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Summary

This report gives detals of the devdopment and sdlection of a handpump suitable for use with
domedtic rainwater harvesting tanks in East Africa The objective of the project was to
devedop a smdl low cost handpump, which can be manufactured, maintained and repaired
with a minimum of tools and skill and thet the materids can be found in most local hardware
outlets and markets.

Four designs were proposed which were sdected from a range of pump technologies for low
head and low flow rates. From these, two were sdected for their ease of manufacture, low
skill leve and expected rdiability. The two handpumps (Harold and the 'Enhanced inertia)
were subjected to a series of peformance and durability tests. From these tests, both
handpumps were found capable of lifting at least 15 litres per minute a 70 cycles per minute
with acceptable hydraulic efficencies. The actud lifting rate was dgnificantly grester than the
vaue given in the pecification.

The durdbility tess showed very little evidence of wear in either handpump after 145 hours
continuous running other than some potentid gplitting in the vave surfaces. An  extended
endurance tet on the recommended handpump, the Enhanced inertia, resulted in it lifting
around 300,000 litres and having an equivdent life of 8 years.

The handpumps were produced in Uganda for less than $10 for a 3.5m length, which was one
of the man criteria in the specification. The pumps were successfully manufectured by a
number of technicians in Uganda after a two-day training workshop and this illustrates that
the design and technology is appropriate.
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1. Introduction

The am of this project was to deveop a suitable smal low-cost handpump, which could be
used for abdracting water from Domestic Roofwater Harvesting (DRWH) systems in East
Africa. A low-cos DRWH system is shown in Figure 1, and congists of a roof to intercept the
ran, a series of gutters and downpipes, and a purpose built tank into which the handpump is
ingaled.

- - S
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Downpipes

Rainwater
tank

Figure 1 A domestic Rainwater harvesting system

This project was divided into two phases. Firgly an introductory phase, carried out in Uganda
(chosen to represent African conditions), was used to identify condraints within the
environment and expose four handpump desgns to usars. Secondly, the main phase of the
project was to identify two candidate designs, refine them and carry out performance and
endurance tests a the Universty of Warwick.

One of the main priorities in developing the handpumps was to ensure that the manufacture
and materids could be made and/or sourced from within the loca area.

The first phase was carried out by the author in Mbarara, the fourth largest town in Uganda),
during July/Augus 2000 and a Kyera farm, Mbaara This involved assessng the
manufacturing cgpabilities within the locdity, materid supplies and the avalability of tools in
locd makets. Some prototype handpumps were manufactured and ingdled in DRWH
sysemsin Uganda.
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Many exising pumps may be regarded as over designed and too expensve to incorporate in
to a DRWH sysem. They can adso be difficult to maintain because of the high cost of spares,
and the spares may be stocked some distance from the pump location.

The second and main phase was caried out a the Universty of Wawick. This involved
choosing two of the four proposed designs and carrying out a series of performance teds,
refining them and then subjecting each handpump to an endurance test.

To achieve the ams and objectives of this project, a plan was set out so the project could
follow a logicd sequence of tasks over the dlocated period and finish completed on time. A
software package was used to plan the projects tasks, this was then used to monitor the
progress of the project and make adjustments should any arise. A hard copy of the project
plan is shown in Appendix 1.

2. Analysis of need and development of specification

Many aress of East Africa have a very varied ranfdl patern and in particular regions, for

example in Rwanda, this can result in a sx-month dry season. Many rurd families do not

have access to an adequate and safe water supply. This can mean long treks to some distant
water source, which may be of low qudity and consume vauable hours from their daily
duties.

Fetching water may often involve many hours a day in waking severd miles to and from the

source by either children or women. The time spent collecting water is a double burden, as it

means less time is avaladle for the productive activities on which subsstence economies
depend®.

Definitions given by WHO (1996%) are asfollows:

» Accessto water: In urban areas, a distance of not more than 200 metres from ahometo a
public standpost may be considered reasonable access. In rural areas, reasonable access
impliesthat a person does not have to spend a disproportionate part of the day fetching
water for the families needs.

» Adeguate amount of water: 20 litres of safe water per person per day.

L Water Supply and Sanitation programmes, DFID
2 WHO, catalogue of Health Indicators. Geneva.
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» Sdafewater: Water that does not contain biological or chemica agents directly detrimentd

to hedlth.
46% of the rura population of Uganda for example does not have access to safe water
(UNICEF).
To ease the burden of the above points, a DRWH system, which incorporates a handpump as
shown in Figure 1, can be used to supplement a household' s daily need during this dry season.

2.1 Specifications

The following specification has been drawn up to represent the particular conditions under

which a handpump will be used:

» The handpump must be of low cost (i.e. affordable by low-income households in Uganda,
with amaximum cost of UGS 18,000 » $US10).

» It must be possble to manufacture and maintain the handpump within E. Africa & village
level with aset of basic hand tools.

» The handpump should be capable of rasng at least 10 litres per minute from a depth of 3
metre.

» Reach water within 200mm of the bottom of atank.

» It should have good durdbility i.e. capable of lifting a minimum of 100,000 litre before
requiring replacement (based on afamily of five people with a 20 Ipcd for three years).

» Only require basic maintenance - say every 10,000litre before requiring maintenance.

» Thefootvave must not lesk fagter than 0.1 litre per minute.

In addition, it is dedrable, but not essentid, that handpumps have the following

characterigtics:

> Be reasonably secure againg children pushing stones or pouring liquidsinto the outlet.

» No part should be easly stolen or removed.

> The outlet must be a such a height that most collection vessds, especidly jerricans, can
be easly filled.

> It must be ergonomicaly suitable for a child of about 6 years old to use comfortably.

> Be cgpable of fitting various types of tank covers, including ferro-cement covers (dome),

and through a parapet wall.
» Permit the risng main and footvave to be withdrawn for maintenance purposes.

» Suitablefor production by artisans as an income generating activity.
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3. Review of water lifting techniques and selection of candidate pumps

There are four different mechanicd principles of trandferring water from one location to
another and these are shown in Table 1. These can range from smple devices such as scoops
to more complex centrifugd pumps.

For the first three methods given in Table 1 these can be further subdivided in to rotary and
reciprocating categories, for ataxonomy of pumps see Appendix 2.

Table 1 Summary of four mechanical means of lifting water

Direct lift: By using a container to physicdly lift the water

Displacement Water can be regarded as incompressible and can therefore be
displaced

Cregting a veocity head Flow or pressure can be created by propeling water at high
Speed

Using the buoyancy of a Passing air bubbles through water will raise the leve of the

gas surface

(Fraenkel, 1997, p29)
Raher than go in to any detall here an outline of techniques for lifting water in the low head,
low flow rate range are summarised below. For a more detailled account, these are well
documented by Fraenkel (1997).
To briefly discuss the most common types of low head, low flow capecity lifting devices the
following descriptions are given:

3.1. Directlift
Many of the direct lift methods of lifting water require open access to the water surface, i.e.

buckets or containers on ropes or a lever for mechanical advantage supported on a frame.
Persgan type whedls rotate scoops or buckets in to the water, which transfer the water on the
down sde of the rotation. These can be employed in samdl-scde irrigation and to fill caitle
troughs. The congtruction of these is Smple and basic requiring avery low skill leve.

3.2. Displacement pumps

Lift and suction pumps fdl in to the category of displacement pumps. These rely on a piston,
which is dose fitting within a cylinder containing water. Lift pumps physcdly lift the water
that is above the piston up the pipe to the outlet. Suction pumps have the piston above the
aurface of the water. By lifting the piston a vacuum is created which displaces the water up
the pipe. A one way footvave is needed to stop the water in the pipe from flowing back in to
the well/tank. Figure 2 shows the basic principles of lift, suction and displacement pumps.
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3.3.  Suction pumps

Suction pumps rely on a piston sed within the cylinder. On the upstroke a pressure difference
occurs between the ar a the water level and the air in the cylinder chamber. This forces water
in to the cylinder, which gradudly rises on each successve droke. The annulus or gep
between the pigon and the cylinder will affect the peformance of the pump. The annulus
needs to be a a minimum or even have some interference, and may be lubricated in some
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Figure 2 Basic principles of positive displacement pumps

cases to reduce friction. Priming may be required to get a pump to work, because water is
more viscous than air it helps to improve the sed during the first few strokes. Priming can be
achieved by phydscdly pouring water in to the pison chamber or by retaning water in the
chamber during non-operation of the pump. The latter requires a footvalve that does not leak
or leaks a such adow rate that the chamber is not emptied before the pump is used again.

There are limits to how high the suction lift can be. In theory, this is 10.4m at sea levd, and in
prectice, 6.5m is a more practicd limit. This will ke further reduced by increased temperature
of the water and higher eevations. For example, an increase in temperature from 20° to 30°

will reduce the suction head by 7%, and for an eevation of 1500m the maximum suction will
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be around 5m [Fraenkel 1997, d4]. As a generd rule for every thousand metres of eevation
aloss of 1m suction head will apply.

34. Lift pumps
Lift pumps have some dmilarities with suction pumps in ther components but differ in the
position of the piston. For lift pumps the piston is below the surface level of the water, and by
rasing ahandle, connected to the piston viaa pull rod, water can be drawn up the risng main.
For lift pumps, it is preferable that there is a good fit between the piston and the cylinder but it

not as criticd asit iswith suction pumps

As Fraenkd relates there is a basic relationship between the discharge rate (Q), the piston
diameter (d), the stroke length (s), the number of strokes per minute (n), and the volumetric

efidency (hyo). The volumetric, or hydradlic, effidency is an indicaor of the actud

discharge over the swept volume per stroke.

If the swept area of piston is A = (pd?)/4
Swept volume per stroke, V =As

Discharge rate =hyo V
Pumping rate per min Q =nq

ThenQ = 60nhyoispd?/4

The term dippage is sometimes used and refers to the difference between the swept volume
and the actual discharge per stroke:

SippageX =V -

Slippage arises partly because the vaves take time to close, they are often sill open when the
pison darts its upward travel, and because of back leskage past the piston or vave seats.
Slippage is therefore normdly less than unity, typicaly 0.1 or 0.2; it tends to be worse with
shorter strokes and higher heads (Fraenkel, 1997, p38-39).

