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Q U E S T I O N - A N D - A N S W E R - S E R V I C E 

f o r " a p p r o p r i a t e t e c h n o l o g i e s " 

The question- and-answer-service - a major service provided by 
GATE - supplies information, free of charge, on appropriate 
technologies. In performing this function, GATE is part of an 
international information and documentation system called SATIS 
(Socially Appropriate Technology Information System), in which 
ITDG (Great Britain), TOOL (Netherlands), ATOL (Belgium), VITA 
(USA), GRET (France) and SKAT (Switzerland) also participate. 

The question-and-answer-service is made available to public and 
private institutions and selected persons in developing countries 
who are concerned with the development, adaptation, introduction 
and application of appropriate technologies. With this service 
GATE is aiming to supplement commercial private-enterprise 
activities by making a contribution to non-commercial technology 
transfer, particularly in the field of traditional, intermediate 
and alternative technologies.In addition to technology transfer 
from industrialized nations to developing nations, particular 
attention is given to cooperation between the developing nations 
themselves. 

The activities of the question-and-answer-service are geared to 
the actual technological requirements indicated by the enquiries 
received from developing countries. At the same time, the demand 
for particular solutions is determined with the aid of a question
naire distributed to institutions in developing countries dealing 
with situation-related solutions. Parallel to this, the question
naire also makes it possible to ascertain solutions already 
available within these institutions. The question-and-answer-service 
relies not least on the documentation on newly-developed or tradi
tional technologies supplied to it by such possessors of know-how. 

When answering enquiries the question-and-answer-service uses 
documentation resources built up in this way. The information accu
mulated there on particular technological problem areas is - if 
frequently requested - combined to form "modules". 

These answer packages, intended for dispatch, contain, where possible, 
technical descriptions and design drawings and are thus directly appli
cation-related, i.e. they provide an outline of technologies suitable 
for self-construction. The know-hov.' of national research instititions 
and universities, with whom GATE works in close cooperation, is drawn 
upon to help answer specific enquiries, which can often be expected 
as feedback from the communication started with "modules". 

In the event of enquiries dealing with typical problems encountered 
by a number of developing nations, but for which no suitable solution 
is available or can be obtained, GATE has the opportunity to suggest 
appropriate R & D measures to various sources of finance. 



AN IMPORTANT NOTE TO THE READER'OF OUR. INFORMATION MODULES 5 ^ ^ 

WITH THE MODULES EDITED WITHIN THE QUESTION-AND-ANSWER-SERVICE WE 
AIM TO GIVE AND COMPILE INFORMATION ON VILLAGE-LEVEL-TECHNOLOGY, 
WE TRY TO STIMULATE THE "DEVELOPMENT OF MAINLY RURAL AREAS WITH A 
STRONG EMPHASIS ON THE SELF-HELP CONCEPT. 

BY NO MEANS DO WE INTEND TO PRESENT A SORT OF RECIPE FOR AN 
APPROPRIATE WAY OF DEVELOPMENT OR FINAL TECHNICAL SOLUTIONS WHICH 
WE CONSIDER TO BE THE ANSWER TO THE PROBLEMS CONCERNING THE 
QUESTION OF DEVELOPMENT IN RURAL OR SUBURBAN AREAS. 

KNOWING WELL THAT INFORMATION IS THE FIRST STEP WHEN CHOOSING 
ACTIVITIES AND THAT - ESPECIALLY IN THE FIELD OF TECHNOLOGY -
THERE IS A GREAT AMOUNT OF INFORMATION AVAILABLE, WE TRIED TO 
SELECT SOME OF THE SPECIFIC TECHNOLOGY NEEDS OF THE MAJORITY OF 
PEOPLE IN DEVELOPING COUNTRIES. THESE PEOPLE LIVE IN AREAS WITH 
A LACK OF WATER SUPPLY, SANITATION FACILITIES, APPROPRIATE HOUSING 
POSSIBILITIES, WHERE GENERALLY THE FOOD PRODUCTION IS LOW AND 
INEFFICIENT, THE ENERGY DEMAND IS NOT AT ALL MET AND THE MAJORITY 
OF PEOPLE IS ONLY PARTLY OR NOT AT ALL EMPLOYED. 

THE SELECTION OF TOPICS WITHIN OUR INFORMATION SERVICE NORMALLY 
IS THE RESULT OF AN EVALUATION OF INQUIRY-STATISTICS, I.E. AFTER 
HAVING RECEIVED SEVERAL QUESTIONS IN THE FIELD OF SOLAR COOKER, 
FOR INSTANCE, WE DECIDED TO COMPILE THE INFORMATION CONCERNING 
THIS TOPIC AND EDITED THE "SURVEY OF SOLAR COOKERS". 

THUS, THE FEEDBACK WE GET FROM INSTITUTIONS AND INDIVIDUALS IN THE 
THIRD WORLD PLAYS AN IMPORTANT ROLE FOR THE QUALITY OF OUR MODULS 
AND THEIR ORIENTATION TO PRACTICAL WORK. THEREFORE WE ASK YOU 
NOT JUST TO READ OUR INFORMATION BUT WRITE BACK TO US AND TELL US 
YOUR OPINION AND CRITICISM. 

AS YOU CAN IMAGINE, THIS IS THE BEST WAY FOR US TO CHECK THE 
QUALITY AND EFFICIENCY OF OUR QUESTION-AND-ANSWER-SERVICE, AND FOR 
YOU IT COULD BE OF HELP, TOO, BECAUSE WE MIGHT SUPPLY YOU WITH 
MORE DETAILED INFORMATION WHEN WE KNOW MORE ABOUT THE SITUATION 
YOU ARE IN AND TAKE INTO CONSIDERATION YOUR SPECIFIC PROBLEMS. 

IN ADDITION, THE EXPERIENCE YOU HAVE GAINED AND INFORMED US ABOUT, 
MIGHT BE USEFUL FOR OTHERS. HAVING CONTACTS WITH MANY ORGANISATIONS 
IN DIFFERENT PARTS OF THE WORLD WE ARE IN A POSITION TO FORWARD 
YOUR IDEAS AND PROPOSALS IN THE FIELD OF TECHNOLOGY TRANSFER AND 
APPROPRIATE TECHNOLOGY. 

PLEASE FILL IN THE QUESTIONNAIRE (NEXT PAGE) TO ENCOURAGE OUR 
EXCHANGE ACTIVITIES FOR A MUTUAL BENEFIT. 

GATE 
c/o DEUTSCHE GESELLSCHAFT FUR 

g! TECHNISCHE ZUSAMMENARBEIT 
\ (GTZ), GMBH 
2 POSTFACH 5180 

5 D-6236 ESCHBORN 1 

3 FEDERAL REPUBLIC OF GERMANY 
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Please fill in this questionnare 
and send it to 

GATE c/o 
Deutsche Gesellschaft fur 
Technische Zusammenarbeit, GmbH 
P.O. Box 51 80 

D-6"236 E s c h b o r n 1 

Your name and a d d r e s s : 

QUESTIONNAIRE 

MODULE No. DATE 

1. How did you get this information? 

o I made a request at GATE and asked for it 
It 

o Someone else gave.to me (Who was it? 

o or: 

2. Did you read the complete module? 

o yes, from the beginning to the end 

o only in parts 

o only the parts I was specially interested in 

o or: 

3. What is your opinion about it? 

a) general understanding 

o difficult o just right 

b) theory and basic knowledge 

o too much of it o just right 

c) orientation to practical work 

o lacking o limited 

d) language, over-all presentation 

o appropriate for your needs 

o easy 

o too few 

o just right 

o too complicated 

e) what else do you think is worth mentioning? 

(Please use back page for additional remarks and suggestions!) 

4. Do you see any practical application for the received information? 

03 
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I. A General View of Water Pumps Using Renewable 

Energies 

In this chapter short information about the different 

types of water pumps is given. Mostly these pumps are used 

for drinking water supply and irrigation. 

The necessary energies for the described pumps are 

belonging to the so-called renewable energies: man, 

animal or water power, but also wind and solar energies. 

This general view mainly refers to the following book: 

"Hand Pumps for Use in Drinking Water Supplies in 

Developing Countries", published by the UNEP and the 
x) 

WHO, Technical Paper no. 1o, Juli 1977, Netherlands, 

which is highly recommended for more intensive studies 

of the problem. 

Postal address: IRC, P.O. Box 14o 

2260 AC Leidschendam, the Netherlands 
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Different Types of Water Pumps 

1) Traditional Water Lifting Devices 

There are a lot of water 

lifting devices which have 

a long tradition and are 

made from indigeneous material, 

One example is given here 

with the "Shaduf", a counter-

weighted bailer. 
Tht traditional Slttduf 
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2) Shallow Well Pump 
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Shallow well pumps are suctions pumps and use atmospheric 

pressure to lift the water by producing a partial vacuum 

with the piston. The theoretical max. lift for a suction 

pump is about 1o meters, but due to frictional resistance 

and inefficiencies in pump design and operation the practical 

maximum lift is about 6 m or less. It depends on the 

altitude above sea level and the temperature of the 

water (see table and figure). The graph shows under which 

conditions the lift pump works, otherwise the priciple of 

a deep well pump should be used. 

• l « : 4 5 

3 5-

C i o c i e your e leva t i on 4 o 

'•••. ?'"C0 n-eters and the 
«&:-.r temperature 
is ?'-C. The graph 
snows that the normal 
! i f t wo-JId be 4 meters. 

3 0 

K 

i .-
Graph show

ing lift pump capabili- o -
ties at various altitudes 
and water temperatures. 
Broken lines indicate 
exarple aiven in text. 

SUCTION LlfT IfJ METERS 
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3) Deep Well Pump 

The principle of operation is the same as 

desribed for the shallow well pump, the difference 

is the location of the cylinder which is 

installed below the lowest water level. 

•' J"4. Pump discharge depends on the diameter of the 

piston, the length of the stroke and the number 

of strokes per minute. If the water level is less 

than 9 m below the surface of the ground, the 

cylinder could be up to 11 - 12 cm in diameter. 

If the water level is farther from the surface, 

the long. colurm of water that must be lifted 

becomes heavy and a great effort is required 

to operate the pump. The greater the distance to 

the water level, the smaller the diameter of the 

piston should be, so it is not too hard to pump. It is also 

possible to vary the distance from the well to the post 

supporting the pump handle to give better leverage. The 

closer the handle pivot is to the well, the easier it will 

be to pump, but the length of stroke will be smaller and so 

will the discharge. 

Pump cylinder 

4) Force Pumps 

Force pumps are designed to pump water from a source and to 

deliver it to a higher elevation or against pressure. They 

are used primarily to pump water into reservoirs and pressure 

tanks. All pressure-type water systems use force pumps. They 

are enclosed so that the water can be forced to flow against 

pressure. They are available for use on shallow or deep wells, 
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5) Diaphragm Pump 

Oiaphrig, 

P ct: 
CROSS-SECTION OF A DIAPHRAGM PUMP 

The diaphragm pump is a suction 

type pump. As the diaphragm (an 

elastic membrane) is lifted, liquid 

is drawn in through the inlet 

valve at the left. When the diaphragm 

is depressed, liquid is forced out at 

the right. It will pump the largest quantity of water, but can 

only operate when the water level in the well is not more than 

about 4 meters below the pump. This type is often used for 

irrigation. 

6) Rotary Pumps 

Rotary pumps are more efficient 

than the above mentioned types 

because there is a permanent flow 

of pumped water. But the construction 

is a bit more complicated and there 

is a greater risk of malfunction 

with impured water. 

CROSS SECTION OF 
SEMI-ROTARY PUMP 

file:///V--A''
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7) Bucket and Chain Pumps 

Small buckets attached to an endless chain are rotated 

over sprockets as shown so that each bucket dips water 

from the source at the bottom, carries it to the top, 

and empties it into the spout as it passes over the top 

sprocket. 

•n""vr»T-

In the chain pump rubber 

discs attached to an end- . 

less chain running over 

a sprocket at the top are 

pulled upward through a 

pipe to lift water 

mechanically up to the 

spout. 

Both are mostly used on cisterns 

and shallow dug wells. . 

BUCKET PUMP CHAIN PUMP — 

8) Hydraulic Ram 

A hydraulic ram is a self-powered pump which uses the energy 

of falling water to lift some of this water to a level above 

the original source. 

TANK ON TDW1U 
O* IN MOUSR 

TILI UtAIM 
GATZ VALVli 
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The water starts to run down through the drive pipe, 

going faster and faster until it forces the impulse valve 

to close suddenly. The weight of moving water, suddenly 

stopped, creates a pressure and forces some of the water 

past the delivery valve and into the air chamber, compressing 

the air more and more till the kinetic energy of the moving 

water is spent. The compressed air acts as a spring and 

forces the water up the delivery pipe to the storage tank. 
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9) Wind-Pumping-Systems 

In areas which have a sufficient annual wind supply water 
pumping is a very useful way to use wind energy, because 
the machine will run the whole day and work whenever there 
is enough wind. 
During windless periods it should be possible to operate 
the pumps by men or animals. 

Several of the hand-pumps discussed here can easy be 
adapted for windmill drive. Also here it is necessary to 
decide between high quality, factory made equipment which 
can be made locally, often from local materials, but using 
some imported components and which make demands on local 
people both for operation and maintenance. 

Only a few, simple mechanisms will be mentioned here: 

1. The Cretan sail-windmill with a piston pump or an 
Archimedian screw (see figures on page 34). 

2. The Lubing windmill pump, a 4- or 6-bladed windwheel 
which is.self-directing in the wind. This model can 
be connected with a piston suction pump or a deep 
well pump. 

3. The GS-windmill and waterpump, a 2-bladed windwheel 
combined with a suction or a deep well pump (see fi
gure) . 

4. The Sahores windmill, suitable for construction in a 
rural situation. It has 16 small canvas sails in a 
3-metre diameter wheel and needs much less adjustment 
than the sails of the Cretan machine (the sail turns 
away from the wind automatically). 

It is easy to construct but parts have to be replaced 
frequently. (Developed with the help of the World Coun
cil of Churches, plans available from CCPD, P.O. Box 66, 
Geneva, Switzerland.) 

There are several other types of wind pumping systems. For 
further information on wind energy and source lists please 
contact our institution. 
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(l.) Cretan windmill 
with Archemidian screw 
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4) The Sahores 
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10) Sun Powered Water Pumps 

Solar energy is perhaps the largest and most permanent 

source of power available to man, but the great diffi

culty is to convert solar energy into a different form 

of energy that canbe stored and used. 

At the present moment most of the existing solar water 

pumps are expensive and very complex although new dis

coveries and mass production will inevitably bring the 

price down. 

Even if there are some solar water pumps produced in 

small series one can say that all the obtainable pumps 

are in an experimental stage. 

The principle of the operation of a solar water pump 

shows the following picture. 

Operating fluid vapouri 

Motor Exhauit vapourt 

Grculating 
pump 

Oparatmg fluid Condenter 

Ornrt lhaft 

B«lt 

CD- 0 
Irrigation pump 

Schematic diagram of a solai pump 
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First there are large flat collecting plates underneath 

which are jackets containing water. The water heats 

up to a temperature of about 80 C and then circulates 

to a storage tank. The heat of water is transmitted to 

a liquid gas (e.g. butane) which evaporates and expands, 

and so drives an engine which is connected with the wa

ter pump. The cold pumped water condenses the gas, and 

the cycle can begin anew. 

Further information about solar energy you can get from 

our institution. 
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B. Pump Components 

1) The Handle 

The figure below illustrates the simplest type of handle 

mechanism: a one piece handle with two connecting pins, one 

at the pump rod, the other at the fulcrum. This is a common 

arrangement for shallow well pumps. 

Note in the figure that the arc cd swept by the pump rod pin 

defines the vertical distance S, equivalent to the plunger 

stroke length, and a horizontal distance Z. That is, the 

top of the pump rod moves horizontally as well as^vertically. 

Because the drop pipe and the pump cylinder are fixed'in place, 

the lower end of the pump rod (attached to the plunger) 

although free to move vertically is not free to move horizontally. 

Thus if Z is too large the pump rod will strike the drop pipe 

(or the pump stand wall, depending on relative dimensions). 

A second problem is that the horizontal movement of the pump 

rod makes sealing the top of the pump stand assembly against 

contamination difficult. A third problem is that the resulting 

angular tilting of the plunger may cause excessive wearing of 

the plunger cup seals. A fourth problem, related to the second 

above, is that the top of the pump must be sealed for force 

pumps. 

HANI)!.!. CKOMKTKY 
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The figure illustrates for rotary crank or wheel operated 

hand pumps how the pump rod motion can be restricted to the 

vertical plane. For these pumps, the lower end of the rod or 

link connecting the crankshaft to the pump rod is restricted 

to the vertical plane by the crosshead while the upper end 

of the connecting rod is free to follow the rotating crankshaft, 

Bearings are used at each point of relative motion between 

components. The -mechanism shown, the rotating in line slider 

crank, is perhaps the most common in use for rotating rather 

than reciprocating handles. 

The mechanisms shown are intended to eliminate lateral movement 

by the pump rod. In doing so" most of them introduce lateral 

stresses to the top of the pump rod. These stresses are increased 

with poor alignment, poor lubrication, and poor maintenance. 

Rotating handles, generally more costly, usually distribute 

the lateral forces more uniformly with lower maximum stresses. 

The kinetic energy stored in the wheel usually makes operation 

easier. 
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2) Valves 

Reciprocating hand pumps generally contain two valves within 

the cylinder: one valve in the plunger assembly, the other in 

the bottom or suction end of the cylinder. Both the plunger valve 

and the suction valve are check valves, that is, valves restricting 

flow to one direction, in the case of wells, vertically up. 

Ball valves; rather than a disc, the valve opening is closed 

by a ball made of metal or of other material of appropriate 

specific gravity. The ball is usually guided by a ribbed cage. 

These valves are sometimes recommended for use with deeper 

wells. 

