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Abstract

The motivation for this project came out of the desire of garden workersin Mahadaga, Burkina Faso,
Africa, to be able to pump water from the ground directly into barrel stands for irrigation. Currently,
two pumps are necessary to complete the task of lifting water to the barrel sands. The Integrated
Pump Design team’ s godls were to improve overal pump efficiency, satisfy the desire of the end user to
integrate two existing pumps, and utilize culturdly appropriate materids.

In order to improve the efficiency, head |oss tests were done on severd new check valve designs.
These showed ggnificant improvements over the original design during initid in house testing.

Upon prototype ingtdlation, amost dl of the new designs were ruled out due to the flap being easily
pushed into the holes—alowing water to leak through. The origina check vave design seemsto be the
best for the piston vave whilethe larger Six - 1/2 inch hole design is an improvement for the foot valve.

The new pump design diminates the exiging Sngle- piston pump by ingtdling a sed around the piston
rod at the top of the pump’sriser pipe. Thissea holds pumped water in the above ground portion of
the pump while dlowing the piston to il function. This maintains the smplicity and ease of use of the
exigting rower pump, while pumping the water directly into the barrdl stands for irrigation. The need for
a second pump, which is currently necessary with the rower pump, has been eiminated.

The objectives for this project were met with the exception of improving the output flow rateto 9
gd/min and sugtaining it for 10 minutes. Due to the increased head, more input force is required to
actuate the pump. Therefore the user becomes fatigued more quickly than with the previous rower
pump (less head). Also, our origind choice of 9 ga/min came from past experience, but we neglected
to account for the motion that was being used. This flow rate was atained by a sgnificantly larger
stroke length (greater than 20 inches) and stroke rates faster than what we were testing. With the
stroke lengths and stroke rates that we were measuring, 9 ga/min isimpossible. We found that a better
messure of the quality of our BL RS
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1 Introduction

Since 1998, students of Messiah
College have been doing work
in BurkinaFaso, Africa. Inthe
smdl town of Mahadaga,
photovoltaic- powered pumps
and alighting sysem aswdl as
hand-powered pumps and an
irrigation system have been
inddled & adinic that reaches

Figure 1 - Current Mahadaga two pump system



out to handicapped and underprivileged people of the area. During the summer of 2000, two types of
pumps were ingaled in 20 foot wells to provide more efficient access to ground water for irrigation
purposes.

The rower pump is a displacement pump that lifts water to the surface by means of alever arm actuation
system. Once the water is deposited into a 55-gdlon drum partidly sunk in the ground, it can then be
pumped via a hand- powered single-piston pump an additiona 8-10 feet into barrels for storage (See
Figure 1). The barrels are elevated to provide a pressure head to feed the irrigation system.

This past summer (2001), ateam went to assess the wear, needed maintenance, and the nationas
opinions on the pumps after ayear of use. The main thing that the nationd workers did not like was thet
they had to pump twice to get the water into the barrel stands. They wanted to be able to, in one
pumping motion, move the water from the bottom of the well into the storage barrels. When acrude
prototype of our project was congructed for them, they were very enthusiastic about ingtdling it in the
other wells to replace the old system.

The overdl objectives for our project are to congtruct a pump that moves water from the ground into
the sorage barrds with minima leskage and maximum efficiency.

1.1  Description

Two things are necessary for the successful completion of our project: (1) creating a sed that will alow
water to be pumped an additiona 10+ feet above the actuation point and (2) having aforce input
equivalent to the theoretical force necessary to lift an additional 10+ feet of water (i.e., N0 unnecessary
frictiona force additions).

Because of the current location of the actuation point—where the pump’s piston rod exits the riser
pipe—a seal needs to be in place before the piston rod exitsthe riser pipe. Asthe water rises above
this point in the pump, a constant head will be placed on ased. This head, or pressure, will need to be
supported so that the water does not leak out of the pump. Our goad was that no water would be lost
during pumping due to water head.

