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CHAPTER 1: IHTRODUCTION

Background to the Workshop, Objectives
Organisation, Acknowledgements

1. Introduction

The Regional Workshop on Low Cost Energy for Water Pumping
was held at the Rural Industries Innovation Centre In Kanye, Botswana from
24-29 November 1980. I t was jointly sponsored by the Food Production and
Rural Development Division of the Commonwealth Secretariat and the
Commonwealth Science Council (with funds provided by the Commonwealth
Fund for Technical Co-operation), and by the Rural Industries Innovation
Centre, Botswana. I t was attended by 42 participants from Botswana,
Ethiopia, Kenya, Lesotho, Malawi, Tanzania, Uganda, Zambia, Zimbabwe
and by specialists from Canada, India and the United Kingdom. The
objective of the workshop was to enable participants to compare experiences
of developing low cost sources of energy for water pumping in the countries
of the region, and to agree on measures for promoting the use of such
energy sources in place of high cost imported fossil fuels. This report
outlines the background and objective of the workshop, summarises the
discussions held and the conclusions reached, and points the way to future
work on the subject.

2. Background to the Workshop

The 1980s are to be the United Nation's Water Development
Decade, by the end of which it is hoped that every family will have
ready access to a piped water supply. Currently some 60Í of the world's
rural population lacks access to such household water supplies.

The scope for improving farm incomes and rural livelihoods
through irrigation and improved water supply for livestock is just as
striking. But the cost of pumping groundwater for these purposes with
the commonly used technologies puts it beyond the reach of most rural
families.

Two programmes have been initiated by the Commonwealth
Secretariat with the objective of developing and promoting application
of low cost technologies for agriculture and rural development ; the
rural technology programme sponsored by the Food Production and Rural
Development Division, and the Africa energy programme sponsored by the
Commonwealth Science Council. The Botswana workshop arose directly from
proposals made at two regional review meetings held in 1979, and brought
together scientists and users of low cost technologies for water pumping
involved in both the above programmes.

3. Current Situation

Almost all pumped rural water supplies, for both household and
agricultural use, currently rely on imported fossil fuels and high cost



technology. The high cost of energy, together with the cost of power
units and pumps and the difficulty of managing them efficiently in rural
areas, are the main constraints on extension of pumped water supplies.

4. Alternative Energy Sources

Low cost sources of energy available in most developing
countries include solar energy, wind energy, biogas, producer gas, wood
and charcoal. The two sources which are most appropriate for driving
pumping mechanisms in Africa, and the ones on which most research and
development work has been done, are wind energy and biogas.

Each has positive and negative features. In many locations
wind speeds are inadequate or inconsistent; unit costs of small output
windmills tend to be high. Biogas generation requires a continuous
supply of substrate and careful management of the plant; the capital
cost of many biogas generators is still high, and gas has to be utilised
indirectly through a converted combustion engine. Nevertheless, the
technical difficulties, and the costs in so far as they are known, are
unlikely to be greater than those associated with diesel engine-driven
pumping mechanisms.

5. Application of Technology

In the case of both wind energy and biogas, the technology
itself is now fairly well known. Windmills and biogas plants are
manufactured commercially in many parts of the world, including a number
of countries in Africa. Diesel engines have been converted to run off a
high proportion of biogas in Botswana and elsewhere. Further basic
research and development is unnecessary.

The problem lies in application: first in reducing the capital
and recurrent costs to bring the technology within reach of small
farmers and rural communities; second to train users in the management
and maintenance of the equipment; third to ensure regular supplies of
materials and continuous use or storage of the energy generated.

6. Energy Costs in Relation to Water Supplies

The main criterion for developing new wind and biogas
technologies is the cost of the energy generated in relation to the
supply of water. This in its turn depends on the use to which the water
is put. When water is pumped for irrigation purposes, it is required
only part of the year. When it is pumped for domestic or livestock,
consumption, a regular supply throughout the year is required. The
capital and recurrent cost of the equipment must be weighed against the
•value' of production. This value is easier to measure when the water is
used for directly productive purposes such as irrigation or livestock,
than when it is used for domestic purposes, the benefits of which are
social as well as economic - reduced time spent in collecting water,
increased use of domestic water and better hygiene.

7. Monitoring of Performance

At the moment little information is available on the
efficiency of different models of windmills and biogas plants, or on the



real cost of water pumped by these means. Such information as is
available in different countries is collected using different parameters
for measurement. There is thus no comparability between the performance
even of similar units in different countries. This is an important gap
which needs to be filled.

