic
components. Spars can be cedar saplings or laminated up
with a hollow section. The hub can be wooden pillow
blocks and a few pieces of metal."A differential can be used
to transmit the power directly to the ground where any
number of ‘pieces of equipment can be hooked up. Sails
can be home-sewn out of canvas, dacron, or cotton.

The difficulties with this type of windmill are pretty much
the same as the advantages. In that it is slow speed, it is not
easily adapted ro electrical generation, atleast not without
a lot of gearing, Its slow speed results in good light wind
operation and high starting torque, but then it operates at
lower efficiency in all but the very lightest winds, Its

efficiency in converting wind to mechanical power is about
half that of the hard foils.

Sail windmills are self-regulating to the extent that they
will accelerate until the sails start to luff. By changing the
trim of the sails, the speed can be effectively regulated.
This windmill though is the least automate-able. Changes
in wind speed may require changes in sail trim, and heavy
winds or storm conditions will require reefing,
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Figure 24. Vertical-axis sailwing,
showing view from above.




DIY, PLAN 8 S
SAIL WINDMILL (CRETAN) PART 1. \%ﬂ@’

A 12ft. diameter sail windmill, useful as prime mover for lathe
and grindstone, or for pumping water; with a step-up of about
1:50 it may be used for electrical generation up to 700 W.

This plan deals with the windmill as-Prime Mover. Part 2 includes
turntable, tail and electricity generation, and is avallaple from
the Centre. ' :

‘The Cretan is a slow speed machine, tip speed to wind speed of about
2:1, which has a high starting torque in winds upwards of 8mph, and
in our experience, rarely exceeds 50rpm, when the wind spills from
the sails. This self-regulation _is a useful bonus, but in high
winds the sailg shoq}g;ﬁg;xgefeoﬂ% i.e. wrapped around the spars.

N B

ADAPTATION

The windmill was built from scratch fromgdvédilable material and
scrap and some bought parts. It may be made in a number of ways.
In Crete, chain is often used instead of rope for example, and iron
spars instead of wood. We describe what we have done ourselves

and would like te hear of variations others come up with.







Fig.1

Fig.2

TCOLS

Basic D.I.Y.. We made ours without the use of a power drill, but
if you have one and a %" bit, it would be useful on the tower
structure. '

cosT

As in other plans in this D.I.Y. series, cost depends on the ability
to find materials around. This applies even more to the Cretan,
which may be made from all sorts of scrap. All we can do is to
give prices of new materials, in the firm belief that like us you
will be able to get most of it for a fraction of the cost.

=

MATERTALS -~ TOWER .
Timber Sawn: Length: Quantity: Price:

3.x 2" ZANLl i J,
>0 8 Approx. £10 .
5|OH 8 1

6*1‘ o ’?%” qg:gn i { Approx. £12

%" carriage bolts | - 5 34 ' ‘£ 3

) . 6" 22 .
1" bolts and screws '
Iron StI‘:‘a.ps /l_g_n x 'l‘l;” x 2ton I >

CONSTRUCTION -~ Tower

Because we live on the slate tip of a disused quarry, digging for
concrete foundations is very difficult. We therefore mounted our
tower on extended feet of 6" x 13" timber, and weighted them down
with lumps of slate., This method obviated all but approximate
levelling, the feet being allowed to lie at their natural angles
on the uneven ground, and the fower bolted and strapped “in a _
vertical position to the feet. A sort of universal Jjoint. It has
withstood a couple of 70mph gales without trouble, and, in our
locations, seems a satisfactory way of anchoring,

The tower itself is triangulated; 3" x 2" diagonal braces being
bolted to 3" x 2" uprights, as shown, making a structure 5ft. square
by 7'6" high. The merits of a low tower are that it is safer, and
also - just as important - the spars are within reach for dealing
with the sails. An unobstructed position for the windmill is, of
course, necessary, but the large size of the rotor and its high
solidity ensures some power output even in very low wind speed areas.

The tower (built, if possible, beside the egg-box type foundation
feet) may be lifted by four people and dropped into the central
square of the feet, and chocked up at the cormers until it is
exactly vertical. %" holes were then drilled through the feet and
the bottoms of the vertical tower struts, and bolted.

Iron straps were then bolted to the feet and tower at each corner.

We laid railway sleepers over the ends of the feet and weighted them
down with slate. :
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Fig.>3

Fig.4

Fig.6

Fig.?

MAINGHAFT ASSEMBLY - MATERIALS

Timber Sawn Length: Quantity: Approx. price 1976;
511 x o grgn o [ r:
Sign 2 £1.50
Plummer blocks 14" diameter 2 rigid 3.50 each
or self-aligning 6.50 each
4" Pulley (Fenner) 1
6" Pulley (Fenner) 1 9.50
Taper lock bushes (Fenner) 13" diam, 2
Steel pipe 14" O.D. 5to" 1 %5.00
Spars, ash, 2" x 14" 6ron 8 15.00
'Bowsprit' 1" 0.D. pipe 41" 1 0.50
Plywocod ring 1" thick, 3'0" 0.D., 2'0" I.D. 1 . '
Plywood face plate 1" thick, 1'6" diameter %.50
(cut from inside of ring) 1

CONSTRUCTION

We made a cradle of sawn 3" x 2" timber on which to mount plummer
blocks and shaft and brake; whatever power take-off needed; the
faceplate; and the windmill spars.

The cradle should be carefully made with shallow half and half
Jjoints and bolted squarely together. The shaft and rigid plummer
blocks must be mounted together to ensure the shaft turns easily,
(Use shims under the bearings if necessary) or use the more
expensive self-aligning bearings.

The spars are mounted on an 1" plywood faceplate, 1'6" diameter,
and bolted to it with 23" bolts each. ILarge washers, or better
still strips of metal, should be drilled and placed against the
spars to lessen the bending stresses around the bolts. Each

outer end of the spars is drilled with 2«3%"' holes, at right angles
to, and just avoiding, each other.

The ply faceplate, bored 14" diameter, to take ths shaft, is
mounted onto a Fenner pulley, which is drilled and bolted to it.
The Fennsr taper lock bush is an excellent way of fastening the

"pulley to the shaft.

The shaft should protrude 2" in front of the ply faceplate, and be
drilled for 4" bolt as cotter pin. This is to hold in place the
'bowsprit' - a 4'6" length of metal pipe - for instance, electric
conduit - which will fit easily into the bore of the 14" pipe that
serves as shaft. This bowsprit, in our ese, has a round metal plate
screwed onto the end with 8 holes round the edge; this has caused
fraying of the cords: we suggest a hardwood block about 4" x 4"

x 13" thick, with *he corners chamfered off and 8 holes drilled,
plus a central one to fit the bowsprit. This should then be

drilled and pinned with Z" bolt to the sprit.

It is important to tighten all bolts well, and to locknut those on
the faceplate: there 1s a lot of movement in high wind.

To return to the shaft and cradle: the brake on ours is from an
old Morris. The drum was bolted to another Fenner pulley - 4"
diameter - and a taper lock bush fastened to the shaft. The
faceplate was anchored to a short length of dexion, fixed to the
cradle.
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This Cretan worked for 9 months without self-orientating. It took
wind well from the prevailing S.W. quarter, and when the wind blew
from the N. or N.E., we turned the sails into the wind by hand.
However we now have a tailil and turntable and D.I.Y. plan 5 part II
describes how to build the tail, turntable and electricity generation.

We have a 1" thick plywood ring, 3'0" diameter outside, 2'0" diameter
inside; this was screwed to the top skirt of the tower, and the
cradle rested on it, as far forward as is necessary so that the spars
will well clear the corners of the tower. The cradle we clamped

with long %" bolts and 6" pieces of 4" x 1" wood to the ring. The
same bolts act to hold down the cradle and to locate it as it is
rotated on the disc. This mounting method allows for power take-off
down the centre of the tower.

SATTS _
You will need:

6.50m of 140cm wide canvas,or

11.,20m of 1yd wide canvas, 120z approx. Approx. £25

. ¢ 28ft terylene cord, about 2" circumference
Fig.5 120ft terylene cord, £" circumference _T?tal £5f70
1. Cut out 8 triangles as shown
2. Joln very securely if using narrower canvas
%. Turn under %cm hem on sides B and C, and double stitch with

zig-zag if possible. '

4, Turn under 10cm on side A for spar (felding in extra fabric at
point X of triangle) and double stitch with zig-zag, leaving
both ends open for spar, Check that spars are an easy fit.

5. Cut terylene cord into 1'6" lengths for top and bottom of sails,
and 2' for the sheet linss. BSew them very firmly with through
and through stitching.

RIGGING
Choese a calm day!

Measure lengths of 2" circumference terylene cord for bowsprit and
thread them through holes in bowsprit block. Allow plenty of tie
through spar ends. ©Slide sails over spars and tie them top and
bottom - through holes in faceplate and through spar ends.

Now take single length of cord and tie end to one spar. Take it
through next one on circumference and knot it on itself, then o the
next and so on. Make sure the distance between each palr of spars is
the same, and that they are still the same when cord .is pulled tight
and knotted.

Next take the bowsprit cords and tie them in pairs to opposite pairs
of spars. Turn the spars and make sure the bowsprit end doesn't
wave about too much. Tie each sheet line through the nelghbourlng
spar. Wait for wind .......a.

Many refinements will occur to you - wooden sliding guys, as on tent
guy ropes may be used to adjust the sheet; a snag is that these work
thelr way along the cord, allowing the sheet to blllow, and even (as
happened to ours) to tear on the tower.

A better method of fastening the salls should be devised to facilitate
sall replacement.



ELECTRICITY GENERATION (introduction)

The low tip speed ratio 0.75 calls for a high speed ratio drive to
the alternator, which has a cutting-in speed of 1,050rpm.

Tn order to achieve a cutting-in wind speed of 9mph, a 1:55 ratio is
required. This is provided by a 1:20 industrial gearbox (Fenner:
size B.20, shaft mounted, £85. 1977) and a 1:2,75 belt drive.
Starting in low winds is no problem due to the high stall torque of
this type of rotor.

A standard marine alternator type ACS5, 24 volt 33 amp (Lucas) is
used: this feeds central 24 volt lead acid storage batteries of

" 20 kwH capacity. The maximum power output of 700 Watts is reached
at approximately 22mph wind speed.

A vee belt or a timing belt may be used for this alternator drive.
The vee belt has the advantages of slipping under shock loads, thus
relieving stresses on the rest of the system, and of being cheaper.
The timing belt offers better efficiency at low wind speeds. We are
using a single Fenner SPZ, V-belt at present, with good results.

The rotor is turned into the wind either manually, or in areas of
constantly varying wind direction like ours, a tail vane 1s used
with slip rings, or alternative electrical connections. Details of
this are included in D.I.Y. Cretan plan, part 11, :

We are very grateful to Dr. N.G. Calvert of the Department of
Mechanical Engineering, Liverpool University, for supplying some of
the components and giving much useful advice.

Canvas for the sails may be obtained from Russell and Chépple Ltd.,
2%, Monmouth Street, London WC2H 9DE, 01.826.7521. They will also
make the sails.

This D.I.Y. plan has been prepared for the Centre by John Eyles ©

The information contained in this leaflet has been given in good
faith and is believed to be accurate at the time of printing.
However, both the author and the Naticnal Centre for Alternative
Technology decline all responsibility for errors and omissions.