The greatest concern that we had before testing was that the pumping motion would disturb the sedl.
The actuation system can cause the piston rod to have a horizontal displacement of approximately 1 inch
in opposite directions at the top of the riser pipe. Continuous pumping could result in the loss of
ggnificant water while pumping, undermining the efforts of the garden workers.

The sed’ sfriction also came into consideration. 1n order to maintain ased around the piston rod, the
sedl would have to ride againgt the surface of the rod or move with therod. Two designs were
consdered for complexity and friction (the tighter or more contact area, the greater the friction).
Different sedl sizes were dso tested to determine the best leakage to friction rétio.

In addition to looking at the sedl, we decided to consider the check valves efficiency. The head loss
from these components, if minimized, could result in alower overal pumping force as compared to the
origind rower pump with a 10 foot extension.

Our analysis for the check valves centered on the hole design and the best way to mount its sed. Four
desgnsweretested: the current Sx - 3/8 inch hole design, alarger Six - ¥2inch hole design, a hdf-moon



design, and aquarter-moon design. Each of these were ingtalled in a test apparatus (See Appendix)
and head |osses were measured for various flow rates (with afocus around 18 ga/min).

1.2 Literature Review

Among the postive digplacement pumpsin the world today, oursisvery unique. It doesusethe
gandard checking system of afoot valve and apiston valve. It isaso pumps viathe piston rod which
exitstheriser pipe a thetop. Our pump isdistinct a the output. Instead of just emptying into a barrel,
an additiond length of pipe is atached to direct the water upward into storage barrels. The use of the
sed on the piston rod makes this possible.

The literature review did not provide asgnificant amount of helpful information in our effortsto atain
additiond information for the design of our pump. Due to the work that the West Africa Project has put
into the pump in the past and our activity with the pump’ s ingalment and upkeep, much of the design
information necessary came from experience. The hand pump designed by a collaboration between
IDRC (International Development Research Centre) and the University of Waterloo in Ontario,
Canada, has been the main outside contributor to our pump knowledge. The use of awooden center
that wastried in Sri Lanka's check vave was ruled out due to its possible rotting and the need to be
replaced sooner than a PV C disc. Our check vave design is dso different than the Waterloo pump
(i.e, not aslong). Also, alowing the entire valve flap to raise and lower as one tiff piece was not
pursued due to its complexity. And at this point, we have not seen it necessary to chamfer the edges of
the check vave holes. Our commitment to keeping the design smple aswell as effective did not dlow
for complicated additions.

(Please see the Literature Review information gathered in the Dokimoi Ergetal archives))

1.3 Solution

Our proposed design was accomplished with the old check vave design and a gationary sed with two
rubber discs.

6 - 3/8" Holes 6 - ¥’ Holes Haf-moons Quarter-moons

Through tests on the check vave, the origind 3/8 inch hole design was determined to be the best for the
piston vave, while the %2 inch or the 3/8 inch 6-hole design would be best for the foot vave. Too many
problems due to the increased size of the holes and the increased head ruled out the haf- and quarter-
moon designs. The rubber flap was pushed into the holes causing mgor lesks in the pump.
Contributing to this problem is the use of bicycle rubber for the flap. Because of our desire to maximize
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Figure 2 - Head Loss of Check Vave Designs

the hole sze, the flgp needs to be large enough to cover and sedl on the outer edge; cutting the flaps
from bicycle tubes requires having acrease in the flgp. Attemptsto
remove the creases were unsuccessful. Therefore, we are
recommending that local research in Mahadaga be done to find
rubber materia (probably from truck tires tubes) that would be
differ and from which the flap could made without creases.