In some pumps the volumetric efficiency can be greater than 1. This aises in particular
pumps that use the inertia of the water to raise an amount of water. As the column of water is
accderated upwards, it has inertia that keeps the column risng for a short time while the
pump is being pushed downwards while the valve remains open. Therefore, the volume of
water discharged is greater than the actua swept volume of the piston.
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4. Manufacturing environment, competition and materials choice

4.1 Review of handpumpsin Mbarara

A search of hardware shops in Mbarara, Uganda was carried out to find
what types of handpumps were available. The only one found was a
smi-rotary type, as shown in Figure 3, and was made in
Czechodovekia. This conssted of a heavy cast iron chamber with a

series of internd brass vaves. The pump operates through rotating the . ; i
handle repeatedly through approximately 120°. The pumps ae Figure3 Semi-
generdly very diff to operate, and pumping is very exhausting work rotary handpump
beyond ten minutes. The handpumps cost UGS600,000 (GBP250), no performance data was
avalable with the pumps. This handpump is deemed too expensve and regarded as too

difficult to operate, certainly by achild.

4.2 Manufacturing capabilities and materials available in Uganda

A reasonably thorough search of Mbarara, and to a lesser degree other towns, was carried out
to find what trade outlets and manufacturing facilities were avalable which may be drawvn on
for the purpose of developing handpumps.

Like many Ugandan towns there are a large number of hardware shops deding in a wide
range of hand tools and plumbing fittings of reasonable to good qudity products. There were
dso many ded dockholders and builders merchants in most towns visted. The dsed
stockholders did not have any dainless sted or brass sections in stock but some were willing
to secure an order from Kampala

Only one engineering workshop capable of any precison engineering was found in Mbarara
This conssted of a centre lathe, drill press, an off-hand grinder and one machinis.

There are many carpentry/joiners located in most towns, and manly produced beds and
cabinets, some of the larger establishment had wood lathes, and were capable of very high
qudity of craftamanship. Also, there ae plenty of roadsde welding fadlities avaladle,
usudly fabricating burglar bars. For a lig of common materids, tools and accessories found
within atypica market in Uganda see Appendix 3.

4.3  Suitable materialsfor therising main and cylinder

A durable, light weight and corroson resstive materid would be idedly suitable as a means
of conveying water from the tank. The materid must dso be capable of being processed with
ample and basic tools. This would rule out sted pipes as they are difficult to process without
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expensve equipment. One materid that is widdy avalable, non corrosve and lightweight is
PVC.

44  Theuse of PVC asa suitable material for handpumps

There are severad vaid reasons for using PVC for handpumps, though there are some
drawbacks as well. Table 2 gives some advantages and disadvantages of PVC. There is a
range of PVC pipes avaladble in E. Africa These ae thin wdled low qudity with no
manufacturing marks for identification.The use of PVC has widdy been accepted as a suitable
and safe materid for use with drinking water As Michad Dudden of the Consumers
Association Research & Testing Centre (CARTL) quotes:

"The UK Drinking Water Inspectorate, the Swedish Environmenta

Protection Agency, the Swedish Water and Waste Waterworks Association,

the World Hedth Organisaion and the Organisstion for Economic Co-

operation and Development have confirmed the safety of PVC pipe. All

these organisations have gpproved the use of PVC pipes to carry potable

(drinking) weter"

Table 2 Advantages and disadvantages of PVC for handpumps

Advantages Disadvantages
Non-corrosive (esp. in aggressive water UV degradation (causes embrittlement)
conditions)
Light weight Low impact strength
Low cost Above ground parts may be subject to high forces:

from animals using the pump as a scratching post,
pipes being used as aresting post or being
accidentally hit with full jerricans and possibility of
malicious damage.

Flexibility (i.e. heat manipulation,)

Ease of transportation (easily carried by
bicycle)

World wide availability

Secondary uses (recyclable)

Low cost joining ability (solvent welding)

Non toxic (through usage) or taste tainting
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5. Calculations of power and efficiency

5.1. Power required from specifications
Determining the power required to operate a handpump is important for both its efficiency
and to maich the prime mover. The power cgpabilities of humans a various ages and
durations are shown in Table 1 (Fraenkd, 1997, p118). As we are only interested in lifting 20
to 40 litres & atime, the first column is of most relevance.

Table 3 Power capabilities of human beings

Age Human power by duration of effort (Watts)
Years 5min. 10 min. 15min 30 min 60min 180
min
20 220 210 200 180 160 90
35 210 200 180 160 135 75
60 180 160 150 130 110 60

(Fraenkel, 1997, p118)

Table 4 Handpump specifications

Detail Symbol Units Value
Flow rate (discharge) Q litres™* 0.167
Head (maximum) H m 4
Inside diameter of d m 32x10°
riser
Stroke length I m 0.3
cadence n Cydess™ 1.167

To determine the power required for the handpump operating under the specifications in
section 2.1, and shown in Table 4 the following ca culaions show thét if:

Py =E.n

where: Po = power (water Watts), E = output energy, n = cadence in strokes per
second

and E=mgH

where: m = mass of water lifted per cycle, g = gravity, H = head

m=v.r
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v = swept volume of stroke, r = dendity of water

Therefore the swept volume of haf cycdeis
v=p.rl =p (195x 10°)?2 0.3=358x 10*m*
E= 3.58 x 10 n x 1000kg nT x 9.81ms 2 x 4m = 14J
Therefore ~ P=14Jx 1.167 s = 16.38 Watts

If the pump is 40% efficient then the power input P, = 41W atts

From Table 3, it can be seen that a 20 year old human is capable of producing 220 Watts
effort for a duration of 5mins. From this, we can see that for the power required for lifting
water, a the given specifications, adirect lift type handpump would be suitable.

5.2. Lossesin the system

It is inevitable that there will be losses for any pump and its prime mover, however for the
purpose of this project the pump is the main concern. It takes power to lift the water and to
overcome any loses in the sysem. These losses may be mechanicd, hydraulic or

combingtion of the two. The following list shows sources of power lossesin a pump:

Friction in sraight pipes (hydraulic)

Friction from diding components (mechanical)

L eakage through pipes and badly seding vaves

Flow friction through vaves

Headloss a changesin cross-section or flow direction

Water leaving the handpump has kinetic energy

vV V.V V V V V

Vave operation (delaysin opening and closing causes |osses)

5.2.1. Pipefriction

To get a reasonable and quick vaue for frictiond losses it can be easier to use charts (as
shown in Appendix 4). Using the chart method for a flow rate of 0.3 litre §' and an internd
pipe diameter of 32mm, the headloss equates to about 0.58m per 100m. This is for cast iron
pipe and a modifying factor for smooth PVC pipe is given as 0.8, which gives 19mm for a 4m
head. Therefore pipe friction a these low flow rates and low head can be regarded as a
negligible. But if andler pipes ae used higher frictiond head vadues will be found, for
example a20mm PV C pipe will have 200 mm headloss loss for the same flow rate.
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6. Selection of suitable handpumps

From the taxonomy of pumps shown in Appendix 2 it can be seen that there are a number of
pumps that are suitable with head ranges far beyond the 4m limit given in the specification a
the beginning of this report. The man types that are within the specification are the direct lift
reciprocating/cyclic types.

Because of the open access to the water surface for lowered 'container’ type lifting devices
these incur a high risk of contamination from the container. Moreover there is aso a potentid
for mosquito breeding in any tank without a permanently sealed cover.

For the 'Perdan whed' types the physcd sze of the tanks makes it unsuitable for abstracting
water.

The rotary veocity pumps (propdlers, mixed flow, etc) are suitable for the required head but
demand a high degree of manufacturing process and precison, which would take the
handpump beyond the $10 cost. In addition, the manufacturing cgpabilities in Uganda or most
of E. Africaare not adequate for this at present.

This leaves generdly the suction and lift pumps and possbly the rope and washer pumps.

7. Four designs of handpump

From the maerids, tools and manufacturing search carried out in Uganda as well as the
points made in the above sections a suction pump and three lift pumps were chosen.

The suction pump was based on the Tamana handpump developed in Si Lanka, which makes
use of standard PV C pipe fittings. The three lift pumps chosen were:

» The DTU handpump. A smple bicyde pump modification usng a leather washer as the
pison (Thomas T, et al, 1997).

» The 'Harold' pump which uses a nortcontacting smple moulded cup (Whitehead, 2000)
and does not rely on any fine precison to produce alifting action.

» An Enhanced inetia pump which has no pison and rdies patidly on the inetia of the
water in the system.

Details on the manufacture of these four pumps are not included in this report as they are

detailed in technical release No TR.-RWH 09 (Whitehead, 2000).
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7.1. TheDTU Handpump
The DTU Handpump, (an exploded view is shown in Appendix 5) is a ample lift pump and
uses a leather dirrup-pump piston, which is available from most cycle shops. The principle of
operation is as follows As the handle is lifted, the water above the leather washer is lifted
with it. During this stage, the footvalve is opened and the water fills the risng main below the
leather piston. On the downgtroke, the footvave is closed and the water in the lower section
bypasses the leather washer to the upper section. Repeating operations transfers water to the
outlet. During operation of the handpump, water continues to be discharged from the outlet
even on the downstroke: this is because the volume of the push rod displaces water within the

risng man.

7.2. The Tamana Handpump

This dightly modified verson of the Tamana handpump, (an exploded view is shown in
Appendix 6) is a suction pump. The pump reies on a sed between the pisonvave ad the
bore of the PVC cylinder.

During the upstroke, the piston-vave closes (flat on a PVC support), this creates a negative
pressure below the piston, and this draws water into the cylinder through the footvalve. On the
downgtroke, the piston-vave is opened and water flows through the holes in the support to the
cylinder above the pisonvave. On both strokes water is discharged through the outlet, as
with the previous handpump the volume of the pull rod displaces water within the cylinder on
the downstroke.

Labyrinth sedls (a series of sedls) can increase the performance of the sedl. This verson uses
only two as a demondration but more could be added. A suitable length of ¥2 PVC pipe is
connected to a reducer a the bottom of the cylinder and leads n to the DRWH tank where a
floating vave is used for the intake.

7.3. The"Harold” handpump

The Harold handpump is a lift pump (an exploded view is shown in Appendix 7), but differs
in the fact tha it does not rely on a sed or a flexible membrane within the riang main. The
pison, as such, is a moulded plagtic cup, which is dightly smdler than the bore of the risng
main. This is shgped in such a way that it has greater resstance to leskage on the up stroke
and water is lifted by the cup. A smdl, but acceptable, amount of water will leek past the
annulus around the cup. If the cadence is very dow, the leakage past the cup will be large.
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The sequence of operation is shown in Figure 4, on the upstroke &), the footvalve opens
dlowing waer into the risng main. On the downstroke b), the footvalve closes, and the water
within the risng main flows around and above the cup. Repeated operdion ) lifts water to
the outlet. Very little water is displaced on the downstroke because of the smal volume of the
pull rod.