8. Objectives of the Commonwealth Workshop

The Workshop on Low Cost Energy for Water Pumping brought
together research and development workers, manufacturers, appUers and
users of windmills and biogas plants from many countries of East and
Southern Africa. The purpose was to enable them to review the work done
in this field in each country of the region, to learn from each other1 s
experiences, and thus to avoid unnecessarily repetitive research and
development in the future.

An important objective was to develop and agree on common
procedures for monitoring the performance of windmills and biogas
plants, both in technical and in economic terms. This would allow tests
carried out in one country or set of conditions to be compared with
tests carried out elsewhere, and would considerably enhance the value of
such tests.

Where the experience showed that adaptive research and
development was needed to iron out problems of application of the wind
and biogas technologies, it was hoped that this could be done
collaboratively within the region, making the fullest use of the
resources that are available. For this pupose a mechanism for exchange
of information and continued communication between countries would have
to be established.

9. Organisation of the Workshop

Three lead papers were presented summarising the state of
development of windmills and biogas plants for water pumping both in
Africa and in Asia. Country papers describing the experience of each
participating country were then presented and discussed. Participants
then divided into two working groups to discuss in detail the potential
for applying wind power and biogas for water pumping in the region, and
to draw up programmes, both national and regional, for achieving this
potential. The programme of the workshop is attached as Appendix 2.

10. Outcome of the Workshop

Participants agreed on a set of guidelines for monitoring wind
pump and biogas plant performance, and on a procedure for ensuring
continued exchange of information on these subjects in the region. A
method of monitoring and presenting wind data, which would allow
windmill performance to be compared in different countries, was
presented for discussion at a meeting of Directors of Meteorological
Services in Africa. A study of the control and performance of biogas
systems, including technical, economic, social and cultural evaluations,
was proposed.

The detailed Conclusions and Recommendations of the Workshop
are presented in Chapters 2 and 3.
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CHAPTER 2: REPORT OF THE WOT) POWER PUMPING SUB-GROUP

2.1 Objectives

The Wind Power Pumping Sub-Group began its work by establishing
the following objectives:-

(i) To agree on a common way of measuring windmill
performance so that information obtained in one
country can be used in another.

(ii) To establish a standard way of measuring wind regimes
that could provide the necessary information required
for the design and/or application of windmills for
water pumping.

(iii) To describe and discuss methods for predicting windmill
output given existing wind regime data.

(iv) To adopt a technique for comparing different windmill
designs, either using a type of 'performance number1

(involving factors such as: overall efficiency, operating
life, maintenance, number of windmills in operation ....)
or by way of an economic analysis.

(v) To examine and explain the procedure for predicting
windmill output from wind data.

(vi) To make recommendations on the types of windmill designs
that are suitable to different wind regimes.

(vii) To discuss the basic technical problems facing the design
and application of wind pumps, including statements of
the aims and objectives of each national wind pumping
program.

(viii) To discuss the problems related to installation and
maintenance of windmills as well as ways and means of
ensuring that new innovative designs or concepts can become
public material and therefore non-patentable.

(ix) To examine the training implications of wind power pumping.

(x) To establish or strengthen a mechanism for promoting
regional collaboration and co-operation (including
information sharing).
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2.2 Windpump Performance Measurement

A method for determining overall wind pump performance is outlined
in the paper entitled "Performance Measurement of a Water Pumping
Windmill" (see Annex 1). The group recommended that this method
be adopted by all those concerned with wind pump performance in the
region.

A complementary procedure for measuring rotor performance only
is described in the paper "Performance Measurements on the 6 Meter
Diameter Horizontal-Axis Windmill" (Annex Il-a) supplemented by the
paper "Notes on the Use of Acceleration for Performance Testing",
(Annex Il-b). It was felt that the information gained from this
procedure would be very valuable for those who are actually taking
part in the design of wind pumping systems, but that it might be
beyond the means of some groups, particularly those interested in
the application of existing windmill technologies.