Flapper valve: a valve in which a flexible, hinged, horizontal 

disc, generally made of leather, opens and closes over the 

valve opening. This is the oldest and least expensive pump 

valve also and is still widely used as a suction check valve 

in shallow well pumps. Its major disadvantage is the need for 

relatively frequent replacement of the leather flappers. Reinfor

ced neoprene is a promising flapper material in this regard. 

Poppet valve: a rising and falling horizontal metal disc • 

covers the valve opening and is guided by a vertical stem 

or spindle concentric with its center. A section through 

the disc and stem - usually formed in one piece - forms a 
' I r p l l 

Boll Volve 

Flap Volve 

Arryajrrr 

. m e t o l bal l 

• meta l or PVC seat 

- r ubbe r or loothor flnp 

- meta l plot*? 

Poppet Valve 

metal plcte -

meta l rod 

,.- rubber wosher 

• me tn l sent 

Types of Valves 
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3) Cylinders 

The cylinder is a pipe or tube' which houses the plunger 

assembly and the suction (foot) check valve. The water seal 

formed by the moving contact between the cylinder wells and 

the plunger cup seal (s) creates the partial vacuum which 

makes suction lift possible. 

The cylinder length is a function of the stroke length which 

is typically 12,5 to 2 5 cm for hand pumps, up to several 

times longer for windmill pumps. Additional length is required 

for caps and for the plunger and suction valve assemblies, for 

tolerances in measurement of drop pipe and pump rod lengths, 

and to prevent operator abuses such as driving the plunger 

into the suction valve with excessive handle lift. Cylinders 

which wear rapidly are sometimes constructed double length 

allowing the plunger depth to be reset and pumping to be continued 

without pulling and replacing the cylinder. Standard cylinder 

lengths available range from about 2 5 to 11 o cm. 

Cylinder diameter generally decreases with increased 

purv.ping head. Typical standard diameters range from about 

7 to 1o cm for shallow wells down to 5 cm or less for 

deeper wells. Standard cylinders are available in diameters 

as small as 4 cm which will fit into a 5 cm diameter well. 

Cylinders may be located in one of three places depending 

on suction lift and type of pump or well construction: 

(1) Pump stand location: for shallow wells with suction lifts 

the cylinder may be an integral part of or a liner inserted in 

the pump stand. Pumps with cylinders located in the pump 

stand frequently have difficulty holding their priming water. 

Also, repeated wetting and drying of pump leathers shortens 

their useful life and increases maintenance requirements. 

However this configuration of pump stand and cylinder is the 

lowest in initial cost and its components are the most 

readily accessible for maintenance. 
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(2) Drop pipe location: for deep wells the cylinder must be 

located in the well, preferably below the water table. In 

conventional practice the cylinder is suspended from the 

drop pipe. Cylinders for use with drop pipes are commercially 

available in two basic types: closed-type and open-type 

cylinder. 

(3) Well casing location: in wells cased with smooth pipe 

of appropriate diameter, the pipe casing itself can serve 

as the well cylinder. In some wells a short length of brass 

or brass-lined steel pipe may be inserted in the well casing 

to serve as the cylinder. In this type of installation the 

well casing also serves as the drop pipe. This technique was 

common during the heyday of wooden pumps and holds promise 

today with development of new well casing pipe materials, 

especially pipe of polyvinyl chloride (PVC). 

The drop pipe can similarly be simultaneously used as the 

cylinder. Drop pipes are usually mandatory for hand pumps atop 

dug wells due to their large diameter. 
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TROUBLE LIKELY CAUSE REMEDY 

1. Pump handle 
works easily 
but no water 
delivered. 

-

_. 

A. No Water at the 
source. Well dry. 

or 

B. Level of water has 
dropped below suc
tion distance of 
pump. 

or 
C. Pump has lost its 

priming, 

or 

D. The cylinder cup 
seals ("leathers") 
may be worn out 

or 
E. The velves or 

valve seats may be 
worn or corroded. 

or 

F. With a deep-well 
plunger pump the 
plunger rod may be 
broken, 

or 

G. Shutoff valve may 
be closed (force 
pump). 

i 
or 

H. Hole in suction 
pipe. 

or 

I. The suction pips 
may be plugged 
with scale or iron 
bacteria growth or 
sediment. 

or 

J. The pump cylinder 
may be cracked. 

or 

K. Leak at base of 
cylinder. 

or 

L. One or more check 
valves held open by 
trash or scale. 

Rehabilitate well, or de
velop a new source or 
sources of water. 

Can be checked with vacuum 
gauge or with weighted 
string. Reduce pumping rate 
or lowtji" pump C y n u u c T . ' 

Prime the pump. If the pump 
repeatedly loses its priming 
it may be periodically pump
ing the well dry, the suction 
line may be leaking, or the 
suction valve or discharge 
check valve may be leaking. 
Repair line or valve. Also 
check 1-A and 1-B. 

Renew the cylinder cup seals 
("leathers"). 

Renew valves and repair or 
renew seat6. 

This trouble would be indicated 
by the pump running freer and 
and probably quieter. Turn the 
pump over by hand and note if 
there is resistance on the up
stroke. Broken rods must be 
renewed and this usually means 
pulling the drop pipe and cy
linder out of the well. 

Open valve 

Renew suction pipe. Cylinder 
may be lowered below water 
level in well. 

Can be checked with vacuum 
gauge. Remove suction pipe 
and clean or renew. 

Renew the cylinder. 

Renew cylinder gasket. 

Remove valves and inspect for 
trouble. With deep-well plun
ger pumps this may mean pulling 
the pump cylinder or plunger 
and valves out of the well. 
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- 1 

2. Pump runs but 
delivers only 
a small amount 
of water. 

' 

( 

3. Pump needs too 
many strokes 
to start. 

It. Handle springs 
up after down 
stroke. 

A. Plunger leathers 
badly worn (plun
ger and piston 
pumps). 

or 

B. Well not yielding 
enough water, 

or 

C. Cracked cylinder 
(plunger or piston 
pump). 

or 

D. Check valve(s) 
leaking. 

or 

E. Screen or suction 
valve may be 
obstructed. 

or 

F. Suction pipes are 
too small, 

or 

G. Suction valve(s) 
may be out of order. 

or 

H. Cracked drop pipe 
or coupling. 

A. Pump has lost its 
priming. 

or 

B. The cylinder cup 
seals ("leathers") 
may be worn out. 

A. Suction pipe plugged 
up below pump cy
linder, 

or 

B. Plunger check valve 
fails to open or to 
close. 

or 

Renew leathers. 

-

Decrease demands or establish 
new sources of water. 

Renew cylinder. 

Repair valve(s). 

Remove and clean. 

Can be checked with vacuum 
gauge. Install pipe with larger 
dlnmotor, or for deep well pump, 
lower pump cylinder below water 
level in well. 

Repair valve(s). 

Renew drop pipe or coupling. 

Prime the pump. If the pump 
repeatedly loses its priming, 
it may be periodically pumping 
the well dry, or the suction 
line or the suction valve may 
be looking. Repair or renew 
line or valve. 

Renew the cylinder cup seals. 

, 

Remove pump and clean out suc
tion pipe. If well has filled 
with dirt up to suction pipe, 
the well should be cleaned out 
or the pipe cut off. 

Repair check valve. 
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4. Handle springs 
up after down 
stroke 
(continued) 

5. Leaks at 
stuffing box 

6. Pump is noisy 

C. Suction pipe too 
small. 

or 

D. Water too far be
low pump (suction 
pipe too long). 

A. Packing worn "out 
or loose. 

or 

B. Plunger rod 
badly scored. 

A. Bearings or other 
working parts of 
the pump are 
loose. 

or 

B. Pump is loose on 
mountings. 

or 

C. With deep-well 
plunger pumps hav
ing a steel plunger 
rod the rod may be 
slapping against 
the drop line. 

Replace with larger suction 
pipe. 

Place cylinder nearer water. 

Renew or tighten packing. Leave 
packing nut loose enough to 
allow a slow drip of water. 
The water serves as a lubricant. 

Renew plunger rod. 

Tighten or renew parts. 

Righten mountings. 

Use a wooden rod or install 
guides for rod or straighten 
drop pipe if crooked. 
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SCHEDULE FOR MAINTENANCE OF SIMPLE HAND PUMPS 

dailv 

weekly 

monthly 

annually 

Hm«. pin. 

• rati cylinder 

L.. l».r>. | » l..tn.r cup 
(b. on coml.nl look- oul lor 
K"«?o-ri.,i,o«h.v.'.*""c"-" 

1. lock and unlock the pump at hours agreed by the village. 

2. clean the well-head. 

1. thorough clean-up of pump, well-head and surroundings. 

2. oil or grease all hinge pins, bearings, and sliding parts, 
after checking that no rust has developed on them. 

3. record any comments from users about irregularities in 
working (tightness of parts, leaks from stuffing box, 
fall-off in water raised). Correct these when possible. 

1. if necessary, adjust the stuffing box or gland (this does 
not apply to the Craelius pump). Usually this is done by 
tightening the packing nut. This should not be too tight • 
there should be a slight leak when the adjustment is 
correct. 

2. check that all nuts and boits are tight, and check that 
there is no evidence of loose connections on the pump rods. 

3. check for symptoms of wear at the leathers, noting any 
comments from users about any falling off in the water 
raised. If the pump fails to raise water when worked 
slowly (e.g., at 10 strokes per minute), replace the 
leathers. 

4. carry out all weekly maintenance tasks. 

1. paint all exposed parts to prevent development of rust. 

2. repair any cracked concrete in the well-head and surrounds. 

3. check wear at handle be.irinRs and rcplnce parts as nec
essary. On the Craelius pump, worn bushes can be replaced 
by short sections of pipe of suitable diameter. 

4. check plunger valve and foot valve; replace if found 
leaking. 

5. check the pump rod and replace any defective lengths or 
connectors. 

6. replace packing at the stuffing box or gland (does not 
apply to the Craelius pump). 

7. carry out all monthly maintenance tasks. 

from; "Hand Pumps" 

published by United Nations Environment 

Programme (UNEP) and World Health 

Organisation (WHO) 

Technical Paper No. 1o 

July 1977, Netherlands 

see also: "Hand Pump Maintenance" 

An Oxfam document compiled by 

Arnold Pacey, Intermediate Technology 

Publcations, Ltd., London 1977 

http://coml.nl
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Collection of available solutions 

Water Supply and 

Sanitation PUMPS 

Institution/Mdress uevice/ Specir ication InfuJuTicttiun Material/ 
Conments 

VITA 
Volunteers in Technical 
Assistance 
3706 Rhode Island Avenue 
Mt. Rainier 
Maryland, USA, 20822 

TOOL 
Mauritskade 61 a 
Amsterdam, Netherlands 

Robert Tayabji 
UNICEF 
9, Jorbagh 
New Delhi, India 

Ets. Pierre Mengin 
B.P. 163 
45203 Montargis, France 

Chatiketu 
WHO, P.O.Box 765 
Kano, Kano State, Nigeria 

Asian Institute of 
Technology 
P.O.Box 2754 
Bangkok, Thailand 

"Mnt. Rice Res. Institute 
P.O.Box 933 
Manila, Philippines 

Asian Institute of Techn. 
P.O.Box 2754 
Bangkok , Thailand 

H. Dickinson & T.L. 
Winnington 
School of Engineering 
Sciences, 
University of Edinburgh,U 

Petro Pump 
Carl Westmans Vag 5 
S-13300 Saltsjobaden 
Sweden 

Piston pump 
- shallow well pump 
- deep well pump 

Salawe or 
Shinyanga pump 

Sholapur or Jalna pump' 
- deep well hand pump 

Hydro-pump Vergnet 
(Obervolta) 

Wood and bamboo 
reciprocating pump 

Inertia pump 

Two designs of diaphragn 
pumps 

Double acting lift pump 

K. 

Petropump 
- diaphragm pump 

Details and construction 
description 
enclosed (page 36) 

Details and construction 
description 
enclosed (page 43) 

Details and short descrip
tion enclosed (page 51) 

Details and description 
enclosed (page 54) 

Only short information 

Details and construction 
description enclosed 
(page 57) 

Details and construction 
description enclosed 
(page 65) 

Only short information 
available 

Short description 
enclosed (page 77) 



APPROPRIATE TECHNOLOGIES - 23 -

Collection of available solutions 

Water Supply and 

Sanitation Pumps 

Institution/Address Device/Specification Information Material/ 

Cormients 

Robert G. Young 
VITA 
3706 Rhode Island Av. 
Mt. Rainier 
Maryland, USA, 20822 

S.B. Watt 
ITDG 
9 King Street 
London WC 2 E 8 HN 

IPAT, TO Berlin 
Lentzeallee 86 
D-1000 Berlin 33 
W-Germany 

Chain pump 
- shallow well pump 
(for irrigation) 

Hydraulic ram 

Cretan sail-windmill 
with Archimedean screw 

Details and construction 
description enclosed 
(page 79) 

Details and construction 
description enclosed 
(page 83) 

Information on Cretan 
Sail Windwheels enclosed 
(page 95) 
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APPROPRIATE TECHNOLOGIES 

Collection of available solutions 

Water Supply and 

Sanitation 

jlp??? 

Pumps 

1) Piston Pump VITA, USA 

This classical type of pump is used in most countries for family 

use and irrigation. 

The piston pump may either be operated as a suction or shallow well 

pump or, if the water level is more than. 6 m below the surface, the 

piston can be installed below the lowest water level and thus become 

a deep well pump. 

o > 

T3-"^W 
wood or bamboo 

handle 

3 PVC — 

concrete or b n c k ^ 
platform > ^ - . — 

volve 

= T Q ( 

- brick pier 

;a 7^mx^y^<.<-y- •'v//^ 

.wood or bomboo 
handle 

concrete or brick s 

platform 

v ^ ^ X y ^ < 

rubber washer between -
poppet volve and seat 

& 

a 

!?$?, 

- concrete, brick 
or wood post 

:?///^:<^y/A^/<<^ 

- 3 " PVC cosmg 

low water level 

• * » lower vo've seot cemented 
inside PVC casing near joint 

Shallow Well Pump Deep Well Pump 

It is possible to drive the piston pump by wind energy (pages 42-4 5) 

For details see enclosures (page 36 ) 
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APPROPRIATE TECHNOLOGIES 

Collection of available solutions 

Water Supply and 

Sanitation 

cp*? 

Pumps 

2) Shinyanga Pump 

(also known as Salawe Pump) 

TOOL, Netherlands 

The Shinyanga District Shallow Wells Project has created its own 

manufacturing facility. The pump has a wooden pumping head and uses 

a PVC plastic cylinder (Cast iron could not be" used because of the 

pH = 3 of the groundwater in Shinyanga). Neoprene ball valves are 

used in both the plunger and suction check valves. 

A standard industrial rubber piston with a steel core (cost 4 US $) 

imported from western Europe is used in lieu of the usual cup seals. 

For details see enclosures (page 43 ) 
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APPROPRIATE TECHNOLOGIES 

. C o l l e c t i o n of a v a i l a b l e s o l u t i o n s 

W a t e r S u p p l y .and 

S a n i t a t i o n 
i 

v«P?? 

Pumps 

^ Rholaour or.Jalna Pump R, Tavabii, India 

Many breakdowns of deep well hand pumps occur in the handle 

assembly. The Sholapur-pump developed in India by a group of 

voluntary agencies can be expected to work for a year between 

overhands for maintenance. Locally manufactured it is being 

installed in Indian villages complete with 3o meters of drop 

pipe and pump rod for about US $ 235 per unit. 

This pump has a single pivot action connecting the handle to 

the pump rod through a short length of motorcycle chain. All 

moving parts are enclosed in a steel housing (for details see 

enclosures page 51 ) 

iNSPCCTiOM COVfR ftOLT 

INJPtCTiC.'l COl'EH 

CHAIN ANCHOR &0UANUK 

CHAIN CIUPLIN 

CONNFCTIG ROD cuir^ B u i « \ / ' 

M£*0 BOLT KUTflO.tCK HUf ^ \ H ^ U ' ^ 

\Av -m L 
RI4I8 P1W HOLOE 

INSTALLATION MAS1C. 

" C « H N C PIPE 
- R l S l R PIP£ 
- C O N N I O I N C R0[> 
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Collection of available solutions 

Water Supply and 

Sanitation 

iP77 

Pumps 

) Hydro-Pompe Vergnet Pierre Mengin, France 

This pump designed in Upper Volta uses a hydraulic pilot system 

operated by a foot pedal. The flexible hose inside the rigid 

cylinder is alternatively streched and contracted, thereby 

pumping water from the rigid cylinder to the surface. The pump 

can be fitted into a bore hole of 1o cm diameter. 

bore hole 
depth (m) 

output 

(m3/h) 

2o 

1,5 

4o 

o,7 

60 

o,5 

OPCRATr'-G P F D A L 

G U I D ' N G H E A D 

S T E P 

QiSFT-ACF^ENT | 

DISCHARGE P-PE 

_ CONTROL C - ' E C * VALVE 

r C H S C H A B G E CHECK VALVE 

O I A PHR A G ^ A T I C HOSE 

H Y D R O - P O M P E VERGNET 

SCHEMATIC ARRANGEMENT 

For details see enclosures (page 54 ) 
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APPROPRIATE TECHNOLOGIES 

Collection of available solutions Hd*3 a 
Water Supply and 

Sanitation 
Pumps 

5) Wood and Bamboo Reciprocating Pump Nigeria 

An example of a pump made by village artisans is the "DIY"-pump 

used in Nigeria (Chatiketu) in shallow wells. 

One long unjointed length of bamboo can be used for the pipe, 

the handle is made from wood (see figure). A PVC plastic pipe 

may be substituted for the bamboo, because of the durability 

problem of wood (without a good maintenance lasting only a 

short time). 