QOther D.I.Y. plans, information sheets and books are available from

the 'Quarry Bookshop at the Centre. Please enclose a s.a.e. with
any correspondence as we are a charity. Visitors are welcome.

Centre for Alternative Technology, Machynlleth, Powys, Wales
Telephone: Machynlleth 2400 S )

o November 1975
Reprinted April 1977 with Part II,

100% Recycled Paper



DLY, PLAN 5 %
SAIL WINDMILL (CRETAN) PART 2. 7)Y

PURPOSE: E

The Cretan Sail Windmill desceribed in its basic form as
prime mover {DIY No S Part I) was in due course coupled
to an alternator for generating electricity of maximum

output of about 700 watts. The following is an account
of our experience. '

Gearbox

Dr G. Calvert of Liverpocl University gave us an industrial gearbox
of 20:1 reduction which was coupled back-to-front onto our main 14"
dia mill shaft, overhung beyond its bearing by about 8" to receive
it. (DIY 5 Part I). The gearbox had a lug and single anchor link
which obviated the need to line it up, the only points to watch
being that the output shaft was sufficiently clear of the carriage

timbers to take an 8" pulley; and to fasten the anchor link on the
tengion side.

.



In the first experiments we made, With g vehicle dynamc, we were cautious
of using more than a 40:1L step up ratio, largely on the grounds that the
low speed torque at the dynamo magnified 40 times at the main shaft, would
impede starting and make the cutting-in windspeed (when generation
commences) unduly high.

We need not have worried: the Cretan has been working for nearly a year
with a step up of 1:60 between main shaft and generator. At a mere 16 rpm
of the sails - which takes place in a very light wind - we already had

the generator turning at 960 rpm - about cutting-in speed.

The alternator we used is a CAV (Lucas) type ACS5 marine alternator with
built in rectifier, delivering 30 amps at 24V d.c. at 2,200 rpm. In areas
of relatively low average windspeed, say less than 10 mph, it would be
better to use a smaller alternator, perhaps with a slightly higher gear
ratio to reduce the cutting-in speed. The loss in maximum power in rare
high winds will be more than compensated by better operation at low wind
speeds. The power 1s used for. charging batteries. A large cross~section
cable is needed to avoid excessive voltage drop between alternator and
battery - for a 50 metre run, 1Omm? cross section is suitable (at 24V),
Required cross section increases proportional to length.

For the final drive from gearbox to alternator we settled for Fenner
toothed timing pulleys and tcothed belt to give a 1:3 increase, an overall
step up of 1:60. With the bigh belt speed involved of around 1,300 ft/min
at 2,000 rpm at the alternator pulley of approx. 24" dia, we thought this
a good solution. The friction losses involved wlth a normal vee belt
would, we know, be very significant in light winds. However, due to shock
loads caused by momentary breaks in the electrical ecircuit at the
experimental slip ring unit, we broke several belts. We therefore
reluctantly had to return to a vee belt with its lower efficiency. As we
hoped, its slip cushions the snatch and we have had no more trouble. It
must be remembered that this snatceh travels through the whole system,

and if the toothed belt was stronger - or two were used, for example, side
by side,- then scmething else would be overstressed: the spar face plate
bolts for instance, or the main. shaft key, could shear. We were lucky,
the glip ring device for transferring power from the rotating head was
adopted after experiments with direct cable connection. In theory cables
will only rarely be twisted more than once or twice in the same direction
consecutively, but, we found in our wind conditions, the cable twisted
seriously and broke. We have recently removed ocur slip ring assembly and
reverted to direct cable connection but with the addition of the device
shown in fig. 4. A weight, running in a length of plastic dresinpipe,

acts via a'rope and pulley system on the turntable wheel thus turning

the head back to the same position each time the wind drops. Allow enough
cable and rope for a couple of turns in each direction. This method is
working well.

'TURNTABLE AND TAIL: A car back axle casing and helf shaft, or large ball
races set on the cradle, and rolling around the circular ring on the
tower were both considered for the turntable but a storm that felled a
tree across one of our caravans gave us the ideal thing - the axle and
wheel unit that we salvaged from the wreckage. We cut through the solid
steel 14" x 14" axle near one end, giving a long rigid support and wheel
bearing unit, which, with tyre removed provided an excellent turntable
on which to bolt the windmill head (or cradle). First, however, we had to
make the tail, so that we would know a bit more about the weight to be
supported and balanced.

THE TAIL: What shape and size? Ours was guesswork informed by a yearbs
acquaintance with the vaguaries of wind and windmill alike. It is
probably too big.

2.



CRETAN WINDMILL — THE GENERATOR
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Too small & tail could allow the canvas sails to override it, a gust might
easily, we thought, sweep the head round tail to the wind, when the spars
would certainly snap. Too large a tall, and tre head would follow each
tiny change of wind direction. 11ke a. demented weather cOck, 1mp051ng undue
stress on the rotor. RN S

The size and shape of ‘tail we settled on was an isosceles triangle of

5'9" gides and 4'0" base, made from 4" exterior ply, well primed with
aluminium paint. Figure 2 shows the method of triangulation used to sling
the tail out in an effective p051t10n. The length of boom or strut seems
uncritical - ocurs is about 9'0". : The c¢riterion is- achlev1ng gome balance
of tail weight with that of the spars and sails (with gear' box and gener-
ator between) to avoid undue stress on the turntable bearlng. '

Two lengths of B"xl" pine were bolted (" bolts)- one either side of the
trianglar tail, centrally through one apex (1). A 3"x ¥ hole was made
through the tall immediately beneath them, about 1% ft from the back edge
of the *ail, to receive the cross brace (2). This was centred and screwed
to the pieces ' of 3"x 1" to keep it 'in place while working.- It should be
noted that the rigidity of the whole tail structure depends entirely on

a successful system of triangulation, and not on individual joints.

The struts (3) were bolted at one end to the tail as shown, constrained
in a shallow curve to be screwed with 34" coach screws (or bolted) to the
insides of the cradle timbers. They are pivoted there, and should be left
thus to allow for movement — stretch of the wire, warping of the timber,
hammering by the wind. The stretcher (4) is a simple method we used to
keep the struts constrained to their curve. The heads of the bolts, on
tightening, bed themselves into the wood and thus stay put.

Two short pieces of 3" x 1™ are drilled slike to take 31" bolts (5) and
these are used to clamp members (1) and (3) together. It will be seen
that drilling the struts would seriously weaken them: .further, clamping
ensures that slight freedom of movement necessary to working structures
exposed to the elemen S.

The shear legs (6) may be fixed in any of several ways: we screwed ours
with ¢ coach screws into the end grain of the cradle, and gave them extra
support with two steel brackets. The metal plates at the apex we cut from
an 0il drum, and bolted with 4" bolts to the shear legs. The 38" tube may
be a bit of gas pipe - its function is to prevent the steel wire from
chafflng. 4
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The wire we used to complete the triangulation was ex-P.0. twisted, fairly
high tensile, wire as used to tie telephone poles to ground stakes. The
clips came from the same source. The wire, in one length, and starting

from an anchor point at the further end of the cradle, was threaded in turn
through the tube in the shear leg apex; a hole in one end of the crossbrace;
the tail; the further end of the crossbrace; back through the shear leg
tute and either clipped to the first length of wire, or anchored with-it

to the ecradle by means of two steel plates and 4" coach screws (7).

Care should be taken to get rid of all kinks and bends in the wire, and to
have neat sharp turns at each point. This teook us some time, ensuring the
tail was inclined slightly upward to allow for subsequent droop, and work-
ing the wire through each hole until we were satisfied it was taut.

It will be seen how important it is to leave the inner end of the boom
"pivoted", and not to be tempted to add further screws: the maximum
moment cccurs here, and the slightest drop of the tail would either wrench
the screws or more likely split the booms. The tail thus described has
weathered severe storms. Perhaps it could be smaller in area, otherwise
it has proved satisfactory. Everything was well painted with aluminium
primer.

MATERIALS: ' '

2™ x 1" pine approx. &' " bolts - 3 x 5"
2" x 1" pine approx. 20! 4 x 3¢
+" ext. ply approx. 5'6" x 4'0° 6 x 2"
A" Coach screws 2 x 2" 5! bolts - 1 x 6"

2 ox 5"
3/g" Coach screws 2 x 3"
5%fCoach screws 2 x 3" fo.

2 Steel Brackets #'" x 3" x 13" or dexion
Ex-P.0. wire and clips - approx. 18 ft

TURNTABLE: With the tail in place and the cradle complete with gearbox
and generator standing on a bench, we bundled up spars and salls and hung
them from the face plate so that we had the total weight of the head in
its working distribution. We could now find the point of balance of the
head, that is the centre line for the turntable. We rolled a broomstick
under the cradle until the whole thing balanced, and marxed the place on
the cradle. We removed the tyre from the roadwheel of the caravan axle
unit, and drilled the wheel so that we could bolt on two pieces of 6"x 1"
hardwood, in length that of the width of the cradle (1) (Figure 3).

These in turn were bolted to the cradle so that the centre of the wheel
accorded with the marked Eoint of balance. We checked there was room to
replace the hub nuts on the wheel To refasten it to its brake drum and
dxle when the time came. The brake itself may be left intact - Just check
that it is not binding - as ours was after long disuse - it will be a
useful way tc check rotation of the head if maintenance is needed in a
strong wind, :

The mounting of the axle, vertically in the tower, is shown in Mig, 3. We
used a length of 5" x 13" pine, bored centrally and ‘chiselled to a square
hole to allow the square axle to slide through and this was attached with
Dexion brackets and 1" bolts to the timber skirt at the top of the tower.
It will be seen that the weight of the complete head is supported on an
1" dia bolt znd nut in a bottom cross beam. We used 3" x 2" pitch pine;
if white or yellow pine is used an unflawed pilece of 3" x A" minimum should
be used. This beam was bored centrally to take the 1" bolt, and counter-
bored and chiselled to accommodate the nut as shown. A further short
length of 3" x 3" is then bored and cut with a square hole to act as
lower guide to the axle, and screwed or bolted to the crossbeam as shown
(2) (4).

6.



CRETAN WINDMILL — THE TURNTABLE
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Thus we have a bottom fixing which allows adjustment of the head to the
minimum clearance necessary to allow the head to turn free of the tower.
so that the rocking of the head in gusts of wind is reduced to the
minimum.

We dismantled the tail, and as much of the head as necessary to carry it
to the tower, and assembled the turntable on the tower. The top guide (2)
of course has to be central and with that bolted to the skirt, the axle '
was passed through it until the hub unit Trested on it. Thes cradle was
then lifted onto the tower, and the caravan road whzel, already bolted to
the cradle, was in turn bolted onto the brake drum hub unit. Ensuring
that the axle was hanging quite vertically, the bottom beam (3) was then
guided over the end of the axle, and its position marked for the two cross
pieces (5) to be bolted to the tower. The adjusting bolt should be

proud of the top nut by about /8’ '

Drilling the tower and cross pieces should be done accurately so that the
axle remains absolutely vertical, and the supporting beam horizontal.

The tail should now be rigged, and the spars and salls, gearbox and
generator replaced and made ready for work. The supporting bolt in the
bottom beam may then be screwed upward until the head swings with the
wind with no interference. The checknut beneath the beam should be
tightened.

MATERIALS: . " :

1 57 x 14" pine approx. 2'7" - S bolts - 4 x 2" .