2.3 Wind Monitoring

Standard meteorological recordings of wind speed are carried out
at heights of 2m (using cup totalizers) and 10m (using instantaneous
wind speed recording anemometers). A 10m height is seen as appropriate
for windmill work. There was some concern as to whether this
information would be sufficient for windmill design and application
purposes. Although there was some disagreement within the group
the majority of people felt that a recommendation be made to the
respective meteorological departments as follows:

i) Instantaneous windspeed be measured on a continuous basis,
or mean windspeed over a very short (nominally 1 second) time
interval be recorded.

ii) The resulting data be presented in the form of a windspeed
duration curve or a windspeed frequency distribution histogram
(or curve).

iii) The band width of wind velocities in the velocity frequency
distribution histogram (or curve) be no more than 1 m/s.

iv) Wind records be recorded for as long as possible, preferably
on a permanent, on-going basis.

It was realised that it may not be possible to obtain the wind speed
information in precisely the way desired and it may be necessary to
do the best possible with existing meteorological data.

It will be possible for some wind pumping programs to obtain their
own monitoring equipment to enable them to carry out measurements
in the preferred manner. A list of manufacturers of wind monitoring
equipment appears as Annex III.

/ • • • • •



2.4 Use of Existing Wind Data

The statistical methods described in the paper entitled "Wind
as an Energy Resource for Water Pumping" (See Annex IV) may be
used to estimate the windspeed duration or windspeed frequency
distribution curves. The simplest of these methods requires
data only on mean windspeed, but the results will not be entirely
accurate. The second procedure described would require some
detailed measurements to be carried out for the wind region.
From these measurements the form of the statistical distribution
can be established so that the windspeed distribution curves can
be predicted with greater accuracy.

2.5 Windmill Comparison Techniques

The group agreed that windmills should be compared within the 9
sub-groupings shown in the table below:

TABLE I WINDMILL CATEGORIES

Windmill
Type

Borehole (below
ground)

High Lift (above
ground)

Low Lift

Demand for Water
Small Medium Large

1 2 " 3

4 5 6

7 8 9

Although it was agreed that a system for comparing windmills across
national boundaries, taking account of local economic and financial
variables,would be very useful, it was suggested that it would be
beyond the scope of the meeting to derive such a procedure
immediately. Rather the group recommended that RIIC (Mr Ewens)
should continue efforts to establish a Performance Number which
would include factors such as: pumping rate in a specific wind speed,
pumping head, number of windmills in operation, life-time,
maintenance period, rotor area, air density, tower height, start up
factor, and perhaps others. Any progress achieved would be
circulated to people interested through the information exchange
network.

The group then discussed the possibility of using an economic
analysis that could provide a means of comparing not only windmill
types but also windmills with other pumping systems such as diesel
engines, biogas/diesel or solar pumping. One method is described in
the paper entitled "An Assessment of Water Pumping Technology Using
Locally Available Energy Resources - Botswana (See Annex V-a). It
was seen that this technique would present difficulties when applied
to comparison of systems across national borders due to varying
costs of components.



A paper entitled "Do Renewable Energy Resources Ever Become
Economic?" was presented as a means of standardising the
economic calculating procedure to predict present value of
future operating costs. This was generally seen as a useful
approach: it was referred to an economic sub group for further
discussion. The resulting revised paper is included as Annex V-b.

2.6 Predicting Windpump Output

The procedure for predicting windpump output from knowing the
wind energy distribution histogram and the overall wind pump
performance curve was described and appears as Annex VI.

2.7 Selection of Windmills for Wind Regimes

This topic was handled by describing the characteristics of the
windmill designs which are commercially available.

The numbers 1 to 9 refer to the category in which each windmill
is classed in Table I.

Table II Windmill Characteristics

Windmill . Category Characteristics

Kijito

ITDG

Cretan

Savonius

P.I.
Commercial
••;•• <t F a n

Vert A x i s
V Sail

Lubig

Aerowatt

AATP

SWD
Kisumu

Mbita

1 - 6

1, 8, 9

1, 7, 8, 9

1 - 9

7

7

7

7

7
7

multi-bladed, high lift, high cost,
reliable, long life,
low solidity, 25,000 1/h at 10m, high cost,
long life, reliable,
low cost, local manufacture,' high
maintenance, low lift, low efficiency
low cost, local manufacture, high
maintenance, low lift,
not yet connected with pump (experimental).

high solidity, low maintenance, high
reliability.
low efficiency, low cost, high maintenance
local manufacture
low solidity, high efficiency, expensive,
reliable, low lift
drives electric pump, low start up speed,
remote siting, expensive,
low cost, low/medium lift,
higher maintenance

low lift, lower cost, local manufacture.
low lift, available on order, few produced



The discussion also expanded to include a similar description of pumps.