Thefind sed that was chosen consists of two rubber discs
supported by three PV C discs (Figure 3). Initidly during testing one
rubber disc wastried. Leaking during testing was erratic. Oncea
PVC disc was fully sealed by extending the rubber disc around the
outside edge, the single sedl did not leak with static head. When
pumping commenced, however, water readily squirted through as
the sedl failed due to the piston’s horizontal motion. A tighter sedl
did not help to relieve the geyser. Providing an additiona rubber
and PV C disc mitigated the problem very successfully. Also, dueto
the minimd friction gpplied as compared with the totdl actuation
force, atighter ¥zinch hole was chosen over a3/8 inch hole. We
believe thiswill help in the overdl prevention of lesks. Asthe piston
rod deviates from verticd, it has to straighten out the “ bunched up”
sedl due to the rubber hole being much smaler than the piston rod.
Only once it has deviated this much does it begin to bresk the sedl around the rod. Testing confirmed
this ressoning.

Figure 3 - Double rubber disc

Finaly, the wearing of the tighter sedl does not seem to be a problem. Thisis an areawhere we would
like additiona testing to take place as we only experienced one failure during our entire testing time.
We noticed three things a the time of failure. Firgt, the sedl began to lesk water as though it only had
one rubber disc. Secondly, when we took the sedl apart, dight cracks at the holes had propagated
creeting the failure. Third, surface cracks had formed where the rubber discs contacted the hole edge
of the PVC discs. We believe these to be the result of cyclic loading. Remedies for the problems are



to create the rubber disc hole without any sharp tools except a
hole punch, and to file the edges of the PV C hole so that the
cyclic pumping action does not pull the rubber disc againgt
sharp edges.

Rejected Dynamic Seal Alternative

The rubber seal was chosen over a double check valve design
(Figure 4) due to the complexity needed to construct the
dynamic sysem. Also, it would require the pump to ether be
extended further out of the well or moved further into the well.
Thefirgt case would force the vertical extension of an dready
tall actuation system and the second case would require the
partia remova of pump for repars (something that the
nationals do not seem to have a propensity to do).

Asin any design, the find product is dways a function of the
aternatives that are chosen. In our design we opted for a non-
moving sed around the piston rod rather than dlowing the sed
to ride with the piston rod in an extra chamber. This second
piston would, in essence, be a angle-piston pump with the
lower portion of the pump in Figure 4 being the rower pump.
A mgor difference from the non-moving sed isthat thisdesgn
outputs the water on the down-stroke of the piston rather than
on the up-stroke as the rower pump does. In order to
accommodate for this design, an extralength of PVC pipe
would need to be added above the tee joint and another short
piece of stedl rod would be necessary to maintain the piston at
Figure 4 - Dynamic sedl dternative  the correct distance from the actuation devise. These changes

complicate the pump and require many additiona materias.
This design aso presents more problems when attaching it to the actuation device. In order to keep the
actuation a manageable size, the top of the piston shaft needs to be aslow as possible. With the current
support for the pump, the teejoint is placed level with the top of thewdl wall. If we need to extend a
piece & least 24 inches above this point, the construction of the actuation device becomes more difficult
and less accurate.

The dtatic sed that we chose is not without its challenges, but the reduced size and complexity drove us
to thisdecison. The action of the current actuation device (alever am) aso suggests that the mgority
of the work is done on the piston’s up-stroke as the lever’ s down- stroke is the more powerful motion.

There are obvioudy different actuation methods that can be utilized to remove the necessity of the work
occurring on the piston’s up-stroke. We are not basing our decision solely on this but on top of some
of the other reasons this does play arole. Keeping everything smple makes construction and repairs
more understandable for the Burkinabe people, which will in most cases lengthen the life of the pump.



2 Design Process and Construction

Our design process began with an analysis of a current problem that we witnessed in the water sysem
that wasingtdled in Burkina Faso. The information that we gathered from our testing and conversations
with the local people prompted us to address severa maor issues. Mogt of the driving factors of the
design came from the Mahadaga environmert.

The first mgjor issue that we needed to address was how to eliminate the need for a second pump (See
discusson of the sed in 1.3 Solution).