<IN v KR
pipe Moulded
oup

/ /
Figure 5 A'joggle
pump

Footvdve

(S
(

oo
7| L 74|
a) b) C)

Figure 4 Sequence of operation for the

Harold pump

7.4  TheEnhanced inertia handpump

This pump, (an exploded view is shown in Appendix 8) does not rdy on a sed within the

| ]

N TR
‘/Annulus I

o

a b) c)

risng main, but uses a centrd tube
to lift the water, which overflows in
to therigng main.

To explan the principle of

operation it is first easer to see how Riser pipe
the 'joggle pump works. If an open
top pipe with a footvave is moved e

tube
footvalve

rapidy up and down the inertia of ~
the water will gradudly discharge

water as shown in Figure 5. One

limitation to this is thet it will not . .
Figure 6 Sequence of operation for the

K . .
work at very slow cadences. Enhanced inertia pump

By combining this principle with an
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outer tube, adso with a footvalve, an enhanced principle is observed. A good commercid
exanple of this is the "New Zedand Pump’ (www.nzpump.co.nz). A very smplified
sequence of operation is shown in Fgure 6. During the upstroke a), the inner footvave is
cdosed and the man footvave is opened letting waer in to the risng man. On the
downgroke b), the inner footvave is opened letting water in to the centrd tube, meanwhile
the man footvalve is closed. Repeated operations ¢) gradudly brings water up the centra
tube, this then flows through a series of holes in the centra tube in to the risng main and is
eventudly discharged at the outlet.

This handpump seems to operate best when short fast strokes are used. The flow is smilar on
both strokes of operation, again because of the high displacement from the central tube, which

isfull of water on the downstroke.

8 Critical components common to all four designs

8.1  Surfaceroughnessand roundness of cylinders

The DTU and the Tamana handpumps rely on a good sed within the risng man cylinder,
therefore it is preferable that the surface of the cylinder is as smooth and as round as
practically possible,

To determine the smoothness of the bore severd samples of uPVC pipe, from different
hardware outlets in Uganda, were checked for surface roughness a the Centre for Micro-
Engineering and Metrology at the Univerdty of Warwick.

At this level the surface roughness is expressed by its Ra vaue, and uses units in the nm
range. Using a pump cylinder with as smooth a bore as possble can reduce the amount of
friction (and subsequent wear on the piston) which the user may directly fed as a force to
overcome by additiond effort. The wear rate will dso depend on the hardness of the materia
used for both the cylinder and the piston sed. A rough pipe surface (a high Ra vaue) can
quickly wear the piston sed and reduce its out flow rate and hence its efficiency.

Table 5 shows the mean suface roughness of two sample cylinders for severd popular

handpumps available in the early 1980's.
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Table 5 The Ra value of several handpumps with various cylinder materials

Handpump Cylinder material Ra (mm) Ra (mm)

Name Sample 1 Sample 2
Vergnet Machined stedl 0.57 0.60
Rower Extruded uPVC 0.55 0.58
Volanta Glassreinforced plagtic 0.57 0.75
Briau Nepta Extruded brass 0.06 0.21
Bangladesh No 6 Machined cast iron 2.40 2.40
Ethiopia BPS0 Extruded uPvVC 0.60 1.50
Vew A 18 Chromed brass 0.17 0.18
Bandung Enamdled sted 0.33 0.60

Compiled from World Bank Technical Paper No 19

In comparison to the Ra vaues for the manufactured cylinders, Table 6 shows the results of
two tests (carried out in the Centre for Micro Engineering, Univerdty of Warwick 9/11/00) on
five different batiches of uPVC obtained in Mbarara, Uganda. Tests 1 and 2 are the vaues
from the same sample on two different areas. Table 6 Ra vaues from uPVC purchased in

Uganda.

Table 6 surface roughness values from Ugandan purchased PVC pipes

Sample Ra (mm) Ra (mm)
No Test 1 Test 2
1 7.00 8.93
2 1.89 2.75
3 1.70 1.80
4 5.38 8.81
5 2.80 2.16

This shows, with the exception of the machined cast iron, the vaues of the uPVC from
Ugandaare dl higher than those shownin Table 5.

The consequence of having a high surface roughness is that the performance of the handpump
will diminish over time rather than preferably remaining reasonably condant. The peeks of

the surface will abrade the outside of the piston and decrease its diameter.
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9 Selection of two handpumps out of the four designs

To assg in the sdlection of two candidate pumps, any manufacturing difficulty or specific
kill level, aswell as the amount time required need to be considered.

9.1  Easeof manufacturing the four handpumps
As mentioned in section 2.1, it must be possble to manufacture and maintain the handpump
within Eagt Africa a village levd with a st of basic hand tools. Table 7 shows a comparison
of the manufacturing time, the number of tools required and the skill level required for
manufacturing the handpumps. All the tools used to manufacture the handpumps were
sourced from the local market.

Table 7 Manufacturing time and skill level required for the four designs

DTU Tamana Harold Enhanced
Inertia
No of toolsrequired 8 8 10 9
Time to manufacture (hrs) 4 4 3 2
Skill level required high Medium Low Low
Total number of parts 13 15 13 12
Technicianspreferred - - 1 x 1% choice | 9x 1% choice
choice® g x 2" 1x 2™
choice choice
(Whitehead, 2000)

¢ Based on 10 technicians choice after completing the manufacture of four pumps at a two day workshop at
Kyera Farm, Uganda 23" August 2000.

9.2  Prosand consof thefour designs

To assg in the sdlection process a review of the four handpumps was carried out, and the
responses from technicians who attended the training workshop in Mbarara, Uganda August
2000 were also congdered. The benefits and drawbacks of the four designs are given in Table
8.
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Table 8 Benefits and drawbacks to the four handpumps

TheDTU
handpump

The Tamana
handpump

The“Harold”
handpump

The Enhanced
inertia
handpump

Pros:

- Low No. of tools required
- Parts which need replacing are low cost

and easy to obtain

Pros:

Removal of the pump iseasy asitis
separate from the tank

High output of water

SKill leve required is medium

Very low cost

Very low additional cost per metre
Low no of tools required

Pogtioning of handpump is
ergonomically better for most users
Pros:

Lower manufacturing time than the
previous two handpumps

Very little effort required for operation
Low skill level for manufacture
Expected reliability is good

Lower No of parts

Pros:

Low manufacturing time

Very little effort required for operation
Low skill level required for manufacture
and maintenance

Very good expected reliability

Most favoured to make and use

Small fast stroke length gives a
relatively steady flow rate

Acceptable hydraulic efficiency at
operators preferred cadence

Cons:

Time to manufacture is long
compared with other the handpumps.
Skill level for manufacture is high
Removal of handpump for repair is
time consuming

Fairly high resistance during
operation

The leather is susceptible to wear
The output for the input effort was
low

Cons:

The rubber pistons wear very quickly
Priming is required if the level of the
water is lower than the cylinder

High resistance during operation
Cutting pistons to correct sizeistime
consuming

Manufacturing time is comparatively
higher

Cons:

Highest No. of tools required

Pull rod prone to corrosion

Lower hydraulic efficiency because
of gap round the moulded cup
Removal of handpump for repair is
time consuming

Cons:

Higher cadence required

Most expensive to manufacture
Lower output than other pumps
High additiona cost per metre for
deeper tanks

Steel screws for the flap vave prone

to corrosion (no stainless screws
found)
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9.3  Costing of the handpumps

A limit of $10 was set as a maximum cogt for a handpump as this represents a dgnificant
proportion (30%) of the total cost of a plagtic tube tank (Rees, 200).

A cost comparison of the four handpump designs was carried out and this showed that dl four
designs could be manufactured for less than $10 for a 3.5m length pump. It can be seen that
there is a dgnificant increase in the cost for each metre added to the length of certain pumps.
The individua cogs for three lengths and cost per additiond meter are given in Table 9
(Whitehead, 2000)

Table 9 Cost comparison for varying length of handpumps

L ength DTU Tamana® Harold Enhanced
% (€] % inertia
&)
1.5m 6.50 7.25 4.86 5.52
2.5m 8.14 7.89 6.16 7.68
3.5m 9.78 8.53 7.46 9.84
Additional cost/m of 1.64 0.64 1.30 2.16
handpump
(Whitehead, 2000)

PThis includes the footvalve and pipe work in to the tank.

This dearly shows that the Tamana is much lower cost per additiond metre than the other
handpumps. This arises because the only additionad cogt is the /2" uPVC pipe in to the tank.
Compared with the Enhanced Inertia the Tamanais 60% lower in cost per metre.

From the four proposed designs, a sdection of two handpumps were chosen on the balanced
merits of performance, expected rdiability, low precison demand and ease of manufacture as
expresed by technicians trained in handpump manufacture in Mbarara, Uganda. The
selection process diminated the DTU and Tamana handpumps for the following reasons.

The DTU handpump gave the lowest discharge rate of the four pumps and the following
points show that:

» Theforce required to operate the handpump was comparatively high.
» The pull rod is prone to buckling, at higher cadences (possibly leading to locaised weer).
> Retaining the lesther washer on to the pull rod is difficult.

» Theleather washer became saturated after a short time and could eventualy disintegrate.
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» The surface roughness for uPV C pipe was high and would wear the piston.

The Tamana did have the highest discharge rate from the Ugandan performance tests, but
summarising the following points, the Tamana showed that:

The surface finish in the PV C bore was varigble.

The diameters of the pipes are inconsstent.

The roundness of the pipe could not be guaranteed.

Rapid wear occurred in the piston valves because of the surface roughness.

Priming is necessary when the water leve is lower than the bottom of the cylinder.

YV Vv VYV V V VY

It was one of the least preferred handpumps to manufacture.

This gave aufficient reason to diminate the DTU and Tamana handpumps. The Harold and
Enhanced inertia handpumps were consdered more suitable for a number of reasons, these
were;

Neither of the pumps required any fine precison.

The manufacturing times were much less.

A lower skill level was required for manufacturing them

The rdiability was expected to be higher

YV VYV YV YV V¥V

They were preferred choice of the technicians.

10 Valve Design and leakage tests

A footvave is required so that the cylinder retains the water during the downstroke of the
pigon. There are many syles of vaves which operate in different ways, for this project a
ample design was required which could be made from easly obtained materias and be made
with a set of basc tools. The first design is the DTU vadve (Thomas et al, 1997), which is
made from PVC pipe and a drip of rubber. The second is the Low cost vave (Whitehead,
2000) which is made from a wood and a smal rubber disc. Wood was chosen because it is
eadly obtained, very low cost and is smple to work with. Both vaves are shown in Appendix
9.