S T R O K E I I M I T E R 

W O O D E N F U L C R U 
S T A N D 

P I N S 

Af t * - r : C l i . i t i k r t i j 

BAMBOO OR PVC PIPE HAND PUMP (GENERAL) 

RUBBER 

G A S K E T 

P L U N G E R _ 

< W 0 0 0 ) 

P i R I M . E T . E A . ^ 

W I R E S K r ' 

A—i-Gt-X--

P U M P ROD 

3 / 8 " S T E E L BAR 

' " • " i - ^ 

1..PUBBER F L A P P E R 

• ^ v 

P 
v 

S T O V F BOLT \ 

P L U N G E R O I S C H A P G E 

- C H E C K V A L V E I B U T ! E R F L \ 

Ft A P P E R T V P E I 

_ _ _ S u c T I O N i r o o T i 

V A L V E ( F L A P P E R 

R U B B E R 

"'"" G A S K E T 

__ P E R I M E T E R 

^ > ^ "' W I R E S 

C H E T I t 

TYPE ) 

• • ) - - NA 

- * I 

WATER I N L E T 

BAMBOO OR PVC PIPE HANO PUfoP (VALVES) 

http://Cli.it
http://PiRIM.ET.EA
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APPROPRIATE TECHNOLOGIES 
Collection of available solutions 

Water Supply and 
Sanitation 

-' ', / S ''/ 

) Inertia .Pump AIT, Bangkok 

Perhaps the simplest pumping device is the inertia pump, whose 

basic pump design was modified here by a bicycle-type drive 

and a flywheel to achieve more efficient pump performance. 

The inertia pump is a device for lifting water.short distan

ces (1,5 m to 2,5 m ) . 

There are four designs developed and tested which are described 

here. 

For details see enclosures (page 57) 

# . 

* vi 
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Collection of available solutions 

Water Supply and 

Sanitation 

£^7?? 
1 
1% Pumps 

7) Diaphragm or Bellow Pump 
AIT, Bangkok 
IRRI, Manila 

There are two types of double-chambered diaphragm pumps which 

are foot-operated. They are low cost pumps, simple to be manufactured 

by small machine shops. 

The entire unit has about 2o resp. 28 kg, the pump capacity 

is about 75 to 120 liter/rain to a night of 2,5 to one meters. 

Intot volv* -

Schemotic drawing of the Diaphrogm pump 

woo** nju *oor nwt -

~23r X 
MANUALLY OPERATcO BELLOW PUMP 
FOR RURAL COMMUNITY WATER SUPPLY 

Km VALVtS 

For details see enclosures (page 57 ) 
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APPROPRIATE TECHNOLOGIES 

C o l l e c t i o n of a v a i l a b l e s o l u t i o n s 

W a t e r S u p p l y and 

S a n i t a t i o n 

£^7?? 

Pumps 

) Double Acting Lift Pump Dickingson & Winnington, 

Edinbourgh 

This device is an example of rural technology used in China since 

a long time. The hand-operated pump can lift water to a height of 

about 12o cm from very shallow ponds or irrigation ditches. 

Its operation principle is similar to the diaphragm pump. 

This lift pump can easily be constructed from wood by a carpenter. 

Double Acting Lift Pump 

(1) 
(2) 
(3) 

Handle 
P is ton 
Under-water I n l e t 
w l t h va lve 

(*) 
(5) 
(6) 
(7) 

Plunger Valve 
Water trough 
P is ton box 
Water leve l 
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Collection of available solutions 

Water Supply and 

Sanitation 
- -

5?y?? 

, Pumps 

9 ) Petro Pump Sweden 

Another type of a diaphragm pump is the petro pump which can 

be used in deep wells with the water level deeper than 7 meters. 

The pumping element consists of an elastic rubber hose reinforced 

by two layers of spirally wound brasscoated steel. 

There are two types commercially available (expensive), 

but it may be difficult to make this pump-type by yourself. 

\ hollow jcxirnol E>»orm$ with bOH #< 
WK- hitx-i(ot^o I«*IOA l»0« bu**<ng I 
tpOLrt guid* 

prwicip* or operation 

not* oit«motrvt m«tKOd lot 
teiinq low«r «nd Of pump 
lylift4«r to - * H eo»in§ 
it by ui« Of «xpandinf 
w«Og«* or i c w t 

For details see enclosures (page 77 ) 
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Collection of available solutions 

Water Supply and 

Sanitation 

0fi? 
Pumps 

Chain Pump R. Young, VITA, USA 

The chain and washer pump is a pumping device that has been 

known and used for many centuries both in China and Europe. 

It can be powered by man or animal and is primarily a shallow 

well pump to lift water for irrigation. It works best when the 

lift is less than 6 meters. The water source must have a depth of 

about 5 chain links. 

(For details: construction description and some other examples 

of Chinese chain pumps, see enclosures, page 79 ) 

^ ^ 

Fit-nut/- PiPe 
6EL,TtOU 

PlPEiELTlOkl 

A T l faHT F IT 

WOObtKi 6Hftlt i 

S-TIE1. D l i t . W E L D E D <Jd RlvVmCi 
To i T E E L (Lod «\ 

CHAIM LIUtCS 

LAfeEft 
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Collection of available solutions 

; Water Supply and 

,' Sanitation 
1 

ip?<? 

Pump 

11 ) Hydraulic Ram ITDG, London 

The hydraulic ram uses the power from falling water to force a 

small portion of the water to a height above the source. 

The described ram can be constructed from commercial pipe fittings. 

Detailed information about choosing a suitable site for the ram, 

installing and adjusting etc.; and which sort of maintenance the 

pump needs are enclosed (page 83 ). 

A COMMON ARBArVGgMEfVT Or Ofi/VS f>lf>£, f?AM AND STORAGE 
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Collection of available solution 

Water Supply and 

Sanitation 

•ytfT? 

Pumps 

2 ) Cretan sail - Windmill IPAT, Berlin 

with Archimedean Screw 

A large amount of water can be pumped from a medium depth 

using the Cretan sail - windmill. 

The slow rotation of the windmill is directly transfered to 

the rotation of the Archemedian screw which consists of a 

t flexible hose wound round the slanting axle of the windmill. 

The wind pumping system moves according to the direction of the 

wind around a fixed verical support in the water. 

The system is mostly used for irrigation by pumping water 

from ditches, rivers or lakes and can be manufactured from 

simple local materials. 

For some explanations to the Cretan sail-windmill 
see page 95. 



c. E n c l o s u r e s t o No . I 

P I S T O N P U M P 

I. Introduction 

Manually operated pumos of various designs are used In most countries 
to lift relatively small quantities of water from wells for either family 
use and/or irrigation. There are two general types of pump, piston and 
diaphragm. Rnth types have two check valves, cither on each side, nf the 
diaphragm (flq. I) or one helow the piston in^ the other Incorporated 
Into the piston (fiq. 2). The diaphragm pump will pump the largest 
quantity of water, hut can only operate when the water level in the well 
Is within about 15 feet or less of the pump. It Is a suction type pump. 
The piston pump may either he operated as a suction pump or, if the 
water level is more than about 20 feet helow the surface, the piston can 
be Installed below the lowest water level and thus become a deep well 
p ump. 

Shallow well or suction pu^ps use atmospheric pressure to lift the water 
by producinq a partial vacuum with the dlaohragm or piston. The theor
etical maximum lift for a suction pump is 34 feet but, due to frictional 
resistance and inefficiencies In pump desiqn and operation, the practical 
maximum lift is about 15 feet for the diaphragm and 20 feet for the piston. 

Choice of pump is determined by the distance from the surface of the ground 
to the lowest water level in the well during the dry season. If this 
distance is less than about 15 feet, either a diaphraom or piston pump 
can be used. For domestic use, a piston pump is the best and will 
discharge about 5-15 .gallons per minute. The diaphragm pump will pump 
un to 25 gallons per minute and can be used for Irrigation ami watcrlnq 
livestock. (The remainder of this paper will discuss exclusively the 
piston pump. More information about diaohranm pumns may be obtained 
from The Edson Corporation, 460 Industrial Park Road, N«w Oodford, MA 
02745, USA.) 

If the water level drops more than about 20 feet below the ground surface 
during part of the year, a piston pump Is required with the piston located 
below the lowest water level. 

Fiq. I Diophrogm Pump 

(Courtesy Edson Corp.) 

Pump dlscharqe depends on the diameter of the piston, the length of the 
stroke and the number of strokes per minute. If the water level is less 
than 30 feet below the surface of the .ground, the cylinder could be up , 
to 4 nr 5 inches in diameter. If the water level is farther from the 
surface, the longer column of water that must be lifted becomes heavier 
and a greater effort is required to operate the pump. The greater the 
distance to the water level, the smaller the diameter of piston should 
be, so it is not too hard to pump. It is also possible to vary the 
distance from the well to the post suroirtinn the pump handle to give 
better leveraqe. The closer the handle pivot is to the well, the easier 
it will be to pump.'but the lenqth of stroke will be smaller and so will 
the discharge. 

2. The Piston Pump 

//' 
Piston pumps have a lower valve, a cylinder containing a piston wlth'a 

valve incorporated in it. a rod to connect the piston to the handle', 
and a discharge pipe. The traditional pump stand is make of cast Iron 
and supports the handle and contains the discharqe spout. Direct suction 
pumps, or shallow well pumps, have the piston, lower valve and cylinder 
contained in the pump stand. Oeep well punps have the cylinder with 
piston and valves below the low»st water l?vel in the well and suspended 
from the base of the pump stand by the discharge pipe. 

The standard pump was designed for the use of a single family and the 
continual use in most villages causes it to wear raoidly. In attemptino 
to prevent rapid wear, the pump has been imdified to strengthen the wear 
points and this has resulted in a heavier, more elaborate and more 
expensive pump which is more difficult to maintain and repair. Pump 
cylinders were usually cast iron, but it is not possible to get the 
surface smooth enouah to prevent rapid wear and replacement of the 
leathers or buckets. A brass cylinder or thin brass liner has been used 
and is much smoother than cast iron. *n even better material Is now 
available at lower cost - poly-vinyl-chloride (PVC) pipe. PVC oipe 
is available in most countries and is usually lower in cost than any 
other pipe material in sizes below 4 inrhe; (loo mm) in diameter. 
The use of this material in wells maker it possible to develop a pump 
that is much simpler, less expensive and easier to maintain and repair. 
The pump stand has usually been cast iron and oood quality cast iron 
is difficult to obtain from many local foundries and is now much more 
expensive than previously. The pump stand ordinarily supports the handle, 
hut a simpler arrangement usinq local atatei'ials is to have the handle 
supported on a separate post beside the well and pump stand. The post 
supporting the handle can be made of concrete, bricks or wood, depending 
on local availability and cost. The handle? can he made of wood that 
can be replaced locally when worn or broken. The attachment of the 
pu^p rod to the handle should have so-t play because the pump rod moves 
vertically while the end of the handle noves also a small distance 
horizontally as it describes a small arc-.. The handle should also have 
a stop on the support pier so it will not strjk« the top of the pump stand. 
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Fig 2 Shallow Well Pump 

on local avai labi l i ty and cost. The handle can he made of void that 
can he replaced locally whpn worn or hroken. The attachment of the 
pump rod to the handlp should have some play because the numo rod moves 
vert ical ly while the end of the handlr- moves also a small distance 
horizontally as i t describes a small arc. The handle should also have 
a stop on the suoport pier so i t w i l l not strike the too of the pump 
s tand. 

The distance from the post supportlnq the handle to the pump can vary 
so as to get the nest leverage, dppendina on the depth to water and on 
the weinht of water, piston and rod to he l i f t e d . The ntmp stand 
without the handle only provides a nassaoe for the rod, a channel for 
the upward flow of the water, and a discharge spout. In sh-illow wells 
i t also contains th» cylinder and supports the suction pipe. Since the 
pump stand does not hear the load and stress caused by the handle, I t 
need not be so stronq and does not have to be of cast iron. 

Thrpe possible rump designs are presented. These pumps are desiqned 
to he inexpensive, simple, easy to renair, and make maximum use of local 
materials -and sk i l l s . I t fs suqoested that a local desfqn should be 
developed usinq these ideas and several pumos should then he given a 
f i e l d test to work the "huqs" out of the desiqn. Fioerimentation may 
he necessary to obtain a satisfactory attachment of the rod to the handle 
Thouqht and careful f ie ld testino should lead to improvements in the 
design, lower cost, and easier repairs. 

3. Shallow well Pump 

Fiq. 2. The suction tyoe pump is usually used with shallow wells but 
may also be used with deep driven, jet ted or dr i l led wells where the 
pressure in the aquifer is enough to keep the water level at a l l tines 
within 20-?5 feet of the ground surface. The pump stand is a length 
of 3" PVC pipe which also serves as the numo cylinder. The well casing 
i t se l f may be the suction pipe in the case of driven or small-diameter 
je t ted or dr i l led wells. In the case of dug wells, the 1 1/2" suction 
pipe is suspended from the 3" PVC pump stand whir.h in either case must 
he set firmly in thp platform. The spout need only he a 2" hole in the 
side of the PVC pt/mn stand with a small l in so the water wi l l pour 
into a bucket or can. 
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The top of the pump stand should be several inches above the spout and 
have a removable cap with a slot to allow for the small back and forth 
movement of the rod. To remove the piston and replace the leather 
bucket it is only necessary to disconnect the rod from the handle, 
remove the cap and pull out the piston. If the lower valve is a poppet 
type valve it can have a small loop »t the top and can be fished out 
using a wire with a hoo|C at the end. 

If the PVC pump stand needs- protection, a concrete pipe, brick pier or 
wooden post can he placed around it, with the spout extending beyond 
the protection. Such a pump will use a minimum of expensive materials 
and should be easily repaired. 

4. Deep Uell Pump in Cased Well 

Fig. 3. PVC casing can be used in either jetted or drilled wells. 
In jetted wells the hole is full of water and the PVC casing can he placed 
in the hole with little possibility that there will be cavinq before 
the casing is In place. The same is true of wells drilled by the rotary 
process. With percussion drilled wells the best procedure is to drive 
a metal casing and then insert a PVC casing and screen after the aquifer 
has been penetrated. The metal casing is then removed to be used again. 
In wells with PVC casinqs, the PVC casing can also act as the cylinder. 

If the water level is less than 50 fe«t below the surface, the handle 
support should be placed to enable tbe pumoer to lift the column of water 
in a 3" PVC casing without too much exertion. If the water level 
is deeper than 50 feet, a 2 1/2" or 2" PVC casing may be required. 

The lower valve seat can be of PVC and'ean be cemented inside the caslnq 
at a joint below the farthest travel of the piston. 

Length of rod is chosen to place the piston below the lowest water level 
in the well. The piston may be standard, with one or two leathers. 
The rods can be metal or wood. The wooden rods have several advantages: 
they do not corrode, they are lighter in weioht, and usually can he 
produced from wood available in the country, creating a small local 
industry and saving the foreign exchange which would h« needed for 
imported metal rods. Because the wo^d rods are usuilly buoyant in water 
and have a greater dianw*ter than meta' rods, thereby displacing more 
water, a well having a deep water lev' would he easier to pump with 
wooden rods than with metal rods. The top of the well and the handle 
suoport are the same as in the suction type pumo. It 's easy to remove 
the rod and piston for repairs. 
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5. Deep Hell Pump in Uncased Well 

Figs. 4 and 5. In this case the PVC casing only extends to the rock. 
The standard cylinder (PVC) is suspended by the discharge pipe from a 
suooort plate bolted to the platform. The pump stand can be cast iron, 
or PVC pipe clamped to a base plate, bolted to the platform. 

The discharge pipe, 'f metal, would be threaded to the support plate. 
If PVC is used for the discharge pipe, which is preferable, the end tan 
b» heated and expanded slightlv to slip over a short pipe e«tension of 
the support plate. The PVC oipe is clamoed to the short pipe extension. 

The cylinder can be of 3" PVC and will contain the lower valve and piston. 
The rod passes down throuqh. the discharge oipe. If the rod is of wood, 
care should be taken that the discharge pipe is large enough in inside 
diameter not to restrict the upward flow of water between the rod and the 
pipe. 

The discharge oipe should have clamped or threaded joints every ?0 feet 
so-the oipe can be disconnected when it is necessary to remove the 
cylinder for repairs. A joint in the rod should be located at each 
joint in the discharge pipe. If the cylinder is of metal, it should 
have an inside sleeve o' thin-walled PVC pipe to provide a smooth surface 
that will greatly prolong the life of the leather bucket. 

6. Pump Components 

The pump should be simple, dependable and as low in cost as possible. 
The object should be to develoo a oumo that can he produced in ouantity 
by local technology to meet the needs of most of the rural population 
in the area. A pump similar to that shown in fig. 2 has been developed 
in Thailand at a cost of about l M ? 0 which delivers about IS US gallons 
per minute. It is being used for irrigation as well as for domestic 
purposes. 

Pump components can usually be manufactured or fabricated in most countries 
The parts «re relatively simple and machine shops or small metal working 
factories or foundries can supply parts for a siven design. Most 
countries now have plants to extrude PVC pipe, even where the raw material 
is imported. The seal between the piston and Wte cylinder wall is usually 
provided by a leather disc with a turned uo edge called a "bucket". In 
some countries these tre made of molded rubber. OuaUty control is 
important if good leather or rubber buckets are to be obtained. These 
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are not expensive and if good ones cannot be obtained locally, they 
can be imported from many countries in the developing world, for e«anple 
India, Pakistan, Korea, Thailand, and probably m.iny others. 

The lower valve can he a ball valve in a seat, a leather or rubber flap 
valve, or a ooDpet valve. (Fio. 6) If the lower valve seat is a PVC 
rinq, it can be cemented insid» the casinq at a ioint as the casinq is 
assented. 

Another method has been used by PPV. r.eorqe Totter of the Buhanqija 
Mission in Shinvanoa, Tanzania. This is "to crimp or STjee/e in place 
the plastic rino (PVC) which acts as a seat for the steel hall makinq 
the foot valve, ^nce the lenath of PVC pipe has been determined, the 
lower end is immersed in hot oil 'jntil soft, the rino Is inserted an 
inch or two uo the pipe, and common auto radiator hose clamps are used 
to squeeze the pipe above and oelow the rinq position. The hose clamps 
can be used aqain and aqain as the PVC pipe will not return to its 
oriqinal shape onre it has cooled. The easiest way to handle the hot 
oil 'S simply to *iave a paint can (or other metal container) of used 
enqine oil. This can he reheate'l indefinitely." * He also suqqests 
that the end of a section of PVC pipe can be softened and flared to fit 
over a metal pipe or anotner section of P^C pipe by this same method. 