1 3" x 3% pine approx. 3'0" e 4 x 6" or Coach Screws
1 3" x 3" pine approx. 1'0" she” 4 x 5" _ G4l
2 2" x 3" pine approx. 3'0" o % bolts - '8 x 2N B

2 Dexion Angles x 5" 1" bolts = 1 x 5" + 2 nuts

Canvas for thqbails.may be obtained from Russell and Chapple Ltd.,
23 Monmouth Street, London WC2H 9DE, telephone 01-826 7521. They
will also make the sails.

This DIY plan has been prepared for the Centre by John Eyles. © .

The information contained in this leaflet has been given in good faith
and is believed to be accurate at the time of printing. However, both
the author and the National Centre for Alternative Technology decline
all responsibility for errors and omissions.

Other DIY plans, information sheets and books are available from the

'Quarry Bookshop' at the Centre. Please enclose a S.A.E. with any
correspondence as we are & charity. Visitors are welcome.

Centre for Alternative Technology, Machynlleth, Powys,lwales
Telephone: Machynlleth 2400

100% Recycled Paper Printed April 1977 with Part 1
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When building windmills, always L |
overestimate the strength of the wind and the forces involved. It

pays to be safe.
This platform problem is so acute that there is a good case to be

Technological Self-Sufficiency, Robin Clarke Faber and Faber UK 1976
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WIND POWER

made for building a tower and not using a mast. The top platform
then adds strength to the tower, and another half-way up as well
will help even more. The best design I know is for a 26-foot high
tower built by the New Alchemy Institute-East on Cape Cod and
fully described in the Journal of the New Alchemists, No. 2. The
basic structure is made from 8 lengths of 4 X 2 timber each 26 feet
long (all timber must be treated with wood preservative). The 2
platforms are fixed to the tower by nailing down into short lengths
of 4 X 2 bolted to the main uprights (with eye bolts, on the centre
platform, to provide a fixing for the guy wires). The NAI wires run
inside the tower but anchoring them outside would in my view
provide a better hold. The tower is tapered to a shape given by
making the top platform an octagon 28 inches across and the centre
one a circle of 48 inches diameter. The main uprights are fixed at
the bottom with large bolts to 8 bits of telegraph pole 6 feet long
driven deep into the ground. The top half of the tower is braced
with 16 go-inch lengths of 1 X 3, and the bottom half with 16
58-inch lengths.

Such a tower (this one was designed for a 18-foot diameter sail
machine) will give pretty good service. Bits of wood attached up
the lee side will make a safe ladder, and some more pieces mounted
all round about 3 feet from the top will give an easy toe-hold for
working on the machine. If you want even more strength (and who
doesn’t?) the price of a third platform will be miniscule and help
out of all proportion to its cost. By the time you’ve finished, such a
tower is going to cost £100 or more, but a metal, commercially-
available model to do the same job will add up to 3 or 4 times as
much when you’ve finished paying for transport and import duty
and all the other extras people can manage to think up. Build your
OWI. |

Sails and propellers

There are two nice things about windmill sails. First, they’re easy
to make, which means they’re also easy to replace. Second, they’ll
never be as strong as the rest of your machine. That’s an advantage
because in a gale the sail is likely to get ripped up first, and once
that’s happened, of course, the wind machine will stop turning and
no more harm can come to it. A rigid propeller, by contrast, can
go on and on turning in a gale until the whole machine disintegrates.

The sailwing idea has been recently developed by a team of



WIND POWER

scientists at Princeton University who were struck by the efficiency
of a glider wing, with its blunt, rounded leading edge. The New
Alchemy Institute has adapted the idea to make an 18-foot
diameter water-pumping mill which works pretty well, even in a
very low wind speed. The Princeton idea led to a 25-foot diameter
machine, designed to produce 7 kW in a g metre per second wind.

The leading edge of the NAI sail is a 1}-inch diameter steel
television mast, while the trailing edge is made from a taut wire
or nylon cord. As a result, the shape of the sail changes with
windspeed, to take up the most efficient aerodynamic shape. The
sail itself, made from cotton or, better, dacron (as in boat sails),
slips over the steel and nylon cord frame like a sock. The drawing
on page 141 shows the essentials. The steel masts are fixed with U-
bolts to a 1-inch thick triangle of plywood, which serves as the hub,
each side of the triangle measuring 30 inches. The rest is apparent
from the diagram. Note the door springs fitted to give an auto-
matic governing device for high winds. These have two positions,
one for use in storm conditions. The NAI design has, however,
come through gale force winds in the normal spring position.
I would recommend an additional governing device (see next
section), so I think you could dispense with the storm position for
the springs — not a very practical idea, in any case, for they involve
climbing the tower in a high wind to make the adjustment.

This unit has been tried and tested, and if you get into problems
write to Marcus Sherman, cfo New Alchemy Institute-East, Box
432, Cape Cod, Massachusetts, for advice. The NAI machine was
for water pumping, so the hub was connected to a crank shaft used
to power the pump. Our machine will be an aerogenerator, so we
will use a different system (see below). But it’s worth pointing out
- now the main disadvantage of sails for electricity generation. The
rotor will revolve relatively slowly, and will be far too slow to turn
a car alternator at the right speed. Even with propellers, you need
to gear up by about 10 to 1. For a sail machine of this type, you
will need to gear up 20 or even 25 to 1. But, even allowing for the
frictions that introduces, you’ll still make more efficient use of
slight winds than would a propeller machine.
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An Advanced Sail-Wing
for Water-Pumping Windmills
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Simple sail-wing windmill details (one sail of three).

Marcus built a similar windmill here on Cape Cod em-
ploying cloth sails to which had been added a spring-
operated self-feathering mechanism (2), We have con-

tinued to develop the sail-wing windmill using it for ﬁ\

The development of sail-type windmills at New Al- Figure 2 shows a later version of the sail-wing. An
. chemy was initiated by Marcus Sherman. The prototype  extension shaft holds the blades further from the
i was a water-pumping windmill which he had built in tower. The sail is rigged with cord as on a sail boat, and
Southern India in 1972 to aid in irrigation. His wind- the tip bracket has a feathering mechanism. Figure 3
| mill in Madurai used cloth sails, bamboo masts, teak shows how stabilizing cables may be positioned to
i pole tower legs and an ox-cart wheel (1). In 1973 prevent flexing of the blades.
|
|

aquaculture circulation and irrigation, and have found A A A A
- R,
it to be, for our purposes, a workable and adaptable S) ot 4N

power source.
The vital part of the sail-wing windmill is the sail- - STAY

blade, which consists usually of a fabric surface sup- o
ported by a rigid mast. We have used Dacron (R) a5 CRANKSHAET ’
a sail material because of its strength and durability. » _ Figure 3 L

. . sy 1s Stabilizing cables on advanced sail-wing.
Figure 1 illustrates how the sail is slipped onto the
mast like a sock and attached to the movable boom.
The boom keeps the sail taut yet allows it to adapt to
changes in the wind. Our first windmills had fixed-
angle tips and feathering roots as illustrated.

The sail-wing windmill which we used for cir-
culating water in the mini-ark in 1974 was strong
enough to use two three-inch diameter piston pumps
simultaneously. Figure 4 shows how the two pumps
were connected by a swivel to the pump rod. The cast
iron pumps were inexpensive. The packing boxes on
each were fabricated from plumbing supplies (Fig. 5)
(3). The double pumps were undersized for the
strength of the windmill, however, and were replaced
later by a higher capacity, more compact diaphragm
pump which could be placed below ground (Fig. 6)
(4). Figure 6 shows the buttresses on each leg of the
windmill tower. It was felt prudent to strengthen the
tower in order to give adequate support to the addi-
tional weight of the crankshaft, extension, cables and

WING T1P W (TH other hardware that were added subsequent to the
FEATHERIvG spame  original design.
The automobile crankshaft bearings used in the
Figure 2 early windmills were adequate for the lighter type of
Advanced sailwing details, blades, but required periodic lubrication on the

CRANKSHAFT
EXTENSION

SAL ATTATHED
WITH GRomMETS | | [
AND PE¢S bt

Y
CRANKSHAFT

The Journal of the New Alchemists . Page 25




Pen
o9 3

|

. “\ . R ——,
. . « T souAf
' FRer PoND \ ! HEMTER
. ' . '
| v
_____ L}
Figure 4

Sail-wing windmill with buttresses and two pumps.

heavier models. Grease fittings are easily placed in
each bearing clamp (Fig, 7). During one stormy period
lasting several days, although there was no pumping
load on the windmill, the extended period of high
speed turning caused the bearing surfaces to wear
through on the heavier blade end. It is advisable to
balance the weight on each end of the crankshaft to
maintain equal forces on the bearings.

The design for the latest windmill is moving into
the realm of a heavy duty, long-lasting machine. Mer-
rill Hall has constructed an experimental sail-wing
windmill with several new features. The major change
is that, for the first time, the blades face the wind.
Previously, all of our sail-wings have trailed down-
wind. A tall, narrow tail tracks the blades into the
wind. The main shaft, which has a two-inch diameter,
runs in sealed bearings. Fitted to the end of the shaft
is a plate on which a pin is fixed, offset from the shaft
center point, to convert rotary motion of the shaft
into cranking motion required for the vertical travel
of the pump rod. The sail-wings are spring feathered
at the base and centrifugally feathered at the tip.

The results of these most recent innovations will be
discussed after a season’s operating experience.
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Inexpensive packing box for piston pump.
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Sail-wing windmill with diapbragm pump,

Page 26 The Journal of the New Alchemists



N&S GREASE
BEARING RI M FirTing

STEEL PLATE

CRo$S SECTioN

Figure 7
Windmill bearing showing grease fittings on crankshaft axle.
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When you’ve made your sails or propeller you have to fix it to
something which will rotate in a bearing which can be anchored to
the mast. The best thing is the complete rear axle and differential
of a scrap car, which can now be obtained very cheaply from a junk
yard (see next section). But assuming for the moment you’ve done
that, you must now balance the rotor. This is important: if you
don’t balance the thing, the vibrations and the uneven weight will
certainly be enough to shake the whole contraption loose. Your
rotor, electrical equipment and probably your tower will crash to
the ground. So balance you must. |

Any good engineer will tell you you must balance dynamically —
that is, when the thing is revolving fast. You can’t - it needs com-
plicated equipment. So you have to balance statically, which means
first setting the thing up with the rotor in a vertical plane and
spinning the rotor hard by hand a few times. Watch the point at
which it settles to rest. If it’s always the same point, you are un-
balanced, and you’ll have to weight the lighter arms. With a
propeller you do this by cutting out an oval shape of metal and
screwing it to the lighter blade with the screw offset from the
centre. Find the right point by trial and error to screw in, which
will give you rough balancing. Then twist the metal oval round on
its screw to give you fine balancing. ‘Then tighten the screw. To
balance a sail, use your common sense; some pieces of lead flashing
cut into thin strips and twisted round the metal strap at the tip of
the wing might be good — but make sure they’re firmly fastened or
they’ll come off in a high wind.



WIND POWER

Transmission and governors

The problem of how to transmit power from a rotating sail or
propeller to a device for producing electricity can be solved in two
ways. You can build a shaft which will turn pulley wheels linked
by a belt to an alternator. That will take you into buying and fitting
bearings and pillow blocks from small mail order firms, or finding
the right junk pieces in the right place. Jim Sencenbaugh has built
a pretty successful 500-watt aerogenerator in this way and for $1 5
he’ll send you a complete set of plans. They’ll take you through not
only all the mechanical problems, but round the electrical circuit
(see below) as well. Even if you don’t intend copying someone
else’s plans exactly, it’s not a bad idea to get them because they
contain many hints which you might otherwise spend much time
puzzling over (address: 673 Chimalus Drive, Palo Alto, California
94306).