After determining the basics of our sed design, another magjor
issue that we needed to address from an engineering design
perspective was the forces and losses in the system. We
andyzed each portion of the pump (Figure 5) and determined
the forces and head losses; losses are due to bends, pipe
friction, and area reductions (in the piston and check vave).
Through fluid andyss we were able to estimate a required
input force and the locd forces on the pump. Thiswas done
in two stages. static and dynamic.

There were severd questions about nature of the force
relaionship that required us to do some testing to prove our
theories. Asit turned out, we determined that the dynamic
effects are minimd at the flow rates we are expecting. The
only portions of the pump that had sgnificant dynamic head
losses were the piston valve and the foot valve. To determine
numerical vaues for these losses we constructed a test setup
that alowed us to measure the head |osses across severa
different check vave designs at different flow rates (See
Appendix for Check Vave Tegting Setup).

The design and congtruction of the test setups was one of the
hardest parts of this process. Our origina design was
congructed in aloop that would alow usto circulate the
water in ether direction to Smulate the opening and closing of
the valves. Theloop ideaturned out to be impossible due to
the redtrictions in available piping materids. In order to make
the setup work, we needed to disconnect the trailing end from
the rest of the tube and dlow the water to exit the setup with
asmdler amount of resstance. A second feature of our
design that needed to change in order to get better results was
the orientation of the entire structure. Our origind desgn had
the entire setup on a horizonta plane. This proved to be
somewhat problematic in achieving the proper pressure on the Figure5 - Integrated Pump Design
downstream side of the check valve. At first we propped up

the output Sde dightly and this hel ped somewhat but was not consstent. We ended up orienting the




pipe verticaly to more accurately Smulate the conditions it would experience in operation. The results
of these tests helped us to choose the design of check valve and foot valve.

Another sgnificant head |oss characteristic that we needed to consider was the behavior of the valves
under adtetic load. Not only does the vave need to dlow the water to pass through it easily, it dso has
to effectively stop any water from flowing back through the vave under the pressure of 35 feet of head.
We determined that the rubber flap on the haf-moon and quarter-moon shaped holes could not support
this amount of pressure during full-scdetesting. Thesix - 1/2 inch hole check valve can support the
pressure if the rubber is somewhat differ than asingle layer of biketube. Thisisthe solution that we
chose and seemed to offer the best combination of sealing and low head loss.

Along with check valve congderations, the specifics of the seal needed to be designed and tested. We
congtructed a miniature prototype of the pump that had a full-scale modd of the above ground portion
while truncating the bottom portion to only three feet to alow usto test the sed without using an actud
well. Our smulated well was a 55 gdlon drum with water init. For testing purposes, we wanted our
model to assemble and disassemble easily. Therefore we did the seding disksinto aflared piece of
PV C without gluing them. We ran severd Satic testsin order to determine the amount of leskage there
was with 12 feet of head. Our tests resulted in random data that we could not explain. The datawas
not cong stent from one test to the next even with the same sed design.  After some troubleshooting, we
tried wrapping the edges of the disks with rubber to eiminate any leakage around the sides of the sedl.
This adjustment made it so that there was no datic leskage. Dynamic tests with this sed showed that
there was some |leakage through the sedl while the rod was in motion but the volume of this leekage was
not sgnificant.

After completing the testing on the individual areas, we implemented afull-scae test. Severa mgjor

obstacles needed to be overcome to create useful _ocation well Water level drop
system. One of these was Smply aneed to support the diameter per gallon

15 feet of pipethat projects verticaly into theair. After Grantham 6.5" r

several options were considered, we were able to Mahadaga 48" 1/8"

borrow scaffolding to support the above-ground
portion of the pump. Another mgjor question arose
when we consdered how to measure flow rate while
maintaining a congtant water level in the wdl. Thiswas a problem because our method of measuring
flow rate in the past was to collect the water in a cdibrated bucket and measure the time to fill a specific
volume. Due to the congraints of our test well, usng this method would significantly change the water
level during the testing process (See Table 1). To avoid this, we had to constantly circulate the water
back into the well. In order to measure the flow rate we had to introduce a flow meter into the system.
The flow meter requires a constant flow; the pump’s output is very intermittent. We had to create a
system for dampening the output flow to the point that we could obtain consistent and accurate flow
vaues. We developed a system that directed the output of our pump into a bucket with a bulkhead
fitting in the bottom. Connected to thisfitting was a hose that fed the water through a flow meter and
then returned it to the source.