A simplified piston with a molded rubber bucket is used in Korea (fiq. 7) 
This should be much less expensive to fabricate than the standard tyoe 
piston with poppet valve. 

7. Installation 

Hand operated piston type pumps Are the most common mechanical device 
for lifting water from both shallow and decD wells. Unfortunately, 
the standard pumo designed for sinqlo family use does not stand up too 
well under 12-hour-a-day use in a village, and in many programs half 
or more of the pumps have failed before they have been in service 6 
months. 

Host villaqes have not established a responsible local official or 
co"riittee to maintain the ptrro, and the lack of funds, tnols and spare 
parts in the village cor.olicate the problem. Usually a government aqency 
has installed the well and puno and the villagers take the attitude, 
"It is a government, well , let.the government maintain it." In most 
countries, maintenance by the1g,ovemrv>nt is very expensive because it 

* "Shinyanga Lift Pump", VITA Pub. No. O H . 6 , Out of Print. 

Pump rod 

Cast meta l r ing f l a red 

to f i t inside ' 'bucket " 

Rubber ' bucket ' 

w i th molded f lap 

valves 

Bot tom metal 

p la te 

( 

1 

Nut 

Fiq. 7 Simplif ied piston with molded rubber ' bucket 



means motor vehicles, drivers, mechanics, tools, fuel, and oroanizatlon 
with administrative peoole, clerks, supervisors, storaq* of spare parts, 
and a method of notification for emergency repairs. Government maintenance 
is not required if a program is properly set up, pumps art designed 
for usy ''••aintenance, and spare parts are readily available to the village. 
In nost countries, lack of technical skills in the village to repair 
the pump is no longer a problem, because in most villages there are 
bicycles, motorcycles, and small gasoline or diesel engines to pump 
irrigation water or qrind grain, and these devices are much more com
plicated than a hand oump. If the village can maintain these more sophis
ticated devices, it can maintain a hand pump. 

A well and pump should not be installed unless the village, through its 
leaders, agrees that they want the well, th»v are willing to contribute 
labor, local materials and, if possible, sono cash to the installation; 
and slso will aqree to pay for spare parts and repairs to keep thp pump 
operating. Villane ownership and responsibility for maintenance should 
be incorporated in a formal written agreement between the agency installing 
the well and the village leaders. The well should be turned over to 
the village in a public ceremony at which time the loca' official or 
water committee that will be responsible for the well should be presented 
with a copy of all the data on the well and pump, some spare parts, 
any special tools required, a repair manual for the pump, the name and 
address of the nearest place where additional spare parts can be obtained, 
and a name, address and phone number to notify in case a problem develops 
that is beyond the village capability. 

VITA'S Services 

To provide more information or assistance on questions of 
small scale technology, VITA maintains a Technical Inquiry 
Service. Simply direct the inquiry to VITA, 3706 Rhode 
Island Avenue, Mt. Rainier, HD 2082?, USA, qiving all 
pertinent background information and data. VITA is an 
association of over 5000 volunteer engineers, scientists, 
farmers and technicians, who respond by mail and free 
of charge to inquiries from less developed areas. 

FROM: "Hand Pumps for Village Wells" 
by C D . Spangler 
VITA, USA, 1975 
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- C - D S p o n g i e r , J u n e t97S 
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awepump 
The Salawe pump is a simple pump with you can build yourself. 

Originally the pump was designed by Rev. G. Cotter M.M. for 

the inhabitants of Salawe Village in Tanzania-

Where/when 

to use? 

With this pump water can be pumped from a 

maximum depth of 6 meter (about 20 feet) 

for example in an existing pit or pool. 

Essentials: You build two parts: 

1. Pit of self-made bricks (maybe you got 

one already) 

2. Pump, made from a steel pipe to be fastened 

in a cover plate. 

Advantages 1. Clear water; There is protection against 

debris from leaves, children, animals etc, 

2. Cheap; cost of materials: steel pipe plus 

two bags of cement, about US $ 40,-

3. Construction time two days: one day you 

make the bricks, the next day you build 

the pit and mount the pump. 

Parts 

If the material is not available in the proper sizes, other 

si:̂ es can be used; however, make sure that all parts fit to

gether. 

1. Pump handle 

< 

t 

>̂ 

•I-

Made from a steel rod (as used .in reinforced 

concrete), \" or 1.3 cm in diameter. The 

bottom portion of the rod should be threaded 

over a length of iy.' (4 cm) , so that parts 

nr. 12 through 16 which form the plunger and 

pressure valve can be screwed into the rod. 

The length of the rod is dependent on the 

depth of the pit and can easily be calculated. 

Remember that the rod better be too long than 

too short! 
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2. Stopping plug 

13 cm 

JL 
ttt 
d.8 cm 

- X • * • 

3 . T -p iece 

=41 bl 
i 

U , 3.8 cm , 
-*H K 

Tap 

Ok 

U 

Diameter IV (3.8 cm). The pump handle 

fits through a V (1.3 cm) hole in the 

top. The stopping plug is screwed onto 

the: 

Dimensions Is* x i " (3.8 cm x 1.9 cm). 

Attached to the side of the T-piece 

is the: 

Size: i" (1.9 cm). Prevents the wasting 

of water. 

5. Extension pipe 

n 

13 "T 

6. Tapering piece 

3.8 cm 

/ 

II 

5 cm 

Diameter: IV (3.8 cm); length 15'.' 

(40 cm). Both ends of the pipe need 

to be treaded. 

Tapers from 2" (5 cm) to U " (3.8 cm) 

-H>-
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Diameter 2" (5 cm). This coupling piece 

is to be welded onto two strips of 

angeled steel, each 1" wide and about 

10" long (2.5 x 25 cm). Instead of 

angeled steel, sturdy wire netting can 

be used. Welding is necessary because 

these parts will be cast in the cover 

plate and without welding the coupling 

piece would become detached too easily. 

During the welding operation care should 

be taken not to damage the internal thread; 

for example, put cotton waste inside. 

To cover the pit in order to keep out 

dirt. Made of concrete. For construction', 

see instructions under Pit Construction 

Consists of 2" (5 cm) diameter pipe.Again, 

the length of the tube is dependent on 

the depth of the pit, but should be 

shorter than the depth of the pit by 

6" (15 cm). Once more, better too long 

than too short I The top of the tube has 

to be threaded and will be attached to 

the coupling piece. At the bottom will 

be the bottom valve (see also 11. 

Part of the bottom valve. Diameter 1 1/8" 

(about 2.8 cm). Made from stainless steel, 

if possible. You can try several balls of 

different diameter to determine which 

one gives the best results. 
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11. Tapering piece 

-4- 5 cm 

^ % -

12. Bolt 

13. Steel ring 

1.5mm 
1* 

' • 3 C W 
-»T—r*-

l.jmm 
•E. 

14. Bolt 

rra 

Tapers from 2" (5 cm) to 1" 2.5 cm). 

Note: Parts nr. 10 and 11 constitute the 

bottom valve. Construction is as follows: 

After the pit has been built, cover plate 

nr. 8 with pump tube nr. 9 attached, will 

be placed on top of the pit. Pump tube 

nr. 9 will then be cut to the proper 

length such that the distance between the 

bottom of the tube and the bottom of the 

pit is 6" (15 cm). The bottom end of the 

tube must be threaded and the tapering 

piece screwed onto it. If threading is 

difficult, an alternative construction is 

.possible (see under Bottom -Valve) . 

Attach and move to the end of the thread 

of the pump handle. 

Inner diameter: V (1.3 cm). Attach to 

bottom of pump handle nr. 1. The outer 

diameter of the ring should be such that 

the clearance between the ring and the 

pump tube is about 1/16" (0.2 cm). 

Thickness of ring: about k" (0.6 cm). 

Attach to pump handle nr. 1 such that 

the ring is almost tight, but not quite. 

15. Springtype ring 

Supporting bolt nr. 14 

16 . Bolt Tighten against ring nr. 15 and bolt nr.14, 

Make sure that ring nr. 13 is not entirely 

tight. 

These are the parts of the pump. Now some remarks about the 

construction of the bottom valve. 

Bottom Valve 
, 5 cm 

J-3 W 

It is possible that no thread can be 

made to attach tapering piece nr. 11 to 

the pump tube. A similar construction can 

then be made using a plastic ring with 

outer diameter of 2" (5 cm), and inner 

diameter of 3/4" (1.9 cm) The ring 
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should be such that it can be fitted 

tightly into the pump tube, otherwise 

the bottom valve will leak. 

After pump tube nr. 9 has been cut to 

the proper length, four cuts are made 

in the tube in a direction perpendicu

lar to the length of the tube and at 

a distance of about h to 1" (1.3 to 

2.5 cm) from the bottom of the tube. 

3. The plastic ring, which should have 

a groove around the outside, is pushed 

inside the tube from the bottom side up, 

Then the tube is indented at the cuts 

and the ring should be tight. 

Construction of the pit 

Before you install the pump, the pit should be built. This is 

to be done with trapezium-shaped bricks, made with concrete. 

There are two kinds of bricks: large ones and small ones. 

They are to be cast in wooden moulds (see figure 2). 

The shaping of 

the bricks 

1. With the largest opening down, put 

the moulds on a smooth surface (like 

plywood). 

2. Mix cement with sand (ratio 1 : 10) 

3. Cast the mixture into the two moulds. 

4. Press with a stick or something similar, 

5. The moulds can be lifted immediately. 

Construction of the 

pit 

Remove the water from the pit (save 

two buckets full). 

At the bottom of the pit, make a circle 

from 9 large bricks. Make sure the. bricks 

are level, otherwise the construction 

will be tilted. No mortar is ne.eded. 
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3. On top, make a circle of 8 large bricks 

and 1 small one, etc. 

4. End up with a ring of 9 small bricks. 

If the top of the construction is not 

yet level with the ground, then continue 

with circles of 9 small bricks. 

5. Fill up the exterior with sand or soil. 

Cover plate 8 

-+ no cm +-

1. Make a circular mould from carton or tin 

with a diameter of 42" (110 cm), so that 

the plate will covei the pit. Height of 

the mould: about 2*5" (6.3 cm). 

2 Put the mould on a smooth surface. 

3. Put coupling piece nr. 7 with welded 

strips in the center of the mould. 

4. Fill with mixture of cement, gravel and 

sand (ratio 1:2:4). Keep the coupling 

piece straight and keep the cement out 

of it (cover with paper). 

You can reinforce the cover plate by incorporating a piece of 

sturdy wire netting. 

Place the wire just off the bottom, on some gravel. 

Mounting the pump 

1. Mount pump tube nr. 9 into cover plate nr. 8. 

2.'Mount the bottom valve according to one of two methods. 

3. Deposit cover plate with pump tube and bottom valve on the pit. 

4. Attach parts nr. 2 through 6 to each other, pull the pump handle 

through and attach parts nr. 12 through 16. 

5. Sink the pump handle with all parts attached into the pump tube 

nr. 9 until it rests on the bottom valve. 

6. Mount tapering piece nr. 6 on the cover plate and tighten. 

7= Lift pump handle nr. 1 about 2 to 3" (5 to 8 cm) and bend the 

top part. This way one prevents damaging the bottom valve 

when the pump is in use. 
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Now the pump is ready for operation. 

Pour two buckets of water in the pump tube (this can be done 

by turning the tap nr. 4 upwards or by loosening the stopping 
plug nr. 2). 

If the handle is moved up and down rapidly, the water will 

pour out of the tap. The water will be dirty at first, but 
this will get better in several days. 

'Hmci.s ler .s f o r : 

i-.arc;e br ick. - '""J "sm.il I hi 

l>" (15 cm) [ 6" l 13 cinK | 

L l i l < i!> r m ' '_ 1 1 ' / ' (28 ,ri cm) 
1 3" ( " . : cr ) i 

13 ( 3 J . 3 co) j - j , ' ( J 3 . I ,-:•:; 

from: "The Salawepump", Construction Manual, TOOL, Amsterdam 19 75 

http://sm.il
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Construct ion of the wooden handle 

DETAILS OF PUMP 
CYLINDER 

Note: For view of assembled 
pump stand and handle 
see figure 3-8F 

Courtesy: Shinyanga Shallow Wells Project 

SHINYANGA HAND PUMP 
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SHOLAPUR-TYPE P U M P H E A D 

Contact Agency : Robert Tayabji, U N I C E F , 9, Jorbagh, New Delhi. 

Introduct ion : A very successful pumphcad was designed by War On 
Want Mission at Ja lna , Maharashtra. It was further refined by Sholapur Well 
Service, Sholapur and UNICEF, and became known as Sholapur-typc pump. 
This is a submergible type pump whose valve remains submerged in the water 
surface and is linked to the operating handle by means of a connecting rod. 
Therefore, it docs not depend on the suction head of the water and can be made 
to draw water from any depth. U N I C E F has further improved the pumphead 
of the Sholapur-type pump . 

Descr ipt ion o f the p u m p : A complete pump is shown in Plate LIVB. 
The main parts are the head, the water tank, the pedestal, and the casing 
pipe through which the connecting rod goes down to the surface of the water and 
gets connected to the piston with valve which draws water. When the handle is 
pressed down, the piston goes up and allows the water to get into the casing 
pipe. After a few operations of the pump the water is drawn up to the water 
tank from where it comes out through the spout. Since the water volume on both 
the sides of the piston is balanced, no extra effort is required to operate the 
handle and it works smoothly and easily. 

Sholapur-type p u m p h e a d : All pumphcads employ mechanisms to 
I'raixsfcr the movement of the handle to the connecting rod, and Uicncc to the 
piston and valve. Traditional pumphcads have a complex arrangement of levers, 
pivots and sliding parts, which must be cleaned and oiled regularly. In the 
Sholapur pumphcad, a totally enclosed mechanism has been provided which uses 
heavy-duty roller chain, thus making it more durable and improving the 
reliability and efficiency of the pumphead. The essential features of the p u m p 
head are the three parts, which are as follows : 

(i) The head which contains the handle and working mechanism. 

(ii) The water tank or reservoir, which ensures a steady flow of water 
from the pump and thus helps to prevent spillage and waste. 

(iii) The pedestal or stand, which supports the water tank and head. The 
pedestal is made from steel pipe and is thus lighter and sturdier 
than the cast iron bodies of traditional designs. The pedestal has 
three projecting legs which are anchored in the cement of the plat
form. 

Instal l ing a p u m p h e a d : In installing a pumphead , the pedestal is 
first fitted over the casing pipe of the tube-well. The three legs are then embed
ded in a cement foundation. Cement fills the space between the casing pipe 
and the pedestal and hardens there. This ensures that waste water cannot 
enter the tube-well and contaminate it. The handle is at a 
convenient height for the operator, the pivot being about 102 cms. (40*) above 
the platform. 

Hand p u m p convers ion h e a d : Most h a n d p u m p breakdowns are caused 
by mechanical failures of the moving parts. The cast iron body of the Sholapur 
pumphcad seldom needs replacement as it has no moving parts. Its purpose 
being merely to support the mechanism above. I t is possible to change 
the pumphcad of a traditional design by a conversion head of the Sholapur 
designs. Conversion heads incorporate the Sholapur mechanism which is 
more efficient, rugged and reliable than the conventional type. The U N I C E F 
and the Sholapur Well Service have prepared drawings and specifications accor
ding to which the conversion heads can be manufactured easily. The handpump 
repair and substitution of a conversion head entails the following : 
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(a) Installation of conversion heads on an ordinary pump 

(b) Construction of platforms and drains 

(c) Occasional replacement of other components, such as cylinders, 
pistons and washers 

Price : (1) Approximate cost of conversion is as follows : 

Rs. 
Cost of conversion head . . . . 300 
Cost of new piatform and drain . . 250 
Cost of new cylinder, if needed . . 250 

Total 800 

(2) Installing a complete Sholapur-type pump will cost Rs. 1,500/- in 
addition to the cost of boring. 

INSPECTION COVI» t o i l 

INlUCTlON COVER 

CHAIN ANCHOR S o l l i n i 

(.MAIM CCUPlINi 

caHttecrtc HOB c u i r i BOSH 

utAPBoiTNuraancK 

IN i rAUATION HAB 

" C A S I N G P I P E 

- R l U K (MWt 
-COMNrcTINC Bet" 

INDIA MARK II HAND PUMP 
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SHOLAPUR DEEP WELL HAND PUMP 
TOP END MECHANISM 

Nott : M»esuse menta in M i l l i l i t e r s 
(45) Coupling 

CoM'tatr Sholapur W«H S«r*ic« 
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COMITE INTER-AFRICAIN D'ETUDES HYDRAULIQUES (CIEH) STUDIES IN UPPER 

VOl.TA INCLUDING THE HYDRO-POMPE VERGNET 

The Inter-African Committee on HydrldTic Studies (CIEH), an interna

tional organization headquartered in Ouagadougou, under a 1973 agreement with 

WHO and with assistance from UNICEF,is studying the use of small hand pumps for. 

water supply in West Africa. The study comprises inventory and testing of pumps 

manufactured in Africa, including "ABI", Bodin "Majestic", Briau "Africa", and 

Craelius "Uganda", and imported pumps including Dempster "23F Ex" (US), Briau 

"Royale" (France), and Godwin "W1H 51" and "54" (UK). 

An important part of these studies is the field testing of a newly devel

oped pump, the French-made (by Mengin) "Hydro-Pompe Verg'net". Several prototypes 

of these pumps, provided by WHO and UNICEF, are being tested in Ouagadougou and 

in the village of Koupela, about 140 kms east. 