'The second way of doing it, which I reckon is much easier, is to
buy a complete rear axle and differential from a junk car dump. If
you don’t know much about what happens inside a car, now is the
time to find out; the information will not only help you make the
windmill, but it’ll be very handy later on if you’re still running a
car. The beauty of this scheme is that it is cheap — and that you can
use a wheel hub to solve your main bearing problem. Leave one
hub on, and bolt a plywood plate on which the propeller is mounted
to it. You then have to mount the entire axle and differential on a
1-inch piece of marine plywood, or a steel plate which is even
better. This is the platform which will carry all the gubbins at the
top of the machine — notably the axle, the alternators and some
electronics.

Your second bearing problem is how to mount this platform on
top of the tower. It must rotate freely so that the propeller or sail
can always face the wind. The expensive way of solving this is to
buy, as the New Alchemy Institute did for their sail mill, a steel
turntable. For the record, theirs was a model no. M4-1214 series
1,000 Econotrak bearing (9-inch inside diameter) from Rotek Inc.,
220 West Main Street, Ravenna, Ohio 44266, and it cost them
about $129. It’s undoubtedly a splendid device but you can do the
same thing with another wheel hub. Ideally, I would buy a scrap
tractor hub and axle. Disconnect it from the differential and bolt
the differential housing to a platform near the top of the tower. The
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WIND POWER

top platform can be cut out to take and support the axle housing
near the hub. Now mount the propeller platform onto the wheel
mounts on the tractor hub.

It’s a good idea to leave the handbrake cable trailing from both
these hubs — the propeller mounting hub and the platform hub.
That will then give you a manual method of (a) stopping the
propeller from turning in a gale; and (b) stopping the turntable
at a position where the propeller is at right angles to the prevailing
wind in a gale. A double precaution.

The axle and differential can be mounted most easily on the
platform with the differential sticking up — in other words, the
vehicle drive shaft, were it still attached, would be pointing
vertically towards the heavens. It then remains to attach a pulley
wheel, spinning horizontally, to the car drive shaft mounting, and
to link that pulley with a belt drive to the alternator(s). When
you’ve done all that, you’ve got another balancing problem. It’s
very important that the platform, and all that you’ve installed on
it, is weighted in such a way that the centre of gravity falls im-
mediately over the mounting on the tower. If it doesn’t, the weight,
plus the vibrations from the rotation, is certainly going to tear
the top platform out of its tower mounting, and you’ll lose the lot.
If you are using more than one alternator, the balancing can
probably be done by positioning them to achieve the desired effect.
Otherwise you’ll have to devise some other method of weighting
the platform.

Mounting the differential this way may lead to two problems.
The lubrication may not work well and pulley belts may slip off.
There is a case, therefore, for mounting the thing as it was in a
vehicle — with the differential horizontal and the pulley wheels
vertical — but it’s usually more difficult.

The drawing on page 146 shows the main elements of the plat-
form and its mounting. You must now build a fairly substantial
vane, and attach it to the rear axle at the opposite end to the pro-
peller or sail. This is what will turn the mill to face the wind. And
you’re now straight up against the problem of governors.

If you just leave your mill to go faster and faster in stronger and
stronger winds, make no mistake but that you will lose the lot.
Maybe not in the first gale — but certainly within a few months. You
must therefore install some device either for slowing the propeller
down in strong winds, or for turning it somewhat out of the wind.



The electrics

The simplest way of generating electricity with a windmill would
be to hook it up to an alternator which provides you with a.c.
current, as in your domestic supply. But it’s the worst way.
Domestic a.c. comes to you at a constant 50 or 60 cycles a second.
What your windmill alternator will produce will be very a.c. — so
a.c., in fact, that its frequency will change with every gust of the
wind (the frequency depends on how fast the rotor is turning).
With such a supply you could run only two things — heating
elements of an electric stove, and incandescent electric light bulbs.
Even those will blow hot and cold as the wind gusts.

If you’re building a windmill, as distinct from buying one (see
last section), it means you don’t have much cash. In which case
you don’t want to go out and buy a new alternator or generator.
That would cost you a lot of money. Instead you can get one for
almost nothing from a junk vehicle lot. There are two types of
device used on vehicles — earlier models had a generator which
produced 12 volts d.c. direct, and later models (and most trucks)
produced a.c. but incorporated a rectifier to change the a.c. back
into 12 volts d.c. It is the latter, the alternator, that you want —
it’s simpler, more effective and produces current at a lower
rotational speed than the old-fashioned generator. You'll find



alternators on all trucks, and on the larger and newer cars. When
you've found the alternator you want, it’s a good idea to purchase
a service manual for the vehicle from which it came. The manual
will tell you the performance of the alternator, and give you some
idea of how to treat it, test it, and service it. When you disconnect
the alternator from the vehicle make sure you take the voltage
regulator that goes with it. You need this to ensure your batteries
get charged at the proper rate.

At this point you need to know some basic electricity — power in
watts equals volts times amps. For instance, if you get hold of the
alternator from a Volkswagen bus with a 1,700 cc engine, you’ll
find it’s rated at 14 volts and 55 amps. Multiplying those together
tells you you can get up to 7770 watts from the device. That’s only
the nominal rating. You can take more power from it than that,
providing you do it intermittently. That’s quite a lot of power, and
you certainly won’t need more than two such alternators.

You’ll also find the optimum power of the alternator comes at
2,200 revolutions a minute. If your aerogenerator ever gets up to
that speed, you’d better run for your life because the surrounding
countryside will shortly be spattered with bits of windmill. In fact,
the sailwing type will not produce more than, say, 150 rpm and
the propeller rotor no more than 300 rpm — unless conditions are
exceptional. As I've said, you must therefore gear up — by, say,10
to 1 for a propeller and 20 to 1 for a sailwing. Don’t forget there is
already a gear up between your rear axle and the drive shaft. If
you don’t know what it is, then test it by rotating one and counting
the number of revolutions of the other. It’ll be something between
2-5 and 5 to 1. The rest of the gearing up is done with different
sized pulley wheels fixed to the drive shaft mounting and the
alternator (when calculating the effect, it’s the ratio of the diameter
of the wheels to each other which gives the gear ratio). Use a fan
belt to connect the pulley wheels. Don’t worry too much about the
exact ratios — you can’t know what will give the perfect result, and
anything roughly right will give you the power you need.

If you're using two alternators, you can connect them both via
one belt drive to one pulley wheel on the axle. But I"d recommend
you use two belts and two pulleys. For one thing, if one belt snaps
or some other fault develops, you’ve still one left and the batteries
will go on being charged. Further, you may find that the heavier
winter winds will work two alternators all right, but that in the



summer you’re better off with one. It’s then easy enough to remove
one of the belts.

The alternator has three connections. One must be earthed to the
differential. The second, to which will have been originally con-
nected a very thick cable, is the stator terminal which supplies the
juice. This you connect to the positive pole of the battery, using
very thick cable capable of carrying whatever current the alternator
is rated at (the VW alternator, for instance, should carry 55 amps).
Now to get the current from the top of the tower to the bottom,
where the batteries will be, is a bit of a problem. It is done on
manufactured wind generators by a complicated series of slip
rings which transfer the current to some part of the tower. The
reason is that the platform on which the alternator is mounted is
constantly revolving to follow the wind. If you connect a cable
from the alternator on this platform to the battery on the ground it
will eventually get twisted round the tower. Now I reckon that the
design of slip rings for a 55 amp current is beyond my, and probably
your, capabilities. You must therefore use plenty of cable —
enough to allow it to get twisted round the tower two or three
times — and provide a plug and socket for it before it enters the
battery. You can then periodically disconnect the plug, untangle
the cable, and start again. No good using an ordinary 13-amp plug
and socket, though. You'll need to find a special one capable of
carrying the 55 amps.

A solemn warning. You must never disconnect the plug when
the alternator is turning (that is, when the propeller is going
round). If you do, you will damage the alternator, as you also will
if you ever connect the battery terminals to it the wrong way
round. If alternator and batteries are ever separated from each
other, the propeller must be anchored or the alternator disconnected
from its drive belt.

There is an obvious danger that your power cable will twist round
the tower and eventually pull itself off one of its connections. To
prevent that you must attach a length of strong wire, slightly
shorter than the cable, from the platform to some point on the
tower so that it will physically restrain the platform from making
that last revolution which will snap the power cable. A bit of
common sense will see you through all right.

The third connection on the alternator is to the field coils, and
this provides you with your last problem on top of the tower. It is



connected by ordinary electric cable to the positive side of the
battery, and draws only a small current. But it’s a crucial one,
because it provides the magnetic effect which causes the alternator
to produce current when it is rotated. The trouble comes in calm
periods when the wind is too feeble to turn the blades. If you leave
the field coils connected to the batteries, the latter will soon drain
away, and you’ll lose a lot of valuable stored juice. Some system
has to be devised for breaking this connection when the wind isn’t
blowing, and for making it when it starts to blow. For that you
need a relay.

The first way of operating it is to mount a small additional vane
on the side of the platform. Spring-load it so that it will trip a
mechanical relay, and thus connect battery to field coil, when the
wind gets to the desired speed. Jim Secenbaugh operated his
machine this way, adjusting the spring to work the relay when the
wind got to 8 mph, and he says it works very well.

Possibly a better way is to use an electrically operated relay.
For this you need one of those bicycle dynamos which rub up
against the rim of the bicycle tyre. Set this dynamo to rub against
one of the drive belts to the alternator, and use it to operate the
relay which will connect the battery to the field terminal. When
the wind starts to blow, the alternator will begin to revolve, and the
belt will start to turn the bicycle dynamo. The current produced
will close the relay and the alternator will start to charge the
batteries.

An advantage of both these systems is that they overcome another
starting problem. Propellers and sails do not get under way very
easily in light breezes. If the field connection is made, they also
have to turn against the load of the alternator, and so will not start
to move until the wind is fairly strong. But if in a calm the field
connection is broken, there is no load to work against. The rotor
will start to turn in calmer conditions and, once turning, will close
the field connection and you’ll get power at lower wind speeds than
would otherwise be possible.

All your electrical units on the tower — alternator, voltage
regulators, relays, must be well earthed to the differential. They
must also be protected from the rain by some kind of cover. At
ground level earthing is provided by a long stake driven deep into
the ground. As your windmill is a perfect target for lightning,
you must arrange at some point for there to be a }-inch gap



between the positive lead from alternator to battery and a lead
coming from the earthing stake. You can either make such a gap,
or buy one designed for use on a television aerial.
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1. INTRODUCTION

This report describes work done to improve and
evaluate a series of wind-mills developed for irrigating
small plots of land on the banks of the Omo River, using
river water. The systems were developed by the American
Mission for use by the local people in order to permit all
the year round cultivation which is not otherwise possible.
At the time of the author's visit (July-August 1975) some
19 windmills of various types were operational and under
the control of local villagers and a further five were in
operational condition on mission land for cultivation,
experimentation or demonstration. Eleven further sail
wind-mills had been completed and awaited installation for

villagers requiring them.

The American Mission had applied to OXFAM for fund-
ing to allow the construction of further wind-mills. A
condition of the grant was that an engineer should visit

the project in order to evaluate, advise and report.

