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Fig 1. Modified 16 ft diameter Cretan_sail windmill. The -

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

acting pumps and an interim extended tail vane.
3
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1. INTRODUCTION

This' report descrlbes work done to 1mproVe and
evaluate a series of w1nd~mllls developed for 1rr1gat1ng;
small plots of land ot the .banks of the Omo Rlver using,
;iver«water; The systems were developed by the- Amerlcan
M15$1on for use by the local people in order “to permlfrall
the year Dound cult1vat10nﬁph1chals not otherwise posgible.
2? the time of the author's visit (July-August 1975) some
19 windmills of varlous types were operatlonal and under
the control of logal v1llagers and a further flve were Ln"
operatlonal ybndltlon on mﬁfsm@ﬂ land for. cultivation,
experlmentatlon or demonstratlon. Eleven further gall
wind-mills had been completed and awalted 1nstallat1on for
v1llagers requ&rlng them. -

©
-

E

- The American M15$1on had applled to OXFAM ,for fund-
Ang tg'allow the cqnstructlon of further w1nd mills. A
condition of the grant was that an englneer should visit

the ﬁYOJect in order to evaluate, advise and report.

&4 e

Objectives

(i) ~to seek methegds. of improving the general design

- ¢

e ’ Ty

and‘performance )

(11) to evaluate the performance of the machlnip

(111) to adv1se on the gollection of meteorologlcal data

and to make a prellmlnary assessment'of the suit-

. “
a

-

ability of the wind reglme ) )
(iv)  to provide a detailed report descrlblng the prOJect
and to suggest c1rcumstances under thoh this type- of

system might be used in other situations :

(v) to make r&commendations for further development
work.
Acknowledgements
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Fig 3. Huts in Geleb village.

: .

-2, BACKGROUND TO THE PROJECT

o

Location .
=2

The Omo missién station is about 10Km north of Lake
Rudolf in the extreme soﬁtﬁ—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 ;rid with under 400 mm of’rafnfakl ﬁer annum.
Precipitation is Seasdnal, with most rain fn April, but
occasional falls of generally under 1mm éré known in most

other months. 'Temperatureé range from around 20°C at

nighf to maxima og‘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

.



semi-desert, being 'grass orJsthorn scrub savannah on
ﬁainiy'saﬁdy soils; hoWeverxtHe?riVEr margins, perté
hcularly the areas subJect to annual floodlng, have a-
ﬁarrow but non—contlnuous belt of riverine txee/shrdb

savannah on\alluV1al soil.

- The area is inaécessible, haVing no all weather “road
or track connectlons w1th\the Ethloplan plateau.» Heavy
materlals for the mlSSlon are generally delivered once a
year by four wheel drive truck Wthh can take about
seven days to get there from Addls Ababa. Access to Kehya
is physically easy, (the border is only 10km from the
mission) but there is no‘off%01al international border
Cfossing‘so there are poliéieal problems in crossing thev
frontieriat the\prgsenf time. :Peeple and lighter cargo
are generally transported to or from £he mission by a light
aircraft of MAF Cﬁhe Missionary AViation Fellowship),
based at Jlmma. The mission is in'regular radio contact
w1th Addls Ababa and MAF and’ can order any smaller essentlal

itenmis in thls way, but freight costs are obviously hlgh

The watef supplies fof the "Food'from Wind" project
and for!the mlsSlondare derlved by pumping d1rectly from
the Omo Rlver. Thls river flows all the year and prov1des f
an estlmated 80 to 90% of the input to Lake Rudolf with a
dlscharge somewhere\between 15 and 25 x 109 ggblc metres.
per annum. The river responds closely to 'the seasonal
ralnfall changes on the Ethloplan plateau where it has
1ts sources, belng low from Dgéember to Aprll and reachlng
Tits max1mumﬂleve1 towards early September,; the annual

change” in river level in the lower reaches is of the order

of 2m.
\-.,

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

15km upstre?&.



| “The local people ;
The local people call themselves Dasanech and they
re known offlclafly, in: Amharlc ras Geleba,,(and asa
Maralle in Kénya) - They are aklnuto a number of the Nllé—‘
Hadltlc groups found 1nﬁ%he reggion, and tradltlonaﬂly llve-
a seml *nomadic ex1stenceh_the1r pnlmary act1v1ty belng
caitle herdlng. 'They tend tQ live in small villages or
V1llage clusters varying fromja flew huts to several hundred.
Their huts- “ard beehlveeshaped structures woven from twigs
and branchesianﬁ covered in~hides and matting {Fig 3).
:MOSt of the miJll-owners. come from,allarge semi-permanent
community that lie§~alongside~the mission, but_apout half
avkilometer from'the river. ’ ' -

-

Thejr traditional agricultuse

Stock raising has always been the maﬂn'over riding
activity for the Gelebs, .but they have tradltlonally -
cultivated mille% (sorghum) maize and beans plus’ several’
types of . gourd and tobacco on areas/whlch-are seasonally

- inundated either by river flood-water or by seepage. Thls

" has generally allowed theméone harﬁest (inlbecember) from
& rather limited area. %rain is stbred in’raised@woven‘
bins on platforms in thelr villages, but even glven a
good‘harvest losses are great and food has tradltlonally;

always been in 'short supply far the six months of the
ryeariprlor tor the harvest. In common w1th most 51m11ar g
peoples, thqy ‘do not normally kill cattle for méat as the
_~size of a herd.prov1des a‘measure of wealth and a big
herd is more likely to survive a period{ofudrought or
other adverse circumstances. They d0vhowever'bleed and
milk the cattle., The men’- tradltlonally devote themselves
"to tending the cattle and agrlculture is practlsed prim-
arily by the women and children;.crop cultivation is, A
therefore, to some extent considered to be womens' work. -

J -

Chronic food shortages have probably always been a

-

)
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feature of the/traditional®ueleb way ot life but a‘number
of 01rcumstances have comblned to make 1t even less via--
‘ble-. - Flrstly the area open: “to them for gra21ng thelr’
cattle has been reduced by the 1mp051t10n of natlonal
boundarles in tﬁb area.x A certain amount of 1nternat10nal
graz1ng between Kenya and Ethiopia has been agreed w1th
Geleba going south and Turkana comlng north but they are
no-longer frige to roam 1nto the Sudan at. will. Slmllarly,
'naflonal governments now attempt to enforce "law and
order" and all ‘the local trlbes are dlscouraged from

raldlng the1r nelghbou@s'i,

not that thls was - the only c1rcumstances in wh1ch cattle

raldi g took place. The area open to gra21ng has also

.The devel 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 ard minimum mean-level years, and the level: is rising

" &

agaln, .as a- result certaln areas which were cultlvable at

one time cease to be and v1ce versa. Currently, for ex-

o

amble,*many areas that used-to. be cultlvated uPstream of,

"the mission no longer flood Also, there is a natural ° t

P

increase in populatlon»whlch has no doubt been aided by
the mellical facilities provided by the m1551on and the
government. These factors can combine to prov1de in--
creasingly serious food shortages, and it was recognltionb
of this that promoted the Amerlcan Mission to seek the

solution descnlbed.

History of the project

. The Omo MlSSlon station was: founded in- 1965, and Mr. -

¢ '

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

- N

!
¢

.;..



Mr. Ted Pollock ~the Mlssron s bullder deslgned tH%
’i

¢mL551dn bulldlngs, 1nclud1ng an advanced geode51c (trlang—
ulated) dome typbe Ot rooL constructlon which has the ad“'
g;/antage tha «TH%{;ie ﬂbrmed trlangular roof, panelS'were'
all air- trangportabke]to the 51te, (a feature which is

_important-in .this area).

Due ‘to the difficulty and expense. of supplying

,diesel fuel for the m1551on s dlesel electrlc water pump—
1ng ystem, supporters of ‘the mlss10n 1n the Unlted States
. were asked if they could Supply‘/:§méil Commexglally— N
'avaliable all- stggiyn;ad«powefed water pump, . %f’the klnd
commonly found on Amq;;can farmsteads. This Jwas to allow.

3

virrigation of thewmission.vegetable, lots and fruit trees

4

which otherwiSe'demanded ekceé

' N
consumptlon of fuel.
« The supporters inm- Amerlca were.more successful thin,ex~

pected w1th the1r~fund ralslng, and’ Dempster Industrles

.
o« P

-who supply wind- puéps were generous w1th dlscounts, so that

to the surprlse of the mlSSanarleS ‘no less than four 8ft f

dlameter Demﬁster mulzﬁ?blade fan type w}nd—pumps arrived. -

tqo at- the end 0531973 and thé reést in ‘earlv. 1974

A number of local Geleb .men had been empldyed by“Hr/
mlss1on to help w1th crop cultlvatlon and_they haﬂ also:A~
been encouragep to exPand thelr own cult1Vat£bn effoEE;fﬁ
and to try a few new crops.“ Several of the.keener ones

_were loaned hand pumps to allow them to cultlvate on the

':'.

-r1Ver bank by pumplng water out of«théﬁrlyer. The m1551an,

1ghtly embﬁrrassed by the unexpécted glut of w1ndmllls,_
d@c1déd~as anwxxperlment "to set”i;
a pldt of Geleb %and to allow the people to cultivate an-

two of the Dempsters on -

reater are ,-and 1t was thls that began the ”Food

erom Wlnd" progra' -~ Te’. first of the Geleb operated o
Dempsters was - comm1551oned in Aprll 19Z~/a§d 1s now s
1rr1gat1ng about half a.héctare Wthh 1s pelng cultlvateﬁ

year of graln crops héve been achleved and rapld grow1ng

'frult trees such asﬁbanana and’ paw paw yleld fruit within-



o

gbout one vear of planting.

Fig 4. Dempster wind-mill imported from the U.S.A.

The wind-mills were an immediate success with the Gelebs,

»

‘which #s perhaps surprising when it- 1is gon51d9rod thatvthese
people are almost completelv ‘without any forqaLleducatlon and

“% -
have had very tht;e.contact with out51de 1n11§§hceg ¢r with -
machinery ot any kind. \Howe\elfthe wfnd and theaﬂachlnes

are“reldtlxely Pellablp and the peopIOx\ery ﬁulchly recognlsed
that ‘this ‘could 491§<§7€?&d9 Iood all the” yedr around andx\w
thereby remoxo ‘their chronic annua i food shortage‘whlph had:

caused‘thbmuﬁreat mlseﬁy)EM‘the Dastu

The miss£9;:$gyevéf could not-Consiﬁér'impOfting-a



¢

F'ig 5. Tyvpical 11t diameter sail wind-mills bullt

at Omé Station. (These arce now beling modificed

to 141t diameter).

sufficient factory-built machines to satisfy the potential
: A y , e

Jemand as these cost rabout Eth F2000 (US Z1000) each, land-

.

} - . — e | . . . -
ed at Omo inf earty 1974, even with discounts. Therefore

¢

thG RéV; Robt. Swart and Mrx, Ted Polldck docidoﬂito invest-—
igate the possibility of huLLding their own wind-mills and

having done a little rescarch discovered the sall-wind-

«mills that are widely useed on®Crete for brrigating small

plotssof land. They both arrangoed -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 ownets. -



BTN
oy,

There is much detall varlatlon in the Cretan deslgns,

_so they drew up a’ de51gn comblnlng some, bf the best fea—

- tures they had seen and hav1ng ordered a quaziify of”’ steel

"and,other materlals to be sent from Addls Ababa by trﬁck

they began«a programme “of wind- m;ll constructlon. They

dec ded to use steel prlmarlly because there are noQ

locally avallable constructlon materlals and timb would

"have been too bulky to 1mport and also would be vulner—

,able to attack by termltes.‘ A diesel- -powered weldrng set

- was also brought in as the -one major capltal 1nvz§;ment

3f0r the prOJect. Inc1dentally an‘attempt was made out of

interest to use entlregj local materlals, the

\

woven mattlng for sails (of the kind used to cover Ge eb

huts)‘?%ut thlS original windmill proved difficult to .