I. The "Hydro-Pompe Vergnet" (Description) 

This pump has a novel operating mode. A flexible diaphragmatic hose 

(cylinder) is located inside a rigid cylinder immersed in the well. Using a 

hydraulic pilot system operated by a foot pedal, at ground level, the flexible 

hose is alternatively stretched, and left to contract, thereby pumping water from 

the rigid cylinder to the surface. Its operation is best explained stepwise in 

conjunction with t h e f ig,Beginning with the pump primed and the foot pedal 

in the high position: 

(1) The operator steps on the pedal, forcing the piston down into the cylinder. 

(2) The water in the piston cylinder is forced from the cylinder, through the 
pilot pipe or hose, and into the diaphragmatic hose with flexible, spring
like walls. 

(3) The increasing water pressure in the flexible hose stretches its walls, 
, thereby expanding its volume. 

(4) The increased volume of the smaller cylinder increases the pressure of the 
water within the larger, rigid cylinder surrounding the smaller cylinder. 

(5) The rising pressure within the rigid cylinder closes the suction valve and 
opens the delivery (discharge) valve. 

(6) The water within the rigid cylinder is forced to the surface through the dis
charge valve and discharge pipe or hose as the smaller cylind"- expands. 

(7) The operator lifts his foot, relieving pressure within the pilot system. 

(8) The flexible, springlike cylinder contracts to its initial position, 
forcing water up the pilot hose and pushing the pedal back to its high 
position. 

(9) The contraction of the flexible cylinder reduces the pressure of the 
water within the rigid cylinder. 

(10) The falling pressure within the rigid cylinder closes the delivery valve and 
opens the suction valve, refilling the rigid cylinder. 

(11) The operator again steps on the pedal and the cycle begins anew. 

* Rigid cylinder around flexible hose primed; the pilot system is filled with 
water upon installation. 
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The diaphragmatic hose as well as the pilot cylinder and pipe are filled 

with water from the surface upon installation in the well. The pilot system 

being completely closed, apart from a refilling valve, there should be no 

potential for contamination of the pumped water. 

SPOUT 

DISPLACEMENT 
OPERATING 

ENSEMBLE! 

PILOT PIPE 

DISCHARGE PIPE 

PUMP BODY 

H Y D R O - P O M P E VERGNET 
SCHEMATIC ARRANGEMENT 

PILOT PISTON 

PILOT CYLINDER 

CONTROL CHECK VAIYE 

DISCHARGE CHECK WIVE 

-DIAPHRAGMATIC HOSE 

• RIGID CYLINDER 

SUCTION VALVE 

STRAINER 

2 . Observations 

In spite of careful development work and many laboratory tests (including 

testing: of the flexible diaphragmatic hose for over 2 million cycles, without 

failure), some modifications of the "Vergnet" pump's original design proved 

necessary in view of difficulties experienced under field conditions. The PVC 

used for the rigid cylinder was found to develop cracks due to the continuous 

pressure variations, and was replaced by stainless steel. Leather cup seals 

used in the pilot cylinder did wear very quickly; a marked improvement was 

achieved by the introduction of piston rings with leather or urethane seals. 



- 56 -

In wells less than 30 meters deep, light-weight flexible piping can be 

employed in the "Vergnet" pump assembly facilitating its installation and 

maintenance. Pipes arid pumping unit are readily pulled from the well. Normally, 

two men should be able to do this by hand so eliminating the need for. tripods or 

scaffolding. The use of light-weight materials also should save on transport costs. 

In reciprocating hand pumps the short life of cup seals is a major maintenance 

problem, especially for deep well pumps where the pump rod, discharge pipe and 

cylinder have to be pulled up in order to replace the seals. In the "Vergnet" 

pump all rubbing parts are readily accessible at the surface. 

Another group of maintenance problems in conventional hand pumps is 

associated with handles, pump rods, and handle/pump rod linkages - components 

which are non-existent in the "Vergnet" pump. 

Because the "Vergnet" pump is foot-operated, it can be pumped with more 

power and less fatigue than the conventional lever operated pumps. The linear 

movement of.the foot pedal eliminates all rotating components. 

The "Vergnet" pump requires a well casing of 4-inch (100 mm) or more. 

It can be used as a lift pump or lift-and-force pump, but not as a suction pump; 

its pumping cylinder must be immersed. 

According to the manufacturer (Mengin), of the 2000 "Vergnet" pumps 

installed Hofiir (June 1977), about 70Z operates at pump depths between 20 m 

(70 ft) and 60 m (200 ft). In most African countries "Vergnet" pumps have been 

installed, with the largest number (500) in Ivory Coast where a first 

government programme has just been completed (June 1977). Outside Africa, the 

pump has not yet found wide-spread use. 

Factors likely to influence wider acceptance of the "Vergnet" pump are: 

(1) It is relatively high priced at U.S. $ 600 (October 1976 price list) for 

pump Type A or C complete with one set of service parts and tools. (A set 

of maintenance parts including one pedal guide and four leather piston 

rings, is quoted at U.S. $ 4 ) . 

(2) The need to import the unique parts, i.e. the flexible diaphragmatic hose, 

the stainless steel cylinder and foot pedal, and piping. 

3. CIEH Report 

The report of this study is scheduled for some time in 1977. An earlier 

CIEH study (circa 1964) is a descriptive account of the man and animal powered 

pumping methods then in use in West Africa including many of ancient origin. 

(Also see papers by Benamour, CIEH, Gagara, and Vergnet and manufacturer's 

literature from Mengin). 
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Enclosures to No. 6 

III INERTIA PUMP 

The Inertia pump, perhaps the simplest pumping device so far 

designed, was originally conceived from the mud-lifting tube that is 

used for digging shallow tube wells in many parts of the world. The 

main pump body (riser) consists of a long pipe with a check valve and 

a discharge spout located near the top end. The name of the pump 

derives from the belief that part of the function of water lifting by 

this device is due to the inertia of the mass of water held in the 

riser. The design of an inertia pump for use in irrigation has been 

reported earlier by DAWSON in 1969 - . In the present study the basic 

pump design was modified to incorporate a prime mover assembly consist

ing of a bicycle-type drive and a flywheel with a view to achieve more 

efficient pump performance, as shown in Fig. 3.1. 

3.1 Pump Description 

In this study, the initial design for an inertia pump, designated 

here as IP-1, consisted of a riser made of 8 cm diameter cast iron (CI) 

pipe. The upper end of the riser pipe was plugged and fitted with a 

bracket to which the pump handle was attached using a 7 mm bolt. Near 

the top end of the riser at an angle of 30 degrees another short CI 

tube, also 8 cm in diameter, was welded on to serve as the pump outlet. 

At the mouth of this tube was attached a 6.4 cm flapper valve seated 

in a flange followed by another short length of 8 cm CI piping. The 

design details of the pump are given in Fig. 3=2. 

During operational testing some difficulties (to be discussed sub

sequently) were encountered with the above design necessitating some 

modifications. In the modified version the flapper valve was located 

in the riser instead of in the spout as in the previous design. Two 

pumps were constructed, one with a 5 cm diameter riser and the other 

with a 7.6 cm diameter riser, both of cast iron piping. Another short 

CI piping welded at right angle onto the riser near the upper end, 2.5 

cm above the valve seating formed the spout. The pumps were designated 

as IP-2 (5 cm riser) and IP-3 (7.6 cm riser). A 5 cm diameter flapper 

valve was used in each of these designs. A third unit of the modified 

inertia pump designated as IP-4, was also constructed using a 7.6 cm 

riser and a 6.4 cm flapper valve. Design specifications for the three 

inertia pumps are shown in Fig. 3.3 and 3.4 while Fig. 3.5 shows a 

dismantled unit. 

1/ DAWSON, R.W. (1969) Inertia Hand Pump, Paper presented at a Workshop 
on Rural Water Supply, University College, Dar es Salaam. 
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BICYCLE-TYPE 

FIG 3 I MODIFIED NERTIA PUMP WITH FLYWHEEL 
AND A BICYCLE -TYPE DRIVE 

-PUMP B00\ 

CvJ 

3. 2 Prime Mover Assembly 

The prime mover assembly consisted of a triangular wooden support

ing frame on which was mounted a bicycle-type drive mechanism including 

pedals, chain and a sprocket as shown in Fig. 3.6. A seat for the 

operator as well as a handle-bar were also provided so that the opera

tor would assume a position approximating that on a bicycle. At one 

end of the driving shaft on which the sprocket was mounted was a fly

wheel with a disc crank. The pump handle was connected to the disc 

crank through a wooden connecting rod. 

3.3 Pump Operation 

Operation of the inertia pump consists of causing a steady up and 

down motion of the pump body with the lower end of the riser immersed 

in water. In the present designs the rotary motion of the prime mover 

is converted into reciprocating motion by the disc crank and trans

mitted to the pump handle and to the pump through the connected rod. 

In the downward stroke the pump returns to its lowest position under 

the force of gravity. The function of the flywheel is to help recover 

some of the otherwise lost energy when the pump is on the down stroke. 
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HINGE 
(BRONZE ALLOY) 

0 5 cm 

CROSSECT10N OF THE PUMP 
FLAPPER VALVE 

NOTES 

FIG. 3-2 DESIGN OF INERTIA PUMP IP -1 

1. AN dimensions are in centimeters 
2. Flanges are made of 5 0 mm thick 

cast iron. 
3 Flapper valve is mode of rubber 
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BRACKET (7.5 cm X 5 OcmXO 4cm) , 2 Nos 

U» 7 mm 0* BOLT 

STEEL PLATE, 7 6cm 0or»d 4 8 mm THICK 

CROSSECTION OF THE PUMP 

IScm0 

7 6cm0*HOLE 

TOP FLANGE 

BOTTOM FLANGE 

5cm^HOLE 

8 Not \cm0 
BOLT HOLES 

6 S cm0 
STEEL 

7 I cm 0 

3 2 cm BOLT 

FLAPPER VALVE ASSEMBLY 

NOTES 

pIG 3 3 DESIGN OF INERTIA PUMP IP-2 

1. Al dimensions ore in cms. 
2. Flanges arc made of 5 0 

thick Cast Iron . 

3. Flapper valve rs made of rubber 
and strength end with 6 5 mm. f> 
steel sheet. 



- 61 -

14 } * 5-0 * \ 1.4 

R 
< 1 5 

&»*»>»» v f w w j i L 

•BLACKET 

7 6 

8.75 cm i 

T 
CO 

o I 

fly inumiwHHmiiui imin "MS 0 5 

E 
— o 

10 

6Nos , I cm # DRILL,0 78cmSJ BOLT 

FLAPPER VALVE 

NOTES 

L 7 6 cm t _' 
h« — " i 

I. AM dimension* ore in cms. 

2 Flanges are mode of 0 5 cm thick 
cast iron sheet. 

3. Top flange is welded to the top tube 
and the bottom flange is welded to 
the bottom. 

CROSSECTION OF THE PUMP 

FIG.3.4 DESIGN OF INERTIA PUMP IP -3 ft IP-4 



- 6? -

Two fundamental forces are believed to exist during pump operation. 

When the pump body moves down a portion of air or water leaves through 

the flapper valve. During the upward stroke the flapper valve is closed 

under atmospheric pressure, creating a suction inside the riser which 

forces water up into it from the source. In the downward stroke water 

is apparently pushed up in the riser due to the inertia of the mass of 

water held in the river. It is this force that helps open the flapper 

valve and force water out through the spout. 

Fig. 3.7 shows the inertia pump in operation. 

3.4 Experimental Testing 

Experimental testing of inertia pump performance was carried out 

at the Regional Engineering Experimental Centre of the Asian Institute 

of Technology. The testing procedure was primarily aimed at determin

ing the relationship between the operating head and output of the pump 

as well as to examine the best stroke length and operational speed for 

working the pump over extended periods. As in the case of the bellow 

pump a labourer was asked to operate the pump. 

3.4.1 Testing of Inertia Pump IP-1 

A few preliminary test runs using IP-1 pump were carried 

out to determine the best stroke length and speed of operation at three 

levels of operating head, namely, 1.0, 1.5 and 2.0 meters. A riser of 

appropriate length was used for operation at a particular head. Seg

ments of CI piping were joined together by welding to yield a riser of 

required length. Several operational difficulties were encountered 

during these trial runs leading to abandoning of the design and develop

ment of modified designs as noted earlier. Further detailed evaluation 

of pump performance was not therefore undertaken for this unit. 

3.4.2 Testing of Inertia Pumps IP-2, IP-3 and IP-4 

Pumps IP-2, IP-3 and IP-4, based on a modification of pump 

IP-1, were evaluated with respect to stroke length in the range of 10 

to 20 cm and operating speed in the range of 140 to 200 strokes per 

minute at three levels of operating head of 1.5 m, 2.0 m and 2.5 m. 

The stroke length was varied by using different diameters of disc crank. 

In these test runs a constant operational speed was maintained for long 

periods of operation by using a variable speed DC motor to drive the 

pump. For a given run at specified values of stroke length, operating 

speed and head, the pump output was recorded by cumulating the discharge 
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over fifteen minute periods and computing the mean discharge rate from 

several samples. Subsequently the pumps were manually operated to de

termine the most favourable stroke length and operating speed for va

rious values of operating head. The maximum value of operating head 

investigated here was 2.5 m since a pump body longer than this created 

excessive weight problem. 

3.6 Conclusions 

The initial d^s-g of an inertia pump IP-1, with the valve assem

bly located in an inclined side arm, is not only inferior to the bellow 

pump in performance but is also difficult to operate because of a ten

dency to swing. The later designs IP-2, IP-3 and IP-4, in which the 

valve is housed 'n he r'ser, are free from the shortcomings of the 

a lie model The construction and maintenance of the inertia pump 

is much simpler than that of the bellow pump. In addition, each of 

the three designs studied is in general superior to the bellow pump in 

performance. The inertia pump therefore appears to be a superior al 

ternative to the bellow pump for incorporat'on into mal u al water 

supply systems. It may be necessary to use two or more pumps in series 

if the total lift required is greater than about 2 5 m . The output of 

pump IP-2 is sufficient for the daily requirement of about 500 people 

with the pump operated 3 to 4 hours daily. Pumps IP-3 and IP-4 are 

capable of serving a larger population. 
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Volumetric output of Inertia pump increases with increased riser 

diameter and size of valve opening. Other operating conditions being 

maintained constant, increasing the speed of operation of the pump li

nearly increases pump discharge. The discharge also increases monoto-

nically with increased stroke length. At constant stroke length and 

operating speed the discharge decreases with increasing head on the pump. 

For manual operation, a pumping speed of 140 to 160 strokes per 

minute is most suitable for extended periods of operation with a bicycle 

type drive assembly. A stroke length of pump IP-2 may be operated at 

20 cm stroke length while a 15 cm stroke was found to be optimal for 

IP-3 and IP-4. 

Table Bl - Mean Volumetric Discharge Rates (X/min) of Inertia Pump 
IP-2 under Various Operating Conditions . 

Head 
^\Operating Speed 
c , ^Strokes/ 
Stroke ̂ <s^ 
Length, cm ^^7 

20 
15 
10 

1.5 m 

140 

108 
56 
-

160 

125 
79 
41 

180 

138 
88 
56 

200 

152 
102 
78 

2.0 m. 

140 

81 
56 
25 

160 

95 
68 
36 

180 

106 
'9.5 
53 

200 

116 
101 
68 

2.5 m 

140 

68 
47 
23 

160 

83 
62 
35 

180 

100 
78 
58 

200 

116 
100 
66 

Table B2 - Mean Volumetric Discharge Rates (//min) of Inertia Pump 
IP-3 under Various Operating Conditions 

^\Qp 
Stroke 
Length 

Head 

Brating 

"\Strok 

, cm 

20 
15 
10 

Speed 

.es/ 

.min 

1.5 m 

140 

146 
119 
75 

160 

156 
121 
84 

180 

184 
131 
105 

200 

212 
152 
121 

2.0 m 

140 

120 
104 
73 

160 

146 
116 
82 

180 

162 
131 
100 

200 

187 
159 
119 

2.5 m 

140 

119 
89 
50 

160 

133 
111 
89 

180 

156 
135 
103 

200 

171 
158 
108 

Table B3 . - Mean Volumetric Discharge Rates (//min) of Inertia Pump 
IP-4 under Various Operating Conditions 

Head 

"^^Operating Speed 

Stroke^^5 r o k e s / 

Length, cm ^v^~ 

20 
15 
10 

1.5 m 

140 

172 
104 
69 

160 

192 
141 
86 

180 

232 
185 
90 

200 

298 
209 
106 

2.0 m 

140 

142 
113 
61 

160 

181 
135 
73 

180 

208 
165 
67 

200 

222 
169 
71 

2.5 m 

140 

156 
106 
37 

160 

178 
129 
47 

180 

199 
151 
61 

200 

209 
167 
59 
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65 - E n c l o s u r e s t o No. 7 

he pump 
he foot operated diaphragm pump is 
ouble-chambered and performs well in 
ow-lift irrigation applications. The 
uir.p casing consists of a light shee* -
etal cylinder with a central partition 
o provide two chambers. Rubber flap 
alves are used on the intake and ex-
aust ports. The two rubber diaphragms 
re made from automotive inner tube and 
re mounted so that they can be easily 
eplaced. 

he entire unit, equipped with a handle 
Dr convenient carrying, weighs 28 kg. 
t was designed for long service and 
asy repair yet simple enough to be 
ar.ufactured by small machine shops. 

Woltf 

Mat vol v« 

Schematic drawing of the Diaphrogm pump 

ow it works 
:e operator stands on the two foot 
=sts and shifts his weight from one 
Dot to the other. This compresses a 
lamber, forcing water from the outlet 
alve. By alternately shifting his 
sight in a rhytmic manner, the operator 
amps a continuous flow of water. 

What it does 
This low-cost pump can lift 190 to 120 
liters of water per minute to a height 
of 1 to 2 meters. 

The IRRI diaphragm pump is well suited 
for pumping water from irrigation 
ditches, open channels, river banks, 
and shallow wells. Unlike most pumps, 
it can handle water with mud cr other 
small impurities. 