Tablel

This setup worked initidly to some degree but our origina bucket hole size would not dlow the
necessary flow rate. It behaved rather peculiarly. 1t would not flow fast enough most of the time, but



then it would flow out very
quickly and empty the bucket.
This phenomenon seemed to
be rdaed to afunnding effect
that was occurring. The hole
was enlarged, but the effect
continued. Our solution to this
problem was to add a 5 foot
section of 2 inch PVC pipe on
the bottom of our bucket
before we adapted to the 1
inch hose. Thisdiminated the
funndling action that was
occurring and sufficiently
dampened the flow.

Thereault of dl thiswork was
atest setup that dlowed usto
test the flow rate while
maintaining an gpproximately
congtant water level. With this
in place we were able to
conduct full-scae tests that
helped to show the effects of
the changes that were made to
the pump.

3 Implementation

3.1 Construction

In our full-scale test setup we
found that the foot valve Sl
(Figure 7) leaked, even though, E?
for the 2 inch hole verson, a i
stairwell 35 foot heed test
lesked minimally. A problem  Figyre 6 - Pump output and water returm/dampening system

that we saw in the testing

prototype was that, after we lifted the piston rod 15 inches and the water leve in the outlet pipe rose 15
inches, the piston rod would dowly sink back into the riser pipe dong with the water leve after we let
go. Thewater leve should not have changed. The measurement for this water level decrease was 9
inches. Once the piston rod handle was stopped by the PV C at the top of the sedl, the water level did
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not drop any more (even after a 20-hour period). Examining the
foot vave after severd pump extractions, the rubber flap was
found stuck in the holes, which alowed the weter to drain back
into thewell. Yet, for the particular time described above, no
observable flap misaignment was discovered. Our conjectureis
that with the cyclic motion of the pump the flap becomes askew.
One possible remedy for this problem could be restraining the
foot valve away from the flare edge at the bottom of the riser
pipe. The current design restrains the foot vave againg the flare
edge where the flare dopes back to the original size of the riser
pipe. Thecurve of the pipe, if the vave flgp hastoo large of a
diameter, can prevent the flgp from closing during the checking
action of the water, alowing water to lesk through. By Figure 7
positioning the foot valve lower, the flap will not be obstructed

by the flare edge or any possible contaminants preventing the flap from seding. The difficulty in
resraining the check vaveisin sedting the foot valve againg screws or gluing the foot vave in place
permanently (diminating the ability to replace the valve without cutting off part of the riser pipe).

Once the check valveisrestrained, we discovered that sedling it became amgor issue. There are two
options for seding the foot valve. Thefirgt isto smply glue the check vave in the bottom of the pump.
When we glued in the foot vave on our prototype, our prime was held for over 24 hours. The
downgde to glue is that replacing the vave isimpossible without having to cut off the bottom of the
pump. Thedternative isto have acircular rubber piece with the hole design cut into it that would
function like the extended rubber disc in the sed—sedling off the edges. We tried this a one point but
did not make the disc large enough to sed entirely around the edges. This is something that we hope
will be pursued in future testing.

Another possible point of leakage is the bolt hole that mates the flap to the PVC vdve. If thehdleis
drilled too large, water will be able to seep through, especidly under high pressures. The bolt can only
be tightened so much before the rubber begins to deform and lift up a the edges. The bolt hole in the
flap cannot be too small or the rubber will bind up and cause
amilar issues as a the ends of the flap.