Anided vave will have zero ‘forward' flow resstance and infinite 'reverse flow resstance. It

will ds0 have an instantaneous response, as the pressure gradient reverses, when opening and
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closng the valve. Two tests were carried out on the Low cost valves. Firdly, the ratio of the
sum of inlet holes area to the pipe areawas varied to seeif this affected the flow. Secondly,
the rate a which the vave leaked was found from a smple test. The DTU vave was only
tested to determine the leakage rate. Table 10 shows the dimensiona values for the pipes and

the inlet holes for three 1mm incrementdly larger Szes.

Table 10 Ratio of sum of inlet hole areas to the total inlet area (low cost valve)

A1 1/2" - 40mm pipe Units No 1l No 2 No 3
Inside diameter of pipe mm 34.25 34.25 34.25
Areaof inner pipe bore mnt 921 921 921
Diameter of inlet hole mm 6.0 7.0 8.0
Areacf inlet hole mn? 28.3 38.5 50.25
No of holesininlet No 5 5 5

Flow passageratio = 0.15 0.21 0.27

A1 1/4" —32mm pipe Units No 4 No5 No 6
Inside diameter of pipe mm 29.75 29.75 29.75
Areaof inner pipe bore mn? 695 695 695
Diameter of inlet hole mm 6.0 7.0 8.0
Areaof inlet hole mn? 28.3 38.3 50.25
No of holesininlet No 4 4 4

Flow passageratio = 0.16 0.22 0.29

The test on the low cost valve was carried out by operating the pump at different cadences and

recording the time to fill a5 litre container. The results of these are shown in Table 11.

Table 11 Results of low cost valve inlet ratio test

Test Cadence cyclesmin Timetofill 5litre

container (seconds)
Valves. Nol & No4 40 58
Valves: No2 & No5 40 58
Valves: No3 & Nob6 40 55
Valves: Nol & No4 60 37
Valves: No2 & No5 60 38
Valves: No3 & No6 60 35

This shows that the raio has dmost negligible affect on the flow out of the handpump at these
cadences. No detectable change in effort was felt by the operator as the inlet holes were
varied.

A larger sSze hole may eventudly collapse if the wal section between the inlet holes is too
thin. It was observed that the inlet holes, after approximately 48hours, showed sgns of
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becoming ovd. This is arises because of the wood swelling and compressing perpendicular to
the grain. A wood that ressts water, or is little affected by it, should be used if available (i.e.
in the UK Elm would be used). Alternatively, some method of protecting the wood could be
donei.e hedting theinlet in food grade ail.

10.1 Valve |leakage tests

Idedlly, it is preferable that the handpump holds its prime s0 that next time the handpump is
used the first stroke would discharge water. To achieve this the footvalve would have to sed
pefectly, in practice, this would be dmost impossble to achieve and from the specification
we can tolerate a minimum leskage of 0.1 litre per min.

To determine the amount of leakage a series of short tests were carried out which involved
filling the riang main with water and messuring the amount of weter at timed intervals as it
lesked past the valve. The valve end was placed above a container with graduated markings of
20 ml. At 15 second intervals the volume of water in the container was recorded. This test was
caried out on both the DTU vave and the Low-cost valve. The graphica results of these tests
are shown in Appendix 10, and these illugtrate the different characteristics of both vaves.

The graph of the DTU vave shows that the leskage rate actudly rises (dmost to a square law)
with pressure across it. This suggests a roughly consstent leakage aperture. It was expected
that the water pressure acting on the inner tube section over the perforated pipe would be
greater at higher heads. Then at lower heads, the pressure would be less and the rate of
leakage would increase but this was not the case.

The Low cost vave showed a more complex three-point characterigtic. Initidly at the higher
head, leskage is high but fals as the pressure fdls. Following this is a zone of dmost congtant
leskage rate that is independent of pressure over a 0.5m range. Finally, the leskage rate rises
over the last metre as the pressure fdls. A fast leskage rate at the start may be because of
some sHtling of the valve and/or some ‘puckering' of the valve ingead of laying flat over the
inlet holes.

All this suggests that the leskage aperture varies with pressure. It was expected that the
leskage rate would gradudly increase as the pressure is reduced on the vave, and lesking
faster as the head remaining tended to zero. The tota time for the column to fully discharge
was 6.5 minutes, showing that the low cost vave has a mean leskage rate twice that of the
DTU vave. In both tests, the leskage rate varies with the pressure drop across the vave. The
two mechanisms a work here are @) higher pressure forces the water faster through the
gpertures in the vave body, b) the aperture Sze is reduced by the pressure forcing the vave
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flap harder onto the inlet holes in the valve body.

The low cost valve was chosen as the most suitable design mainly because the force required
to operate the pump was dgnificantly less than that for the DTU vave. The DTU vadve
performance depended on getting the right Sized inner tube to the inlet pipe, older and less
elagtic tubes worked more efficiently. Whereas the response and efficiency of the low cost

valve was much more desirable despite the lower |eakage rate.

11 Performance tests

A series of performance tests were carried both in Uganda and within the laboratory a the
Universty of Warwick. In Uganda, this conssted of some basic prdiminary tests on four
demondration models to compare the handpumps peformance. A spring badance was
attached to the handpump handle to show the force required during the upstroke. A container
was placed at the outlet, of known volume, and filled and the time subsequently recorded. The
results given in Table 12, show that force required to lift water was 7 and 8 fold less for the
Harold and Enhanced inertia handpumps over the DTU and Tamana handpumps respectively.
The Harold and Enhanced inertia handpumps dso showed lower flow rate output than the
Tamana handpump, but higher flow rate than the DTU handpump.
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11.1 Ugandan-based performance tests

Table 12 Performance comparison of the four handpumps

Variable DTU Tamana Harold Enhanced
inertia
Internal diameter of risng 39 39 39 39
main (mm)
Length of risng main (mm) 530 530 530 530
Stroke length (mm) 330 24 406 102
Kg forceto lift water 8 7 1 1
No of cycles/jerrican 134 114 159 142
Output Litresmin 7.55 116 8.93 843
Minutes to fill 20 litre jerrican 2.65 191 224 2.37
Apparent vol. efficiency 0.38 0.58 0.26 1.16
Reliability” low low Medium/high High
(Whitehead, 2000)

& Thisis based on the limited field trials carried out in Uganda, and is the expected reliability: low = 2 months,

medium = up to 6 months and high = 12 months.

The Table 12 shows that the volumetric efficiency of the DTU and Harold pumps are quite
low. The volumetric efficiency of the Enhanced inetia is greater then unity. Though inetia
type pumps, as mentioned earlier in section 3.4, can give a vaue greater than one it seems
unlikdy when there is a short column of water. There seems little dse to explain this high
vaue and a repeat of the test under the same conditions needs to be carried out to confirm this

high vdue.

11.2  University based performance tests

The peformance tests carried out a the Universty were achieved usng the set up shown in
Figure 7. During the tests the head, cadence and stroke length were varied over a suitable
range. The time to fill a 5 litre container and the operators heart rates were recorded. Any
comments by the operator were dso noted. The results of the performance tests carried out in

The Univergity of Warwick are shown in Appendix 11
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The performance tests had two man functions. Firdly, that both handpumps could be
compared to each other show any differences in their performance. Secondly, to see what
changes the vaiables
have on the operator

Upper stroke
with respect to input

limit
efort. Three mdes and
one femde wee usd Test rig
. ) frame
with ages ranging from
20 to late 30's.

Handpump

The cadences used were
50, 60 and 70 cycles per
minute, 40 cycles was
used in the firgt tests but

was regarded as too dow

5 litre container

and consequently
dropped from the
remaning tests.  The
cadence  that most

I A S P ST
Figure 7 Performance test set up
operators preferred was

60 cyclesminute.

It was expected that the flow rate and the volumetric (or hydraulic) efficiency would increase
with higher cadence and longer stroke lengths, which it did. Though there is a limit to this, as
it becomes increasingly difficult to operate a higher cadences with long droke lengths. In
addition, the returns on volumetric efficiency, for a higher cadence, are not worth the
additional effort as will be seen later in section 12.

11.3 Heart rate monitoring

During the performance test each operator's heart rate was monitored with the ad of a
sandard eectronic monitor worn around the chest as used by ahletes. As the cadence and
head was increased it was reasonable to expect an increase in the heart rate as well. This
would give an indication of the amount of additiona effort the operator had put in as the head
and cadence were increased.

From the results in Appendix 11, it can be seen that there are some cases where the results are
conflicting. For three of the operators, their maximum heart rates had increased by very much
the same (avg. 12%). These had mainly occurred towards the highest heads and highest
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cadences. But one operator showed their highest heart rate increased on two occasions, firdly
a the lowest heed and highest cadence and secondly a a much lower cadence and a mid-
range head.

The femae operator showed a much larger increase in heart rate (33%), this had occurred at a
higher cadence but also a a mid-range head.

In gererd, it has shown, given a smdl number of tedts, that the increase in heart rate is smadl
and did not show any of the operatorsto be expending much of there potentia.