Machine specifications 
POWER: 

WEIGHT: 

LENGTH: 

WIDTH: 

HEIGHT: 

CAPACITY: 

1 man 

28 kg 

12 2 cr. 

** -/ cm. 

Iu9 cm 

190 liters/min at 1.0 m head 
120 liters-/min at 2.0 m head 

CONSTRUCTION': Wood and steel frame, 
rubber diaphragr.s 

Drawings can oe oDtained from tne nternationai Rice Research Institute, P0 Box 933,Manila, Pnmppmes 
CaDle RICEFOUND, MANILA 
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II THE BELLOW PUMP 

The Idea of a very simple water lifting device utilizing a p.iir 

of flexible bellows as the pumping elemenc was originally evolved at 

the International Rice Research Institute (IRRI), Philippines, where 

a prototype pump design was developed for use in irrigation — . The 

bellow pump investigated in this study was a modified version of the 

original design and was constructed at the Asian Institute of Technology 

2.1 Pump Description 

The IRRI design was such that the pump body needed to be partial

ly submerged during operation. Since this might not often be desirable 

for pumping from the usual sources of surface water supplies the design 

of the pump was modified by providing external suction lines to deliver 

water to the bellows. Foot-valves on suction lines were substituted 

for the flapper valves provided in the IRRI pump. Fig. 2.1 schemati

cally illustrates the pump configuration adapted for the present work. 

The basic components of the bellow pump consisted of: 

a supporting frame and a base plate 

a pair of metal-reinforced flexible canvas bellows 

- a discharge box 

a pair of suction lines and foot-valves, and 

- a pair of foot rests 

The bellows constituted the basic pumping element and consisted of 

an outer layer of cotton canvas and an inner layer of rubber lining 

stuck together with rubber cement. The rubber lining served., to render 

the bellows impermeable while the cotton canvas sheet was tough enough 

to withstand the pressures generated during pumping. The bellows were 

JL/ KHAN, A.M. and DUFF, B. (1975), Agricultural Mechanization Techno
logy Development at the International Rice Institute, Special 
Report, The International Rice Research Institute, Los Banos, 
Laguna, Philippines. 

reinforced with galvanized-iron (GI) metal plate inserts between the 

inner and outer layers to prevent it from deforming during operation. 

The bellows were supported at thi bottom by the base plate fixed to 

the wooden frame. The suction lines deliver water to the bellows and 

these discharge into the discharge box which in turn is connected to 

the delivery pipe. 

The base plate as well as the discharge box having a volume of 

about 3 I were made of GI sheets. Flow of water between the bellows 

and the discharge box was controlled by a pair of flapper values also 

made of GI sheets, lined with cotton canvas. During compression of the 

bellows the flapper valves open and allow water to flow up into the 

discharge box. The valves close during the suction stroke preventing 

water from flowing back into the bellows from the discharge box. The 

discharge box was provided with a 5 cm spout to which the delivery pipe 

was connected. 

The foot-valves for the suction lines were 2.5 cm in diameter and 

were procured from the local markets. These being standard fittings 

for the conventional types of pumps, are easily available in most areas. 

The foot rests for the operator to stand on while pedalling the pump I 

were made of wooden planks. ~J 

to 

Detailed specifications for the component parts of a prototype pump I 

model are shown in Fig. 2.2 to Fig. 2.9. 

2.2 Pump Operation 

The bellow pump is easy to operate. The operator stands on the 

foot-rests and merily shifts his weight from one foot to the other thus 

expanding one bellow while compressing the other. The expanding bellow 

sucks in water from the source while that in compression forces water 

out into the discharge box. By alternatively shifting his weight in a 

rythmic manner, the operator pumps a continuous flow of water. Fig. 

2.10 shows the pump in operation. 
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Tests for evaluating the performance of the bellow pump were car

ried out at the drainage canal of the Regional .Engineering Experimental 

Centre of the Asian Institute of Technology, Bangkok. A labourer was 

asked to operate the pump and the volumetric discharge capacity of the 

pump was noted as a function of total static head through which water 

was lifted. The pump was operated at three levels of static head -

1.5, 2.5 and 3.5 m. Different operators were asked to work the pump, 

each of them weighing between 50 to 53 kg. Normally a single operator 

pedalled the pump during each test run, but the increase in pump out

put when two operators simultaneously worked the pump was also recorded. 

Initially it took about five minutes for the operator to develop a 

stroke rythm. Once the operator established the stroke rythra, the pump 

output was recorded by cumulating the discharge over fifteen minute 

periods and computing the mean discharge rate from several samples. 

Continuous operation of the pump for extended periods was tiresome 

for the operator, but with a five to ten minute rest after every half 

hour of operation, the pump could be worked over a period of several 

hours. 

2.4 Results and Discussion 

For each operating head several test runs were carried out and the 

mean volumetric discharge rate of the pump recorded when one and two 

operators pedalling the pump. These data are tabulated in the Appendix 

A. The results of the tests using a single operator are summarized in 

Table 2.1. Pump output at 1.5 m head ranged from 77 to 100 X/min with 

a mean of about 89 l/min. At 2.5 m static lift the range was 73.3 to 

76.7 X/mln while at 3.5 m head the discharge obtained was between 37.1 

and 40.3 l/min. The observed decrease in pump output with increasing 

head was to be expected since the work done in raising a given quantiCy 

of water increases with head while the energy input remains more or 

less the same. The head-discharge relationship for the bellow pump is 

presented graphically in Fig. 2.11. It has been estimated that the 

energy output from sustained human labour is of the order of 0.1 hp 

Tills value was used for the average energy input in computing the 

values of overall efficiency of the pump at various operating heads, 

shown in Table 2.1 and plotted in Fig. 2.12. The pump efficiency was 

calculated as follows: 
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Useful work done W, in raising Q liters of water per second 

through a total head of h meters is giver, by: 

W = Q p h kg-m/sec 

where, 0 = the density of water, kg/'i 

If the average energy input is taken to be at a rate of 0.1 np (7.604 

kg-m/sec), the overall efficiency is given by: 

. q p " 
7.604 

It may be noted that the optimum utilization cf input energy by the pump 

occurs when the operating head on the pump is about 2.3 meters. Tnus 

from the point of view of energy economy it would appear best to ope

rate the pump at this head. 

Actual operating experience with the pump Indicated that the best 

operating schedule should let the operator rest for five to ten minutes 

after about 30 minutes of continuous operation. In this way the opera

tor was saved from undue fatigue and could produce a more or less uni

form output over several hours of pump operation. 

The foot rests of the pump was large enough for two operators to 

stand on it and simultaneously pedal the pump. The performance of the 

pump when operated in this manner is summarized in Table 2.2. It was 

found that operating the pump using two operators simultaneously re

sulted in only about 27 percent increase In the pump output. Although 

the operators tired less easily in this arrangement, especially at 3.5 

m head, from the point of view of energy economy simultaneous operation 

by two workers appeared undesirable. Furthermore, the 30 minute opera

tion followed by a 5 to 10 minute rest suggested earlier for a single 

operator appeared, on the whole, to be quite satisfactory for the opti

mal operating head of 2.5 m. 

Recently THANH and FESC0D -' have reported on the development of 

low-cost series and dual-media filter units for small rural community 

vati-r supply systems. Each of these units was estimated to serve a 

population of about 250 people and required the water to be lifted 

from a surface source through about 4 to 5 meters. Using a figure of 

1/ THANH, N.C. and PESC0D, M.B. (1976) Application of Slow Fxltration 
~ for Surface Water Treatment in Tropical Developing Countries, 

Research Report No. 65, Asian Institute of-Technology, Bangkok. 

30 Zpd for the per capita water consumption by rural population, it 

can be seen that two bellow purr.ps, considered in this study, arranged 

In scries, each operating at the optimal head of 2.5 m, could deliver 

the daily water requirement of two filter units (or a population of 

500) in 3 to 4 hours of dally operation. 

Operational experience with the pump also throws some light on 

the problems to be expected with this device. Operation at a head ex

ceeding 2.5 m, in addition tc quickly exhausting the operator, also 

resulted in significant leakages along the sticking on the bellows. 

This could be due to poor sticking which ca:i perhaps be improved with 

experience. Rusting of the mild steel rod forming the hinge between 

the bellows was also a problem causing excessive friction loss. This 

could be largely alleviated by frequently lubricating the hinge and 

smoother pedalling could be achieved. 

2.5 Conclusions 

On the basis of the results and discussions presented above it may 

be concluded that the modified bellow pump developed in this study can 

form an integral part of small rural community water supply systems in 

Southeast Asia. The essential characteristic of the pump is the rela

tive simplicity of its construction and maintenance compared to conven

tional pumps. It is reasonably expected that any necessary repair work 

can be easily carried out by the village artisans, which would minimize 

disruption of water supply caused by pump failure. Even where conven

tional types of pumps are provided as regular equipment, the bellow 

pump may be used as a dependable and economical stand-by unit. Incor

poration of the. pump into typical village water treatment systems may 

require an arrangement of two or more pumps In series in order to achieve 

the desired lift. The optimal operating head'for'the pump is about 2.5 m. 

At this head the pump can deliver approximately 75 i/min, sufficient 

to satisfy the daily requirement of about 500 people in 3 to 4 hours 

of operation. I 

The .stitching of the bellows should be done with care in order to °^ 

achieve water-tightness-and minimize leakages. Frequent lubrication ' 

of the hinge can control nesting and ensure smoother operation. 

from: "Design of Simple and Inexpensive Pumps 
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The Pecro Pump (Sweden) 

An interesting new variation of the diaphragm pump, suitable for use in 

deep wells, is the Petro pump. The pumping element or 'cylinder' consists of 

an elastic rubber hose, reinforced by two layers of spirally wound brass-

coated steel and equipped with a stainless steel check valve of the poppet 

type at each end. The suction valve housing at the lower end of the hose is 

fixed within the well by expander jaws which are wedged against the well 

casing, and which can be disengaged by turning the pipe string a dozen turns 

clockwise. The discharge valve housing is attached to a string of j-inch 

(19 mm) galvanized pipe serving as both the pump connecting rod and the drop 

pipe. The upper end of the pipe string with the delivery spout is connectt-d 

to the pumping head. 

A new pumpi.'.g head has been specially designed to work in correct 

conjunction with the elastic characteristics of the pumping hose, but a 

traditional pumping head may also be suitable. 

The discharge capacity of the standard pumping element is approximately 

0.5 liter per 10 cm (4-inch) stroke, and can be increased by using a longer 

hose. The 'Petro' pump can be made in small diameters. 

/ wotr-Out 

_ pipt or ho»« 

vct«r icv«i 

boil VOIv* 

C'omp.ng r.ng 

i 

77s 
/ -C —counter weight _. A - / 

1RRPS?SS3^^3^*^S«W2W 

Ttr 
.1 ,H . -

Ijj 
VJl.I 

1" 
w&— 
VHI__ 

coupling 

^U-incn wotfr pipe 

wotrr t a f * 

anchor*}* check voiv* 

pumping ho&e 

ludi-:- checx voive 

onchT 

prncipit of operation 

note oit'f^atrv* method for 
fixing lower «nd of pu*rp 
cylinder to A*li casing 
is oy us* of expanding 
wedgct or |C*» 



- 78 -

The 'Petro1 pump is operated as follows: 

(1) Push down the handle, thereby lifting the pipe string and stretching 

the reinforced rubber hose approximately 10 cm (4 inches). 

(2) Due to the effect of the spirally wound steel wires, the hose decreases 

in volume (displacement); the increased pressure within the hose opens the 

discharge valve, and water is forced through the pipe string to the surface. 

"(3) On the return stroke of the handle, the rubber hose retracts to its 

original, larger volume; the suction check valve opens, and fresh water is 

sucked in. 

Obvious advantages of this new pumping concept are: 

(1) The elimination of the usual cup seals or buckets. There is practically 

no mechanical friction during pumping, and water containing fine sand or silt 

may be pumped without appreciable wear to the pumping hose. 

(2) The combining of pump rod and drop pipe results in considerable savings in 

piping. The relatively low weight of the required piping facilitates instal

lation, inspection and maintenance. It is claimed that the pumping element 

together with the string of pipes can be readily installed by hand, so that 

no tripod, scaffolding or installation truck will be needed. 

(3) No stuffing box is needed, when the pump is used as a force pump. 

At present (June 1977), two types of the 'Petro' pump are commercially 

available: 

- Type -95, with standard wedges, suitable for wells of 4 to 4J inch (95 to 

120 mm). 

- Type 48, suitable for 2-inch wells (diameter 48 to 60 mm). 

The latter type should be of particular interest for use in small-

diarneter wells with the water table deeper than 22 feet (6.7 meter), i.e. 

where suction pumping is not practicable. 

The price for one complete pump (pumping element with anchor, and pumping 

head) is: Swedish Kronor 2.000 (U.S. $ 440). 

Shipping weight of a complete pump is only 43 kg (95 l~s) which should save 

on transport costs. 



iD E n c l o s u r e s t o No 

CHAIN PUMP FOR IRRIGATION 

The chain pump, which can be powered 
by man or animal, is pr imar i ly a shal
low-well pump to l i f t water fo r i r r i -
g . t ion (see Figure 1). I t works best 
w.rî n the l i f t is less than 6 meters 
(20 ' ) . The water source must have a 
depth of about 5 chain l i nks . 

Beth the pump capacity and the power 
requirement for any l i f t are propor
t ional to the square of the diameter 
of che tube. Figure 2 shows what can 
be expected from a 10cm (4") diameter 
tube operated by four men working in 
two s h i f t s . 

The pump is intended for use as an 
i r r i ga t i on pump because i t i s d i f f i 
cu l t to seal for use as a sanitary pump. 

Tools and Materials 

- 79 -

Welding or brazing equipment 

Metal-cutt ing equipment 

Woodworking tools 

Pipe: 10cm (4;1) outside diameter, 
length as needed 

5cm (2") outside diameter, 
length as needed 

Chain with l inks about 8mm (5/16") in 
diameter, length as needed 

Sh=et s tee l , 3nm (1/8") thick 

Sheet s tee l , 6mm (1/4") th ick 

Sisel rod, 8mm (5/16') in diameter 

Steel rod, 12.7mm (1/2") in diameter 

Leather or rubber for washers 

The ent i re chain pump is shown in 
F ^ j r e 3. De::.;~i5 cf th is pump can be 
changed to f i t materials avai lable and 
structure of the w e l l . 

p/&£//e£- / 

The piston links (see Figures 4, 5, 
6 and 7) are made from three parts: 

1. a leather or rubber washer (see 
Figure 4) with an outside diame
ter about two thicknesses of a 
washer larger than the inside di
ameter of the pipe. 

2. a piston disc (see Figure 5). 

3 a retaining plate (see Figure 6). 

The piston link is made as shown in 
Figure 7. Center all three parts, 
clamp them together temporarily, drill 
a hole about 6mm (1/4") in diameter 
through all three parts and fasten 
them together with a bolt or rivet. 

The winch is built as shown in Fig
ure 3. Two steel discs 6mm (1/4") 
thick are welded to the pipe shaft. 
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L/rr QUANTITY 
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3 METERS (9 FEET) 

/•S TOZ METERS (45 To 6 FEET) 

/ / CC8/C Af£r&KS/tSO£//2. 
(Z906 &ALLOK/S/MOC/Z) 

20 CO0/C METEKS/t/OV/Z 
(SJ284 GALLONS J'f-/oe/J2, 

ZS-SO CUB/C METERS/HOU/a. 
(6605 TO 7926 GALLONS///OU/Z 



- 80 ~ 

Twelve steel rods, 12.7mm (1/2") 
th i ck , are spaced at equal distances, 
at or near the outside diameter and 
are welded in place. The rods may be 
la id on the outside of the discs, i f 
desired. 

A crank and handle of wood or metal 
is then welded or bolted to the winch 
shaft . 

The supports for the winch shaft (see 
Figure 3) can be V-notched to hold the 
shaft, which will gradually wear its 
own groove. A strap or block can be 
added across the top, if necessary, to 
hold the shaft in place. 

The pipe can be supported by thread
ing or welding a flange to its upper 
end (see Figure 8). The flange should' 
be 8mm to 10mm (5/16" to 3/8") thick. 
The pipe passes through a hole in the 
bottom of the trough and hangs from 
the trough into the well. 

Sources: 

Young, VITA Volunteer, New 
Holland, Pennsylvania, Chapter 

Water Lifting Devices for Irrigation, 
by Aldert Molenaar, Rome: Food and 
Agriculture Organization of the United 
Nations, 1956. 
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Examples of Chinese Chain Pumps 

Ref.: "Chinese Chain and Water Pumps" by S. Watt, 
ITDG, London, April 19 76 . mtu ttf>MC kM»rr 

^ PIQ-T I * IMCCI_ 

CtA^A. WWfclL 

fcfluJtr MAitO 

b£LL MOOTH 
e«JTiV 

DUAL-DRIVE THREE WHEELS PUMP 

HAND OPERATED - SPOKED WHEEL WATER PUMP 

DOUBLE PIPE HAND OPERATED WATER PUMP 

18"^ cewruRY 
SHIP'S CHAIN PUMP 

CYCLE TYPE WATER PUMP 

KJiTH M K U al iJC To 
PoM» ^M*>PT. 



HVT>EAl/Uc:_ R ^ 

F I G . I THE ARRANGEMENT OF A TYPICAL RAM ASSEMBLY 

HgAOgfc tffty 

The v e r t i c a l distance between two water levels 

the 'head' of voter ava i lab le and is a r.easuie of *-:.-.. vr.:.--

For instance, the pressure in the ran body when i t u ftT.i 

not punping, i s known as the supply head: s imilarly tl.- ; r 

a i r chaaber with the delivery valve closed, i.i -MC d . i i v . r 

1 . A Description 

The automatic hydraulic ram is used for pumping water. It works by 

pumping a snail fraction of the water that flows through it from a supply 

source, to a level that can be much higher than the source. The ram can 

only be used in places where there is a steady and reliable supply of 

water, with a fall sufficient to operate the ram. 