Objectives

(i) to seek methods of improving the general design
and performance

(ii) +to evaluate the performance of the machines

(iii) to advise on the collection of meteorological data
and to make a preliminary assessment of the suit-
ability of the wind regime

(iv) to provide a detailed report describing the project
and to suggest circumstances under which this type of
syétem might be used in other situations

(v) to make recommendations for further development

work.
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1.

Modified 16 ft diameter Cretan sail windmill. The

inner concentric ring of bracing wire indicates the
original wind-wheel diameter of 11ft. This experi-
mental unit was also fitted with two opposed single-

acting pumps and an interim extended tail vane.
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2. BACKGROUND TO THE PROJECT

Location

The Omo mission station is about 10km north of Lake
Rudolf in the extreme south-west corner of Ethiopia, in
Gemu-Gofa province, situated on the west bank of the Omo
River. The area is low-lying, about 380m (1240 ft) above
sea level and arid with under 400 mm of rainfall p r annum.
Precipitation is seasonal, with most rain in April, but
occasional falls of generally under 1mm are known in most
other months. Temperatures range from around 20°C at
night to maxima of around 40°C. A fuller account of met-
eorological conditions in the area follows later in this

report, particularly with reference to the wind regime.

The vegetation cover away from the river is mainly
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semi-desert, being grass or thorn scrub savannah on
mainly sandy soils; however the river margins, part-
icularly the areas subject to annual flooding, have a
narrow but non-continuous belt of riverine tree/shrub

savannah on alluvial soil.

The area is inaccessible, having no all-weather road
or track connections with the Ethiopian plateau. Heavy
materials for the mission are generally delivered once a
year by four-wheel-drive truck, which can take about
seven days to get there from Addis Ababa. Access to Kenya
is physically easy, (the border is only 10km from the
mission) but there is no official international border
crossing so there are political problems in crossing the
frontier at the present time. People and lighter cargo
are generally transported to or from the mission by a light
aircraft of MAF (the Missionary Aviation Fellowship),
based at Jimma. The mission is in regular radio contact
with Addis Ababa and MAF and can order any smaller essential

items in this way, but freight costs are obviously high.

The water supplies for the "Food from Wind" project
and for the mission are derived by pumping directly from
the Omo River. This river flows all the year and provides
an estimated 80 to 90% of the input to Lake Rudolf with a
discharge somewhere between 15 and 25 x 109 cubic metres
per annum. The river responds closely to the seasonal
rainfall changes on the Ethiopian plateau where it has
its sources, being low from December to April and reaching
its maximum level towards early September; the annual
change in river level in the lower reaches is of the order

of 2m.

The only other permanent settlements in the area are
a district police post at Kelam, about 9km north of the
mission and an EPID irrigation project at Rati, about

15km upstream.



The local people

The local people call themselves Dasanech and they.
are known officially, in Amharic, as Geleba, {and as
Marille in Kenyal}. They are akin to a number of the Nilo-
Hamitic groups found in the region, and traditionally live
a semi-nomadic existence, their primary activity being
cattle herding. They tend to live in small villages or
village clusters varying from a few huts to several hundred.
Their huts are beehive-shaped structures woven from twigs
and branches and covered in hides and matting {(Fig 3).
Most of the mill-owners come from a large semi-permanent
community that lies alongside the mission, but about half

a kilometer from the river.

Their traditional agriculture

Stock raising has always been the main over-riding
activity for the Gelebs, but they have traditionally
cultivated millet {sorghum), maize and beans plus several
types of gourd and tobacco on areas which are seasonally
inundated either by river floocd-water or by seepage. This
has generally allowed them one harvest {(in December) from
a rather limited area. Grain is stored in raised woven
bins on platforms in their villages, but even given a
good harvest, losses are great and food has traditionally
always been in short supply for the six months of the
year prior to the harvest. In common with most similar
peoples, they do not normally kill cattle for meat as the
size of a herd provides a measure of wealth and a big
herd is more likely to survive a period of drought or
other adverse circumstances. They do however bleed and
milk the cattle. The men traditionally devote themselves
to tending the cattle and agriculture is practised prim-
arily by the women and children; crop cultivation is,

therefore, to some extent considered to be womens' work.

Chronic food shortages have probably always been a
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feature of the traditional Geleb way of life but a number
of circumstances have combined to make it even less via-
ble. Firstly the area open to them for grazing their
cattle has been reduced by the imposition of mnational
boundaries in the area. A certain amount of international
grazing between Kenya and Ethicpia has been agreed, with
Geleba going south and Turkana coming north, but they are
no longer free to roam into the Sudan at will. Similarly,
national governments now attempt to enforce "law and
order', and all the local tribes are discouraged from
raiding their neighbours' herds of cattle; the police
generally make them return stolen cattle. This was a
means by which a desperate tribe whose herds had suffered
through some natural disaster could restock with the un-
willing help of some less unfortunate neighbouring group,
not that this was the only circumstances in which cattle
raiding tock place. The area open to grazing has also
been reduced by a southern movement of the range of the

Tsetse fly.

The level of Lake Rudolf has fluctuated by about
20m during the last century so that the delta shoreline
has moved 60km between 1898 and 1955 which were the max-
imum and minimum mean-level years, and the level is rising
again; as a result certain areas which were cultivable at
one time cease to be and vice-versa., Currently, for ex-
ample, many areas that used to be cultivated upstream of
the mission no longer flood. Also, there is a natural
increase in population which has no doubt been aided by
the medical facilities provided by the mission and the
government. These factors can combine to provide in-
creasingly serious food shortages, and it was recognition
of this that promoted the American Mission te seek the

solution described.

History of the project

The Omo Mission station was founded in 1965, and Mr.

and Mrs. Swart lived under canvas for the first three years



Mr. Ted Pollock, the Mission's builder, designed the
mission buildings, including an advanced geodesic (triang-
ulated) dome type of roof construction which has the ad-
vantage that the pre-formed triangular roof panels were
all air-transportable to the site, (a feature which is

important in this area).

Due to the difficulty and expense of supplying
diesel fuel for the mission's diesel-electric water pump-
ing system, supporters of the mission in the United States
were asked if they could supply a small commercially-
available all-steel wind-powered water pump, of the kind
commonly found on American farmsteads. This was to allow
irrigation of the mission vegetable plots and fruit trees
which otherwise demanded excessive consumption of fuel.
The supporters in America were more successful than ex-
pected with their fund raising, and Dempster Industries
who supply wind-pumps were generous with discounts, so that
to the surprise of the missionaries no less than four 8ft
diameter Dempster multi-blade fan type wind-pumps arrived,

two at the end of 1973 and the rest in early 1974.

A number of local Geleb men had been employ:d by the
mission to help with crop cultivation and they had also
been encouraged to expand their own cultivation efforts
and to try a few new crops. Several of the keener ones
were loaned hand pumps to allow them to cultivate on the
river bank by pumping water out of the river. The mission,
slightly embarrassed by the unexpected glut of windmills,
decided as an experiment to set up two of the Dempsters on
a plot of Geleb land to allow the people to cultivate an
even greater area, and it was this that began the "Food
from Wind" programme. The first of the Geleb operated
Dempsters was commissioned in April 1974 and is now
irrigating about half a hectare which is being cultivated
by several families (Fig 4). About three harvests per
year of grain crops have been achieved, and rapid-growing

fruit trees such as banana and paw paw yield fruit within






about one year of planting.

The wind-mills were an immediate success with the Gelebs,
which is perhaps surprising when it is considered that these
people are almost completely without any formal education and
have had very little contact with outside influences or with
machinery of‘any kind. However the wind and the machines
are relatively reliable and the people very quickly recognised
that this could help provide food all the year around and
thereby remove their chronic annual food shortage which had

caused them great misery in the past.

The mission however could not consider importing



sufficient factory-built machines to satisfy the potential
demand as these cost about Eth Z2000 (US g£1000) each, land-
ed at Omo in early 1974, even with discounts. Therefore
the Rev. Robt. Swart and Mr. Ted Pollock decided to invest-
igate the possibility of building their own wind-mills and
having done a little research discovered the sail-wind-
mills that are widely used on Crete for irrigating small
plots of land. They both arranged to visit Crete during
"stop-overs" when travelling from furlough in the United
States, where they photographed the wind-mills and inter-

viewed some of the mill owners.



Fig 5. Typical 11ft diameter gail wind-mills built
at Omo Station. (These are now being modified

to 14ft diameter}.
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There is much detail variation in the Cretan designs,
so they drew up a design combining some of the best fea-
tures they had seen and having ordered a quantity of steel
and other materials to be sent from Addis Ababa by truck,
they began a programme of wind-mill construction. They
decided to use steel, primarily because there.are no
locally available construction materials and timber would
have been too bulky to import and also would be vulner-
able to attack by termites. A diesel-powered welding set
was also brought in as the one major capital investment
for the project. Incidentally an attempt was made out of
interest to use entirely local materials, these being
some scarce local timber or driftwood from the river, plus
woven matting for sails (of the kind used to cover Geleb
huts}, but this original windmill proved difficult to

construct; it was too fragile and unreliable in operation.

The first sail wind-mill to be used by a Geleb

farmer was commissioned in June 1974 and new ones have
been erected at the rate of about one per month since then

(Fig 5) although this rate has accelerated during 1975,
(see Appendix 1 ). A number of veolunteer helpers came
to the mission to work on the project, and Mr. Ted
Pollock manufactured the head assemblies at the mission
workshops at Ghimeera, as those on the early models were
too complicated to construct with facilities at Omo
Station. They are then flown down by MAF. The Swarts'
son Dick, who has been trained at welding, assembled a
large number of wind-wheels and towers prior to his return
to the USA, and he also manufactured a series of experi-
mental vertical-axis wind-mills, Kknown as Savonius Rotors
or '8' rotors. This type of wind-mill has been promoted
by VITA in the USA and by the Canadian Brace Research
Institute, but it is not as efficient as most other types
of wind-mill and also intercepts a rather small cross-
section of wind. Although Dick Swart's 'S' rotors per-
formed as well as can be expected for that type of

machine, it soon became apparent that their performance



was inferior to that of the sail-wind-mills and they need-
ed a higher wind speed to start. This was confirmed by
tests described later in this report. These devices are
no longer being made, but four of them are being used by
Geleb families, who have been issued with efficient hand-
operated diaphragm pumps to supplement the water supply
when the wind is low, and a fifth is in use by the
mission's medical dresser for his family's vegetable

garden.

Quite a lot of development work had already been completed
on the sail wind-mills prior to the author's arrival.

This included research into the best type of pump, an in-
vestigation into different types of sail material and an
attempt to improve the performance by increasing the wind

wheel diameter from 10ft to 11ft.

Much thought has also been given to distributing this
equipment among the Gelebs and to providing the necessary
instruction to and support for the users. The mission has
set out from the start to try and ensure that aspiring mill
owners really wish to use this technology and to aim to
minimise their dependence on supervision. A prospective
wind-mill farmer has to pay Eth. £5.00 per year for his
wind-mill (the Dempster users pay double tihis figure) for
twenty years; this sum was thought to be sufficient to
ensure that any potential user was serious, but to be
within the limited means of the local people who have
only small sums of money circulating in their isolated

subsistence economy.