I~

‘;coﬁstruct, it was too fraglle and unreliablc in operatﬁbn*

The first sall w1nd mlll to be used by a Geleb

‘farmer was comm1551oned in June 1974 and new ones hAVe

been erected at the rate of -about one per “month slnce then

:CFig 5)-although/this rate has aCCelerated during'1975,‘

(see Appendix 1). A number of volunteerchelpers came

~ to the mission to work on the proJeot and Mr.. Ted

Pollock manufactured the head assemb}les at the m1551onh

jworkshops at" Ghlmeera, "as those on the early models were

~ too compl;cated to construct'witﬁ facilities at Omo

.

“Station.i'They are then flown dowh by MAF. - The Swarts'

FoA L

son Dick, who has been trained at welding, assembled a

-

large number of wind-wheels and towers prior to his return

to thb USA, and he also manufactured a éeries of experi-

. mental vertlcal axis w1nd mills, known as Savonius Rotors

or 'S! rétors. This type of wind-mill has been promoted

’by VITA in the USA and by the Canadian Brace Research

.Instifute, 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 1nfer10r to. that ‘of the. sa1l—w1nd mllls and they need—"

bd\i~hlgher w1nd speed to~start ThlS was conflrmed by,
tests. described later 1n thls repdr. - These dev1ces are
ho longer belng made, but four of them are belng used by
Geleb famil1es, who\have been 1ssned_w1th efflclent hand-_
ppe;pted dlaphragm'pnmps to snpplement‘the water SuppthA
when the wind is fow, and a fifth is -in use by the:
migsion's medical&dress%r for his family's vegetable
garden. - |

59
Qulte a lot of. development work had already been comgﬂetéd
.on ‘the sa11.w1nd mlllS prior fo the author s arraval ‘
:ﬂﬁiS“included research 1nto the best type of pump, an 1n—‘

attempt~to improve the performancevby 1ncrea51ng the wind

wheel,diameter from—lOft,to 11ft.

Much thBUght has dlso been given’ td distributing this
qulpmant among the Gelebs and to providing the necessary
ﬂlnstructlon 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 a1m to
mlnlmlse their depe dence gn superylslon. A prospectave

| 1 to pay Eth. £5.00 per year for his

wind-mill (the»Dempster«users pay double this figure) for

wind-mill farmer ha

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 sims of money circulating in their 1solated

sub51stence economy .

The mission also has a pollcy 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 assembllng‘the wInd mills.
He is capable of organising maintenance and of adv151ng

any mill-owners having difficulty, and he operates as a
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-+ Fig b. +8Bavonius 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
(lett) can pump twice as much water in the same wind

and 1s cheaper to build.

permanent wind-mill technician.

Any new mill owner gets a kit of equipment 1in
addition to the wind-mil) (Fig 7). This includes several
hand tools such as a hoe, trowel and shovel, plus a small
batterv-operated tape-player with a cassette pr‘e~recordc<f
by Achao, which explains the operation of the wind-mill
and advocates such ideas as crop-rotatione. The new owner
is also helped with the initial work on bhis plot; he and
his family must c¢lear the land, but mission statf 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 ¢rop is left entirely to the mill-owner. An American

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



Fig . The Rev. Bob Swart stands hosidv the comploete kit of

equipment that is included with each wind-mill to-
gether with all the wind-mill components necessary

tor a, new 1nstallation. Note casette plaver and

hand tools displayved on sail. Head has direct metal-
to-metal bearing, wind-wheel 1s 110t diameter. Suction

hose and float on right.

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

various cultivation and crop problems.

Meteorbfo"g‘i'c#ce(ggjg\jﬂons and data collection

Any reasonably predise prediction of wind-mill per-
formance in a particular location depends on the avail-
abllity of long-term and detailed data on wind velocities

and directions. Appendix 3 shows how wind cnergy is
1.

related to mechanical power; it will be seen {rom this

that the power produced is” proportional to the cross-
sectional area of the wind-stream intercepted by the
wind-mill, ii.@. the area ol 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-
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Fig 8. Froshiv dug trrigation channels for o newly
commis=ioncd =aill wind-mill. {the new ownetr arnd
b= =on on right).

L
g O Cup-counter anemometer o= =cd ot Oma Statan.

1

e ~mall win di=plavs the total wind roan down

SO0 ot o midoe.

tor the neagrest
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crease in poweriqutput° all other’ condltlons being un-:
'ehanéed (23 - 8). Henge variations of wind speed.can;f L
have a much- magnlfled eﬁiect on power produced and on the‘
resulting volume of" water pumped \Tthe Xolume of water
pumped w1ll be roughly in’ proportlon to Eﬁe power produced
for dr1v1ng the pump) . ,Because “of~the non-linear
relatlonshlp between wlnd Vefoc1ty and volume of water
pumpednrlt can be shown.that a widely fluctuatlng wind

~

reglme w1th a glven average velocity will in fact allow

ore 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 datarcollectionvis a statistical science; no
twe years will be exactly the same, but once data from a
succession of years is available, reasonably sound
predictions can be made. If’%hbﬁld of course be moLgd > =
that the wind displays certaln superimposed cycllc
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 giobal 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. o #

Certain standard equipmeut 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 cbntinuously. Ideally, a continuously recording
anemometer on a 10m,h%gh'pole should be used; in

practise this type ofﬁpophisticated‘equipment is usually-

[
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Only used at maJor meteorological statlons, -such as are-
found at maJor airports or at 1nst1tutions conducting 7
meteorological research Hence it is generally accepted

that a. useful compromise is to use a 51mple cup- counier

-

anemometer (Fig 9) which records miles or kilometers of
w1nd run. This is mounted on a 3m hlgh pole (to allow
ready reading of the.indicator window) and generally it
is thoughr sufficient to take readings three times every
day such as at 0700, 1300 and 1900 hours. This allow54
the wind run for the morning hours, the aftérnoon hours
and the night .to be assessed, i.e. average morning,
afternoon and night wind velocities can be compufed.
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
tha Vkﬁ&nlty (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 runsu
numerous weather stations throughout éhe country. At
the time -of the author's v151t an anemometer, rain gauge
and max./min. thermometer had arrived (by MAF flight), but
an evaporation ‘pan (whl@h will provide data to assess
crop_waﬁyrnrequirements.w;thﬂmore precision) had not
arrived as it has to await ghe nekt freight delivery‘by;vﬁé“
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.v
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 régime is not ser- - *©
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1ously affected by large scale seasoﬁalvand contlnental
w1nd patterns at‘Omo, partly because the global w1nd
pattern in tropicél latitudes (Omo statlon is at about
Son is one of‘mild wind speeds and there are no marked
changes in cliﬁate with the seasons in this érea. The
primary'wind regime is diurnal, a "sea-breeze" effect.
caused by the close proximity of the relétively large
expanse of water of Laké Rudolf (the lake extends some
'200km from north to south and is up to about 50km wide).
The wind mechanism results from temperature differentials
Eetween the land and lake surfaces during the day in part-
icular, when the sun.rapidly heats the surrounding semi-
desert causing a strong breeze té blow off the lake. The
effect is less marked at night, when the breeze reverses.
The main evidence for this is wind difection data logged

by the 1968 Chicago expeg

n plus the general observatlons

;&.}

ho are used to the wind blow1ng

of people at the mission
more often than not, from the south or south east. Wind
speed measurements/taken in early mornlng, early afternoon
‘and in the evenlng indicate highest mean velocities in

the morning (usually speeds of 10 to 15 mph (16 to 24 km/
hr)) less wind" 1n»the dafternoon and very little wind at
night. The Geleb w1nd—mlll owners are sufflcleptly aware
of this pattern to Qonflne most of their cultivat;onw

work to thHe period froé about 0700 to 1200, wher good
winds can\befexpected. After this the day gets unComfdrt—
ably hot for workingwand anyway tne wind genéré%}y falls”
to a light breeze.:

There have been certain local problems in.recotrd-
”ing>metqofoiogical data.flOneqof these i;_Shorfége‘bf
détaff; the local people‘are illiterate@and'qouid not
readily bg trained to record the necessary readings,
; hénce members of thé}mission staff must. take the; ;
read&ngs three times everyAday. This normallx works s
Qéll,,but every now and-agaih séme unexpected task or
crisis preévents 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 6nce a longér p eriod has been logged, but they
k

can effect averages ta

U’)

cen

over short periods. There
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 be very

Taahla +n ho +a2 moer raod s a 1Aaral noanmnla ~ + ~
S S By & B VI S v \PAW | | W el va llkl 1 Tl Y¥Y L 11 11 Avw AL PCUP_LC uulL o i
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

or an opeéen wind speed measuring
site. The river bank provides a reasonable site so long
as the wind follow; its normal pattefn and blows off the
river from the lake, but the exposéd area of river bank
that is best suited for siting the anemometer is cut off
by flooding for a month or two eﬁery year, necessitating
the removal of‘fhe iﬂstrument to a more sheltered but
accessible spot beside the mission. There seems to be no
comp}g$ely sétisfactory solution to this problem, but

some suggestions are made in section 5 of this report

under the heading "Conclusions and Recommendations'".

Land ownership on the Omo River frontage

Although the Gelebs appear to have no concept of
land ownershiﬁ for grazing lands away from the river,
nearly all of the river bank frontage, regardless of
whether it floods (and is fraditionally cultivable) is
owned. Ownership generally rests with the more senicr men
in the tribe, such as the elders, and tends to stay with-
in families. Many-wf the younger men and some of the
poorer or less infiuential 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 Ruddlf of 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 Ethi&bian government's land reforms that



s - - 18

have‘been enforced in other parts of the country, the -
Gelebs traditipnalpriver bank ownership continues, maip{y
due to their "isolation. Indeed, it might be counter- '
productive to enforcehland reform on,them\in the context
of winé—mill usage as it is doubtful that they woﬁld
understand its purpose without an-accompanjing educational

programme.

BeeauSe of this, any prospective wind-mill owner
must own.rightsrto a site or get permission from. someone
with a suitable site. There. are alse—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 raéidly.
eroded, so that any long-term crops suchvas fruit—frees G
‘would -be at risk. So, some people with rights to a
’stretch of rlver bank may not have a suitable spot for
cultlvatlon.' A further compllcatlon is the existence of
stock watering points and places where cattle are trad-
1t10nally herded into the water to be swum acroSs the
river; these also have become establlshed by tradition and
cannot readily be blocked off by a cu;tlvated 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 somé, of the difficulties a few pot-
ential mill owﬁers havemexferienced in finding a suitable

plot.

This problem has been mentioned at some length.as
it seems to be -one .of the most serious conatraints to the
'exéan51on of the programme ; ‘there are known to be a o
.number of people who*would like to have w1nd mills but
who'do not as yet have any rights to sultable sites. As -~
wili be explaineé"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 mhe localﬂcian with land rights have permltted
\
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;others-te set’ug\gi&;s on "their" land. One man however
"has tried td‘EEErge a rent for land, and although his ”
area would be very saitable'for wind-mill cultivation,
he has found no one preparedtto pay him and it remains

unused.