TABLE III Pump Characteristics

Pump

1. Mono

2. Brass
Cylinder
Leather
Cup

3. Hydromite

4. Polymer
Pumps

5. Double

Acting
Pumps

6. Inertia
Flow

7. Diaphragm

8. Submer-
sible
Electric

9. Centri-
fugal

10. Archimedes
Screw

11. Compressed
Air Driven

12. Tyre Pump

13. Coil Pump

Suitable with the
following windmills

Filippini, ITDG(rotary
drive)

Ethiopian (h.a. rotor)
- none commercially
available

Fan rotors, Kijito,ITDG,
Cretan, Mbita, Kisumu,
AATP

it

ii

ITDG, Kijito

Any reciprocating drive,
P.I., ITDG.

Reciprocating drive

low solidity, wind
generators including
P.I.

low solidity wind
generators

fan rotors

fan rotors

unlikely to be
natched to a
windmill

it

Characteristics of Pump

low maintenance, high lift, uniform
flow, high starting torque, high rpm.

in widespread use, high lift, relatively
low cost.

remote windmill siting possible, no
mass to accelerate, may be used in
crooked boreholes, easy to install and
remove for maintenance.

low friction, good wea/characteristics,
use PVC or ABS cylinders with high
density polyethylene cups or piston
rings.

less starting torque, compressive loading
on transmission, more uniform flow,
improved pump/rotor matching, less
starting torque, experimental, can place
high loads on transmission.

large volume, low lift, available as a
hand pump, not for boreholes.

high lift, good efficiency.

electric drive, low lift, Bosnian pump
commercially available.

large volume, low lift

remote siting possible, experimental,
low efficiency.

low efficiency, easily manufactured.

H H ti

/•••••
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2.8 Technical Problems

A range of technical problems were discussed and are listed in order
of the number of countries interested.

TABLE IV

Technical Topics of Interest, by Country

Rank

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Topic

Turntable

Minimum First Cost

Polymer Pumps

Variable
Transmission

Furling

Belt Drives

Blades

Clutch

Bearings

Tower Cost

Maintenance

Pump Testing

Improve Commercial
Rotor Designs

Variable Load

Countries Interested

Zambia, Zimbabwe, Botswana, Lesotho, Kenya,
U.K.

Zambia, Malawi, Tanzania, Kenya, Lesotho

Malawi, Lesotho, Kenya, U.K.

Zambia, Malawi, Kenya, Botswana

Ethiopia, Lesotho, Kenya, U.K.

Ethiopia, Zambia, U.K.

Ethiopia, Kenya, U.K.

Ethiopia, Botswana, U.K.

Ethiopia, Lesotho

Zambia, Kenya

Kenya, Lesotho

Kenya, U.K.

Malawi

U.K.

2.8.1 Turntable Design;

(i) Zimbabwe has developed a simple turntable for Cretan
sail type windmills.

(ii) ITDG have used the same system as commercial fan
windmills - a tube turning inside two bearings.

(iii) It may be possible to adapt agricultural turntables
(trailers) for windmills.

(iv). A large diameter turntable can allow for some
simplifications in direct, reciprocating drive
transmissions.
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2.8.2 Minimum First Cost

Ways of minimising the capital cost of windmills include:

(i) low solidity (uses less rotor material and
transmits less torque).

(ii) rotors can be mounted downwind (Cretan design can
release sails for high wind protection),

(iii) freduced tower cost (simple tripods using local
materials; octahedral towers are difficult to make),

(iv) reduction of areas where use of skilled labour is
required,

(v) wooden material can be used in place of metal,

(vi) simple guyed towers can be very cheap but can require
more skill in erection and tensioning of cables,

(vii) the AATP (Tanzania) design seems to be the lowest cost
design to reach limited commercial construction,

(viii) generally it was seen that very low cost designs can
lead to significant maintenance problems that may lead
to failure of such windmills.

2.8.3 Polymer Pumps

These designs can reduce friction and give good wearing
characteristics.

Some varieties use piston rings (high density polyethylene is
often used) while others use leather cups. Cylinders are of
PVC or ABS.

Generally the costs of these materials are lower than when brass
cylinders are used.

Constructions using 50 mm diameter (or less) plastic piping can
be cemented together by solvent. This allows for easy
installation and removal from boreholes as the joints are
sufficiently flexible.