The mission also has a policy of not employing Geleb
workmen for longer than three months at a time, to prevent
a dependence on employment being developed, but an exception
has been made with one man, called Achao, who has consider-
able talent for dismantling and assembling the wind-mills.
He is capable of organising maintenance and of advising

any mill-owners having difficulty, and he operates as a



Savonius rotor or 'S' rotor type of wind-mill (on
right) introduced experimentally in early 1975 but
no longer being produced since the sail wind-mill
(left) can pump twice as much water in the same wind

and is cheaper to build.






permanent wind-mill technician.

Any new mill owner gets a kit of equipment in
addition to the wind-mill (Fig 7). This includes several
hand tools such as a hoe, trowel and shovel, plus a small
battery-operated tape-player with a cassette pre-recorded
by Achao, which explains the operation of the wind-mill
and advocates such ideas as crop-rotation. The new owner
is also helped with the initial work on his plot; he and
his family must clear the land, but mission staff and
workmen install the windmill and help lay out and dig the
system of irrigation channels (Fig 8). The mission also
provides seed or young fruit trees, although the choice

of crop is left entirely to the mill-owner. An American

agronomist, Mr. Larry McAuley, arrived at the same time



as the author for an extended stay, and he is advising on

various cultivation and crop problems.

Meteorological conditions and data collection

Any reasonably precise prediction of Qind—mill per-
formance in a particular location depends on the avail-
ability of long-term and detailed data on wind velocities
and directions. Appendix 3 shows how wind energy is
related to mechanical power; it will be seen from this
that the power produced is proportional to the cross-
sectional area of the wind-stream intercepted by the
wind-mill, (i.e. the area of the wind-wheel) and it is
also proportional to the cube of the wind velocity (i.e.

a doubling of wind velocity Produces an eight-fold in-



Fig 7.

The Rev. Bob Swart stands beside the complete kit of
equipment that is included with each wind-mill to-
gether with all the wind-mill components necessary
for a new installation. Note casette player and
hand tools displayed on sail. Head has direct metal-

to-metal bearing, wind-wheel is 11ft diameter. Suction

hose and float on right.






Fig 8. Freshly dug irrigation channels for a newly
commissioned sail wind-mill, (the new owner and

his son on right).






Fig 9. Cup-counter anemometer as used at Omo Station.
The small window displays the total wind run down
to the nearest 1/100 of a mile.
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crease in power output, all other conditions being un-
changed (23 = 8). Hence variations of wind speed can
have a much-magnified effect on power produced and on the
resulting volume of water pumped, {the volume of water
pumped will be roughly in proportion to the power produced
for driving the pump). Because of the non-linear
relationship between wind velocity and volume of water
pumped, it can be shown that a widely fluctuating wind
régime with a given average velocity will in fact allow
more power to be generated than a steady regime of the
same average value. Therefore it is important to know
not only the average wind-speeds, but also the short

term variations that generally take place.

Wind data collection is a statistical science; no
two years will be exactly the same, but once data from a
succession of years is available, reasonably sound
predictions can be made. It should of course be noted
that the wind displays certain superimposed cyclic
patterns; short term gusts ranging from a few seconds to
several minutes in duration; diurnal variations caused
by daily temperature changes; seasonal variations caused
by changing global weather patterns. Wind conditions in
a given place will also vary depending on the height
above ground level at which measurements are made and
depending on the proximity of obstructions ranging from
quite distant hills or mountains to nearby small bushes
or tussocks of grass, which can set up local eddies or

swirls.

Certain standard equipment and procedures have been
determined for recording wind data. Any meaningful wind
survey from the point of view of wind-mill specification
depends on the collection of wind speed data for several
years continuously. Ideally, a continuously recording
anemometer on a 10m high pole should be used; in

practise this type of sophisticated equipment is usually
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only used at major meteorological stations, such as are
found at major airports or at institutions conducting
meteorological research. Hence it is generally accepted
that a useful compromise is to use a simple cup-counter
anemometer (Fig 9) which records miles or kilometers of
wind run. This is mounted on a 3m high pole (to allow
ready reading of the indicator window) and generally it
is thought sufficient to take readings three times every
day such as at 0700, 1300 and 1900 hours. This allows
the wind run for the morning hours, the afternoon hours
and the night to be assessed, i.e. average morning,
afternoon and night wind velocities can be computed.
This is the most commonly used system and due to the

few staff free to take readings, it was decided to in-

stitute this procedure at Omo Station.

Unfortunately there has been no weather station in
the vicinity (the nearest would not give comparable
conditions) until the mission was helped to establish
one following the inception of the "Food from Wind"
project. Equipment has been supplied on loan by the
Ethiopian National Water Resources Commission, which runs
numerous weather stations throughout the country. At
the time of the author's visit, an anemometer, rain gauge
and max./min. thermometer had arrived (by MAF flight), but
an evaporation pan (which will provide data to assess
crop water requirements with more precision) had not
arrived as it has to await the next freight delivery by
lorry. Therefore wind data is only available for the
months from May 1975 onwards, other than a certain amount
of data recorded for July and August 1968 by a Chicago
University expedition that investigated certain aspects
of the Omo delta. There is, therefore, only reasonable
certainty of wind conditions for the months May through
August of one year at the time of writing. However
certain assumptions, reinforced by the subjective opinions
of the mission staff in the area are possible. The

primary assumption is that the wind reégime is not ser-
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iously affected by large scale seasonal and continental
wind patterns at Omo, partly because the global wind
pattern in tropical latitudes (Omo station is at about
SON) is one of mild wind speeds and there are no marked
changes in climate with the seasons in this area. The
primary wind régime is diurnal, a "sea-breeze' effect
caused by the close proximity of the relatively large
expanse of water of Lake Rudolf (the lake extends some
200km from north to south and is up to about 50km wide).
The wind mechanism results from temperature differentials
between the land and lake surfaces during the day in part-
icular, when the sun rapidly heats the surrounding semi-
desert causing a strong breeze to blow off the lake. The
effect is less marked at night, when the breeze reverses.
The main evidence for this is wind direction data logged
by the 1968 Chicago expedition plus the general observations
of people at the mission who are used to the wind blowing
more often than not, from the south or south east. Wind
speed measurements taken in early morning, early afternoon
and in the evening indicate highest mean velocities in

the morning (usually speeds of 10 to 15 mph (16 to 24 km/
hr)) less wind in the afternoon and very little wind at
night. The Geleb wind-mill owners are sufficiently aware
of this pattern to confine most of their cultivation

work to the period from about 0700 to 1200, when good
winds can be expected. After this the day gets uncomfort-
ably hot for working and anyway the wind generally falls
to a light breeze.

There have been certain local problems in record-
ing meteorological data. One of these is shortage of
staff; the local people are illiterate and could not
readily be trained to record the necessary readings,
hence members of the mission staff must take the
readings three times every day. This normally works
well, but every now and again some unexpected task or
crisis prevents anyone being free to do this at the

correct time, so occasional unavoidable gaps in the
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record occur every few weeks. These will be less im-
portant once a longer period has been logged, but they
can effect averages talken over short periods. There is
also a major siting problem for the weather station. All
equipment must be located within the fenced mission
compound area, mainly because otherwise it would he very
liable to be tampered with by the local people out of
curiosity. Ironically, the success of irrigating the
mission land has produced fairly thick tree cover {mainly
fruit trees) which has left no area sufficiently exposed
to fit the specification for an open wind speed measuring
site. The river bank provides a reasonable site so long
as the wind follows its normal pattern and blows off the
river from the lake, but the exposed area of river bank
that is best suited for siting the anemometer is cut off
by flooding for a month or two every year, necessitating
the removal of the instrument to a more sheltered but
accessible spot beside the mission. There seems to be no
completely satisfactory solution te this problem, but
some suggestions are made in section 5 of this report

under the heading "Conclusions and Recommendations",

Land ownership on the O0mo River frontage

Although the Gelebs appear to have no concept of
land ownership for grazing lands away from the river,
nearly all of the river bank frontage, regardless of
whether it floods (and is traditionally cultivable) is
owned. Ownership generally rests with the more senior men
in the tribe, such as the elders, and tends to stay with-
in families. Many of the younger men and some of the
poorer or less influential families have no automatic
rights to grow crops on the river bank. In the past,
areas of the delta newly exposed by a fall in the level
of Lake Rudolf or by a change in course of the river
were open on a "first come ..." basis, but once occupied,
a plot remains the "property" of the original claimant.

Despite the Ethiopian government's land reforms that
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have been enforced in other parts of the country, the
Gelebs traditional river bank ownership continues, mainly
due to their isolation. Indeed, it might be counter-
productive to enforce land reform on them in the context
of wind-mill usage as it is doubtful that they would
understand its purpose without an accompanying educational

programme.

Because of this, any prospective wind-mill owner
must own rights to a site or get permission from someone
with a suitable site. There are also a few other natural
constraints; some parts of the river bank are sandy or
have fissures which prevent the effective distribution
of irrigation water, other areas are being rapidly
eroded, so that any long-term crops such as fruit trees
would be at risk. So, some people with rights to a
stretch of river bank may not have a suitable spot for
cultivation. A further complication is the existence of
stock watering points and places where cattle are trad-
itionally herded into the water to be swum across the
river; these also have become established by tradition and
cannot readily be blocked off by a cultivated plot.
Therefore many of the pioneer wind-mill users are people
who happen to have rights to good plots or whose close
relations have these rights. Appendix 4 indicates in a
little more detail some of the difficulties a few pot-
ential mill owners have experienced in finding a suitable

plot.

This problem has been mentioned at some length as
it seems to be one of the most serious constraints to the
expansion of the programme; there are known to be a
number of people who would like to have wind-mills but
who do not as yet have any rights to suitable sites. As
will be explained later, there are some hopes that most
of these will eventually be able to get permission to
use suitable plots. At any rate a number of senior

members of the local clan with land rights have permitted
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others to set up mills on "their" land. One man however
has tried to charge a rent for land, and although his
area would be very suitable for wind-mill cultivation,
he has found no one prepared to pay him and it remains

unused,

-

Water distribution and crops

The standard water distribution system is for the
water to be delivered by a short length of 13" diameter
pvc pipe, perhaps 6ft (3m) long, directly to a feeder
channel dug at right angles from the river bank across
the plot. A series of perpendicular channels are dug
from the main feeder and water is fed into each in
succession by building small earth dams to direct it,
(Fig 8). Every time a channel fills, it is sealed off
with a small pile of earth and the water from the feeder
is directed into the next channel. Cereal crops are
planted along the humps between the channels. Small
circular channels are provided around young trees {(Fig
10). Most of the plots are about % hectare, although they
vary somewhat depending on the nature of the site, the
crops being grown and the ambitiousness of the owner and

his family.

Some plots are more porous or have cracks and
fissures which cause losses of water, but probably one
of the primary variables in the efficiency with which the
pumped water is distributed lies with the owner of the
plot. Some seem to have grasped the best way to dis-
tribute their water and their crops look fairly even,
others, in fact the majority, tend to over-water the rows
nearest to their mill and to under-water the furthest
rows; in such ctases the crops nearest tolthe mill are
noticably taller and greener than those further back.
Efforts are being made to overcome these mistakes by
education; it is in fact not at all surprising that

there should be some difficulties of this kind for



people using what is for them an entirely new technique
(the floodlands they used to cultivate did not of course

require any irrigation, but only yielded one annual crop).