Water distribution and crops -

-

The standard water distribution system'is for °the
water to be dellvered by a short 1ength of 13" diameter
pvc pipe, perhaps 6ft (2m) long, dlrectly ‘to a feeder
channel‘dug-at‘right’angles from the river bank across -~
the plot. A series of perpendicula} channels are dug
from.the main feeder and water is fed into each in
sue%ession by building small earth dams to direct it,
{Fig 8). E&ery 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 chanhel. Cereal creps are -
planted along the humps between'the channels. ‘émall
circular channels are prov1ded around young trees (Fig
10). - Most of the plots are about % hectare, although they
vary somewhat dependlng on the nature of the site, the

crops being grown and the ambitiousness of the owner and -

his family. !
. £
Some plots are more pofous or hade cracks anq
fissures which;cause losses of water, but’brotably one
of the primary variables in the efficiency with which' the
pumped water is distributed lies with the owner of the
plot. Some seem. té have grasped the best way to ‘dis-
tribute thelr wateér and their crops look falrly even,
others, in fgct the majority, tend to over-water the ro;s
nearestito theit mill and to under-water the furthest
rows; in such cases th€ crops nearest to the midll are
ﬁoticably taller and greener than those further back.
Efforts are belng made to ovércome these mlstakes by
ALY

education; it is in fact not at all surprlslng that

there should be some dlfflcultles of thls kind for
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peo le u51ng‘”hﬁ% is for them an gntirely new te‘ch{LLque‘/r

(t,e- ddlands- fhey used to cultlvabe did not of Qourse

~ .
uire any 1rr1ga¢10n, but only ylelded one annugi/crﬁp)

;Humén’naturé‘being’as it is, the Gelebs are generally
Iatﬁer proue to tryvand grow traditional crops they'aré
;famiiiar with; prestiée crops oeing grains such as}millet
sand.méizé. One of the ploneer mill-owners has grown flve
maize crops in succession in about 15 months on the sané
plot; not surprisingly they héve got progre551vely worse -
both due to soil depletion and due to the spread of a
corn bore beetle. The mission does not enforcé any kind
ofocroﬁ growing policy, but attempts to guide the mill-
owners’ instead. This man after his fifth harvest has
apparently-fecoguised the mfstakeuness of his cultiuation;
one of the primary lessons f%at Mr. Larry . McAuley‘is
trying to get -across i;ﬁfhe need for crop rotation. Hé
Ais hopingAto get some ﬁiil—owﬁers toe divide their plots .
iito four and‘ro@até corn-legume-=corn-fallow on each
quarter.

- B
e

- The hifsion hasﬂintroduc%a a‘numberéof’néw crops
gome of which-have found ready acceptance, including
sweet potatoes,_bananas, paw-paws (papayas) and mangoes.
cFrult is a new introduction in this aroa and is part-
icuiorly'ﬁell liked. . It seems that a number of the miil
* owners have recoénised that' fruit tfecs are a good invest-
hentiforkthe future, as they need less attention once.h~;
established aud prov1de shade for o@her crops, although

frult bats and birds are beginning ﬁo discover the new

trees and may well prove a problem ib the future.

v

- The Gelebs have aiwaYs had a local strain of bean,
but the mission is'secking to introduce soya beans as it
is, thought they will pfoduCQ a better yield, they &111
pfovide a useful source of protein and will also bc ve}y
.suitable for crop rotation with the favoured traditional
grain crops. The Rev..Swért~orgénised a special gather-

&
e
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clearly a useful and essential part of the programme. \{n

in‘backgroundkﬂz bladed - on left and 3 bladed on right).

ing ‘of all the mill-owners, plus their immediate families

and associafes, both to offer'an opportunity of letting

them sample soya beahs as well .as to introduce the author

and Mr. Ted PRollock (who arrived a few days aftekr.the

author) and §Qwéive the’Gelebs a chance to menfion any -«
problems. they were having with their milis. The soya ' *
beans";;re fried by Achao's wife on a typical Geléb 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 iﬁhérent'in iétroducing 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

a few cases the local peoplé invent their own dishes;
Achao's wife, qu example,)adds pounded ground-nuts
(another new local gfop) to her maize-meal porridge (a
traditional food) making a more nutritious dish whigch is

apparently popular with her family.



Figs 11 & 12. Cooking and enjoying a new crop. Sova beans

being introduced to the milli-owners.

3. _‘ AN APPRAISAL OF THE OMO “CRETAN SAIL"” WINDMILL
DESIGN

By the time of the author's visit a number of the
problems that werb 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 pafrts 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
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wiﬂd-wheel_and sails.

Suction line and fqpt valvg't

t

All the wind-mills draw water from the river
through a 13" (36mp) diameter thick-walled, but flex-
ible” pvc plastic pipe. The pipe is securely attached to
the suction (lowe;) end-of the pump with an adjustable
pipe clip and carries-a factory-manufactured brass foot-
valve at ifs lower end. The feot-valve -is supported by
a float consisting of a Block of expanded polystyrene
(Styrafoam) Jammed 1nto half an’ 0il barrel; the float is
essentlal to prevent the foot-valve gett1ng clogged with
silt, as ﬁould 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 abouf 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 g22.50) by using a log of wood as a float, but
there is not much wood available that is sufficiently big
and buoyant, andlanvbthat have been used deteriorate"
vrapldly and become water-logged despite all efforts to
prevent 1t' It is not practical to try and support the
foot valve -on a stake driven into the river bed, because
the river 1s 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 ant expensive but not readily alter-
able component, (it should be meﬁtiened that this piping
is manufactured in Addis AbaBa, although the pvc raw
material must presumaply be imported by the extrudefs).
A foot-valve can be improvised, (in fact a home-made one
was- tried), but unless it fﬁnbtions efficiently the pump

loses its prime and has to be constantly refilled with®
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water, @hich makes the entire wind-mill operationnmore
difficult and less.reliable. Hence it seems Bustifiable

to invest in a precision-machined component for this
function. The half oil drum ié 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 expensive,
it is extremely reliable (in that it rarely causes trouble)
and is effective.

¥

Tower

_ The tower is a completely welded assembly and forms
a’single rigid compdnent when completed. This has the
advantage that no foundations are neCeﬁsary to ensure
accurate .alignment of the tower footings, which can siﬁply
be embedded in zmpacted soil. The origiﬁal tower had four
corners, but this was modified to a three-cornered téwer
at an early stage, thereby saving one izftrlength of 13"

x 13" angle per tower without anmy excessive loss of

strength. The laterél member's 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 theif'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 avoié?the side where the wheel is turning, a
symmetrical structure is importént. 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 méking it any smaller. In the

circumstances, bearing in mind ‘the relative indestructive-

e
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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 observations oh
towerhdesign follow in the section on the author's work
programme, in which he in&estigated a possible tuBular:

‘towex) .

Pump and connecting rod

Factory made semi-rotary, diaphragm and piston’pumpé'
were evaluated in early 1975. Of theée the most satisfact-
ory pfoved to be a piston pump, manufactured by Dempster:
wIndustrie's‘fspecifically for wind-mill operation{‘-Because
the mission is able to obtéin 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 éng
reliability could be manufactured locally for a cémparable
price. It should be mentioned that Dempste; originally
supplied d 3in diameter casfﬂgfeel pump with a brass
:qyi;pder lining and gun-metal bucket and valve components,
plus a single leather washer. However, they then sub-
stituted an alternative Bﬁ diameter pump with a thick-
walléd'pvc cylinder énd 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
;ppears to function with virtually no apparent wear after
a year of operation. Both types&of Dempster cylinder are
in use plus one 231" diameter cast iron piston pump of
Indian manufacture that.cost slightly more but was avail-
able ex-stock in Addis Ababa;'thiﬁ however wears leathers
rather faster,'as is cé&mon.with iron or steel cylinders,
and due to its smaller bore has a markedly ;ower 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 iﬁcapable_of starting if
the linkage is set to produce a 7in throw.mu

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 mot 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 joint was developed by Dick Swart to
allow for non-alignment of the head and pump and to allow
the top part of the coﬁnecting rod to turn with the wind-
mill head when it moves to  face changing“wind—directions,
and this aléo 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'ﬁ;s a split piece of water pipe welded
to it,,with‘reinforcemeﬁt flanges to suppdrt it and prevent
buckling. Thé éplit water pipe has two drilled Jugs to
allow it to be bolted around the crank journal on ‘the =
head. Although steel to steel plain bearings of this kihd
are not sound engineéring practice, the loads transmitted
are quife iow and no serious wear has yet occurred at this
point on aﬁy of the mills. Lubrication‘is by heavy
greasé, which seems to last without replacement‘for a
conéiderable time. The split bearing is ﬁounted with its
axis suitably inclined to allow for the slope of the

mill-wheel shaft.

-3

Head assembly and tail

The head assembly consists of én angle-iron frame
carrying two mountings for the main shaft bearings and
the side members extend backwards to 1nclude an 1ntegral
tall‘unlt. The frame rides oh a 1/8"x13" flat-bar ring
of 12" diameter welded into the top frame of the tower; .

earlier models had a square sub-frame médé of 1Anx1in
2 2



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).
froblems 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

L]
there was difficulty in getting sufficient grease 1nto
the wheel hubs so that the flanged wheels tended to wear

the Bolts acting as axles rather rapidly and also did
not turn freely. As a result some mllls were tried w1th
Mthe“head frame angle iromn cha551s lying. directly on the"

N
11.CI W1T

th plenty Ol_grease seemed as good
as the arrangement?yith/small wheels as far as resistance
_to_ turning-is cdﬁgerned. The head is prevented from
lifting by four hooks bent from flat bar which project
down tbrepgh the centre of the frame and curve round
underneé?h the ring in'the top of thé tower. When the
square f?éme carrying the frame was omifted, new shorter
‘hooks were introduced to allow for the lowering of the
frame by just under 2", and the connecting rod had to be
shortened similarly. |

i » e ®

The prdBlém'of devising a satisfactory head.support
bearing was tackled under the author's work programme
and resulted in the evolution of 5 new type of roller
head bearing desﬁribed more fully later on; (see Flgs.
13 & 14 which shows the two different types oﬂ/head
bear;ng)

The main shaft is carried at its rear end by aV;elf—
\aligning sealed‘ballérace in a metal housing and at the
front by: a plain olive-wood bearing, split horizontally
and packed with grease. A few mills have either bbth
bearings wooden or both ball-races. Within the time-
scale so far ixperlenced there is little to ch005e
between the two types of bearing; olive wood is theoret—

ically'cheapéf, but the mission was given a con51gnment

of 100 sealed ball;bearings., One of thecadvantdges for
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putting one of each type of bearing on each milltisvthat
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/ 11"
hexagon bar; the cross-section being not from choipe.but
because it'was/the only sufficiently strong bar available
from bhe steel suppliers in Addis Ababa. The hexagon
cross- sectlon caused problems in that a plece of water
plpe has to be welded around it where it passes through
the Wooden bearing, and it needs to be laborlously ground
and'filed to fit the steel ball-race at the rear end. The
few mills with ba}l;races for the front. bearings had to
/have them fitteo by cutting the shaft,ygrinding:and filing
to take the ball-bearing and then welding the cut-off end

back after fitting the race, which wa

‘one reason to
favour wooden bearings'at the front “t point on .
bearings is that the lip where the : s filed to- fit
the rear bearing acts as ‘the thrust eurface-to take axial

thrusts from the w1nd wheel.