Leather cups can be made from good quality cow hide soaked in
neat's foot oil and pressed in a simple die.

/••••«
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2.8.4 Variable Transmission

Techniques include (a) the rotary monomore design and (b)
the variable stroke reciprocating design. See diagrams a.
and b. below. However neither of these are commercially
available.

Figure la Rotary Monomore Figure lb Variable Stroke Recipro-
Variable Transmission eating Transmission siot

brass plate

rubber wheel

Spring/centr i fugaI
mechanism

variable speed rotary
drive to pump

rank pin

pump rod

to pump

It is recognised that a variable transmission may be the design
area where the greatest effect on output could be achieved.

2.8.5 Furling Techniques

Three systems were described from Ethiopia using an angled
tail vane, tip flaps and variable pitch angle blades. These
were part of the experimental windmill program.

Work in the United Kingdom has shown that the tail vane pivot needs to
be angled back and to the side if a weighted tail vane furling
system is to be used. These two angles are approximately the same.

2.8.6 Belt Drives

Belt drives may be adaptable for right angle drives although
this has not yet been demonstrated with wind pump transmissions.

The Filippini belt drive has not presented problems so far.

2.8.7 Blade Manufacture

Ethiopia is producing non-twisted aerofoil shaped blades from
wood (7 man hours per 3jm blade).

There are useful references from SWD (Netherlands) on blade and
roto-design.

Twisted blades can be made by cutting blades from a previously
formed sheet metal cylinder, or the twist can be achieved by
fastening stiff support brackets to the spar. These are offset
and therefore force the sheet metal into a twisted shape.

/ • • •. •
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The optimum twist is a source of debate as zero twist is best
in starting but over twisting may in fact be the best
compromise solution.

Optimum designs have decreasing chord towards the tip but this
may complicate manufacturing.

The support spars should be on the concave side of the blade and

should not project beyond the chard line, (see diagram below).

Figure 2

spar

blade

Support Spars for
Twisted Blade

Two options for blade making have been considered by ITDG for
low and high speed rotors.

i) Tip Speed ratios below - 3.

At these lower speeds a curved plate type is sufficiently
aerodynamic. These blades are easily made by rolling a sheet
of metal and then twisting it by its attachment to the spar.

ii) Tip Speed ratios above 2j - 3.

At higher speeds a full air foil shape and the correct twist
are preferable for optimum efficiency.

In essence the twist requires the trailing edge to be longer
than the leading edge. This can be achieved by mechanically
stretching the outside edges of the sheet the blade is to be
made from (Figure 3), or preferably by rolling the sheet
lightlv between two slightly tapering rollers to crush both
edges (Figure 4). Either way the sheet becomes distorted and will not
lie flat. However once it is folded in the middle around a
round bar (to form a leading edge) and the two stretched edges
are brought together, it assumes a smooth shape. The degree
of twist is adjusted by sliding the two edges against each
other.

To make curved airfoils the sheet is folded slightly off
centre

Î "•" Î

Figure 3

Figure 4

sheet metal roller

Stretching Method of Twisting Blade

heet metal roller

sheet

Rolling Method of Twisting Blade



14

2.8.8 Clutch

A type of dog clutch has been developed in Botswana to allow
the vertical-axis Filippini rotor to be connected to the
mono pump. Although the clutch has worked technically, it has
suffered continual maintenance problems and this has meant that
the design in its present form is not seen to be suitable for
production purposes.

A fluid clutch drive can act somewhat as a limited variable
transmission and give good, low maintenance, service. But the
engaging speed is high although this may still be useful for
high speed rotary drives.

Ethiopia has developed a type of friction clutch which will
soon be tested on an actual rotor.

So far no commercially available windmill clutches exist.

2.8.9 Bearings

Wooden bearings can be produced from certain types of wood that
have been thoroughly soaked in oil. Some experience with wooden
bearings has been gained in Zimbabwe and Lesotho (specifically for
use in ox-carts). The Mbita windmill in Kenya has also made use
of wooden bearings. Ethiopia has used these in hand pumps also.

High density polyethylene can also be used for local production
of bearings. This is currently under development in Ethiopia.

It was also pointed out that commercially produced bearings that
are locally available will often be comparable in price or cheaper
than locally produced, simple bearings and will be of significantly
better quality. Also sophisticated commercial bearings may offer
advantages and not be much more expensive than simple ones where
transport costs are significant.