11.4 Moulded cup sizetests for Harold handpump

To see how vaying the diameter of the moulded cup affects the performance a short series of
tesds were caried out. This involved timing how long it took to fill a Slitre contaner a a
cadence of 60 cycles and a 0.25m groke length for five different diameter moulded cups. This
showed that, as was expected, the volumetric efficiency increased as the cup Size increased. It
aso showed that the effort required in pushing the handle down increased on the upstroke as
the cup Sze increased. It may seem more desrable to ether have the same or amilar effort to
operate the handpump on both the up and down strokes. To rectify this a series of holes were
drilled around the cup and a vave incorporated. This had the desred effect but meant more

work on the component was required. The results of the tests are shown in Table 10.
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Table 10 Results of moulded cup tests for 0.25m stroke length

Cadence Bore Diameter  Time  Flow Upstroke Downstroke Volumetric
(cycles/  diameter of tofill5 rate effort effort efficiency
min)  of pipe mogj'ded e ire/ (1to10)  (1to10)
(m) g (  min)
(m)
50 0.036 0.032 Too - 0 1 -
dow
60 0.036 0.033 240 1.25 1 2 0.08
60 0.036 0.034 70 4.29 2 3 0.28
60 0.036 0.035 30 8.57 2 6 0.56
60 0.036 0.036 25 12.00 6 9 0.79

11.5 Modification to designs
A modification to the design of the Enhanced inertia

Outer pipe Inner pipe
pump was required because UK-made pipe differed in
gze to that purchased in Uganda This difference
resulted in a reduced annulus and an unacceptable
performance.
Figure 8 shows a cross-section of the Enhanced inertia Annulus

pump clealy showing the annulus between the two Figure 8 Cross-section of

ipes. Th f th | be expressed i i
pipes. e area of the annulus can expr & a inner and outer pipes

ratio  of

e I its area to
P Y the outer pipes bore area. The annulus ratio for
o UK-made pumps was 0.14, and a higher vaue
: N (0.17) was found for those made in Uganda
Even a dow to moderate cadences some of
the waer within the risr was unable to
o discharge through the outlet and vented
] ] through the annulus a the top of the ridang
3 b) main ingead, as shown in Fgure 9 a). This
Figure 9 Modification of the pump was solved by removing a 0.4m section of the
and water flow path upper central pipe and replacing it with a sted

pull rod as shown in b). This was fixed to the
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inner pipe with a wood inlet as used in the footvave. The detals in Figure 9 b) shows the
flow peth through the wood inlet after the modification.

For a congant flow rate (Q) reducing the annulus area (A) increases the water velocity (V)
(from mass continuity: Q = vA). Given the increased velocity caused by the reduced annulus
area a dgnificant fraction of the water continues the short distance to the top of the riser pipe
and lesks out. By incressing the annulus, the velocity of the water is reduced such that dl the
water flows through the outlet.

One drawback to this modification is that usng a sed pull rod will lead to corroson and
reduce he qudity of the water. Stainless sed is not readily available in Uganda. Gavanising
the pull rod may be an option as this process is used on corrugated roofing sheets in Uganda

and would greetly reduce the level of corrosion.

12 Durability testing of the handpumps

It is important that the handpump peforms satisfactorily over a period of time before the
pump is dther beyond repar or no longer lifts sufficient water for the household. A
reasonable expected life for the pump had been decided in the specification as three years. If a
family of five people use the handpump to abstract 20 Ipcd over three years then this amounts
to 109500 litre over the expected life of the pump. From the peformance tests 15 litres /
minute could be taken as a reasonable discharge rate, and this would equate to 122 hours or 5
days continuous use. To replicate this a durability test rig was designed and built a the
Univerdty of Wawick to give a reciprocating motion powered by an dectric motor and
geared down through two variable speed gearboxes. The output speed could be varied
between 17 and 400 cycles / min.

The output shaft of the find gearbox was attached to an am 0.15m from centre of rotation,
giving a sroke length of 0.3m. The head was st a of 2.65m. The reciprocating am was
linked to the motor am and the pull rod with rod end bearings, This would alow for any
dight misdignment in the motors rotationd plane and the handpump's trandationd plane.

Because of the physcd sze of the test rig it was necessary to build it over an exising 2.5m
deep pit in the Engineering workshop at the Universty. A sketch of the endurance test rig is
shown in Fgure 10 indicating the man components. The waer dischaged from the
handpump was re-circulated back in to a large reservoir in the bottom if the pit, via a flow
detection chamber. Because the discharged flow from the outlet is in a non-steady state and
difficult to measure, the flow was diverted from the outlet in to a 15 litre container and the
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number of cydes to fill this was recorded with a tally counter. This was repested during the
test to show any changesin the outlet flow over the life of the handpump.

As the handpump was to run continuoudy over 5 days, there was a posshility that the motor
would 4ill run even if no flow occurred. Therefore, the flow detection chamber housed a
horizontal float switch, and operated arelay to cut the power supply if the flow stopped.

A digitd cock was fitted which showed the Igpsed hours and minutes whilst flow occurred.
As the flow rate per cycle is known a reasonably accurate number of litres pumped could be
found.

Motor and
gear boxes

Reciprocating
arm

Test rigframe

Handpump
under test

Flow detection
chamber

Floor leve

Water return
pipe

Water
r eservoir

Figure 10 Endurance test set-up
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The objectives of the durability test were to indicate the following points:
The failure mode of the handpump

Reduction rate of out flow over time
Where any locdised wear occurs and how much it may have worn by

Time between failures

YV VvV VY V V

Durability comparisons between each handpump

The Harold handpump was tested firg and a number of dimensiona checks were carried out
before the test commenced. Firgly the moulded cup for the Harold handpump was measured
across its diameter in three places (120°). This is because accurate roundness of the cup
during manufacture can not guaranteed. The dimensons of the moulded cup are shown in
Figure 11.

The hole size of the pull rod support bush was aso checked, as this was regarded as high wear

35.4mm 5 75mm

O O
O @ O:M—SS.?Smm
O O

Figure 11 Dimensions of the molded cup at start of the endurance test

area. The diameter of the hole at the Start of the test was A8.8mm.

The reason for falure most expected from the Harold handpump were that firdly, the wear in
the moulded cup would reduce its performance until the flow fdl beow 10 litre per minute
before the end of the endurance test. Secondly, one of the vaves may fal (tears or plits)
during its haf-million plus cydes

A two hours 'bedding-in' period was carried out prior to the tests so that any diffness in the
system may be reduced or that any problems with the set up could be detected and rectified.
The results of the durability tests for the Harold and Enhanced inertia handpumps are shown
in Table 12 and 13 respectively.
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Table 12 Harold handpump durability results

Cumulative | Normalised | Volumetric | Failure | Wear in | Wear in Diameter of
water lifted Flow rate efficiency mode piston rising holein pull rod
main bush
(litre) A (mm) | A (mm) A (mm)
0 1.00 0.71 - 0 0 8.8
56,767 0.87 0.64 - 0 0 -
63,302 0.91 0.66 - 0 0 -
74,474 0.89 0.65 - 0 0 -
95,974 0.87 0.64 - 0 0 -
113,081 0.94 0.69 - 0 0 -
120,245 0.94 0.69 - 0 0 9.5

12.1 Observations of the Harold handpump

After completing 143 hours, and 590,000 cycles, of continuous running, the handpump was
dismantled and the following points were observed:

» The inlet valve showed Sgns of indentation from the water pressure acting on the area of
each of thefiveinlet holes (see Figure 129)

» Moulded cup showed no visble sgn of weer

> Stress marks evident on the edge of some of the holes in the moulded cup (see Figure 12b)
N.B. these are not at the thinner sections between the holes but at the top of each hole.

» Moulded cup vave garting to show dgns of being cut from the moulded cup holes (see
Figure 12c)

» Bottom section of the handpump risng man was removed and no sSgnificant wear was
detected, only small surface scratches on one sdeif the pipe.

» On removing the handpump, the volume of water remaned in the rising main with a very
low leskage rate. This was suspected to be fine debris settling and compacting under the
vave and actudly giving a better sedl!
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Figure 12 a) b) c)

It can be seen from the results in Table 12 that the volumetric efficiency fad dropped by 7%
during the first 57,000 litres, with a relatively level efficiency for the next 40,000 litres. After
this, there is a rise to within 2% of the origind efficiency. One explanation that could be given
for this is tha some paticle may have become lodged under the moulded cup vave, of
aufficient Sze to cause some back leakage. This then may have been didodged before the last
25,000 litres. This would explan a lower volumetric efficiency and account for the reduction
and find increase in the flow rate as shown in the normaised flow rate in Table 12.

12.2 Observations of the Enhanced I nertia handpump

Table 13 shows the results of the endurance test, which ran for 167 hours. During this period
no mode of failure or decline in flow rate or efficiency was found.

Table 13 Enhanced Inertia handpump durability results

Cumulative | Normalised | Volumetric | Failure | Wear in | Wear in Diameter of
water lifted Flow rate efficiency mode inner risng | holein pull rod
pipe main bush
(litre) A (mm) | A& (mm) A (mm)

0 1.000 0.77 - 0 0 9.5
22,012 0.997 0.77 - 0 0 -
48,020 0.997 0.77 - 0 0 -
74,106 0.997 0.77 - 0 0 -
95,270 0.997 0.77 - 0 0 -
164,422 0.997 0.77 - 0 0 12.5

Inspection of the internd parts of the handpump, after the endurance test, showed little Sgn of
wear either on the inner pipe or on the bore of the outer pipe. Both valves showed sgns of
deformation (Smilar to the Harold handpump) where the rubber had repeatedly been
depressed into the wood inlet holes.



Small low cost handpump development 37

The only other indication was some localised surface scratches on the outer pipe bore where
the inner pipe had contacted it during its 700,000 cycles. The only externa part that had worn
was the wood support bush for the pull rod, and this had become ova but of no detriment to
the handpump’ s performance.

Figure 13 shows the standardised flow rate againgt cumulative litre for both the Harold and
Enhanced inertia pumps.

Endurance test discharge flow rate against lapsed time for Harold and Enhanced
Inertia handpumps

4th March 2001

18

17

Standar dised flow rate at 60cycles/min (It/min)

A Harold
handpump
16
15 X Enhanced
Inertia
AV4
14
13 —Harold pump
AFa trendline
A ;i
12 =
A A
Enhhanced
11 inertia
trendline
10
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000

Cumulativelitres

Figure 13 Comparison of the Harold and Enhanced inertia endurance tests

It was hoped that some failure or drop off in efficiency had occurred so that the handpump
could be analysed and possibly improved. To try to cause a mode of failure the cadence was
increased by 1.5 and run for a few hours. This resulted in a sudden failure rather than it being
gradud as the riser pipe was forced off the outlet tee. The joint was thoroughly cleaned and

re-cemented, and ran a the same cadence without any other failure for severd hours.
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Figure 14 shows a graph of volumetric efficiency vs. cadence for two gtroke lengths, the
dotted lines are the upper and lower limits for comfortable operation. This was done to see
how a doubling of cadence and a having of sroke length (which gives the same volume per
unit of time) affects the efficiency. This shows for example a a cadence of 35 cycles per
minute and 0.3 stroke length the efficiency is 62%, and if the speed is doubled and stroke
length haved the efficiency is 60%, showing very little difference. Through the comfortable
operating range, the longer stroke length is more efficient for a given cadence.