. The shaft was cut so as to permit two pleces of %"
-steel plate to be uSed to offset the crank journal, these
being butt-welded tO&the cut shaft ends. ”Counterbalances"
were added to the opp051te ends of the crank webs on the
suggestion of a volunteer ‘but thls in fact serves no
purpose and a resultiég recommendation is to Omit'them in
future. The fabricati%n of crank shafts was another task
carried out in the workshops at Ghlmeera, as local fac—'
ilities at Omo are not suitable for readily ach1ev1ng the

;o

A
correct aligmmenty A P
TheIfront'of'the'maiﬁishafttcarries a hexagonal
<flange drilled to match thevhuh7of\3\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.
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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; it
consisted of a suitably shaped panel of flat galvanised
sheet steel bolted between the flanges of the tail boom
with‘extra vertical flaé—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 vfollows the classic Cretan type of
pattern, with a number of arms radiating from a central
Qub which carry the }eadiqgaedgéS'of?a series of triang-
ular teXtile sails. The wholé sfructure is braced with
wires radiating from an extension to the shaft mounted on
the hub to prevent axiel 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 oflthe Omo sail wind-miils have eight arms,
allowing provision for eight sails, alfhough one was
made with six arms as an experiment. The afms are of %in
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 ofiginally built to an overall diameter of 10ft, (3m),
but this was modified to 11ft early in 1975 in an attempt
to improve wind-mill perforhancev The central extension
from the hub, to carry the bracing wires, is generally
made from two lengths of ‘1in x 1in angle welded with their -
flange ends in contact to make a square cross—secti&ﬁ, and
the bracing wires consist of standard galvanised fencing

wire.

Various types of cloth were tried for making sails,
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but most standaird woven textiles proved inadequate. This
is because any flexible material;is inclined to flap and
crack in gusty wind condftions and most materials are
susceptible to rapid degradation under continuous strong
suniight, the ultra-violet part of the spectrum being
responsible. A further problem witn most -materials is a
tepdency for a tear to run rapidlylonceAinitiated. There-
‘fore it is clear that a heavy, relatively infiexible,'run—
resistant and u.v. resistant material- is essential for
sail w1nd 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
epecialiy formulated for yacht sails; this would normally
be rather expenéiVe compared with most textiles, especially
landed at Omo station; however their stock wae donated
,by the manufacturers Dupont Chemicals of the USA. A nylon
klte materlal was also evaluated, but”belng flimsier than
the Dacron (it was prone to flap in gusts and would be un--
likely to last as long. To date noﬁe of the Dacron sails
have torn in use,‘although stitching oocasionaliy needs
replacement. Thé thread used for hemming the sails needs
to be equally strong and resistant to u.v. degradation,
So an . extremely strong synthetlc (nylon) thread is used.
Cottoﬁ is not generally sﬂrong enough and long-lasting
enough for t?is service.

L'Sails on‘the traditivnasr vrevan winu-miiLis are
generally reefed by rolling them around the arms of the
wheel, but this is not a practiecal means ia southern ’
Ethlopla as cloth, -being a rare and valuable commodlty 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-gails around the arm
than to completely remove’or refit’them; Therefore an
1ngen10us method of fitting them had been devised by the
Rev. Bob.Swart, in which’ rubber,loops cut from motor-
cyqle:inner,tubes,are attachedbto‘the corners of each sail
with lengths of pqﬂypropylene rope; tne.saiis can then
very rapidly be fitted or removed by attaching the loops
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onto metal hooks welded at snitable points on the arms of
the wheel. The rubber allow§ for any inaccuracie’s in the
sail or wheel and keeps the :sails stretched inte 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
Gelebkniil—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 regardlees and it

is a,common sight tovsee mill’s operating effectively with
just two sails when a goed breeze is blowing); secondly,

no mill>owner will leave his mill w;th sails‘on and un-
attended for fear. of lpsing them. When werk finishes for
the day tkre 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 Savonlugv
rotor w1nd5mllls, belng all metal, are quite often‘left’

in pperatipn_by the;r owners anthave been damaged - by//
' sudden storms befiore staff fron the missiOn could get/
out by motor-cycle and stop them, (this is partlyi
because the Savonius rotor pumps rathpr less water and
there is a resulting temptation to leave it running to
méke'np for this. When this happens it is not possible
for the owner tf return to switth it, off quickly as most
of them live about one hour s walk from the cultivated

plots). S

A number of modlflcatlons to the wind-wheel have
been tried and certain recommendatlons follow; most of
these were aimed at- gaining 1mprovements in pumplng : lﬁ

performance, partlcularly in low wind condltlons.
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4.. WORK PROGRAMME—21 JULY TO 16 AUGUST 1975 :

©

Identification of problems

Analysis of the various features of the sail-wined-
mills at the state of evolution'just described revealed

*a number of technical problems needing attention; these

can be summarised as follows:- : oo

(i) a need for an improvement in pumping perform-

ance, particularly in low winds

(ii) wind-wheel orientation to face changing‘wind
- ' directions was not entirely satisfactory,
’ especially when six or more sails were fitted

3\

(iii) 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

*

"

(iv)  a need to minimise the cost of the system by
reducing the size ‘or modlfylng some of the
components

(v) con51derat10n of alternative sa11 materlals in
case the supply of free Dacron ceased to be>

avallable

'(vi):ya 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

1

A" number of operational problems also became apparent:-

» (i) the need to obtaln perm1551on to set up ‘a wind-

mill from "land-owners" in cases where a pros-"




1

pectlve user has no tradltlonal rlghts to the -

river bank o ’ o :

'
. =,
o

(ii) dinefficient water distribution and wind-mill:
utilisation

Kl

(4idid) poor choice of crops and lack of understanding

o of crop rotation .

The sgarch for solutions

Various ideas were fried to introduce impr 'ments,
with differing degrees oﬁ success. It is worth describing
all of these even -though certain innovations were aband-
roned either because they were not wholly satisfactory as
solutions or because they introduced further ‘complications
The successful=innbvations are discussgd:in more detail
under "Conclusions and Recommendations”; together with
some suggeéffbns for further de%elopment work that these

point to.

¥

One of the only complalnts v01ced‘con31stently by
the Gelebs was that the sail wind-mills did not pump
enough water when the wind was‘low; they tended to set
their étandards by the performance of the Dempster
factory-built wind-mills which would gfért in a very low
wind\\as a result of being £itted w1th rather too smallja

\Hiaﬁéter—af>pump for the low 1ift called for and being =
geared dowgk\ ‘The. Dempster mills are also on 25ft tall
towers giving gg?fervaccess to the wind. One thing not
apparenfvto_tﬁe casual observer is that, through Eeing
geared down, the pumping rate of the Dempster is not as

fast as a dlrectly llnked w1nd—mlll.

i . T -
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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
extensioﬁs 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 thé 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 2ft 6in increase 1in
radius should provide an increase in starting torque (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 areca is to be expect-
ed (power is proportional to area, see Appendix 3), and
this works oﬁt 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 waé 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 5ft 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 diametef one was built.
The 14ft and 15ft wheels give an ihp{ovement in starting
torque of about 27% and 36% respectiQely, 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 dlfferent wind-wheel with. four large
rectangular sails desngned to be aerodynamically more
efflcient than the sail arrangement on Cretan mills, in
other words an attempt to 1ntercept more wind, more
efficiently, (Fig 16). The sails on the experimental
d951gn were mounted on a metal frame, which held them
Jmore rigid- and gave the sail surface approximately the
correct angle of attack to achleve reasonably efficient
lift at all p01nts along the radius, the characteristic
twist common to all propellers. This wind-wheel was
built to bes18ft in diameter and the inner ends of the
‘sail surf%ces were nearer the saaft to extract as much
wind—enéigy 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:coub% rotate about their axes in tuhes radiating
from the hub, and there were rubber loops fitted in the .
hub to provide control forces Sp that the blades would:
partially feather by going 1nto a coarser pitch in high
winds SFig 17). EThe wheel disc was rather too larée to
‘be controlled by the standard wind—mill,tail; so -as an
addedoinnovation, this mill was run ddynward of the
tower without a tail, and this worked reasonably well
with the head displaying considerable sensitivity to
/changing wind- dlrections. This experimental wheel was
‘later used in conjunction with a‘numh;r of other in-
novations, to be‘described later, but it was later‘
abandoned mainly because the 14 and 15ft Cretan wheels
seemed to be quit\\adequate, and Jeing 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 required' although 1t should be stressed that further
development~e£ this design would be called for.
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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 impro&e—v
ment in pumping performance is to use a double-acting
rather thpn a single-acting pump, (i.e. arranged to deliver
water on both the up and the down stroke). All the
availzﬁig,pﬁﬁié were single-acting and could not readily
be mo’ified to be d;uble—acting with materials qn-ﬁaﬁa,

' so this approach was simulated b&'mOuﬁtihg'tWO'siﬁglé-h
actlng pumps under a Qind;ﬁill, arranged in such a way
that when one was-on the up-stroke the other was on the
dewn-stroke, P51ng a rocking beam installed by Ted
Pollock (Fig-i8). As will be seen under the discussion
of the test results, this mill was capable of delivering
fully double the volume of water in a given wind using
both pumps, compared with when one of the pumps was dis-
connected. In fact this mill achieved the best perform-
ance ﬁhder any of the tests of just under 1300 gallons
per hour .against a static head of 9ft with a wind speed
ofﬂlﬁ%Amph (using the éxperimental 16ft diameter wheel™
fittgd with only four sails), (see Appendix-5).

_Improving wind-wheel orientation.

The high drag of a wind-wheel, particularly when
carryiﬁg a lot of sail, tends to make it try and--turn -
itself around to the rear of the tower; the fﬁﬁction_

“of the tail vane being to fight against this tendéncy.
Directional stability was not completely satisfactory
with~the smaller 11ft diameter wheels, but the enlarge-
ment bfiWheel diameter just descriibed fgndered fhe
previous féi; design quite inadequate. With poor direct-
ional stabiiity.the wind-wheel could frequently only
receive windvat some acute angle to;;is plane of rotation,
thereby 1losing much of the advantage gained from
‘increasihg the diameter. Also, the 12ft towers are
rather low aﬁd in.-not alwgysﬂideally égposed situations,.
so the wind.tends to veer’and gust. Therefore it is
important to have .a machigg’éapéﬁle of responding rdpidly

to changes in w1nd direction if the maximum eTflclencv

is to be obtained - from the w1n&-wheel




Fig 19.

Double pump arrangement.

Interim extended tail.
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Thérefofe"the original tail was cut off and refitted
on an -extended. tail-boom, to increase its effective
leverage; the increased size of the wind-wheel at the
other side of the turntable tended to compensate for the
incfeésed weight acting on fﬁe rear of fhe'turntable.
However, as this did not prodﬁce sufficient improvement,
an additional"aréa of metal was added to the rear of the
tail to ingreasé its sﬁrface area and to further increase
its leverage slightly (Fig 25). This did improve the
situation somewhat, but introduced a new problem in that
the whole turn-table/head assembly was_ﬁow too tail
heavy, which caused the turntable to rock backwards and
engagé the front pair of hooks under the tower ring,
thereby increasing the general frictipn at the turntable
and reducing much of the efféct of the improvement in
tail leverage.
L

Because of this we scrapped the original tail aesigﬁ
and built aAnew, larger rectangular tail vane, carried on
a lighter and longer tail boom (Fig 20), this being fab-
ricated from thlnher:sectloned square tublng and triang-
ulated to compensate for any loss of strength. This was
introduced in conjunction w?}h'an improved design of
turn-table bearing, allowing the head to rdi on rollers
instead of either axled-wheels‘br straight m;talFtb-
metal surfaces. The roller bearings (Fig 14) consisted
of several short lengths of 'pipe guided by a light’
cage made frqp a ring of flat-bar with stub-axle guides
for the rollers. As in this case the axles are mot load-
ed by more than the: welght of the cagew theré is “mich less
friction than when using flanged wheels, and this mod-=
ification produced a marked improvement inuresponse to
chariging wind conditions when used in conjunction with
a 15ft diameter sail windJ;heel. This tail was built as
a compromise using available materials, but as detailed

later under the recommendatlons, it is suggested that its

concept can be extended to obtain fuyther improvements.




Fig 20. Recommended 15ft diameter wind-mill configuration with
lightweight extended tail vane and head running on

QO roller bearing (see Fig 14).

AT

Fig 21. Transmission system for tubular tower wind-mill.

!