Human nature being as it is, the Gelebs are generally
rather prone to try and grow traditional crops they are
familiar with; prestige crops being grains such as millet
and maize. One of the pioneer mill-owners has grown five
maize crops in succession in about 15 months on the same
plot; not surprisingly they have got progressively worse
both due to soil depletion and due to the spread of a
corn bore beetle. The mission does not enforce any kind
of crop growing policy, but attempts to guide the mill-
owners instead. This man after his fifth harvest has
apparently recognised the mistakenness of his cultivation;
one of the primary lessons that Mr. Larry McAuley is
trying to get across is the need for crop rotation. He
is hoping to get some mill-owners to divide their plots
into four and rotate corn-legume-corn-fallow on each

quarter.

The mission has introduced a number of new crops
some of which have found ready acceptance, including
sweet potatoes, bananas, paw-paws (papayas) and mangoes.
Fruit is a new introduction in this area and is part-
icularly well liked. It seems that a number of the mill
owners have recognised that fruit trees are a good invest-
ment for the future, as they need less attention once
established and provide shade for other crops, although
fruit bats and birds are beginning to discover the new

trees and may well prove a problem in the future.

The Gelebs have always had a local strain of bean,
but the mission is seeking to introduce soya beans as it
is thought they will produce a better yield, they will
provide a useful source of protein and will also be very
suitable for crop rotation with the favoured traditional

grain crops. The Rev. Swart organised a special gather-
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Fig 10. Method for irrigating young trees, (note Savonius Rotors

in background, 2 bladed on left and 3 bladed on right).



ing of all the mill-owners, plus their immediate families
and associates, both to offer an opportunity of letting
them sample soya beans as well as to introduce the author
and Mr. Ted Pollock (who arrived a few days after the
author) and to give the Gelebs a chance to mention any
problems they were having with their mills. The soya
beans were fried by Achao's wife on a typical Geleb open
fire using their familiar utensils, to make it clear that
they could readily cook them themselves, and they were
well received (see Figs 11 & 12). This illustrates a
problem inherent in introducing any new food needing
preparation; the people do not automatically know how to
cook it and prepare it, so that this kind of exercise was
clearly a useful and essential part of the programme. In
a few cases the local people invent their own dishes;
Achao's wife, for example, adds pounded ground-nuts
(another new local crop) to her maize-meal porridge (a
traditional food) making a more nutritious dish which is

apparently popular with her family.



3. AN APPRAISAL OF THE OMO “CRETAN SAIL” WINDMILL
DESIGN
By the time of the author's visit a number of the

problems that were apparent earlier in the year, notably
the choice of pump and of sail material had been sat-
isfactorily resolved and a reasonably standardised design
had been adopted and put into production. Up to about
April 1975, a variety of different ideas were being tried
out with varying degrees of success, including the use of

vertical axis Savonius rotor type wind-mills.

The entire sail wind-mill system can be subdivided
into a number of primary components (see Fig 7. which
shows all the parts laid out on the ground). These are
the suction line/foot valve, the tower, the pump and

connecting rod, the head assembly and tail and lastly the



wind-wheel and sails.

Suction line and foot valve

All the wind-mills draw water from the river
through a 13" (36mm) diameter thick-walled, but flex-
ible, pvc plastic pipe. The pipe is securely attached to
the suction (lower) end of the pump with an adjustable
pipe clip and carries a factory-manufactured brass foot-
valve at its lower end. The foot-valve is supported by
a float consisting of a block of expanded polysfyrene
(Styrafoam) jammed into half an oil barrel; the float is
essential to prevent the foot-valve getting clogged with
silt, as would happen if it lay on the river bed. A
glance at the cost break-down (Appendix 2) shows that the
entire suction line/foot valve assembly costs about Eth
#185, which is about 25% of the entire material cost of
the wind-mill. However it is not really practicable to
omit or reduce parts of this assembly; attempts have been
made to save the cost of the Styrafoam and oil-drum half
(worth Eth $22.50) by using a log of wood as a float, but
there is not much wood available that is sufficiently big
and buoyant, and any that have been used deteriorate
rapidly and become water-logged despite all efforts to
prevent it. It is not practical to try and support the
foot valve on a stake driven into the river bed, because
the river is deep and fast-flowing when in flood (and
carries large branches and logs which could up-root any
stake); also the level varies considerably and a wooden
stake would be susceptible to water-logging and rotting.
Similarly,. the pvc pipe, which costs about Eth 90 for
the suction line, is an expensive but not readily alter-
able component, (it should be mentioned that this piping
is manufactured in Addis Ababa, although the pvc raw
material must presumably be imported by the extruders).
A foot-valve can be improvised, (in fact a home-made one
was tried), but unless it functions efficiently the pump

loses its prime and has to be constantly refilled with
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water, which makes the entire wind-mill operation more
difficult and less reliable. Hence it seems Jjustifiable

to invest in a precision-machined component for this
function. The half o0il drum is only necessary to protect
the Styrafoan block, and although by no means cheap at
10.00 is probably the cheapest suitable casing available.
Therefore, although the float system is rather evpensive,
it is extremely reliable (in that it rarely cauges trouble)

and is effective.

Tower

The tower is a completely welded assembly and forms
a single rigid component when completed. This has the
advantage that no foundations are necessary to ensure
accurate alignment of the tower footings, which can simply
be embedded in impacted soil. The original tower had four
corners, but this was modified to a three-cornered tower
at an early stage, thereby saving one 12ft length of 13"
x 13" angle per tower without any excessive loss of
strength. The lateral members are lighter 1" x 1" angle
with cross-bracing of 1/4" concrete reinforcement rod.
Although the towers are possibly somewhat stronger than
is strictly necessary for structural integrity, there is
no effective way of significantly reducing the number of
cross-braces without removing their secondary function of
acting as ladders. The mill-owners have to climb the
towers to fix the sails on when starting their wind-mills
and also to stop the mill by pulling the tail sideways to
the wind; since access may be needed from any side of the
tower to avoid the side where the wheel is turning, a
symmetrical structure is important. At times when there
is insufficient wind the Gelebs often climb the towers and
turn the wind-wheel by hand and again, this would not be
possible if there was not such a good selection of horizon-
tal members. As the tower is only 12ft tall, there is no
way of reducing its cost by making it any smaller. In the

circumstances, bearing in mind the relative indestructive-
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ness of the towers and their likely long useful life, they
seem to have evolved, even at Eth g 200, into a reasonably
cost-effective component. (Some further cobservations on
tower design follow in the section on the author's work
programme, in which he investigated a possible tubular

tower).

Pump and connecting rod

Factory made semi-rotary, diaphragm and piston pumps
were evaluated in early 1975. Of these the moz=t satisfacte
ory proved to be a piston pump, manufactured by Dempster
Industries specifically for wind-mill operation. Because
the mission is able to obtain this pump with a 50% dis-
count from the manufacturer, it costs only Eth $80.00
landed at Omo Station. It performs most reliably and
efficiently and no pump of similar performance and
reliability could be manufactured locally for a comparable
price. It should be mentioned that Dempster originally
supplied a 3Jin diameter cast steel pump with a brass
¢ylinder lining and gun-metal bucket and valve components,
plus a single leather washer. However, they then sub-
stituted an alternative 3" diameter pump with a thick-
walled pvc cylinder and two leather washers on a similar
gun-metal bucket. The disc valves in both cases were of
gun-metal and brass, This pump is slightly cheaper and
appears to function with virtually no apparent wear after
a year of operation. Both types of Dempster cylinder are
in use plus one 23" diameter cast iron piston pump of
Indian manufacture that cost slightly more but was avail-
able ex-stock in Addis Ababaj; this howewer wears leathers
rather faster, as is common with iron or steel cylinders,
and due to its smaller bore has a markedly lower delivery
rate., All the Dempster pumps operate with a stroke of
7in on sail wind-mills and with a reduced 5in stroke on
the Savonius rotors, which are incapable of starting if

the linkage is set to produce a 7in throw.

The outlet from the pump is generally via a
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standard "T" pipe fitting, with an olive-wood plug bored
to take the pump plunger as the only sealing device. As
will be explained later, this is not entirely satisfactory
and a number of modifications are proposed to reduce

water leakage.

The pumps are driven from the tower head by a
connecting rod, made from %in black water pipe. A simple
ball and socket jecint was developed by Dick Swart to
allow for non-alignment of the head and pump and to allow
the top part of the connecting rod to turn with the wind-
mill head when it moves to face changing wind-directions,
and this also forms the link between the pump rod extension
and the connecting rod. The pump rod extension is kept
in alignment with the pump by a wooden cross-head, this
being a plank that straddles the tower at the correct
level with a hole bored in it for the rod. The top of
the connecting rod has a split piece of water pipe welded
to it, with reinforcement flanges to support it and prevent
buckling. The split water pipe has two drilled lugs to
allow it to be bolted around the crank journal on the
head. Although steel to steel plain bearings of this kind
are not sound engineering practice, the loads transmitted
are quite low and no serious wear has yet occurred at this
point on any of the mills. Lubrication is by heavy
grease, which seems to last without replacement for a
considerable time. The split bearing is mounted with its
axis suitably inclined to allow for the slope of the
mill-wheel shaft.

Head assembly and tail

The head assembly consists of an angle-iron frame
carrying two mountings for the main shaft bearings and
the side members extend backwards to include an integral
tail unit. The frame rides on a 1/8"x11" flat-bar ring
of 12" diameter welded into the top frame of the tower;

earlier models had a square sub-frame made of 13"x11"
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square section steel tube slotted to carry four flanged
wheels made from 1'" water pipe and washers, which rolled
around the flat-bar ring in the top of the tower (Fig 13).
Problems were experienced with this frame, which could
not readily be fabricated at Omo Station (they were made
by Mr. Ted Pollock at his workshop in Ghimeera); also
there was difficulty in getting sufficient grease into
the wheel hubs 30 that the flanged wheels tended to wear
the bolts acting as axles rather rapidly and also did

not turn freely. As a result some mills were tried with
the head frame angle iron chassis lying directly on the
tower ring, which with plenty of grease seemed as good

as the arrangement with small wheels as far as resistance
to turning is concerned. The head is prevented from
lifting by four hooks bent from flat bar which project
down through the centre of the frame and curve round
underneath the ring in the top of the tower. When the
square frame carrying the frame was omitted, new shorter
hooks were introduced to allow for the lowering of the
frame by Jjust under 2", and the connecting rod had to be

shortened similarly.

The problem of devising a satisfactory head support
bearing was tackled under the author's work programme
and resulted in the evolution of a new type of roller
head bearing described more fully later on, (see Figs.
13 & 14 which shows the two different types of head

bearingl.

The main shaft is carried at its rear end by a self-
aligning sealed ball-race in a metal housing and at the
f-ont by a plain olive-wood bearing., split horizontally
and packed with grease. A few mills have either both
bearings wooden or both ball-races. Within the time-

cale so far experienced there is little to choose
vetween the two types of bearing; olive wood is theoret-
ically cheaper, but the mission was given a consignment

of 100 sealed ball-bearings., One of the advantages for
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putting one of each type of bearing on each mill is that

it will eventually allow a ready means of comparing the
durability of the two types. The friction of the wood
bearing is probably marginally higher, but it is sufficient-
ly low to prevent undue heating of the bearing blocks and

it has no measurable effect on wind-mill performance.