If the cadence were increased much beyond 70 cycles per minute an operator would find it
difficult to maintain a 0.3m groke length. The graph in Figure 15 shows the product of the

Efficiency vs cadence for O:3m + 0.15 stroke Efficiency vs stroke length x cadence
lengths (Enhanced inertia) 231d March 2001 (Enhanced inertia) 231 March 2001
0.9 0.9
0.8 :/l../___. —9—stroke 0.8 ] i
! 1 length = ) /’?/"
0.7 L 0.7 T T
0.6 /: /I(/A 03m & 06 %A : ——0.3m
. I 1 1 test
8 os / ; : —A—stroke 8 05 //, : *
;:g’ o / /.' i length = £ 04 : ' —4—0.15
- N : : 0.15 w ] ! m
. 0.3 ‘K I ; " 03 / 1 I test
1 1 1 1
02 Jo \ 0.2 7 g ,
/ : : 0.1 / : :
0.1 T i ' 1 1
0.0 ,_( - J 2 0.0 +—#&
0 50 100 150 0 10 20 30
Cadence (cycles per minute) stroke x cadence (m x cycles per min)
Figure 14 Graph of efficiency and Figure 15 Graph for the product of
cadence for two stroke lengths stroke length and cadence vs.
efficiency

two stroke lengths and cadence againgt efficiency. This shows tha for lower cadences there
is vay litle improvement in efficiency for given different stroke lengths Though there is a
tendency for the longer stroke length to show some dight improvement in efficiency a higher
cadences.

In summary of the Enhanced inertia handpump endurance test: because there was no falure
mode or a gradud dedine in the flow or volumetric efficiency, very little can be sad other
than the handpump has been shown to be a very durable and rdiable handpump. Also, that the
handpump would need little maintenance and was more than cgpable of lagting three years
under normal operating conditions.

Last minute update after completing the Enhanced inertia endurance tests, the pump was
further tested at a cadence of 70 cycles per minute and a 0.3m sroke length and was left to
run until it sopped. The result of this was that it was ill running after 267 hours, and had
lifted 261,000 litres of water.
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12.3  Safety aspects of the endurance tests

Because of the risk of injury to persons from the reciprocatiing motion and prolonged test
period (two-weeks continuous running), a sgnificant amount of thinking and work was done
to assess and remove potentid dangers as far as is practicaly possble. This involved some
liason with the Hedth and Safety Officer at the Univerdty and with the Chief Technician in
the engineering workshop.
After consultation with the above, the man points consdered and reative actions were as
follows
» Prior to building the test rig a PAT test was carried out by an dectrica technician to
ensure the eectric motor was safe to use.
Mesh guarding was put around al moving parts
Bunting was put around the test rig area
Electricd lights and conduits in the pit were checked as suitable for outdoor weether use
Continuous running notice was atached to test rig (and relevant people informed:
Security)
> Power supply had:

a) over current protection, b) no-volt drop out, c) earth leakage protection.

Y V V V

> A float switch was incorporated to detect handpump ddlivery flow: power cut out if no
flow detected.

» Railings surrounded the pit, and bunting was put up within the pit on open floor leve
aress.

» Water flow was highly unlikely to reach 415v supply during testing

Table 14 shows possble modes of test rig falure and of the procedure or protection that was
used to reduce the danger.

Table 14 Test rig failure and protection procedure

Area of failure Protection/procedure
Linkage/reciprocating - Fow from pump would stop and float switch will cut power
arm/rod end breakage to motor
Frame and/or motor - Periodic checks to ensure tightness
mounting bolts become

loose
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13 Feedback from Uganda on training and handpumps installed on tanks

13.1 Training

Following a seminar on DRWH tanks built a Kyera Farm, which was attended by severd
members of NGO's from around E. Africa, a training workshop for handpump manufacture
was held for ten representatives on August 22 - 23" 2000. This involved each participant
building four short demondration handpumps. A handpump manufacturing manud  and
certificate was presented to each participant on completion.

Correspondence from Moses Byaruhanga, (a co-ordinator for URDT, Kampaa) 17 weeks
after the training course, daed that "so far from the knowledge we got from Kyera farm, we
have trained another 20 new local masons in pump fabrication and repair”

A dmilar one-day workshop was held for the ten masons and labourers who built the tanks at
Kyera Farm. One mason, who had attended the one-day workshop, was building a 25nT tank
in Mbarara and had decided to make and ingal an Enhanced inertia handpump himself during
September 2000 (no feedback on this a present).

13.2 Handpumpsinstalled in Uganda
A Haold and an Enhanced Inertia handpump were ingtdled on two plagtic tube tanks (see
Figure 13) built on Kyera Farm, Mbarara in August 2000. Both these handpumps were
ingalled and made by the first group of trainees at the training workshop.

From returned survey forms for August to November on tank use the remarks for the Harold

handpump were;

August: Rust was evident in the abstracted water
September:  Not functioning

October: Not functioning

November:  Functioning

The reason for not functioning for two months or how the handpump was repaired was not

recorded. The Enhanced Inertia handpump functioned for four months without any problems.

A separate and more detalled survey from (see Appendix 12) was sent with specific questions
relaing to the Harold and Enhanced inertia handpumps performance. This was sent to Kyera
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fam in Mbarara, Uganda in December 2000, a summary of eight questionnares returned
showed that:
» Thetwo Harold handpumpsingaled in August 2000 were used to fill onejerrican
everyday for each household.
» Thetimetofill a20 litre jerrican was between 5 and 6 minutes.
» One breskdown had occurred on one handpump in five months since ingtalation: this
lasted two weeks, this occurred because of the moulded cup becoming detached from the
pull rod. Thiswas repaired by one of the trainees who attended the workshop mentioned
insection 13.
» Ruding was il a problem.
»  Children found the pump difficult to use.
This dealy indicates, as shown in Fgure 13 tha the
handpump is too high, at the bottom of the stroke the handle
is above wag heght. This would make any reasonable
upstroke length difficult for the child.

.
SN el

The time to fill the jerricans was far too dow, and was '
Figure 13 Pump height

equivdent of 35 to 4 litre per minute. This ether suggests

_ _ problem for a young
that the operator was using too low a cadence, an estimated

bo

time rather than an accurately timed one has been recorded y
or the poor performance indicates some mafunction of the valve or moulded cup. Also, the
handpumps are not being used for absracting anywhere near 100 litre per day. This would

mean an extended life for the pump well beyond three years.

For the four Enhanced inertia handpumps that were ingdled the following man points were
noted:
» Almost dl the pumps were used to fill on average two jerricans each day.
» Theaveragetimeto fill ajerrican was 4 minutes.
» No breakdowns had occurred, although on one occasion children had put stones through
the outlet, but the pump was soon repaired.
» Children find the handpump difficult to use because of its height.

Agan, the height of the pump is not suited to children, as the height set from the jerrican
gand to the handle was 0.775m. It may have been better to measure the height of dl users
hands at their lowest posdtion and found a compromise in favour of the most frequent users
height before the handpumps were ingaled.
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14 Final recommendations

There seems little doubt from the test results of dl the performance and endurance tests that
the Enhanced inertia pump has proved to be the most durable and reliable handpump of the
two. This is backed up by the feedback from Uganda on the pumps ingdled in August last
year showing the Harold handpump was much less rdiable, and the Enhanced inertia pump
was dill working satisfactorily. On the drength of these points, the Enhanced inertia pump is
recommended as the fina choice of handpump to ingall.

The Harold pump could be recommended in circumstances where the cogt to the user is of
concern. From section 9.3 it was shown that for a 3.5m length pump, the Harold pump cost
$2.4 less than the Enhanced inertia pump. However, if the pump is more prone to reliability
problems, then the long-term cost of the Harold pump could be grester.

A st of technica drawings for the Enhanced inertia handpump is included at the back of this

report.

15 Means of propagation

The purpose of propagation is to reach and disseminate such information specific to this work
to those that may benefit from it. The benefit may be from actud use (an improvement in
water quaity, or a reduction in time spent waking to some other source) or that the
handpumps could generate income and improve the wedth of the individud/family. Some
means of propagation have dready been mentioned in earlier sections but are reiterated in the
following list:

» A one-day traning workshop was hed for 10 fundies (craftsmen) a Kyera fam,
Mbarara, for handpump manufacture.

» A two-day training workshop for handpump manufacture was held for 10 NGO
representativesin July 2000 at Kyerafarm, Mbarara. Mostly

» The Technica rdesse "TRRRWH 09 - Low cost handpumps for water extraction from
below ground water tanks - Instructions for manufacture’, has been on the DTU's web
Ste since September 2000 accessible at:
http:/Aww.eng.warwick.ac.uk/DTU/workingpaperg/tr/tr09/tr09.html

» The handpumps were dgnposted in 'Footsteps, No0.46 March 2001 Appropriate

Technologies, by Tear Fund, a quarterly newdetter for development workers around the

world.
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16 Further work

The Enhanced inertia handpump has shown that it is cgpable of pumping water on condition
that some annulus size is met. The precise way this handpump operates has proved to be very
difficult to andyse and remains to be explained. It was found that the pump’'s performance is
sengtive to the sze of the annulus and some optimum Sze or annulus area ratio needs to ke
satisfied. As pipe sizes can and do vary over different batches, checking the size is important.
Further work is recommended to determine the pumping principle and from this find the
optimum size of pipes to give the best flow rates. Some method of contralling the diameter, a
the top section of the inner pipe, may prove better than replacing it with a sted rod as
explained in section 11.5. This may be achieved by hedting the top section and a pushing it
through an orifice machined to the required size.
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17 Conclusions

This project has proved successful in a number of ways and the majority of the criteria have been
fulfilled. It is regarded successful inasmuch as the project was completed on time and one of the
handpumps, which was thoroughly tested for endurance, can be recommended for a DRWH system.
This has demonstrated that a handpump can be manufactured with very low precision at low cost and
be capable of lifting water above 10 litre per minute.

The Enhanced inertia handpump has proved to be a very reliable and durable method of abstracting
water for low heads and low flow rates. The performance tests showed that the pump exceeded the
specified minimum by 50%, and at a cadence of 70 cycles per minute, 15 litres per minute could be
discharged with little exertion by the user.

The specification gave a life of the handpump as 3 years, this may have been underestimated as the
endurance test showed it capable of working the equivalent of at least 7 years (and lifting 255,000
litre). A 5 year working life may have been a better specification in retrospect.

One of the main criteria was the cost of the pump, though this was kept just under $10 (including
labour cost) for a 3.5m length pump it is doubtful the cost could be reduced further unless materia
prices came down.

Feedback from handpumps installed in Uganda showed that the hydraulic efficiency is suspected to be
low gauging from the time required filling a 20 litre jerrican. From the results of this project, some
indication of optimisng the efficiency, (higher speed and short stroke versus lower speed and longer
stroke), needs to be disseminated with the handpumps. However, an operator's preference in cadence
and a stroke length may probably over ride a higher efficiency.