/
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Other work carried on in parallel tg this, included
_the omission of a tail completely on’the special four-
bladed wheel, both to obtain very high degree of sensitivity
to changing wind directions gained through running the
wheel downwind of the tower and to reduce the material
content of the device. However the standard Cretan type
wind-wheel does not lend itself to be used down-wind of
the tower as the simple and cheap bracing wires which are”
in tension when the wheel is up-stream of the tower, would
need replacem@nt by solid struts capable of resisting
compression. ;This would remoﬁe much of the saving gained
from removing %he tail and introduce the need for extra
balancing on the opp95ite sideyof the turntable to com-

pensate for‘the heavier wheel. .

Another indirect approach to the problem was to
tack%e high turning resistance between the turntable and
tower head by reducing the diaﬁéter of the head, because
the friction resistance to rofation is proportional to.
the mean diameter of the support bearing. To do this
involved a coﬁplete change in the tower and ﬁgad design;
as thé,large diamatenMismneeded—wi%hwthemexisfing
arrangement to allow clearance for the pump connecting ’
rod where it passes into the tower when the crank journal
reaches the lateral extremes of its throw. Therefore the
opportunity was taken when developing a tubular tower
(Fig 22) to include a redesigned’transmission (Fig 21)
in?olving the use of a much shorter connecting rod. This
allowed a 3in diémeter head begfing to-bé used, consisting
of the bottom end of the turntable tube resting on a ring-
shapeé lead thrust‘block suppOrted on the tube tower.
Although the tower design was abandoned for reasons to be
described, the small diameter turn-table turned very
easily and was both low in material content and simple to
build. But the successful later development of a roller
bearing (previously described) removed thé need foé?this
other development and involved fewer changes in thew

existing and proven design; to which considerable volumes
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me}; Fig. 23

1%" plug Pump rod seals

spacer
washers

. cup washer

leather washer

weld

Fig 23. Alternative pump rod seals.
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of ordered construetion materials were committed.

Provision of adequate pump-rod seal

The ﬁooden plug with a hole for the pump rod proved
suitable in situations where the delivery water runs
downwards through a short iength of plastic hose directly -
1nto dls&rlbutlon channels, but it preeludes the delivery
of water against heads of more than about 1ft (30cm) as in
such’ 51t2atiins 51gn1f1cant quantltles of water fountain
out around the pump plunger and are wasted. As a result,
certain areas of reasonable soil to the south of the
mission that foer potentiai futurecplots for irrigation
could not be used as anyrwind—miils supplying them would
'need tomlift water.through a static head of some 6ft (ém)
with an additional substantial dynamic head due to the
.need for delivery tnrough some 50 to 100 yds (m) of pipe.

8 ) .

Commercially manufactured seals were available from
the pump manufacturer, but are relatively expensive‘and
possibly have excessive frlctlon as they are designed to
withstand much greater delivery-heads than are ever
experienced or needed for this broject. Therefore two
alternative sealing devices were improvised from available
materials (see Fig 23). The first is a gland-packing
utilising a short length of comprejsed'rubber hose as a
seal. Thls has the advantage of being adjustable to cater
for 1ncrea51ng leakage after wear takes place. The
seco system depends on shaped washers; a leather cup
washer with an aluminium backing washer, which offer less
lfrlctlon than a packlng as the water pressure itself
presses the seallng edge agalnst the plunger shaft. Both
appeared to work reasonably well, at-least~for the short
term of tne‘author'S'presence: but thefpacking appeared
to be more leakproof than the cup washer. Further develop-
"ments that might be considered to overcome this problem

are outlined in the section on recommendations.

%




Methods fqr reducing costs

As wind-mill systems intended as development aid
depend for‘their a}tractireness on achieving a long life
ywith low-running costs (i.e. high reliability), any
reductions which conflict with these requlnFments could
be counter- productlve. Therefore it is the author's
opinion that the best means for ach1ev1ng ”cost“reductlon”
is .to 1mprove'performance, that is although the capltal
cost of the system may even increase, the aim w1ll be to

4

minimise the cost per gallon of water lifted. Any improve-

ment which produces an increase in cost may be justified
if it produces a proportionately greater increase in water
output and conversely any cest saving .reductions must be
questioned if they can cause reductionsqin water output
through either reduced running performance or reduced
reliability/life. A,furmher important consideration

with metal wind-mill strhctures is the fatigue Strength

of various components; although an‘iéiﬁ may be quite
adequately designed to withstand the loadings over '
relatively few cycles of operatlon, a w1nd mill mus¢
witlistand many years of operatlon 1f it i to be viiable
and should therefore have exceptlonal reserves of
strength to w1thstand metal fatlgue. To emphasise this
point; a reliable commercial vehicle is considered to:
have performediwell if ‘it runs 500,000 miles between
show-room and scrap-yard, that is just under 17,000 hours
at an average of 30 mph. ' This is the equivalent of .4}
years of continuous . operatlon for a w1nd—mlll which is a
rather short period at least compared w1th life times of
commercé!lly manufactures water-lifting w1nd -mills, which

are normally of the order of more than 10 years w1thout

maJor\repalrs.

These points'are made because the author feels that
small savings in capital cost that degrade the structural
integri{y of the design, as it has evolved, should ’

generally be avoided. gHaving said that, a number of areas
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where savings could be sought are pointed to by the cost
breakdobm (Appendix 2), which are di;cussed in sgme detail
under thp recommendations which fotldw.

Two practical attempts at cost reduction. were
attempted under the work programme. As the lattice tower
did not lend itself to reduction of metal‘content,((mainly
because the lateral members are needed to allow tPe towers
to be climbed), an attempt was made to produce a tubular
tower braced with guy ropes (Fig 22). This also lent
itself well to the applicatidon of a gimpler; small
diameter, thrust bearing to support }he tower-head. The:
design philosophy was to minimise th; structural weight
an cost of the towér relative to the dynamic parts of
the system such as the wheel and transmission% . The
tubular tower was in fact very much quicker to build\and
was also cheaper in that it used less stegl, but it
proved very vulnerable if the guy ropes wcre not perfectly
tensioned and eventually faiied.for this reason. Although
braided eteel rope was evai;able for guying the tower;
it could not be used as it is extrgmely likely }o‘be
removed by local peeple during'the night, being very
.highly pfized for making crocodile harpoonsﬂ jTherefore,
ordinary fencing wire was used which was prone to stretch;
also congstant vibration friom gusts of windklooseﬂed tHe
anchofagee. Therefore‘it was concluded that although
this design approakbwg;ght be viable in situations!yhere
édequatquuyingb(probqbly frem concrete anchorages) is
vbossible, it was not ah&appxgpriate method in this
situatien. :Further considerations weighing against the
tubular tower were that it was rather more difficult and
dangerous to c¢climb than a lattice: tower and that there
was a considerable cdmmitment in terms.of éaterlals on
-hand and ordered for the lattice toWefe, which werge |
fﬁh&tionally quite satisfactory. EET‘-H%—’

i 4

The other arca where practical’ work aimed at CQﬁt

-reduction was completed wasra\study of redundant ¢
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ponehts in the evolved design. It says much for the

development skills of Messrs Swart and Pollock that there
were few unnecessary components that had not already been
eliminated. The main areas where sqvings can be eftfected:

is in increased ease of construction by the cimplification

of the head bearing already outlihed together with the

‘elimination of "balance weights" - from the crank flanges. .

A number of towers were fitted with an unnecessary square
top frame (a relic of the ‘prototype tower design which,
(copying those in Crete) was four-cornered); but these
are no longer to be fitted now that the originally fab-

ricated batch has been used up. L

Consideration of alternative sails

The Dacron material, obtained free through the
generosity of the manufacturers, has seo far proved
entirely satisfactory, (although a number of proposals

for further devélopment work on sail shapes and 51zes

z.
. are included in the reCommendatlons) However, as Con-

ventional locally avallablex @brlcs had proved rather
unsatisfactory in terms of durablllty, the authdr felt
it was.worth looking for aiternatlves in case either the
supply of free Dacron were to dry up or if the system
were to be tried elsewhere without the conp%ction with
the.  Dupont Corporation. ‘

Therefore a pair of detarhable aluminium sails were
built, desigmrred to be simply substituted for the existing
design of Dacron sail on the standard w1nd—¢heel (Fig 24)
The salls needed to be removable to allow tﬁe same
facility for adJustlng the w1nd—mlll;to cope with differ-
ent wind strengths. They were clipped to the wind-wheel
at the front end’were secured via polypropylene rope and
rubber loops at the trailing edge and could readily be
removed or fixed in place. The aluminium used was ob-
tained by fiattening some surplus aluminium roof cappings.

This kind of material should be readily available and

o
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cheaper than Dacron in most areas. "It would also be very
much more durable than any locally avallable\%extlle
materials. In addition, we found that provided the\\
‘aluminium sails were mounted correctly (to avoid too
shallow an angle »of’ attaok) the two alumlnlum blades
provided about/the/same water pumping output in a givenr~
wind as three Dacron.seils (Appendix 5). Lack of time
prevented further experiments with larger numbers of(
aluminium blades. Tﬂis work is of primary interest for
any applications of the Omo windmill design in other .
areas, in which case further development of the aluminium
(or perhaps wood or galvanised sheet stéel) blades would

be justifiable.
Method for. testing wind-mills

The results of the testing system that was evolved
proved how unrellable subJectlve impressions based on
general observatlon of performance can be; it is very
difficult to- judge water delivery simply by looking at

the appearance of the jet of water being produced.

L Because the wind very ‘rarely blows steadily fo@more
than a few seconds, but tends to gust it was not
practlcable to try and bulld a4 dynamometer to measure the
shaft powerroutput_of a w1nd—m111 (which would of course .
vary C¢ontinuously with-the wind). Also, it is not so
much the shaft output but the volume of water pumped in
a given situation by the system as a whole that is of

Vinterest.

Therefore-it was. dec1ded to/bypass the problem of
obtq1n1ng Wlnstantaneous" values of power output to

/Peiéfe/to w1nd—speed by measurlng average values over‘y‘
short perlods., Jhls could readily be done by measuring
‘thejtlme taken to £ill a 45 gallon o0il barrel while ,‘
51multaneousl¥ noting- the wind-run over the same period,

‘méasured by the cup anemometer that was availebie for



Fig 24. Windmill with experimental clip-on metal sails,
beaten out of aluminium. roof cappings.

Fig 25. Windmill testing by filling a 45 gallon barrel
(metal blades being evaluated).
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the weather station (Fig 25). (A hand held wind-speed
indicator was borrowed from the Missionary Aviation
‘Fellowship, which gave instantaneous wind-readings, but
this only served to show how variable the wind-conditions
are, with the indicator marker continuously weaving up

and down its scale).

The wind run (automatiéally integrated by the
anemometer) divided by the time taken to pump 45 gallons
gave the average wind-speed during the test, and the
volume of water (45 gallons) divided by the time taken
gives the average pumping rate, Hence values of pefform—
ance in terms of water pumped in different wind-speeds
were obtained for a number of permutations and combinations
of wind-wheel size and numbers of Sails, (see Appendix 5)
From the knowledge of the volume of water pumped, the
useful power output of the wind-mill can be computed by
obtaining the total (manometric) head across the pump
(this is the stat%c head plus a dynamic head, the latter
being estimated from standard tables) and multiplying by
the weight of water pumped. By using appropriate units a
dimensjionless ratio, called the performance coefficient
(see Appendix 3) can eventually be arrived at which
provides a ready comparison for the "efficiency of a wind-
mill at converting wind energy into pumped water. This
of course is efficiency in the technical sense; in the end
the cost must also be considered and may make a’®technically
inferior wind-mill have the economic edge over a more

sophisticated technical design.