The ram described in this manual needs to have a fall of at least 

1 metre from the source to the ram, and a flow at the source greater than 

5 litres per minute. The amount of water that it can pump to different 

heights is given in Table 1. (Page 7) 

In places where this ran can be used, it haB many advantages over 

other pumps powered by hand, animal, wind, or motors, despite the fact that 

it wastes a lot of waten-

a) it does-not need an additional power source and there are no 

running costs, 

b) it has only two moving parts, and these are very simple and 

cheap to maintain, 

c) it works efficiently over a wide range of flows, provided 

it is tuned in correctly, 

d) it can be made' using simple work shop equipment. 

2. How it works 

A labelled diagram o a typical working ram installation is shown in 

Fig. 1. 

Water flows down the drive pipe from the source and escapes out 

through the impulse valve. When the flow of water past the impulse valve 

is fast enough, this flow and the upward force on the valve causes the 

valve to shut suddenly, halting the column of water in the drive pipe. 

The momentum of the stopped column of water produces a sudden pressure 

rise in the ram, which will, if it is large enough, overcome the pressure 

in the air chamber on the delivery valve, allowing water to flow into the 

air chaaber and then up to the header tank. 

The pressure surge or hammer in the ram is partly reduced by the 

escape of water into the air chamber, and the pressure pulse 'rebounds' 
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back up the drive pipe producing a slight suction in the raa body. This causes 

the delivery valve to close, preventing the pumped water from flowing back into 

the ram. The impulse valve drops down, water begins to flow out aguin, and the 

cycle is repeated. 

A snail amount of air enters through the air valve during the suction part 

of the ram cycle, and passes into the air chamber with each surge of water up 

through the delivery valve. The air chamber is necessary to even out the drastic 

pressure changes in the ram, allowing a core steady flow cV water to the header 

tank. The air in the chamber is always compressed, and needs to be constantly 

replaced as it becomes nixed with the water and lost to the header tank. 

The ram is 'tuned' to pump the greatest amount of water possible, and 

this nor.au.lly occurs when the raa cycle is repeated or 'beats' about 75 times 

each minute. 

' • Is your site suitable for the ram? 

You can i n s t a l l t h i s ram at your s i t e without doing any survey vor:: to 

measure the flow of water a t the source, or the supply and delivery heuds ut the 

s i t e , and i t will probably work perfect ly w-ill. Ho'-evor, i t i s often necessary to 

know i f the ram i s capable of pumping the amount of water you need, or whether 

you need a larger roc . Measuring for t h i s information i s not d i f f i c u l t , and i s 

described below. 

3.1 I-SASUitlX T S >'ISW OF WAT "if AT THS SOu".;;E. 

The f i r s t thin^, you mu:;t measure, i s the flow of water a t the source, to 

see if i t i s enough to operate the ram; some people with experience can estimate 

th i s by eye. 

Naturally occuring sources of water tend to dry up during the year, and 

you must ma.<e allowance for th i s i f you use your measurement of water flow to 

ca lcula te the pumping r a t e of the ram, otherwise your water supply may be l ess 

than you planned for . 

a) Measuring; a small flow, such as a spr ing. 

When the flow i s very small, you can measure i t by construct ing 

a temporary dam, and catchir.g the water in a bucket. The amount of 

water ( in l i t r e s ) that flows into the bucket in one minute can then be 

measured. The dam may be made from any mater ia l , wood, metal oh.eet, 

pla.-txe e t c . , but you nuot make sure that there are no lear:3T-

Jf t iub 

LMAkl DAM 

».} H tAuHlU I r « SniM-L FLOwJ . 

b) Measuring larger flews. 
< t 

The ram described in this manual requires only a snail 

amount of water to make it work, and often you can see by 

looking if the flow is large enough. Eowever, if you are going 

to make or buy an expensive larger ram, it is essential to know 

how much water there is to be taken from, the source. 

Larger flows are measured usln,; a timber plank or ply wood 

weir, with a 90 V-notch cut into ttv; top:-

oo 
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The depth of water flowing through the weir is measured 

about 1 metre upstream of the weir, and you can then use the 

graph in Figure 2 to read how much water is flowing 

Example. 

Depth of water measured 1 metre upstream - 10 cms. 

From graph, the flow i s then read aa 275 l i t r e s / m i n . 

http://nor.au.lly
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Fig 2 • Flow of water over a t r i angu la r V-notch. 
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The weir must not leak arourd its sides, and the graph 

can only be used if all the water flow is contained within 

the notch. 

3.2 MEASuRINC THE SUPPLY AMD DELIVERY HEADS. 

Most rams will work at their best efficiency if the supply head is about 

one third of the delivery head, but often the site will not allow this, and 

you must then try to make the 3upply head aB large as possible; this will be 

necessary if the source is a slow moving stream or raver which has a shallow 

slope. The supply head can be increased by leading the water from the supply 

source along a feeder canal or pipe to the driv.j pipe inlet:-

Fts.06.0. TAJA R R M IKlii.EA4lki& SO^PLV H£*& 
at S T A M C , PiPE IWi-TALn-tlOKi OIL 

You will only need to measure the supply ejid delivery heads if you need 

to xake sure that the rara will punp enough water, or if you have to buy a 

larger m a . The flow at the supply source, and the delivery and supply heads, 

can be used to calculate how much water this ran will pump. See Table 1. (Page 7) 

The differences in level betwoon the source and the ram, and the header 

tan.-: ar.d the rani, can be measured using a surveyors dumpy level, a clinometer, 

or even a carpenters spririt level attached to a stick. A method of measuring 

the supply head is described below:-



iartie. (ioiibioi"1 

i. Sot up the level near the source, and take a reading on a 

graduated measuring otaff held by your assistant on the 

vater surface of the source. Record this reading in a 

note book. (Hi), 

li. Turn the level around on the sane spot, and aBk your 

assistant to carry the ceasuring staff down hill. The 

staff is held upright, and you take a second reading which 

you again record. (H2). 

iii. Your assistant will 3tay on the same spot with the measur

ing staff whilst you carry the level down hill again to a 

position below your assistant. Set up the level again, 

and repeate stages i and ii above. 

You repeat this process until the ram site is reached, 

and the supply head can be calculated as follows:-

Supply Head - H_ - 51. + H. - H + etc. 

The delivery head is measured in a siailar way. 

U. Designing the ram 

4.1 HOW MUCH VATER CAM TEE RAM PUMP 

The simple ram pump made from commercial pipe fittings described 

in Section 5 of th.is manual, needs a supply flow of at least 5 litres 

each minute. Using this supply flow, the smallest amounts of water 

that this raa may be erpected to pump each day for different supply 

and delivery heads, are given in Table 1. 

TATiLS 1 DAILY PUMPING RATES FOR RAM PUMP (litres of water) 

Supply 
Head 
(metres) 

1 

2 

3 

4 

5 
6 

7 

8 

10 

12 

14 

16 

18 

20 

5 7-5 10 

400 200 150 

550 390 

650 

15 

80 

250 

450 

650 

750 

Delivery Head (iae 

20 30 40 50 

70 50 30 20 

200 130 80 60 

320 220 150 130 

fi30 300 200 150 

550 370 300 250 

700 450 350 300 

550 410 320 

450 370 

600 450 

750 550 

650 

' 

tres) 

' 60 

50 

100 

130 

200 

250 

270 

300 

400 

470 

550 

620 

700 

80 

30 

70 

90 

120 

150 

200 

250 

300 

350 

400 

470 

520 

600 

100 

40 

60 

90 

120 

150 

150 

230 

280 

330 

370 

420 

450 

We have not been able to teat the ram pump over ^his wide range 

of supply and delivery heads. We have assumed that it will pump at 

only one half the rate of a comparable commercial ram manufactured 

by Blakea Hydra-ns Ltd. ( see Table 2, page 30). 

The ram will pump at a faster rate if the impulse yalve is 

properly tuned, or if the supply flow is more than 5 litres per 

minute.If for example, your ram installation can be tuned to 

allow a flow of 15 litres per minute down the supply pipe, then 

the ram will punp three times the amount given in Table 1. 



The g rea t e s t amount of water th i s ram can use from the source i s governed 

by the s ize of the ram i t s e l f and i f the ram i n s t a l l a t i o n i s to use more water 

(and therefore be able to pump more water ) , then a la rger ram should be chosen. 

How to choose the correct ran s ize is given in Part 11 of t h i s manual. 

I f you find that your ram i n s t a l l a t i o n i3 not large enough to pump the 

amount of water you need, you can construct a dupl icate ram alongside the o r ig 

inal ram. The drive pipes should be separa te , but you may use the sane deliver;-" 

pipe. Some i n s t a l l a t i o n have b a t t e r i e s of small rams, often 5 or more, next to 

each o ther . 

(\ b»Tr t tv cr i i r t t m J « M J 

4.2 CHOOSING THE SIZE OF THE DRIVE PIPE. 

The drive p i r e i f l r ea l ly the most important part of tlio ram i n s t a l l a t i o n -

i t c a r r i e s the water from the source to the mm, and contains the pressure s'Jr c 

of the va te r hanrier. I t ~iu:;t oe .tade from ^ood qual i ty s tee l or iron -:.*.pr t ir-> -

p l a s t i c and concrete pipes are useless for drive pipes . 

The Jiacc-ter and lon^t: c. the drive pi;><- is very important, altl.^ugr. -.!..• 

ram wil i work s a t i s f a c t o r i l y if the r a t io s of pi?1' l^tvth (L) to diameter (I)) i:r-

between the lir. i tr , -r = 150 to 1000. These are very broad l im i t s . '«'e ou~0ejt 
i.1 , 

t h a t you t r y to i n s t a l l a n r - v e pii>-3 w i th an -~ r a t i o of 300, o r chcon-- n l.?r^;-.':-

that i3 four (.j) times the "?J." - eaJ, whichever i s tr.e s n a l l e r . The theory 

behind the drive pipe is de -ibe.i in g rea te r de ta i l in Part 11. 

Example 

Supply Head » ^.0 T,.>*.:-- Z 

Drive pipe din-xe'er {J) = ?5 -„-.:. 

a) Use -j - 500 

L - 500 x 25 = 12500 mm or 12.5 metres. 

b) Use L » 4 x Supply head 

L = 4 x 4.0 = 16.0 metres. 

The ram will won equally well if the drive pipe is cut from 25 mm pipe 

at either of these lengths, and you should choose the length which is most 

convenient for your site. 

4-3 CHOOSING THE DELIVER PIPE SIZE 

Unlike the drive pipe, you can make the delivery pipe from any material, 

provided it can stand the pressure of water leading up to the delivery tank. 

The delivery pipe should have an internal bore of 20 mm; plastic hosepipe is 

quite satisfactory if it is strong enough. 

The water from the ram can be pumped for great distances provided that 

the delivery head is small enough; in this case, the ram has to spend effort 

forcing water tjirpugh the pipe, and you should try to keep the delivery pipe 

fairly short. 
00 

4.4 CHCCSING THE SIZE OF THE HEADER TANK. 

One of the great advantages of a ram pump i s that i t works automatical ly 

and continuously, which means tha t i t i s always pumping water to the header 

tan.-.. 

If you think about the way that you use water in your household, you wi l l 

see ti at during ce r t a in periods of the day, you wi l l need a r e l a t i v e l y large 

acuunt from tue header tank. At 'o ther times, during the night , for ins tance , 

you wi l l tios'. liKely use very l i t t l e water. 

The hearfer tank mist therefore be large enough to hold enough water i n 

reserve to supply your needs during periods of peak demand. 

Even when you ci.oose a header tank of correct s i z e , there wil l be times 

when i t overflows. You should therefore f i t an overflow pipe to the tank, and 

lead the waste water to your garden or fish tank. 

The way to choose the tank s ize i s to est imate your dai ly water r equ i re 

ments, and make your tank to contain half t h i s amount. I f you find the tank i s 

too s&all, you can eas i ly add a second tank. 

I 



5. Building the ram. 

You can build a ram from any s ize of pipe f i t t i n g s that you have a v a i l 

ab le , and the way tha t these wi l l work i s described i n Part 11. The ram de

scribed here has a drive pipe bore of 30 mm. The ram body i s made from pipe 

f i t t i n g s of 50 mm in te rna l bore, so that the impulse and del ivery valves can 

have large openings: the r e l a t i v e l y small s i zes of commercial pipe f i t t i n g s 

are a major disadvantage for ram const ruct ion, and ef fec t ive ly l imi t the max

imum ram s ize that can be made. The finished ram i3 shown below and in Fig.3 

« ^ ^ 

L e t STtAP-i 
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The main points you 3hould note when you iti teni to build th i s ram a r e : -

a) the capaci ty of the rare depends on the size of the 

impulse valve which allows the water to discharge. 

The pipe f i t t i n g s are therefore several s izes larger 

than the drive pipe. 

b) the flow of water through the ram should not be 

r e s t r i c t e d by sharp changes of d i rec t ion of water 

flow or by the sudden junct ion of d i f ferent sized 

p ipes . 

c) t h e r a n e x p e r i e n c e s savage pounding d u r i n g i t s wor<inf 

l i f e and a l l the p a r t s , c o n n e c t i o n s and v a l v ? H must be 

s t r o n g enough to s t a n d t h e s t r e s s e s . 

FIG 3 CEreRAL ARRANGEMENT OF RAM CONSTRUCT:-:!) FROM PIPS FTT^I-NOS 



d) there are obviously any number of combinations of 

pipe fittings which can make up a rara body, and 

the one described below can be modified to suit 

available fittings. 

5 1 MAKING THE IMPULSE VALVE. 

Weld or braze a 50 mm threaded pipe junction onto the valve plate shown 

in Fig.4.1 centrally over the JO mm diameter hole:-

VALVE. P l f t T £ 

\ME.UHUL- d-OUm^-TotL TO PkATk 

This wi l l lea e a l i p ins ide the pipe . onnection about 10 cm wide a l l 

round, which wi l l act an a seat ing for the impulse valve washer. Fi le or rub 

and smooth the valve p l a t e over the valve seat ing area to prevent wear on the 

valve washer. The wo elongated holes , each 6 mm diameter on the valve p l a t e , 

re to hold the valve spr ing. 

The valve spring i s made from a s t r i p of mild s t e e l , 65O zs.. lorvr, 

30 x 2 mm in cross sect ion, marked out and d r i l l ed ns shown in F i g . ! . ? . Bend 

the spring to shape around a 50 mm pipe , with the bond centre l ine on t ie s t r i p 

in the pos i t ion as shown below, t h i s wi l l set the spring with the d r i l l ed holes 

in the correct poa i t i ons : -

&tNk ctxnls. 
L I K j t 

atoon_i& THE ±H\*lc 

5Dmft\ P1^2-

Bolt the spring onto the valve plate, which has elongated holes to allow 

the impulse valve stem to be adjusted for correct seating. 

The impulse valve itself is made up from a 6 mm diameter bolt, tube and 

washers which you assemble through the valve plate to the valve spring, Fig. 4.4 

Finally, add spring tension and the valve stroke adjusting bolts. These 

allow the ram to be tuned for maximum efficiency. You can see that the impulse 

valve assembly can be removed from the ram for maintenance by just unbolting 

the spring, then unscrewing the pipe connector and valve plate:-

5fdiK)6 T E U S I O I O 

feOL-T 

Ve have chosen this system of impulse valve assembly because it has no 

wearing parts except for the valve rubber. It is possible that with time, the 

valve spring will work narden and break; it is also possible that the spring 

assembly will by damaged during floods if the ram is installed on the side of 

a stream. An alternative more robust design for the impulse valve assembly is 

described beicw, 

5.1 B AS ALTERATIVE IMPULSE VALVE. 

The impulse valve assembly described above has been taken frcm a design 

by VITA, and as far as we know, it works quite satisfactorily. 
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We include in this section a more robust impulse valve with a sliding 

valve which will wear in time. The impulse valve in this case works by fall

ing under its own weight at the finish of each ram cycle:-

» _ LJ»eiLrMT5 

F:-*ED P iT 

VAL\/£. Sf£a(£ 

PlAE COKJUELJOft 

K & M 6 U j e L t l E O TO 

fiLTECUATiLlfc 

IMPULSE \ J P I L V £ 

The v a l v e s tem i s f i t t e d t h r o u g h a f i xed p i p e g u i i e s u p p o r t e d above the 

v a l v e p l a t e by arms welded bo th t o t h e p i p e and v a l v e p l a t e . The p i p e c o n n e c t o r 

i s welded a s b e f o r e o v e r t h e c e n t r e of t h e 30 ^ d i a m e t e r h o l e i n t h e v a l v e 

p l a t • . 

Choose t h e p i p e g u i d e and t h e v a l v e stem b o l t so t h a t they have a c l o s e 

bu t ea sy f i t . A l t e r n a t i v e l y , t h e p i p e g u i d e can be chosen to hold a r e p l a c e a b l e 

b r a s s o r p l a s t i c s l e e v e which w i l l t a k e t h e wear from the moving v a l v e stem 

b o l t . 

The v a l v e s t r o k e i s s e t by a d j u s t i n g the n u t s on t h e t o p of t h e v a l v e 

stem b o l t , and t h e we igh t of the v a l v e can be a l t e r e d by a d d i n g w e i g h t s on to 

t h e b o l t . 

We have n o t b u i l t o r t r i e d t h i s impu l se v a l v e a s s e m b l y , but t h e r e i s no 

r e a s o n why i t shou ld no t work . Tunir.£ the ram w i l l be a s i m i l a r p r o c e s s to t h a t 

d e s c r i b e d i n S e c t i o n 1. 

5 .2 MAKISC THE DELIVERY VALVE. 