2.8.10 Tower Cost

See section 2.8.2.

2.8.11 Maintenance

See sections 2.8.3 and Section 2.9 below.

2.8.12 Pump Testing

Some testing of pumps has been carried out by ITDG in U.K.
Information about this vtrk can be obtained from ITDG.

2.8.13 Improvement to Eat isting Commercial Windmill Rotors

See Section 2.8.2.
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2.8.14 Inertia Flow Pumps

À simple Joggle Pump (Figure 5) was
described to show the basic principle
of the inertia flow pumps.

Detailed work carried out in the U.K
has shown this principle can be
applied to reciprocating piston pumps
to produce a power absorption charac-
teristic which is similar to that for
a windmill. Thus much better windmill/
pump matching can be achieved over the
whole range of operating speeds. The

I

Figure 5: Joggle Pump

program to match inertia flow pumps to the ITDG rotor is incomplete as
a sound mechanical design of the pump was not produced. However details
of the work carried out so far are available from ITDG.

2.9 Maintenance and Installation

Problems of improper installation can lead to excessive wear rates
in parts of the transmission and excessive tower loading.

Commercial manufacturers supply installation manuals and short
courses (at times) but these may not be sufficient to ensure proper
installation.

Local manufacture allows for easy access to information on erection,
maintenance or other problems.

In cases where towers are badly misaligned it would be possible to
correct this at a later stage.

2.10 Training Implications

There will be a need to co-ordinate efforts in applying wind powered
pumping with training of maintenance and repair teams. Financial
and manpower constraints also need to be considered.

A conference held in Malawi in August 1980, sponsored by IDRC (Canada),
dealt entirely with the training component of water supply systems.
The proceedings, which should be published shortly, are recommended
for reference.

2.11 Patents

To avoid problems of new ideas becoming patented by others an inventor
may publish his information in an international journal so that it
becomes "public domain" and un-patentable.

Further information can be obtained from

ESARIPO
c/o World Intellectual Property Organisation
U.N.
Geneva, Switzerland ,
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This agency can also assist in carrying out patent searches to
determine whether a design has already been patented. It can
also provide information on existing patent designs.

In commercial production a Trademark may be valuable.

2.12 Regional Co-operation/Collaboration

2.12.1 It is recommended that exchange of information on wind power
and other renewable energy resources be promoted through the
channels established by the Commonwealth Science Council in
1979. The regional co-ordinator for wind is Mr Opondo of the
University of Nairobi in Kenya.

It was agreed that detailed technical information gained from
national wind energy programs be sent to Mr Opondo. The
information available would be circulated along with a periodic
newsletter to all seminar participants. Copies of the detailed
technical information would be available on request.

2.12.2 It was recommended that each country appoint a national
co-ordinator (if not already existing) who would be responsible
for disseminating information on all forms of alternative energy
resources both within and outside each country.

' 2.12.3 Several areas of interest common to some or all of the seminar
participants have been established and can be followed up.

Applications for funding from the Commonwealth Fund for Technical
Co-operation for study tours and other purposes must be forwarded
through the local CFTC contact, usually the Ministry of Education
or Manpower Development. If funds are not available from this
source, other channels can be suggested.

2.13 Bibliography

Preparation of a bibliography of useful technical literature on wind
power pumping was proposed by the Group. A draft bibliography is
attached as Annex VII.

2.14 Summary of Recommendations

2.14.1 That a common method for determining overall wind pump performance
be adopted by all those working on the subject in the region.
The procedure outlined in the paper "Performance Measurement of
a Water Pumping Windmill" (Annex 1) is recommended as an
acceptable method.
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2.14.2 That a common method of monitoring and presenting wind
data, which will allow windmill outputs to be predicted,
be adopted by all Meteorological Departments in the region.
The method outlined in Section 2.3 of the sub-group's
report is recommended for consideration by directors of
meteorological services at their meeting in Nairobi in
February 1981.

2.14.3 That work should continue to enable the performance of
windmills to be compared across national boundaries and
also to enable windmill pumping to be compared from the
point of view of economic analysis with other pumping
systems such as diesel engines, biogas/diesel, or solar
pumping.

2.14.4 That windmill manufacturers should be encouraged to provide
more information on the performance characteristics of their
machines, according to the criteria listed above, and that
they should provide more guidance on windmill installation
and maintenance.