This testing system has the advantage of being simple
to carry out and énly requires a standard integrating
cup-anemometer plus a Ls gallon (or other known volume)%
container. But 1t does pose problems of obtaining
performance figures in very low winds, as, if the wind-
wheel should stop during a test, the test becomes void
because the anémometer usually continued to record wind-

run while the wind-mill is stationary. Also, as low-
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wind tests take the longest there is a high chance of
a lull in the wind during such a test. -Therefore it
may be justifiable to modify testing procedure ‘as
.outlined under the recommendhtions in order to 6btain
f@sults at low wind-speeds mére readily. This is quite
import;ﬁf as one he main problem area to obtain

s ,?Tﬁfhﬁ\«’/ . i/fé
the best possible performance in low winds from wind-

mills.

Operati'onal problems

-

The problem of obtaining more irrigation land for
non-land-owning potential mill-owners is being tackled
by the project organisers. One way of helping towards

this is to try and ensure that existing mill users

achieve ‘successful c¢rop yields, which will serve to

generate even greater interest frg@’ggn:usersf”'Thé ﬁse
of a suitablg'gggp:ned’sééIfﬁgyﬁéermit water to be
1ifted to a higher area to the south of the mission which
is suitable for cultiv%tion>and will therefore open up

a new area of "nmo man's land" and aléo,wind—mills are'
now being installed in areas further froﬁ the mission
wheré they may well attract further interest.

' .Poor watervdisfribution and féilure to rotate crops -
is beiﬁg féékiagxintensively by Mr Larry McAuley, who

is spending someigiiﬁmQEths at Omo Station and who has

learnt sufficientiafftheiaéieb language to communicate in

"little moréthan a monfh'énd who seemed to have establish-

_edlan effective rapport with the mill-owners. This. of

course continues the efforts along similar lines by the

Rev Bob-Swart who also of course speaks the local

language with fluency and has run~a continuous education-

.al effort\ﬁhrough discussions and thfough theEProvision

J

~0fwtap®—playerswwith'CéSsettes to reinforce his teachingé
(Fig 26). -




Fig 26. The Rev Bob Swart (upper left) and Achao (right)
é explaining wind-mill operation to a group of Geleb

farmers.

Fig 27. Anne Fraenkel (with Bob Swart interpreting)

‘interviewing a farmer and his family.

[ R =
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project, conducted a series of interviews with mill-
owners (using the good offices of the Rev Bob Swart as

an interpreter) (Fig.27). This helped identify a number
of cultural and social difficulties that had not previous4‘
1y been so clearly appareht. An outline of thé findings'f
from these interviews is included in Appendix 4 and it is;
suggested that occasional interviews might be organised
from time to time in order to obtain a valuable feed-backi’
from the mill users, both to idehtify'new pﬁoblems and toJ

1
'

evaluate the effectiveness of attempts at solutions.

"Although the author's'prime task is to consider
technical'aspects of this project, the sociéﬁ and
cultural side of applying this technology may be more
critical in effecting the success of it than seeking
technical perfection, and it also bverlaps into the realmi
of the choice of technical approach. Therefore it is
cchluded that some of the more significant findings in
this field are an importarnt component of this report so
far. as understadding the complete perspective of the

project is concerneda,
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5.  CONCLUSIONS AND RECOMMENDATIONS

e

Some of the following conclusions became obvious
during the course of the work/programme and are already
in the procass of implemegfation. But for completeness
these are included togepﬁcr with some ideas for furthcr
development which cc;}&ibe tested and introduced when the

opportunity permits.y

7
/

y
Wind-mill modifications

1. Increase wind- wheel size to 14ft (4.25m) diameter to improve
startlng and pumplng performance. Further increases up to
20ft(6m)d1ametpr might be tried, but accompanying increases
in tower height will he needed, (such as indicated ia‘Fig
28). (20ft dlamete: glves four times ‘the power of. a 10ft
diameter mlll) "

2. If 14ft diameter (or larger) wind-wheels are used; it
should be possible to build them with only sianrms rather
than eight and still achieve suff1c1ent performance, so

little (if any) extra material will be needed.

: Ve
i y

3. Further small gains in starting torque’might be obtained
by extending the inner end of the sajils nearer to the

wheel hub, (see Fig 29).

\
3

L, §tarting pe?formancejmight be slightly improved by sheet-
ing the outer trailing .edge of each sail less tightly so
as to allow‘lt to take up a steeper "angle of atﬁack"
Tests w1ll be needed to check this 1m case it causes

i
excessive sall flapping in hlgher winds.

5. The induced; drag of ‘the tail could be increased further

by 1ncrea51hg its aspect ratio, (i.e. maklng 1t taller
and narrower - see Fig 30). This would improve direct-
ional stablﬁlty at no extra cost and permit a lighter

tail .on a lcnger boom to be used. Another improvement

- would be.a swallow-tail arrangement (Fig 30) which should
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be more sensitive to small changes in wind direction.
Aluminium roof cappings, available at Omo, would be a
suitable coﬁstruction material for either of these

types of tail.

A wire loop with a handle on the end of it could be

attached to the tail to allow the wind-wheel to be

turned out of the wind from ground level.

If directional stability probiem$ ?ersist, a wind-mill
could bé modified as shown in Fig 51 so as to operate>
down-wind o? the tower. This would eliminate the .need
for a tail,'but the other additions shown would be
needed. | .

P;
Initial tests indicated that a double-acting pump
produces twice as much water as a single—acting@one.
Therefore a single-acting éump should be converted as
indicated in,Eig 32. The connectidg rod will need
stiffening to.preveﬁt it bucklin&\gg_ﬁhe down-stroke; a,
possible way of doing this is: shown in Fig 33. If it
proves difficult to convert single-actingyﬁumps, it
appears Jjustifiable té use two' single-acting pumps per ‘f

wind-mill instead, as on the test installation.

. . ES
&

‘

Tests should be conducted to determine the best stroke
whenf using either bigger wheel diameters or double-acting

pumps. It is‘likely that & longer sProke could be used

“which would produce still higher pumping rates.  The

. crank-shaft, bearings and wheel might have to be raised

slightiylto providb sufficient ©learance between the
pump rod and frame. .These tests Yeuld;be conducted
either by making up several crank>shafts of different

throws, or by making an adjustable stroke crankshaft

such as that suggested in Fig 34. .

An altefn%fivefwé§ of fabricating crankshafts iq\in-

dicatéd‘iﬁ“Fig/SS. The author is grateful to Marcus
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Sherman of New Alchemy Institute for suggesting this
means of obtaining correct alignment; apparently this
is a method used in Greece. This would allow crank-

shafts to be made at Omo instead of at Ghimeera.

Circular or hollow bar (thick-walled pipe) would be

more suitable for\shaft material than the hexagon bar

_ﬁreviously used.

The balance weights added to crank-shaft webs are not

necessary and could be left off in-future.

Sealed metal ball-races seem satisfactory while free
stocks last, but.olive wood bearings appear equally good
and would be a better choice if ball-bearings had to be
bought; being cheaper. Fig 36 illustrates methods for
the possible cohtrolled lubrication of wooden bearings
which would be-worth testing over an extended period.

’ .

The flanged-wheel type of. tower head bearing should be

'discontinued. Roller bearings made from bits of pipe

are less difficult to build, no more expensive and offer

much less friction. Future bearings should use thicker-
walled p1pe for rollers and three rollers would probably
be better than four to prevent wobbles due to 1na§cur—w~5
a01es of allgnment. Alternatively plain me¢al to- -metal
contact is cheaper and no worse than the flanged wheel

arrangement.

Home-made or commercially manufactured pumﬁirod seals -
should be used if lifting water against heads of more
than-about “5ft; Fig 23 shows the two home-made types

tested during the work programme. A few of each should

‘be made and tested fBﬁesteblish which is easiest to

make and how well they perform. Alternatively, the
modification shown 'in Fig 37 would be useful for low
lift situations and might be generally introduced with

all future wind-mills. It will require some moaifications
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?

to the connecting rod arrangement, and should be

tested before being generally applied.

Major cost savings might be possible in the suction

line and float assembly. The following might be tried:
reducing the length of suetion hose by up to 50% in some
cases; trying 14in diameter instead ef 13in diameter
suction hose (if it s available from Addis Ababa) -
although to avoid increased frictiop losses the smaller
pipeAshould only be used ;n-shortef lengthg than at
present; a smaller foot—val;e, if available, would allow
the .use of a smaller*(and cheaper) styrafoam float. The
foot valve might be supported from a steel frame lying on "
fhe‘bed of the river, instead of from a float (such as

in Fig 38), which should be cheaper.

: Testirig procedure

/
It is recommended thatja standardlsed w1nd mill testlng
procedure, such as that described earller in this report,
be institpted to evaluate' any modifications to the wind-

mills.

Smaller containers than 45 Imp. Gallon drums might

™

usefully be used for low wind tests as these would

—shorten the test period and reduce the chance of the
‘wind-mill stopping during the test. -

The follow1ng 1nformat10n should be recorded durlng a

Complete fest.-

1) diameter 6f wind-wheel

2) number of sails .

3) time for test

4) volume of water pumped during test (size of container
fiiled) '

5)wind:}un measured during test

5) static head (height vertically from river level to
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delivery hose outlet)
7) approximate léngth of suctiorr + delivery hose and

diameter of hose

8)special modifications or conditions

Items 6 and 7 may be omitted to obtain simpler comparative
results on the same wind-mill, providing thes? tests take
place without any change in river level or deiivery hose
outlet level. ; N v

A
The Intermediate Technology’Development Group can under-
take to evaluate and comment on any such test resu%ts

taken in future,- - if required.

Meteorolgical station

1. . The anemomefer'should’ideally be located within the
miésign compound on or near the river bank, as ciear of
the treés as'possible. "Although this is.not complétely
in accordance with weather station specifications, it is
‘consistent with the typical. positioning of most wind-mills
and should allow wind data to be reiated to wind-mill
performance. B - . "

A\ _ e _e

2. V>The'rest of the weather-recording equipment would be
better located at the south-west corner of the mission
compound, where.it will be unlikely to be affectéd by

. A ,

river seepage or floodiné and . will also be,cfeé} of shading

.

by trees.

3. The system adopted for taking feadings three times every

24 hours at 0700, 1300 and 1900 hours seems quite adequate
for obtaining a meéningful record of the monthly variatigﬁs
in wind régipe. It would provide a valuable extira inform- |
ation inpthzf readings could be taken hourly, or even

two hourly, fromiO?OO to about 1600 on about orie day each
month to gain some idea of hourly wind variations; a

- "typical" day should be choéen for this. Again, ITDG

-



: 51 - ;

would be prepared to evaluate the wind rggime further

with particular reference to wind-mill operation, after

]
about one complete year's’ figures are available.
T

i v

Use of Omo wind-mills in ather places

These wind-mills are only really suitable for use in
locations where there can be almost constant superbision
4

when they are in operation, (i.e. for irrigation), so

‘that sails can be removed or added if the wind changes.

They‘ are comparatively low-powered devices so they are
not suitable for 1lifting water through heights much
greater than 30 to 40ft (10 or 12m) and they would in
any case need different pumping arrangements to those
used at Omo if working witﬁ suction lifts greater than

about 20ft (6tbm). It would‘be possible to use these

>mills for even higher lifts, but volumes of watef pumped

would be quite small. *

Care should be taken to relate the wind-regime at any
other location with that at Omo Station befotfe any con-
clusion as to wind-mill performance can be made.A

The equipmenf’reQuiréd to build this kind of wind-mill
(as used at Omo) consists of an electric afc:welding
set, a light vertical drilling stand with a heavy-duty
electric drill, a.wood-lathe, plus a ‘work-bench and
hand- tools. Plumber's pipe thread cutters are- also

necessary for assembling theé inlet and outlet pipes.