The d e l i v e r y v a l v e p r e v e n t s t .e pumped w a t e r f ron f lowing back i n t o t h e 

ram a f t e r t he p r e s s u r e p u l s e h a s been d i s s i p a t e d . I t i s t h e r e f o a non r e t u r n 

v a l v e , and you can make i t ve ry s imply by we ld ing o r b r a z i n g a c . t and d r i l l e d 

p i e c e of 3 on s t e e l p l a t e i n t o t h e t op of a 50 mm p i p e c o n n e c t o r : -

F IG.5 CONSTRUCTION OF DELIYEHY VALVE. 
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Cut the p la te to shape and f i l e ssooth to f i t exactly into the end of the 

pipe connector, and weld or braze i t into place. Attach a rubber washer to the p la te 

and bol t i t into pos i t ion; the washer must be f lex ib le enough to allow water to pass 

er.3iiy, but oust bo f i rn encugr. to support the water pressure from the a i r chamber. 

The cupped washer above the ru'cber valve holds the valve an place. 

Tr.e a i r valve i s xade simply by d r i l l i n g a s=al l hole 1.0 cc in diameter in 

the side cf the pipe connector and below the del ivery valve. This i s p a r t i a l l y block

ed by a fine wire s p l i t pin which moves with pressure changes in the .-a.-,-., keeping the 

hole op'.n and allowing a i r to en te r . l ' ig .5 . 

Make sure on assembly that the a i r valve i s placed on the opposite side to 

the delivery pipe o u t l e t , otherwise the a i r enter ing the a i r chamber i s l ike ly to 

escape into the delivery pipe; i t i s , of course, e s s e n t i a l that the a i r feeder valve 

i s located below the deliver;/ valve. 

5-3 MAKING TH5 AIH C:iAHBH3. 

Cut a 1 metre length of 50 mm diameter water pipe, and thread each end. Screw 

one end into the del ivery pipe T-junction pipe f i t t i n g , and seal the top with a cap. 

5-4 MAKI"0 TKS MOVtrriKO LSCS. 

Make the mounting legs from any avai lable scrap s t r i p i ron , and d r i l l , bend, 

and bol t these around the ran body. The legs can be bolted to the ground when the 

ram Is assembled a t the s i t e i f you want the ran to bo a permanent f i x tu re . 

6. Assembling the ram at the site. 

a) Assemble the pipe f i t t i n g s using plenty of pipe Joint compound. 

Screw these firmly together and adjust them for the cor rec t 

pos i t ion in the ram assembly. They must be completely free 

from learcs. 

b) The impulse and del ivery valves must move f ree ly and when 

closed seat evenly on the valve plLates. 

c) Set the ran level on the mounting legs at the required s i t e , 

and a t tach the drive and del ivery p ipes . Flush these pipes 

with clean water before connection. 

d) The drive pipe should be la id as s t r a i g h t as possible with 

no sharp bends, and i t should have no upward kinks which w i l l 

t rap a i r . 

e) The i n l e t to the drive pipe must always be submerged, or a i r 

wi l l enter the pipe and prevent the ram from working. I 

ro 

7. Tuning the ram. ' 

The ram should be tuned to pump the greatest amount of water to the 

delivery tan;.. Tuning is not difficult, and you will find that the ran 

will pump some water at most settings of the impulse valve assembly. 

The amount of water that the rac will pump, and the number of valve 

beats each minute, are measured for different valve settings, and the 

results compared to find the best setting for the ram. You can do this 

quite ea3ily:-

a) Hold the impulse valve closed, and 'adjust the 'stroke adjustment 

bolt1 (SAB) until there is a gap of about 15 mm between this 

bolt and the valve plate. This can most simply be done by slipp

ing a measured pile of steel washers under the bolt and screwing 

the bolt down onto them. 

b-) Hemove the washers, release the impulse valve, and adjust the 

•spring tension bolt1 (STB) until the SAB just touches the valve 

plate. Shortening the STB will bend the 3pring down. 
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c) Kip t i g h t the STB and SAB nuts , and allow water to en ter 

the drive p ipe . Hold the impulse valve closed u n t i l the 

driye pipe ia fu l l of water, then re lease the valve, mov

ing i t up and down by hand several t imes. The ran should 

now wort by i t s e l f . 

d) If the valve stays open allowing water to flow out, the spring 

ia too t i g h t , and you should stop the flow of water, and re 

set the SAB and STB in the way described in a, b , and c, above 

to give a stroke of 13 rcm. 

e) When the valve works cor rec t ly , repeat a, b , anci c, above for 

valve stroke se t t i ngs of 13, 11 , 9, 7, 5> 3i mi l l imetres , 

•easuring for each s e t t i ng the amount of water that i s pumped 

and the valve beats each minute. 

f) Compare the pumping r a t e s , and rese t the STB and SAB an de

scribed in a, b , and c, to the stroke se t t ing that gave the 

beat pumping r a t e . I f the pumping ra tes for sevoral of the 

valve se t t ings are s imi la r , choose the se t t ing with the s n a l l -

es t stroke - t h i s will mean a smaller spring ter.aion and there

fore leas wear. 

g) The r e s u l t s of our experiments on one of these rams are given 

in Part 11 of th i s manual. We obtained the bsgt pur.ping ra te 

from an i n i t i a l valve stroke s e t t i ng giving a valve beat of 

100 cycles per minute, by t ightening the spring tension bol t 

• u n t i l the valve"beat was 75 cycles per minute. The ram you 

make wi l l work in a d i f fe ren t way to ours , and you wi l l have 

to f iddle with the impulse valve to find the best s e t t i n g . 

6. What to do if the ram doesn't work. 

There are only two moving parts in an automatic hydraulic ram, and 

there is very little that can go wrong. However, possible causes of 

failure are listed below:-

a) Impulse valve does not work. 

Check seating of valve washer on valve plate; the valve 

should not leak when held closed, and should not catch on 

the side of the pipe connector. 

Check to see if there is any debris or obstruction in the 

drive pipe or ram body. 

1) Delivery valve does not operate as a non-return valve. 

This can be seen if the water level in the delivery pipe 

surges during operation, or falls when the raa is not 

working. The valve should be cleaned and checked for wear. 

I 

c) hem pur,ps too ouch a i r . 

Jheck a i r feeder valve; i f i t i s too big i t wil l allow W 

1-irgc volumes of a i r to en ter the ram, and a l a rge r wire . 

ap l i t pin should be used. 

J;:t'c-. tha t a i r does not enter the raa through loose j o i n t s ; 

tile joif i t j should be well sealed with pipe compound. 

Check that i n l e t to drive pipe i s submerged, otherwise a i r 

will en ter drive pipe, spoi l ing the performance of the water 

hammer. 

i ) kar. fii.",;'-.; with a loud meta l l ic r,ound. 

C:icc.-. that a i r feeder valve i s working to allow enough a i r 

to enter lelov the non-return valve; a small spuyt of water 

.•v.cu:••. cor.'- from thir: valve with each cycle . If there i s not 

enc.ig'r. a i r en^-crin-; the ran a i r chamber, f i t a smaller s p l i t 

pin. 

Ch*'ck that air feeder valve is on the opposite side to the 

delivery pipe, or the air will be pumped with the water 

directly to the header tank. 

Ch'.'CA that there are no air leaKS from air chamber due to 

t'H'l L'lpo fitting. 

file:///jaW-e


9 •Maintenance of the ram after installation. 

9 . 1 THE SUPPLY SOURCE 

It is obviously essential to prevent dirt from entering the drive pipe 

or leaves from blocking its entry. So it may be necessary to provide a grating 

at the off-take from the river or stream supplying the water in order to keep 

back floating leaves, and a sump should be provided at the feeder tank to 

collect silt. 

9 .2 KAINTEKAWCS TASKS ' 

Main tenance i n v o l v e s k e e p i n g g r a t i n g s and f i l t e r s c l e a r , and c l e a n i n g t h e 

f e e d e r tank and sump, a s y e l l a s c a r i n g f o r t h e ram i t s e l f . The ma in tenance t a s k s 

which you must c a r r y o u t a r e l i k e l y t o be a s f o l l o w s : 

( a ) d i s m a n t l i n g t h e r a n t o remove d i r t , 

( b ) c l e a r i n g a i r l o c k s i n t h e p i p e s y s t e m , 

( c ) a d j u s t i n g t h e t u n i n g ; t i g h t e n i n g b o l t s which work l o o s e , 

( d ) c h a n g i n g t h e v a l v e r u b b e r ; a d j u s t i n g t h e s e » ' ' n g of v a l v e s , 

( e ) k e e p i n g t h e i n f l o w t o t h e d r i v e p i p e f r e e of d e b r i s ; 

c l e a r i n g f i l t e r s and g r a t i n g s . 

9 . 3 FREgJEKCY OF KAICTEIiAKCE 

Haas have an e x c e p t i o n a l l y good r e p u t a t i o n f o r t r o u b l e - f r e e r u n n i n g , and 

m a i n t e n a n c e w i l l p r o b a b l y n o t need t o be very f r e q u e n t . The way i n which the 

necea3 : . ry m a i n t e n a n c e i s a r r a n g e d , and t h e q u e s t i o n of w h e t h e r t h i 3 type o f r an 

i s s u i t a b l e f o r a . p a r t i c u l a r a p p l i c a t i o n , depends very much on who i s a v a i l a b l e 

t o c a r r y ou t t h e m a i n t e n a n c e . I s t h e r e somebody l i v i n g l o c a l l y who can have a 

look a t the ram a t l e a s t once eve ry week, o r i s t h e r e a t e c h n i c i a n from some

where e l s e who can,come o n l y a t i n t e r v a l s of s e v e r a l weeks? 

Tuning, and t h e a d j u s t m e n t of v a l v e s and b o l t s , may need to be done more 

f r e q u e n t l y w i t h t h i s p a r t i c u l a r ram t h a n w i th ' somo commercial c;odels made from 

p u r p o s e - d e s i g n e d a l l o y s and components ; and t h e need f o r aainter i i i r .ee may become 

g r e a t e r a s the d e l i v e r y head becor.es g r e a t - v r . On the o t h e r hand , s p e c i a l i s e d 

t o o l s and s p a r e p a r t s may be needed f o r t h e m a i n t e n a n c e of a c o m m e r c i a l l y - b u i l t 

pump. So i n g e n e r a l , t h i 3 ram i s b e s t s u i t e d to a s i t u a t i o n where t h e jx?rson 

r e s p o n s i b l e f o r m a i n t e n a n c e l i v e s n e a r b y , and where t h e d e l i v e r y head i s no t 

too g r e a t . A commercia l pump may be t h e b e 3 t c h o i c e when mainteruuice i s done 

t T I t 1 * - " q - PVCHV • i "n f r e n * 1 n , J ide r°nce o f t ^o l s «•"-! -~n~n-

I 
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from: "A Manual on the Hydraulic Ram 
for Pumping Water" 
by S.B. Watt, ITDG, 9, King Street, 
London WC2E 8HN, England 

further Ref.: "A Hydraulic Ram for Village 
Use", by E.W. Kindel, 
VITA, 3706 Rhode Island Avenue, 
Mt. Rainier, Maryland, USA 2o822 

http://aainteriiir.ee
http://becor.es
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The Cretan Sail Windwheel as a 
Power Source 

S.B. Watt, ITDG Projects Officer 

ackground 

The Cretan sail windwheel fs still widely used in many coun-
'ries around the Mediterranean for water pumping and corn 
grinding. It is used even in areas which have been supplied 
A'ith electric power lines, and this indicates its present 
economic value. A typical installation for water pumping 
s shown in Fig. 1. 

The origins of the sail windwheel are obscure, most probably 
he device evolved from intimate knowledge of and close 
contact with sailing ships. It achieves its power in an exactly 
iimilar way to the modern sailing yacht, the triangular can-
/as sails tigged on the wooden spars are set to provide the 

LfiwklK fclw i 
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/')?./. C'<>!.* Scc:in>i :!:r/)ugh npical Cretan Wind Hump 

maximum turning force on the axle. The spars, which can 
number from six to twelve, radiate out from a hub which 
turns on a horizontal axis. The sails are set according to the 
strength of the wind, and are reefed by hand around the 
spars if the wind speed increases. In the areas of Crete 
where the device has been widely used, the characteristic 
wind conditions during the irrigation season are very gentle 
breezes, which will not threaten the device. 

The sail windwheel is thus beautifully simple, using the 
minimum of skills and materials in its construction and 
operation. Before it is described in detail, it is useful to 
state the major characteristics of the wind as a source of 
power. 

The wind as a source of power 

The variation in wind speed: The most noticeable thing 
about the wind is its variability: changing from periods of 
calm and slight bree/e, to howling gales, l-ach region, each 
area, and even each locality, will experience a unique pat
tern of wind movement over the year, known as the 'wind 
re'gimc'. The use to which wind power can be put depends 
on the local confidence that the wind will blow when it is 
needed. This variation can be overcome during water pump
ing by storing the water in tanks for use during calm spells. 

The power of the wind: the power of the wind varies as 
the cube of the wind speed. This means that if wind speed 
doubles, the power of the wind increases by a factor of 
eight. A windwheel therefore has to work very efficiently 
at low wind speeds, and cither be strong enough to with
stand gales, or have an efficient shut off device built into it 
to prevent catastrophic failure in gales. In addition, a wind 
wheel can onl\, extract a proportion of the power of the 
wind passing through its swept area and if a reasonable 
amount of power is to be obtained in light winds, the size 
of the device must be large. These difficulties probably ex
plain why wind power has been left in relative obscurity over 
the last }0 years. 

The characteristics of the sail windwheel 

The obvious advantage of the sail windwheel is the ability of 
the sails to shape themselves to the wind. The device can 
therefore start itself and work in very low wind speeds of 
less than 2.75 metres per sec (6 m.p.hj. 

It operates at a slow speed, high torque device -• that is, it 
rotates slowly .it less than 25 v.p.m. with a powerful turning 
force, and cjn therefore be coupled dhcctly to a simple pis
ton or chain and wilier pump with no expensive geaiing. 
There are few of the dynamic puiblems associated with 
modern high speed wind turbines. 

A second major advantage which is pioved by ihe experience 
of centuries, is its built in safety against oveispeeding. ti the 
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Partly rigged Cretan sail windwheel pumping water to 
greenhouses growing cash crops. 

Corn grinding sail windwheel in fixed direction on stone 
tower 

device overspceds in high winds, the canvas sail 'luffs' or 
changes shape, causing a rapid reduction in power and speed 
of revolution. The device is therefore self governing. 

A comparison with the multiblade windwheel 

The multiblade windwheel is a comparable low speed, high 
torque, de , , : e that has been proved over the last 100 years, 
and many thousands are still working efficiently and safely 
in all parts of the world. It consists of a series of 
sheet metal blades arranged radially around a hub which ro
tates on an horizontal axis, and is, in effect, like a sail wind-
wheel machine with rigid sails. They are made commercially 
with engineering precision, and are designed to operate 
under even extreme climatic conditions with the minimum 
of attention. They are designed to turn automatically out 
of the wind in high winds, and are self controlling. 

The sail windwheel works, of course, in an exactly similar 
manner to the multiblade device, but it is made with the 
simplest materials, wood, canvas, etc.. and can be made locally 
with the minimum of equipment and skills. Its mam limit
ation is that it needs constant attention to trim and leef the 
sails around the spars when strong winds start to blow. 

Power output from the sail windwheel 

There have been only limited attempts to investigate the sail 
windwheel in a scientific way, but the device appears to be 
able to extract over 30% of the power of the wind that passes 
through its swept area; this compares very favourably with 
the multiblade machines. Modern, high performance airscrew 
type turbines, on the other hand, achieve efficiencies greater 
than 45%. 

Measurements of a sail windwheel buiit with nylon sails and 
ball bearings (Ref. 1) indicate that a 4m diameter machine 
set within a wind speed of 3.5 metres/sec (about S m.p.h.). 

a light hiee/e. can develop a power of 100 watts (0.13 h.p.) 
oi equivalent to the rate of work of a man. In stronger wind 
or with laiger diameter, more power will be generated. 

Typical construction 

The Cretan sail windwheel has been built in several ways, in 
fixed position on a stone tower, or on a steel angle iron tow 
with a turning carriage. The fixed diiection devices were usu 
used for corn grinding, and were set to face the pievailing 
winds. The multi-direclional device has a rudder down wind 
keep the sails pointing into the wind. 

The water pumping machines in Crete take the powei from 
the rotating shaft thiough a crank mechanism, to a veitical 
rod which is connected directly to a piston pump in the wel 
directly below. The radius-arm of the crank is about 5-7 en 

The windwheel axle is carried on a rotating carriage which 
may be built either of metal or wood. The bearings are mad 
of oil soaked wood blocks, which run steadily for long peril 
without attention, and can be cheaply rc-placed. 

The correct rigging and setting of the sails has not been tea 
ded in any of the literature, and tiul and error methods niu 
he used. Further information on the Cretan saii windwheel 
can be found from the reieiences and contacts given below. 

KI:II:KI:NOI S AND CON I AC IS 

I. ll'Mi'(;jfMiv'j' in h'a^'.t-rn Crctt: Dr . N.C.. C a l v e r t , T r a n s a c t i o n s of 
I he N e w C " m e n s S o c i e t y , V o l . 14 I •>7l -7 . 1 , p . 1.17-144. 
( I Ins a r t i c l e was b a s e d o n t lie pape r by N.Ci. C.'iivert, w h o has 
a l so e a r n e d o u t e x p e r i m e n t a l w o r k o n t h e d e v i c e . ) 

2. Hunt Workshop. H. Hi rch ine . s . A l t e r n a t i v e S o u r c e of l-'ncfyy 
N o . 14 , .\!ay | ' ) 7 4 . K o u t e 2 , l l o \ OfJ-A. Mi laca , SIN SlS.KS.l U S A . 
(A lul l d e s c r i p t i o n a n d w o r k inc. d' t w i n e s o f a sail w i n d w h e ' e l . ) 

1. Wiiulwork*. l i o \ .,:>>, R o u t e .), M u k w a n a i j o , W I S C O N S I N 5.M4S) 
U S A . ( I h i s c ,roup have e a r n e d ou t c o n s i d e r a b l e d e v e l o p m e n t 
w o r k on t h e sail w i n d w h e e l . T h e y a lso p u b l i s h an e x c e l l e n t h ib l io 
r a j i h y . 
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