The final two designs were regarded as suitable for production by artisans This was demongtrated by
the technicians participating at the training workshop in Mbarara, Uganda who built the Enhanced
inertia pumps in two hours! Though whether this would be an income generating activity remains to

be seen.

The endurance test was run continuously over a number of days and can therefore be regarded as
dissmilar to the actual operation of the handpump. On this badsis, the handpump may fail for other
reasons such as UV degradation, corrosion of any of the small steel screws in the valve or the wood
inlet perishing. Some form of protection would be required to prolong the life of the pump.

The two main failings were firstly, that the low cost valve did lesk faster than specified, but thisis a
minor problem as it takes very few strokes before water is discharged even at higher heads. Secondly,
if asted pull rod is used in the modification of the Enhanced inertia pump, corrosion will affect the
quality of the water which would be unacceptable for potable water. However, this may be overcome
by gavanising if the cost would permit it.

The enthusiasm of al the technicians and others who have come across the pumps via the web site
have shown that there is a need for these pumps. By ingtalling an appropriate DRWH system and
incorporating an Enhanced Inertia handpump, a large number of peopl€e's lives could be improved.
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Appendix 2 Taxonomy of pumps and water lifts
Head  Powsr Siatus
Category and name Construction range range Oulput Efficiency Cost Suction for
fm) w) 1ift? Irrigation
| DIRECT LIFT DEVICES
Rnciprocating/cyciic
Walering can 1 =3 * * * w X W
Beoops and ballers 9 =1 * ok * * » &
Swing-basket 1 =1 W Ak - Ll % d
Pivoting guiters and ‘'dhones” 2 1-15 * LA L h Ea ] X £
Counterpoise ift or ‘Shadool 2 1-4 * kW . S 4 x ol
Fope & budke! and windlass 1 5-50 * * * " x 4
Self-amplying buckat or 'mohte’ 2 38 ik ok * ok x d
RAociprocating bucket holat 3 100-500 trokdedr  dikk ok o X x
ok ot
Continuous bucket 2 5-50 ik, i L] L X i
Persian wheel or ‘tabiia' 2 3-10 ok Wk w wir ke ® &
Improvad Parsian whoel 2 815 dekdk  kkkk kwk www x J
‘zawafia’
Booop whesls or “sakia’ 2 »2 Ea i LR R kW b a8 d x 7
Water-wheels or ‘'noria 2 =5 W ok ok La X i
Il DISPLACEMENT PUMPS
Pistonbuckel pumps 283 2-200 rww whE wkdEk  whkR J J
Plunger pumps 3 100-500  drdkedr ok ke Ak W ?
Diaphragm pumps 3 5-10 *i ok dok ke ik ¥ ME
‘Patropump’ 3 10-100 ik ik sk ek J ?
Sami-rotary pumps 3 510 L ek e ok { x
Gas or vapour displacament a 550 whEE  EkEw W LR or X : 4
Rotary/continuous
Gear and loba pumps 3 10-20 L * e ok ") x
Flaxible vine pumps 3 10-20 ok ek ik e e v x
Propresshe cavity (Mona) a 10-100 e Ew - e = ?
BUTEW 3 =2 ok ik i o ] "
Open sorow pumps 3 =5 Whkdk  kkkkAd  ddww ke ] f
Coil and spiral pumps. 2 =B ok ke o e x ¢
Flash wheals and readmills 243 »2 LA kR e i x /
Wintes [adden Oragon-SHings 2 =2 i L R ok x 4
Chain {or rope) and washer 243 320 L b o e e * J
Paristaltic pump 3 =3 * * ke Wk iy x
Porous rope 3 310 ok i 7 T x 7
0 VELOCITY PUMPS
Reciprocating/cyclic
Inertia and ‘|opgle’ pumps 283 24 * ok ik LA % 4
Flap valve purng 142 2.4 * * L e W x of
FAescnating joggle pump 2 2-10 .k wREE i ek = T
FRebound inoria 3 250 ik - L s e ¢ *
Fotary
Propelier (axal-fliow) pumpa 3 53 dwkkd  drdekdk e i e e e * ¥
pumps 3 2-10 dkkk  EAkkk g = J
Centrifugal (voluie) pumps < 320: dhkkk mhkkE Rk v d Fl
{lurbine) pumps | 320+  Adkddkd hkdkk ok *hk 7 J
{regenarative) pumps 3 10-30 s LE L e i W b
Jat pumps (water, alr or stremm) 3 2-20 ok rkh e e | x
IV BUOYANCY PLIMPS
Alr fift 3 550 i ok ok el X %
V IMPULSE PUMPS
Hydsmulic ram 3 10-100 ok b2l e ok X J
VI GRAVITY DEVICES
Syphons 283 1000 — LR R R 2 - - - 4
Canals or fogpam 2 — — L Fdk ok - - ¥
Construction: | Basic 2 Traditional 3 Industrial Very low * Meadium-high ek b & d Yas
Low-medium b High ek No x Possibia 7
Madim R Uniiaty
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Appendix 3 Materials and tools prices in Mbarara

Price list of materials and tools from Mbarara, Uganda July /August 2000
1 Pipe PVC 1 1/4" diameter 20 11,000 4.78
2 Pipe PVC 1/2" diameter 20 7,500 3.26
3 Pipe PVC 3/4" diameter 20 10,000 4.35
4 Pipe PVC1 1/2" diameter 20 12,500 5.43
5 2"x4"hardwood 12 3,000 1.30
6 3" diamter Gl pipe 4 5,000 2.17
7  3/4" hose pipe 1 500 0.22
8  3/4"wood chisel 13,000 5.65
9 3/8"bolts x 3" 500 0.22
10 3/8"washers 200 0.09
11 7/8" drill bit 2,500 1.09
12 Basin PVC 1,500 0.65
13 Bearing (OD = 40mm, ID = 12mm) 8,000 3.48
14  Bicycle (Indian) 80,000 34.78
15 Binding wire 1kg 2,000 0.87
16 Casual labour wages/day 3,000 1.30
17 Cement (50kg) 10,000 435
18 Cement (PVC) 1tin 5,000 2.17
19 Chains 3 2,000 0.87
20 Charcoal (5ltr tin) 500 0.22
21 Cycle inner tube 2,000 0.87
22 Develop film 2,500 1.09
23 Elbow 3" dia Gl 3,000 1.30
24  File 10" rough 2,000 0.87
25 Fired bricks 40 0.02
26 Guttering Gl 6 4,500 1.96
27 hacksaw 2,500 1.09
28 Hacksaw blade 1,000 0.43
29 hammer & chain 3,000 1.30
30 Hammer (claw) 3,500 1.52
31 Handrill 14,000 6.09
32 Hinges (pair steel 3") 500 0.22
33 Inlets & bushes (for Harold & NZ handpumps) 267 0.12
34  Jerrycan 2,300 1.00
35 Jubilee clips (4" dia) 3,000 1.30
36 Leather washers (1 1/2" diameter) 500 0.22
37 Masons wages/day 5,000 217
38 Mole grips 5,000 2.17
39 Mossinet (PVC) 6 4,000 1.74
40 No4 x 1 1/4"wood screws 1,000 0.43
41 Nuts & bolts 5,000 217
42 Padlock (small) 3,600 1.57
43  Pipe wrench (10") 5,000 217
44  Pliers 2,500 1.09
45 Rough file 2,000 0.87
46 Rubber strips 4 300 0.13
47  Screwdriver (medium flat) 3,000 1.30
48 Selotape roll 2" wide 1,300 0.57
49 Spanner (adj 10") 5,000 217
50 Tees 1 1/2"PVC 2,500 1.09
51 Tees1"Gl 1,500 0.65
52 Tees 1"PVC 2,000 0.87
53 Tees 1/2" Gl 500 0.22
54 Tees 1/2" PVC 500 0.22
55 Tees 3/4" Gl 1,000 0.43
56 Tees 3/4" PVC 800 0.35
57 Toolbox (large made from Gl sheet) 10,000 4.35
58 Wood screws 1 1/2" long 2,000 0.87
59 Wood screws 3/4" long 1,000 0.43
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Appendix 4 Chart for head friction losses in straight pipes
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Appendix 5 DTU Handpump assembly drawing
Vdve DTU type (see back of
manua for details)
Risngman | A11/2" PVC (lengthto
suit depth of tank)
Outlet AL 12" x 8 (end at 45°)
Tee /112" PVC
Top tube A1 12" x 8
Nut 3/8" BSW or M8
Washer Made from PV C pipe,
outsde diameter = 1
14, indde diameter =
3/8”
Piston Lesther washer from
dirrup pump
Washer Made from PVC pipe,
outside diameter =17,
indde diameter = 3/8”
. RAigon 3/8" BSW or M8 x 3/4”
screw
4 Pull rod 172" PVC pipe (Ilength to
it rigng man)
3 Pull rod To suit pipe (see detailed
bush drawing a back of
manud for Szes)
2 Handles 12" PVCpipex 4’ (2
pieces)
1 Tee 172" PVCor Gl

(Whitehead, 2000)
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Appendix 6 Tamana handpump assembly drawing

Reducer
Cylinder
Outlet

Tee
Top tube
Bottom piston
stop
Piston support

Pison/vave

Centre piston
stop
Piston support

Pison/vave

Top piston
stop
Pull rod
Pull rod bush

Handle

AL 12" to U2 GI.
A1 12" PVCx 18"
A1 /2" x 8" (end cut at
45°)

/112" PVC
/112" PVC X 6"
AE3/4” PVC pipex 5/8”
(split)

Made from PV C pipe,
outsde diameter = 1
7/16”, insde diameter =
718
To suit cylinder bore (use
piston cutter as shown in
back of manual)
AE3/4" PVC pipe x 5/8”
(split)

Made from PV C pipe,
outside diameter = 1
7/16”, insgde diameter =
718
To suit cylinder bore (use
piston cutter as shown in
back of manual)
AE3/4" PVC pipe x 5/8”
(split)

/12" PVC x 25"
To suit pipe (see detailed
drawing for sizes)
A3/4” PVCx 8"

(Whitehead, 2000)
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Appendix 7 Harold handpump assembly drawing