-000-~




Extension te tower required
if using an enlarged wind-wheel
greater than 14ft dia.
(Maximum size suggested 20ft dia.
requires a 3ft extension to the
tower) ‘

Recommended six sail rotor with
sails extended as closé to the hub
as possible. Existing sail as used
on smaller wind-wheels is shown
dotted.
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handie to turn whee!
out of wind

High aspect ratio tails
-Fig. 30

weight

strutsto
reinforce the
windwheel

concrete balance

high aspect ratio tail
compared with standard tait
{shown chain dotted)

N e —

swallow-tail arrangement
- for greater sensitivity to

- changes of wind directior
with large diameter
wind-wheels

Tail-less configuration for-

down wind
:Fig. 31 .

operation
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Fig. 32

8 Double acting pump
conversion

non-return valves

d;elivery \ \f | :

g i
.o ’
plugged bucket orifice 4
/ i \\ reversed lower
. — ] washer
. \ —-4_4 suction line
7N ' \ foot valve removed

shortened
connecting rod
(1" pipe)

7/

/ | Fig. 33

Stiffened transmission for
—_— ] . double-acting pump :

o

. wooden pump
1" pipe ‘ rod guides

s -

" ball joint
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Fig. 34.  Adjustable throw crank

% Fig..35 Method for fabricating crank to ensure
correct shaft alignment after welding

> K
| |
N U this section is cut ‘
! I away on xx after * I .
/ 1 welding @
{ ) UL ITTTRETY S T My
I R
: optional Cix J ) \
i flatbar VIV S| TORITU YRRV
reinforce- :
| ment
(1 (broken TORILRETET [LULAAMLIMITIY 1§
" line)
I
. . grease reservoir for
’ se with solid shaft
(‘\,

hollow shaft filled by
unscrewing end cap

JTRIG

holes at xx < & | 8 ’
, = A ,

S=o 2

Fig. 36 Grease I'Lﬁ)'r//i;ation systems for wooden bearings
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1ft + 6" for each 10ft of delivery hose above delivery level

Fig. 37 Method for sealing pump rod for

small delivery heads. This system

. needs a shoftened connecting rod
as in Fig. 33.

Fig..38 Methods for §upporting
foot-valve on river bed

a

pre-cast concrete block

single-acting pump shown
{double-acting can be used)

ST E steel tubular frame

supporting
member

pipe
extension




APPENDIX 1 : ~ Wind-mill construction to mid-August 1975

b L'

2.

Wind-mills in use by Geleb farmers.

S I W

O ® N o

"10°

11

12

13

14

15
16
17
18
19
20

April 1974 - Dempster (imported from USA)
June 1974 10t sail
June 1974 10ft sail (removed July 1975)
June 1974 - 10ft sail ,
_ August_gg74 _ 10ft sail (modified to 14ft diameter
T I in July 1975)
ﬁanuary 1975 ‘ Savonius rotor
January 1975 10ft sail
March 1975 : 10ft sail
March 1975 . 10ft sail
March 1975 Dempster
March 1975 : 10ft sail
April 1975 10ft sail
April 1975 iOftvéail
April 1975 : Savonius rotor
April 1975 i Savonius rotor
L'Méyv1975 ' " Savonius rotor
May 1975 11ft sail '
June 1975 11ft sail
July 1975 11ft sail
August 1975 - 11ft sail

Wind-mills in use in mission compound (commissioning

dates not available)

2 x Dempster (for irrigation and water supply)

2 x 10ft sail(for instructional purposes at farmers'

classes)
x Savonius (for medical dresser's family water supply
gnd garden)

x various (for experimental work)
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Completed and awaitingﬁcommiséioning

~

11 x  11ft sail (most were due to be modified to

14ft diameter)

Materials on hand or on order

" For approximately 20 further wind-mills.
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APPENDIX 2 : Cost hreakdown on wind-mills

i

]

. There is no completely precise means of estimaﬂing
the cost of wind-mills‘pé there are a number of difﬁerent
variations in the design, materials are cut with vaﬂying
efficigncies in terms of minimising off-cuts, and dﬁe to
inflation and/or different supply sources, various f
materials vary in price”dependiﬁg on when and whereéthey
were ordgreqf In addition, certain components were;

manufactured at Ghimeera and “the cost of these was : =

. . available at Omo, so an estimate for these items has

been made. Once a staﬂdard desjign is finalised moré
precise cost estimates will be possible, but nevert#eless,
the figures arrived at either from mission accountsigiving
acfgal expenditure or from a breakdown of a mill b
companents givés reasonably consistent results amo nfing
to around BEthiopian $700 per-mill (note: Eth $2.07 |= US
$1.00) for materials plus a nominal sum to cover indirect

i
expenditure and capital investments.

Estimate for OXFAM funding Eth g700 pef mill (C%. £160)

i
Cost derived from "Food for Wind" accounts 1974 and 1975.

Total expenditure 1974 accounts* | Eth § 20,899

Total expenditure,1975 aecounts* g 12,950

\ .

)

- % 33,849

)f which indirect expenditure on
apital equipment (tools, eté.), ; .

A .
asette recorders, -etc., accounted for..{§\78,664,

.
Y

. N o
seaving direct expenditure on materials 8 25,185




iv
* (no labour co$ts included and excludlng
1
costs of pumps and heads produced under
different budget at Ghimeera for about

280 per pump plus B40 per head).

Therefore ... mills erected (various types but excl.
Dempsters) L 24
mills completed and awaiting
commissioning 11

! materials pald for and not vet used

-

for approx. ' 15
Total mills-paid for under this budget 50

Hence ... cost per mill 25,185 plus $120 for head & pump
5o

gives total: material cost per mill of_$623.70

If capital expenditure of £8,664 is also
included for the 50 mills, we arrive at

{

L]
material costs + capital expenses $796.98

It should additionally be noted that various components

'were\ggtained free or at a special discount (sail material

S, A
free, pumps~at. 50% discount) but against this high trans-
port costs are involved from Addis Ababa to Omo Station
which ‘probably more than cancel out the free or cheap

items. The 50 mills include such experimental units as

-the Savonius rotors, which:probably cost more than the

sail wind-mills. Because labour is not specially paid for

on this project, it has not been costed and neither on
the other hand 'is there any credit included for the nominal

payments of $5.00 per year paid by Geleb farmers.

Breakdown of cost by component for 11ft sail wind-mill

N
£
&
‘

Steel costs were derived by weight of actual components at

the rate Eth £1.50 per kg + $0.35 for transport (i.e. not



including any wastage from off-cuts). Total weight of

steel components 113 kg.

steel g 209.05 foot valve g 12.85
pump 4 %0.00 sail fixings g 7.00
paint 2 10.00 float drum g 10.00
nuts & bolts 2 4.1§~ welding rods g 4.00
sails . g  0.00 pipe fittings £ 9.00
pve suction pipe ¥ 100.00 " electricity g 10.00
Styrofoam float g 12.50 head assembly 2 40.00
TOTAL :- £508.55

plus tax 7% g 35.60

NET TOTAL MATERIALS B544.15

This of course allows for no wastage (off—euts) and the
cost arrived at ander1paragraph 2 above from mission
accounts allows for experimentatieﬁ and trial and error
(including the Savonius. Rotor wind-mills which probably
cost rather more in terms of materials). It is also
based on-steel priees applicable in Addis Ababa in 1974
when materials were last ordered. Therefore, 1t is

likely that the figure of 700 will probably barely

-cover material. costs per wind-mill in future material

purchases.

~

Relative cost of importing factory—built«Dempster wind-.
mills

B . . -t
These cost around Eth 2,000 each, landed at Omo station
and would probably cost at least 10 to 15% more at the
time of writing following steel and transport cost
increases. The modified sail wind-mills are capable of
lifting similar or greater quaﬂtities of water than,the

Dempsters and do not rely on imported spare parts or

regular lubricatien. The Dempster is one of the least

-expensive factory-built wind-mills available; a South-




ern Cross 21ft wind-mill (from Australia), which is:

mgch bigger than the 8ft diameter Dempster of course, was
quo%ed at Eth $19,000 landed at Addis Ababa in Septembe;
1975. It would of course pump much more than  the little
sail wind-mills, but probably not 27 times as much - this

being their relative costs!
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APPENDIX 3 : Some principles of wind energy conversion
1. Power from the wind
Power P = k.Cp.A.v3 where: k is a constant dependent

on the system of units

being used

Cp is the Coefficient of
Performance, which is a-
,measure of the efficiency
of energy conversion

A is the cross-section of

air stream being used ®

(area of wind-wheel)

V is the speed of the wind
N

¥

If P is in horsepower, A in ft and v in miles/hour, this

becomes.—

P = 0,0000071 CPX¥3

N

- . N
or if P is in kilowatts, with A in mzand v in m/s, it is:-

"P = 0.00064 cpAv3

o, —

These formulae, which are commoﬁi§\Quetg\{in the literat-

ﬁfe on wina-power, assume that the air ij at” \d@ﬂSlty
appropriate to sea level’and 1500 ngher altltudes and

”temperatures rarify the air and consequently cause. a
‘lower power output. For the purposes of the graphs which
follow (Appéﬁdix‘s) the effect of jaltitude and temperature
hés_been ignored, implying therefére that the wind-mills

. are potentially slightly more efficient than hight appear
 from the figUr;;, if they were ‘used at sea level under
coqler conditions. . Also,,lt is normal to take {he entire -
disc aréa of the yind—wheel as being A in.the formula,

!
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but as rather smallrSa%ls were used on the larger dia-
meter wheels, the area swept by the sails has, been
taken. This has been applied for all wind-wheel sizes

to achieve consistency for purposes of comparison.

Starting torque

A certain minimum torque (or twisting force on the wind-
mill shaft) is needed to overceme the static friction in
any wind-mill system and allow pumping to begin. The
torque produced by the wind-wheel is a function of the
tengential turning forces on each sail; the number of
sails and the average ra@iue (or leverage) that these
forces act on the shaft from the tangential turning
forces are approximately propottionél to the square of

the wind-speed.

% . . i
i;h;;e;;;gf\tsrgge\iill be proportional to the radius of

the wind-wheel and to the square of the wind-speed. The

bigger the windfwheel diameter, the lower the wind-speed

needed for starting.

4

Power requirement for water liftiug

{
The net power output of a water lifting wind-mill will

move water at a rate such that the power output is
dlrectly proportional to the product of flow rate and
the pressure difference across the pump (or resistance
to flow). .
The: pressure difference across the pump is a combination
of the static head of water being lifted, which is the
vertical height from the surface of the river to the
outlet of the discharge'pipe, and frictional resistance
to flow Wthh is generally called the dynamlc head. The
dynamic head is a functlon of flow rate and the length,
diameter and condltlon of the plpe system. The more

&3 .
water is pumped through a glven system, the higher is




ix

the frictional resistance to flow and the greater the
dynamic head. An estimate of the dynamic head for the
Omo wind-mills can be made from the fo}lowingrtable
which considérs 100ft of 13in and of 1%in diametérfpipe
(the two optioﬁs discussed in the text). Friction or
dynamic heads for other lengths can be estimated on a
pro rata basis, i.e. 80ft of pipe would produce 0.8
times or 80% of the head fhat 100ft produces. An add-
itional amount, say a nominal 25%, should be. added to
allow for the extra resistance caused by bénds, the
foot-valve and pump valves. ’

‘ % ) ximpérial
flow rate: 200 600 1000 1400 1800. gallons/hr

dynamic friction

head in ft. water

Y
-

100ft 1%in plpe 0.6 4.5 11.0+ 20.0 33.0

100ft 1}in pipe = 0.3 1.8 4.8 9.0 14.0 -

This indicates how shortening the suctibn line as advocat-
ed in the- text céuld;not only reduce costs but can also
reduce the dynamlc head thereby produ01ng an increased
flow. If smaller diameter pipe is used to save cost,

then shortening it too is important tokavoid unaCceptable
increases in head. - - ' . .