The shaft is made from a length of approximately 14"
hexagon bar; the cross-section being not from choice but
because it was the only sufficiently strong bar available
from the steel suppliers in Addis Ababa. The hexagon
cross-section caused problems in that a piece of water
pipe has to be welded around it where it passes through
the wooden bearing, and it needs to be laboriously ground
and filed to fit the steel ball-race at the rear end. The
few mills with ball-races for the front bearings had to
have them fitted by cutting the shaft, grinding and filing
to take the ball-bearing and then welding the cut-off end
back after fitting the race, which was one reason to
favour wooden bearings at the front. A last point on
bearings is that the lip where the shaft was filed to fit
the rear bearing acts as the thrust surface to take axial

thrusts from the wind-wheel.

The shaft was cut so as to permit two pieces of 1"
steel plate to be used to offset the crank journal, these
being butt-welded to the cut shaft ends. "Counterbalances"
were added to the opposite ends of the crank webs on the
suggestion of a volunteer, but this in fact serves no
purpose and a resulting recommendation is to omit them in
future. The fabrication of crank shafts was another task
carried out in the workshops at Ghimeera, as local fac-
ilities at Omo are not suitable for readily achieving the

correct alignment.

The front of the main-shaft carries a hexagonal
flange drilled to match the hub of a particular wind-

wheel, (the hub and flange are drilled together to ensure

they will fit exactly).



Fig 13. Original square head sub-frame
running on flanged wheels.

Fig 14. Modified system running on rollers.
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The tail unit is carried on a pair of 13" x 13"
angles cantilevered from the rear of the head frame;j it
consisted of a suitably shaped panel of flat galvanised
sheet steel bolted between the flanges of the tail boom
with extra vertical flat-bar stiffeners. Certain mod-
ifications to the design of the tail unit are also
proposed for reasons to be discussed in detail later in

this report.

Wind-wheel and sails

The wind-wheel follows the classic Cretan type of
pattern, with a number of arms radiating from a central
hub ;hich carry the leading edges of a series of triang-
ular textile sails. The whole structure is braced with
wires radiating from an extension to the shaft mounted on
the hub to prevent axial distortions of the arms and by
wires connecting the tips of the arms to control radial
movements. The trailing corner of each sail is sheeted

to a point on the preceding arm (Fig 15).

Most of the Omo sail wind-miils have eight arms,
allowing provision for eight sails, although one was
made with six arms as an experiment. The arms are of Zin
black water-pipe and are curved forward slightly, giving
a negative coning angle, in order to give as much clearance
between the wheel and the tower as possible (the inclin-
ation of the main shaft helps with this too). The wheels
were originally built to an overall diameter of 10ft, {3m),
but this was modified to 11ft early in 1975 in an attempt
to improve wind-mill performance. The central extension
from the hub, to carry the bracing wires, is generally
made from two lengths of 1lin x 1in angle welded with their
flange ends in contact to make a square cross-section, and
the bracing wires consist of standard galvanised fencing

wire.

Various types of c¢loth were €ried for making sails,
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but most standard woven textiles proved inadequate. This
is because any flexible material is inclined to flap and
crack in gusty wind conditions and most materials are
susceptible to rapid degradation under continuous strong
sunlight, the ultra-violet part of the spectrum being
responsible. A further problem with most materials is a
tendency for a tear to run rapidly once initiated. There-
fore it is clear that a heavy, relatively inflexible, run-
resistant and u.v. resistant material is essential for
sail wind-mills if frequent sail replacement is to be
avoided. The mission was fortunate to be able to obtain

a large roll of Dacron sail cloth, a synthetic material
specially formulated for yacht sails; this would normally
be rather expensive compared with most textiles, especially
landed at Omo station; however their stock was donated

by the manufacturers Dupont Chemicals of the USA. A nylon
kite material was also evaluated, but being flimsier than
the Dacron it was prone to flap in gusts and would be un-
likely to last as long. To date none of the Dacron sails
have torn in use, although stitching occasionally needs
replacement. The thread used for hemming the sails needs
to be equally strong and resistant to u.v. degradation,

so an extremely strong synthetic (nylon) thread is used.
Cotton is not generally strong enough and long-lasting

enough for this service.

Sails on the traditional Cretan wind-mills are
generally reefed by rolling them around thé arms of the
wheel, but this is not a practical means in southern
Ethiopia as cloth, being a rare and valuable commodity in
this locality, is likely to be taken during the night if
a mill were left unattended with reefed sails on it. Also
it is a trickier operation to wrap sails around the arm
than to completely remove or refit them. Therefore an
ingenious method of fitting them had been devised by the
Rev. Bob Swart, in which rubber loops cut from motor-
cycle inner tubes are attached to the corners of each sail
with lengths of polypropylene rope; the sails can then
very rapidly be fitted or removed by attaching the loops
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onto metal hooks welded at suitable points on the arms of
the wheel. The rubber allows for any inaccuracies in the
sail or wheel and keeps the sails stretched into an
effective shape for catching the wind. This system has a
number of important advantages; firstly it allows rapid
adjustments to be made to the area of sail being carried
if the wind strength varies, (it was noticeable that the
Geleb mill-owners learnt quite quickly to put an approp-
riate number of sails up; they did not try and over-do
things by putting all their sails on regardless and it

is a common sight to see mills operating effectively with
just two sails when a good breeze is blowing); secondly,
no mill-owner will leave his mill with sails on and un-
attended for fear of losing them. When work finishes for
the day the people remove the sails and go back to the
village with them; therefore there is no risk of a wind-
mill being damaged by an unexpected increase in wind-
strength while left in operation unattended. The Savonius
rotor wind-mills, being all metal, are ‘quite often left
in operation by their owners and have been damaged by
sudden storms before staff from the mission could get

out by motor-cycle and stop them, (this is partly

because the Savonius rotor pumps rather less water and
there is a resulting temptation to leave it running to
make up for this. When this happens it is not possible
for the owner to return t. switch it off quickly as most
of them live about one hour's walk from the cultivated

plots).

A number of modifications to the wind-wheel have
been tried and certain recommendations follow; most of
these were aimed at gaining improvements in pumping

performance, particularly in low wind conditions.



- 31 -

4. WORK PROGRAMME-21 JULY TO 16 AUGUST 1975

Identification of problems

Analysis of the various features of the sail-wind-

mills at the state of evolution just described revealed

a number of technical problems needing attention; these

can be summarised as follows:-

(i)

(ii)

{iii)

{iv)

{vi)

a need for an improvement in pumping perform-

ance, particularly in low winds

wind-wheel orientation to face changing wind
directions was not entirely satisfactory,

especially when six or more sails were fitted

lack of an adequate seal at the point where the
pump rod enters the top of the pump precluded
the delivery of water against a head of more

than a few inches

a need to minimise the cost of the system by
reducing the size or modifying some of the

components

consideration of alternative sail materials in
case the supply of free Dacron ceased to be

available

a need to find a straightforward, but meaning-
ful method for testing wind-mills, so that the
relative merits of any modification can be ob-

jectively evaluated

A number of operational problems also became apparent:-

(i)

the need to obtain permission to set up a wind-

mill from "land-owners" in cases where a pros-
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pective user has no traditional rights to the

river bank

(ii) dinefficient water distribution and wind-mill

utilisation

(iii) poor choice of crops and lack of understanding

of crop rotation

The search for solutions

Various ideas were tried to introduce improvements,
with differing degrees of success., It is worth describing
all of these even though certain innovations were aband-
oned either because they were not wholly satisfactory as
solutions or because they introduced further complications.
The successful innovations are discussed in more detail
under "Conc¢lusions and Recommendations", together with
some suggestions for further development work that these

point to.

One of the only complaints voiced consistently by
the Gelebs was that the sail wind-mills did not pump
enough water when the wind was low; they tended to set
their standards by the performance of the Dempster
factory-built wind-mills which would start in a very low
wind as a result of being fitted with rather too small a
diameter of pump for the low lift called for and being
geared down. The Dempster mills are alsoc on 25ft tall
towers giving better access to the wind. One thing not
apparent to the casual observer is that, through being
geared down, the pumping rate of the Dempster is not as

fast as a directly linked wind-mill,
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increased wheel sizes and double-acting pumps

Therefore an early objective was to modify a sail
wind-mill so that it would clearly outpump a Dempster and
start in similarly low winds. This was achieved by in-
creasing the wheel diameter so that a greater cross-section
of wind intercepted would compensate for other short-
comings. Hence a standard 11ft sail wind-wheel was en-
larged to an overall diameter of 16ft by welding on
extensions to the arms (see Fig 1). For convenience the
same sails were used and the attachment hooks were moved
outwards to allow for this. Therefore the full benefit
of the enlargement was not completely realised as less of
the centre of the swept disc was being exploited, although
most of the power of a wind-mill is derived from the
outer parts of the swept disc. The éft 6in increase in
radius should provide an increase in starting torgue {(due
to the extra "leverage" of the sails on the shaft) in
proportion to the extension of radius, that is by a factor
of 8/5} or about 45%. Similarly, an increase in power
proportional to the increase in swept area is to be expect-
ed (power is proportional to area, see Appendix 1), and
this works out at a ratio of 134:78 or 72%. This mod-
ification proved satisfactory in that the 16ft diameter
sail wind-mill not only started in lower winds than the
Dempster, but was capable of outpumping it at a rate
approaching 2 to 1 (measured by strokes per minute of the
identical diameter pumps). (See Appendix 5). One dis-
advantage was that the outer edge of the wheel was now
only S5ft from the ground and proved to be a serious
hazard should anyone accidentally walk into it, there-
fore it was decided to make 14ft diameter wheels as a
compromise, although one 15ft diameter one was built,.

The 14ft and 15ft wheels give an improvement in starting
torque of about 27% and 36% respectively, with power
increases of 43% and 55% respectively when compared with
the original 11ft wheels (and rather better than this

compared to the earlier 10ft wheels).

A parallel experiment consisted of the building of
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a completely different wind-wheel with four large
rectangular sails designed to be aerodynamically more
efficient than the sail arrangement on Cretan mills, in
other words an attempt to intercept more wind, more
efficiently, (Fig 16). The sails on the experimental
design were mounted on a metal frame which held them
more rigid and gave the sail surface approximately the
correct angle of attack to achieve reasonably efficient
lift at all points along the radius; the characteristic
twist common to ail propellers. This wind-wheel was
built to be 18ft in diameter and the inner ends of the
sail surfaces were nearer the zaaft to extract as much
wind-~energy from the swept-disc area as possible. This
machine proved to be rather more powerful than the other
mills, so much so that it was difficult to control or to
pull out of the wind. The blades were mounted so that
they could rotate about their axes in tubes radiating
from the hub, and there were rubber loops fitted in the
hub to provide control forces so that the blades would
partially feather by going into a coarser pitch in high
winds (Fig 17). The wheel disc was rather too large to
be controlled by the standard wind-mill tail, so as an
added innovation, this mill was run downward of the
tower without a tail, and this worked reasonably well
with the head displaying considerable sensitivity to
changing wind-directions. This experimental wheel was
later used in conjunction with a number of other in-
novations, to be described later, but it was later
abandoned mainly because the 14 and 15ft Cretan wheels
seemed to be quite adequate, and being braced with wire,
they seemed stronger and less prone to get damaged and
their sails were easier to fit or remove. Nevertheless
this experiment did point to ways in which considerably
more power might be extracted from the wind in areas
with lower winds than Omo, or where higher pumping heads
are reguired, although it should be stressed that further

development of this design would be called for.



Fig 16. Experimental 18ft diameter four-sail wind-mill with

feathering blades operating downwind of the tower.

Fig 17. Rubber loops were used to restrain sails in

feathering mechanism.
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Another method of obtaining a considerable improve-
ment in pumping