13

12

11

10

Tee
Outlet
Top
tube

Pull rod
bush

Washer
Pull rod

Handle

(see detailed drawing in
back of manual)
AEL 7/16” cycle inner tube

No 4 x 3/4

AL 12" PVC pipex (to
suit depth of tank)
AE3/8

Moulded PV C (see back
of manua for
manufacture)
/112" PVC

A1 1/2" PVC pipex 8
(end cut at 45°)
AL 12" PVC pipex 8

To auit pipe (see detailed
drawing in back of
manual for sizes)
AE3/8"

AE3/8" sted x (to suit
depth of risng main)
/U2 PVCX 8

(Whitehead, 2000)
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Appendix 8 Enhanced Inertia handpump assembly drawing

12

11

10

Main Inlet
Fap vave
Flap vave
screw
Risng main
Tee

Outlet

Top tube

Centra inlet
Hap vave
Flap vave

screw

Centra tube

Handle

(see detailed drawing in
back of manua)
A1 7/16” cycleinner
tube
No 4 x 3/4

A1 1/2" PVC pipex (to
suit depth of tank)
AL 12" PVC

/112" PVC pipex 8
(end cut at 45°)
A1 12" PVC pipex 8

(see detailed drawing in
back of manual)
/A1 3/16” cycleinner
tube
No 4 x 3/4”

/E1 14" PVC pipex (to
auit risng main)
/U2 PVC X 8

(Whitehead, 2000)
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Appendix 9 Valve designs

The Low Cost valve

3 | Inlet
2 | Hapvave , e :
1 | Screw Retaining tabs bent over

after fitting the valve

TheDTU valve

DTU valve fitted and
sealed on to riser

4 Rubber srip
3 | &3/4” PVCpipeX 8
long

2 | Wood plug (to suit)
1 Rubber inner tube X
4"
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Appendix 11 Performance test results

Remaining head (m)

L eakage of DTU Valve

Date: 18/12/00

1.6

1.4 +

1.2 -

1.0

0.8

0.6 -

0.4 -

0.2 1

0.0 -

= Data
value
—+— 3 point
Avg

T T T T \ T T
20 30 40 50 60 70

Water discharge per 0.25 minute interval (ml)

80
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Appendix 11a
L eakage of Low Cost Valve Date: 18/12/00
2.0
1.8 m J
£ 16 = data
1.4
i value
v 1.2
< m
g’ 1.0
% 0.8 o3
£ 0.6 point
O]
X 0.4 Avg
0.2
(]
0.0 T T T T L T T T T T
0 10 20 30 40 50 60 70 80 90 100
Water discharge per 0.25 minute interval (ml)
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Handpump Performance Test No 1

Date dd/mmiyy 18/12/00
Operator Name O. Beresford
Sex m/f m

Age (vears) 20
Heart rate at start (bpm) 107
Handpump Name Harold
Molded cup size (m) 0.035

Cadence Borediameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heart rate
(cyclessmin) of pipe (m) (m) (m) (sec) (Itr/min) _ efficiency (bpm)
40 0.036 1 0.25 72 4.2 0.41 116
40 0.036 2 0.25 62 4.8 0.48 105
40 0.036 25 0.25 66 4.5 0.45 108
40 0.036 1 0.365 37 8.1 0.55 114
40 0.036 2 0.365 41 7.3 0.49 111
40 0.036 25 0.365 45 6.7 0.45 106
Cadence Borediameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min)  efficiency (bpm)
50 0.036 1 0.25 52 5.8 0.45 114
50 0.036 2 0.25 51 5.9 0.46 118
50 0.036 25 0.25 46 6.5 0.51 107
50 0.036 1 0.365 26 11.5 0.62 115
50 0.036 2 0.365 26 115 0.62 110
50 0.036 25 0.365 28 10.7 0.58 106
Cadence Borediameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heartrate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min)  efficiency (bpm)
60 0.036 1 0.25 36 8.3 0.55 113
60 0.036 2 0.25 33 9.1 0.60 111
60 0.036 25 0.25 32 9.4 0.61 109
60 0.036 1 0.365 20 15.0 0.67 115
60 0.036 2 0.365 22 13.6 0.61 112
60 0.036 25 0.365 22 13.6 0.61 107
Cadence Borediameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heartrate
(cyclesmin) of pipe (m) (m) (m) (se0) (Itr/min) _ efficiency (bpm)
70 0.036 1 0.25 25 12.0 0.67 113
70 0.036 2 0.25 20 15.0 0.84 115
70 0.036 25 0.25 26 11.5 0.65 115
70 0.036 1 0.365 15 20.0 0.77 118
70 0.036 2 0.365 16 18.8 0.72 111
70 0.036 25 0.365 15 20.0 0.77 109
Remarks:
hiahest increase of heart rate = 10 %

|Operar[or comments:

Operator had a preference for 0.3m stroke lenath, and cadence of 60 cvcles/min
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Handpump Performance Test No 2

Date dd/mm/yy 12-01-01
Operator Name M. Lyon
Sex n/f f
Age (years) 24
Heart rate at dtart (bom) 89
Handpump Name Enhanced |nertia
Molded cup size (m) -
Cadence Borediameter Head Stroke length Timetofill Sltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (se0) (Itr/min) efficiency (bpm)
50 0.036 1 027 33 9.1 0.66 89
50 0.036 15 0.27 34 8.8 0.64 115
50 0.036 2 0.27 28 10.7 0.78 101
50 0.036 25 027 31 9.7 0.70 101
Cadence Borediameter Head Stroke length Timetofill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (se0) (Itr/min) efficiency (bpm)
60 0.036 1 0.27 28 10.7 0.65 89
60 0.036 15 0.27 29 10.3 0.63 115
60 0.036 2 027 25 120 0.73 101
60 0.036 25 0.27 26 115 0.70 96
Cadence Borediameter Head Stroke length Timetofill 5ltr Flow rate Volumetric Heart rate
(cyclesimin) of pipe (m) (m) (m) (sec) (Itr/min) efficiency (bpm)
70 0.036 1 027 20 150 0.78 89
70 0.036 15 0.27 20 15.0 0.78 118
70 0.036 2 0.27 20 15.0 0.78 100
70 0.036 25 0.27 22 13.6 071 96
Remarks:
highest increase of heart rate = 3B %
Operator comments:
60Cyles was comfortable but 70 was acceptable
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Handpump Performance Test No 3
Date dd/mm/vy 17-01-01
QOperator Name G. Still
Sex m/f m
Age (years) 21
Heart rate at start (bpm) 84
Handpump Name Harold
Molded cup size (m) 0.035
Cadence Bor e diameter Head Strokelength Timeto fill 5ltr Flowrate  Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min) efficiency (bpm)
50 0.036 1 0.25 26 115 0.91 84
50 0.036 2 0.25 30 10.0 0.79 920
50 0.036 15 0.365 29 10.3 0.56 86
50 0.036 25 0.365 29 10.3 0.56 89
Cadence Bore diameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min) efficiency (bpm)
60 0.036 1 0.25 24 125 0.82 85
60 0.036 2 0.25 25 120 0.79 88
60 0.036 15 0.365 25 120 0.54 88
60 0.036 25 0.365 27 111 0.50 89
Cadence Bore diameter Head Strokelength Timeto fill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min) efficiency (bpm)
70 0.036 1 0.25 19 158 0.89 20
70 0.036 2 0.25 22 136 0.77 86
70 0.036 15 0.365 22 136 0.52 85
70 0.036 2.5 0.365 25 12.0 0.46 96
Remarks:
highest increase of heart rate = 14 %
Operator comments:
60 cycles/min felt comfortable
Height of pump was okay
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Handpump Performance Test No4
Date dd/mm/yy 15-01-01
Operator Name D. Rees
Sex m/f m
Acge (vears) 38
Heart rate at gart (bpom) 78
Handpump Name Enhanced Inertia
Molded cup size (m) -
Cadence Borediameter Head Stroke length Timetofill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (se0) (Itr/min) efficiency (bpm)
50 0.036 1 0.2 37 81 0.80 76
50 0.036 15 0.2 45 6.7 0.65 85
50 0.036 2 0.2 46 65 0.64 87
50 0.036 25 0.2 43 7.0 0.69 80
Cadence Borediameter Head Stroke length Timetofill 5ltr Flow rate Volumetric Heart rate
(cycles/min) of pipe (m) (m) (m) (sec) (Itr/min) efficiency (bpm)
60 0.036 1 0.2 33 9.1 0.74 80
60 0.036 15 0.2 37 81 0.66 78
60 0.036 2 0.2 35 8.6 0.70 79
60 0.036 25 02 39 77 0.63 85
Cadence Borediameter Head Stroke length Timetofill 5ltr Flow rate Volumetric Heart rate
(cyclesimin) of pipe (m) (m) (m) (s=0) (Itr/min) efficiency (bpm)
70 0.036 1 0.2 24 125 0.88 78
70 0.036 15 0.2 29 10.3 0.73 83
70 0.036 2 0.2 32 9.4 0.66 81
70 0.036 25 0.2 31 9.7 0.68 81
Remarks:
highest increase of heart rate = 12
Operator comments:
Cadence of 60Cvles was comfortable and 70 was still acceptable
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Appendix 12 Handpump questionnaire
Handpump Questionnaire
| Handpump type (Harold or Enhanced inertia)
| Enter today’ s date:
| Date or month of handpump installation:
1 Who uses the handpump mostly (tick any which Girl Woman | Boy Man
apply)
2 How old is the boy girl that uses the pump?
3 Doesthe child find it hard to use the pump? (right
height etc)
4 How many daysis the handpump used each week?
5 How many jerricans arefilled on average each
day?
6 Isthetimeto fill ajerrican too dow or acceptable?
(if possble give thetimeit takes and who filled it:
boy or girl etc)
7 How hard isit for achild to use and fill a20 litre
jerrican (easy, moderate or difficult)
8 Has it broken down since it was ingaled.
(if the answer isno go to question 9)
8a | If so what was the reason for the breakdown.
8b | How long wasit before it was repaired (days)
8c | Who repaired it?
(Werethey trained at or by Kyerafarm)
9 | What are your fedings about the handpump?

i.e. What do you think is good about the
handpump.

Is there any improvement that could be made to
the handpump?

Any other comments
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Photo gallery of finished handpumps at Kyera, Mbarara, Uganda August 2000

Figure 1 A 20 litre Jerrican under Figure 2 A Harold pump cemented into a

installed in a plastic tube tank

Figure 4 The DTU (left) and the Tamana

handpumps fitted to a partially below ground

tank

Figure 3 A Ugandan operating

the Tamana handpump
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Figure 3 Participants after completing the two-day 'Handpump

Manufacturing Workshop' at Mbarara, Uganda August 2000.