-— . =
<

i

The total net power output of the system, as defined for
the graphs in Appendlx 5, consists of:-

i

P o |
hydraulic = .K (hstatic”+ hdynamic)x(welght water/sgc)

Il

(where K is a suitable constant dependent on the units

used )?a‘r’:.a}%"‘hx ‘



Coefficient of Performance-- C

This has been defined for the purposes 6f Appendix
-

5 as:-

) F:, . P
wPhydraufic Cp wind

¥ S

i.e. CP = K (Total head)x(welght of water/second)
3 ]

(Ar@a of w1nd wheel)x(w1nd spegd)
" where K\lS the approprlatevconver51on constant

In other words, CP is taken as an ovérall‘system
efficiency for the combined wind-mill and pump install-
ation.

4

*/

It can be shown that the maximum theorethal r;te of

wind energy conversion by a wind-mill is 59. 3?
total klnetlc energy of the wind. Th%refore iﬂe
eff501ency as a fraction of what 1s theoretlcally e
attainable will ‘be rathervbetter than the value of :
Cp by a factor of 1/0. 593 or 1. 686. “For example the
value of Cp of O-. represents nearly 17% conversjon of

o |

available wind klnetle\energy.

i
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APPENDIX 4 Interview with Geleb farmers

I am indebted to my wife for colleccing Lie material Irom
which these notes have been condensed duriné a series of

interviews ﬁith various Geleb farmers. We are also.grate-
ful to both the Rev Bob Swart and .to Mr Thompson Gac the

mission medical dresser for their services as 1nterpreters.

»

i

1. Koriye o B
He is one of the original pioneers; Began with a hand-
pump havinguadmired Thompson Gac's clinic garden which
das similarly irrigated. Then obtalned first Dempster in
April 1974 (Fig 4). Has grown cabbages, corn, peanuts and
beans and now has a variety of fruiting‘trees including
paw paw, mango,.lime,\guava, grapefruit, fig, banana ang
tangerine. Sells cabbages, limes and mangoes to pbliCew-
‘at Kelem. His wife. and five children help with the work
and also help maintain a traditional flood-land garden
where he grcws millet, maize, . beans aﬁd tobacco. Eldest
daughter generally looks after flock of sheep and goats.
aHis one cow is in the care of a friend. He finds it a
problem to look after both wind- mllls and “cattle .and k
says this is a general problem for othér mlll owners too.
He has no land problem as he has the rlghts to the land
he is farmlng, but-he. has suffered- from theft of crops

g

by‘what he calls "hyenas" (meaning ather people)
\ o
! P i " .
'Kofiye, who is in 'his thlrtles, is very willing to try
new' ideas desplte having had no educatlon at all. ¥ He
‘1s;talk1ng of u51ng a7plough thlch would ‘be a radlcal
change in this area where animals are never uéed in
agriculture. He thl s solutions  can be fourd to most
of'the probleﬁs face by mill-owners; cattle can be
‘left in the care. of relatlves or frlendsa he has fenced
pérts of h1s plantatlén to guard against theft. His
crops are particularly vulnerable as he llves the. ther

slde of the river due: to mosqultoes on the eaét bank

J




Natakan

) Lohkwar - N

xiid

he says he would move if he could build a mosquito-

proof hut. ’ >

He says his.family have not been hungry since he has
worked with the wind-mill, and he had obtained five

harvests up to August 1975.

e
Koriye's Dempster provideé more water ‘than he can use,
so he allows three other men to cultivéte adjacent plots
of his land. Two, who areynot relations, pay a small renit
to him, the third is his cousifi, Natakan, who works his
plot free. He grows maize, tomatoes and gfound nuts, but
no fruit -trees and has had three harvests so far. First
two Jeré good but the latest spoiled by hyenas (not,
specified ‘whether this was a euphemism or not) and water
buck. He also cultivates flood land. ° Younger brother
is responsible for his few cows, goats and sheep, but he
occasioﬁally leaves Lis cultivation in his wife's care
for a few days to go and see how his animals are, part-
icularly when they are grazing far away. He sees two
advantages in cultivation; it ensufes his family always

has food and he claims it enables him to buy more cattle.

" He was‘%he first to operate a sail wind-mill and also is
_the only wind-mill farmer to give up his mill. He spent
.~ two years at the mission school fand started.wind-mill

'farming much younger than the others, at the age of.20

(aﬁproximatgly). He had no land, but a cousin of Koriye
(qv) gave him a plot to use for nothing. This plot
proved to be difficult for him, in that it'is a bit
sandier than most and soaks up water quickly. At first
Qohkwar and the owner of the land worked the plot to-
ééiher, but the owner soon lost interest and ieft '

! ]
%ohkwar to work it on his own. He grew gound nuts and
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haizé, but only got a small gound-nut crop and he
allowed the maize to dry out and lost the lot. Although
other farmers have worked equally difficult plots,
Lohkwar was discouraged and tried to flnd another plot;

‘hequas offered one at an exorbitant rent. He left his

difficult plot in the charge of a small boy and neglected

it and then finally gave it up completely. He now has a

job as a helper at the mission clinic, but says he would

try wind-mill cultivation again if he could find a better

&

plot of land. His\wife cultivates a small’plot of flood
land, 1n the meantlme, which yields one small “annual crop
of? mlllet. They have no cattle, but own a.few goats and

A

sheep which his younger brother looks after.

igogor -

There are ten wzgafmillsron a single large plot of land
about 1 mile downetréam of the mission. The land
belongs to Igogor, an older (probably late 40s) and
more sénior man than_most of the other mill owners.

His wind-mill .installed "in August 1974 was the first on
the site and he has used it continuously except for a
gap of one month when he once did not replant straight'
avay afterxé harvest, but took his cattle to some distant
érazieg. He stays with his cattle when they are far

away and delegatés the wind-mill cultivation to one of
his two wives, (his children are all very young in splte
of his age). Men with mills on nelghbourlng plots help |
her with putting the sails on for watering when Igogor ;s;
away, but he always prepares the plots for plantlng. Hg
has had five maize harvests and has aleo grown mlylet,
sugar cane,‘peanuts, paw paws, sweet potatoes, gyévas,
mangoes, tobacco and water melons, He;tried pigeon peas
but they failed. He’ likes his mill anﬁ sewed/up tears in
the sails himself before gettlng the stronger Dacron
sails. He 'is critical about the volume of water pumped

by his'mill.(haviné seen the diesel pump at Rati on the

iEPID irrigation scheme). Therefore his mill was modified




Korass

as qulckly as p0551ble to the new 14ft dlameter to im-
prove its low wind performance. (The dlesel scheme has
several times been in serious trouble with engine failures
and theré is a continuous worry about fuel shortages - the

wind-mill workshop has twice provided tools when the US

" Peace Corps worker in charge of the diesel irrigation

‘'scheme had inadequate facilities of his own to repair the

engines; unfortunately the Gelebs do not appreciate the
problems and expense of diesel engine maintenence in

such remote areas). ‘ '

Igogor, being ernthusuastic about ﬁind—mills, readily
releases large areas of land he has rights ﬁo for other
people to cultivate with wind- mllls. He has had problems
with soil depletion and insect pests due to his failure

to rotate crops properLy (he is now being helped to remedy
these ﬁ?obleme).‘ But he claims hie &amily'are no” longer

hungry as they_gged*tbwbe at certain times of the year.

3

Unlike Igogor, Korass is poor and has no land rights.
However a younger cousin, Natede, who has a suitable plot
permltted him to cultivate it, w1thout any payment.

Korass obtalned his mill 1n June 1974 and as he had no

a

'money, "he paid for it by cpllecting firewood for the

</m1551on. The 5011 was poor at the first place he tried,

so after a while the mill was moved a little way along

e
1

the river bank. Again the soil was poor and the mill *
was moved a second time (one gbod reason for not needing
permanent foundations!). Slnce then Korass has had twe

good maize harvests and one poor one. He has alsg grown

.soya beans, sweet potatoes, tomatoes, bananas and has

‘young paw paw, lime and fig trees. His pigeon peas also

failed. He, 6 also grows millet and tobacco on flood oy

° \
lands, and his wife grows beansi His wife helps him with
the main.'plot. He has no catfie;_only a few goats. He
has a daughter approaching marriagable age and hopes for

cattle from the family of whoever marries her.
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Korass, like Lohkwar, is easily discouraged by crop’
failure and needs encouragement, but he does recognise
the value of his wind-mill and claims that a man with
a wind-mill who works well need never be hungry%

Achao

Achadgis the mission's handy man (and he happens to be
Korass's younger brother). He has had no schooling, but
haé worked closely with Bob Swart for several years
and learns quickly, so he is well able to assemble and
paint wind-mills and he can dismantle and- over-haul the
pumps. JHe also helps new mill owners and as explained
earlier, recorded the special cassettes they got. He
has no wind-mill of his th, preferring his regular
hand¥%maﬁ%job, but his wife grows flbod—land crops. He
has‘affewAgheep and goats and is buying a cow by

instalments from Bob Swart.



xvi APPENDIX 5 Test results on wind-mills XIS (2 pumps)
1200
WATER LIFTED
L1100 (
Imp.galls/hr)
x16 (2 pumps)
)
1000 SUMMARISED TEST RESULTS
(Heads all about 9ft)
1. The number of bars represents N *
'900 the number of sails deployed * ) H
2. The suffix gives wheel diameter 'm,m /1l+meta1
in feet. Metal blades indicated.| . b 4 A A
1800 ﬂ " "
% : X Ay
1k s A "™
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X 16 A
X x16 16
M00 14
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14, 21
500 L
i Hers A6 A " triple
4,00 ' *‘W 14 ‘LM l ‘m savonius
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¥ 16 : , :
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: X6 [ 1 Au = onbne
200 ) 4 14 m savonius )
K . u.‘ g
100 Y WIND SPEED ;
' (miles/hr) !
12 3 b5 6 7 8 9 10 1 o2 13 ¢ PP Y

, This g?aph(indicates;the comparative pumpin ability.of
various windmills of differept'di;metefs wif\ different
numbers of sails deployed. Also included-are tFe results
of tests on two and three-bladed Savonius Roto}{windmills
which demonstrate the poor performance. of this &ype of .

~device, The 16ft d%ameter mill driving twin pu{ps clearly
our-performs pverything'else. The static head:in all
cases is quite loﬁ,'béing about 9ft (2.75m). I% these
windmills.were used for lifting wa%er to é'greater height,

7 then the\delivery wouldibe:proportiohately lessi

A

e
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LRFORMANCE FOR 14ft WIND-MILL

»
&

rach star on the graph gives a mecasure of the overall system
efficiency at a givén average wind speed. Thz number of points
on a star indicates the number of sails fitted for the test.

This graph suggests that the Cy (coefficient of performance) is
influenced more by the.wind speed than by the number of sails
fitted - provided sufficient s=ails are fitted to give reliable
operation. )

The indications fror: this-are that thc followingAnumbers of
sails are appropriatc with this size of wind-vheel (14ft):-

- no.of szils ¥ wind range
6 or & . 6 - 12 m.p.h.
b | .8 - 16 r.p.K.
3 " 12 - 20 m.p.h.
2 i | 16 - 30 m.p.h.

¥ *
»
P4
x ‘
¥ o 1 -
L * i
* ¥
*
Ve
x e
A X ' A
. M A A
~Y Y T 1~ c“ . | T Y Y Y 2 T
5 10 s 13 20
N AVERAGE WIND SP:.D (m.p.h.)
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