2.14.5 That information on technical and operational aspects of
wind power application should be regularly exchanged between
countries through the network established by the Commonwealth
Secretariat under the University of Nairobi. National
co-ordinators for this network should be appointed by
countries which do not yet have them, and support for the
regional network should be provided from appropriate sources
where required.
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ANNEX I

Performance Measurement of a Water Pumping Windmill

Most windmill rotors will have an optimum efficiency that is constant
over a wide range of wind speeds. But when the rotor is coupled to a
water pump the overall system efficiency becomes dependent on wind speed.
Figure 1 shows how the overall power coefficient for a particular windmill
and pump combination decreases in higher wind speeds. Knowledge of this
curve for a water pumping windmill allows the output to be predicted once
the wind regime and borehole depth are known.

Figure 3: Performance Curve for Filippini/>io7.o Pump System, where
vs= starting/minimum operating wind speed

s
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Variation in overall performance
with wind speed

c = c —
measured results
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Also the performance curve of Figure 6 can be used to match the windmill/
pump system to the local wind regime in a way to maximize the output of
water pumped. The following outline suggests a means of measuring the
overall performance curve for a windmill/pump system in a way that requires
only very basic monitoring equipment.

The measurement procedure begins by establishing the depth through which
water is pumped, the diameter of the windmill rotor and the amount of
water pumped during one rotor revolution.

The performance curve is established by determining the amount of water
pumped (by counting the number of rotor revolutions) in a time interval
'At' and the mean wind speed for the interval. To reduce measurement
errors the wind speed should remain approximately constant throughout the
interval ^+ 2 km/h) and as a result the time interval must be kept reasonably
short (nominally 60 seconds). It is suggested that two instantaneous
anemometers be located 2^ rotor diameters to each side of the rotor's centre.
During readings the wind speed should vary by no more than _+_ 15% and wind
direction by no more;than ± 10°. A simple cup totalizer would be mounted
with one of the instantaneous probes and this would provide mean windspeed
(v) over the time interval.
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The overall power coefficient is calculated from:

c p = m Jf h

where: m - mass of water pumped (kg)
g - acceleration due to gravity
h - height through which water is pumped (m)
,P - density of air (kg/m )
V - wind speed (m/s)
A - rotor cross sectional (sweep) area (m )

^.t - time interval (s)

Q
The measurement of P should be carried" out over the range of operating
wind speeds and the overall performance curve determined. Where this
technique has been used in Botswana it was possible to complete the
measurements mainly during a single visit to the site (a 2 - 3 hour
period). Readings during high winds were taken during a second visit.

While performance tests are carried out it is recommended that starting
torque as a function of wind speed also be measured and recorded.

This could be done by fastening a spring balance to one of the blades and
simultaneously reading it and an instantaneous anemometer.

Any deviations from the above procedure should be recorded along with the
resulting data.
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ANNEX II a

Performance Measurements on the Six Metre Diameter

Horizontal Axis Windmill

P.D. Dunn and T. Eisa, Department of Engineering, University of Reading;
M. Ewens, Intermediate Technology Development Group, London; A. Ibbetson,
Department of Meteorology, University of Reading.

Introduction

Tfiis work forms part of a general programme on the development of small
wind-powered pumps for use in the Third World. Performance measurements
are given for the 6M ITDG windmill (1) situated on the Reading University
Energy Group site at Shinfield. The windmill characteristics are as
follows:-

Rotor diameter 6M
Tower height 6M

Measurements were made using different numbers of curved blades (3, 4 and 6)
and in each case several different angles of attack were tested.

The method of measurement adopted was to allow the rotor to accelerate
from stationary state up to maximum speed. The rotor speed and
acceleration was measured by a tachometer placed on the rotor shaft. Wind
speed was obtained by averaging the readings of two anemometers placed in
the plane of the rotor and at a distance of 2CM from the axis, one on each
side. Measurements were taken only when the anemometer readings were
approximately equal. The outputs from the tachometer and anemometers were
recorded on magnetic tape and processed later. Wind speeds lay in the
range 3 m/s to 12 m/s. A measurement of the rotor moment of inertia
enabled the power and torque coefficients to be calculated.

Instrumentation

Wind speed: Standard cup anemometers were used.

Rotation speed: This was measured by a tachometer which was separately
calibrated. The output signals from the two anemometers and from the
tachometer were fed to three channels of a magnetic tape recorder. These
analogue signals were later converted to digital form on a punched tape
which was then used as input data for the computer programme.