A specific design necessity that seems to be needed for the
foot valveisaflat piece of rubber that is of grester thickness
than abicycletiretube. Thin rubber istoo easly deformed by
the pressure of 35 feet of head, alowing water to seep out the
holes. Also, there needsto be at least 3/16 inch of clearance
between the outside edge of the valve holes and the outer
edge of thevaveflgp. This cearance gives the flap enough of
aPVC st for it to make atight sed despite the water
pressure pushing the rubber flgp into the holes, bringing in the
outsde flap edge dightly.

Figure 8 - Piston check valve
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Let us consder the components involved in the piston’s check vave (Figure 8). Beginning with the
piston rod, there is alimitation in the customizability of the check vave due to the %2 inch threeded rod
and the materids available to atach to therod. To continue with the connection that is currently in use,
we are forced to bolt a PV C disc to the bottom of the rod for rigidity of the check vave. To providea
sed with the walls of the riser pipe and to diminish unnecessary friction, leather cups were chosen.
Since the summer of 2000, when the WAP rower pump was first ingtalled, these cups have had gresat
success with minimal, if not negligible, wear. With the addition of lard as alubricant, the friction is
minimized while maintaining a sed for the checking action. Within the leather cup laysthe PVC disc that
is able to have amyriad of hole arrangements cut into it. These hole arrangements, though, haveto line
up with corresponding hole arrangements in the bottom of the leather cup so that water can flow through
with minima head loss. To maintain the PV C disc’'s seat in the leather cup and to support the bottom of
the leather cup during the up-stroke, a PV C piece that will not interrupt the flow istied through ahole to
the bottom of the lesther cup. Theti€' s purpose isto maintain an open channe by prohibiting shifting.
Through dl of these pieces. the PV C disc, the leather cup, the PV C piece, and the rubber flap, abolt is
tightened to bring the piecesin line and to their working position.

With the rubber flap on top, it is particularly important to congider itsszing. Should one maximize the
coverage by going dl the way to the indgde edge of the riser pipe? If thisis done, then the flap’s edgeis
gtting on top of the thin edge of the top of the leather cup. Under the pressure of the water a
approximately 30 feet of head, this discontinuity will most likely alow water to seep under a possibly
raised edge. If this does not create a problem, then an advantage is provided, in that hole arrangement
designs can extend further to the edge of the PV C disc. If this cannot be done, the flap’ s edge should
be trimmed back 0 that the edge is short of the leather cup enough so that binding does not occur. The
critica factor in the vave flgp's desgn isits weight and proximity to the edge of the hole design. At this
point in our research and experience, it seems that an 1/8 inch seat is the minimum that should be
attempted with a qudity weight, flat rubber flap. Weight is critical due to the pressure and cydlic loading
that the flap will experience. If the rubber iswesk, flimsy, folded, and/or close to the edge of the holes,
it will leak due to the folds (incomplete sed againg the PV C disc), the rubber folding into the holes,
and/or the pressure of the water head will push the rubber into the holes (dimpling the rubber and
causng only athin line sedl to occur between the hole edge and the flap).

With this background we attempted to reevauate what materids were available to atain maximum
benefits. In trying to increase the weight of the bicycle tire rubber, we firgt tried to laminate two pieces
together. Using gluethat isfor PVC, we found it to be more of alubricant than an adhesive. Finding
another glue in the shop area, we gpplied it to two clean pieces will successful adhesion. A possbility
that may work, though more complex, involves tying PV C havesto the upside of the rubber flgps. This
way, theflgp is till dlowed to open and close as necessary, but the PV C takes the pressure force and
supports the rubber from dipping into the holes. The PV C was attached by drilling two holes through
both the rubber and the PV C and running a piece of string through and tying it off. Thismay leave the
pump with asmal legk, though.

Another area that is a problem with bicycle tire tube rubber is that the diameter of the flap cannot be too
large or it will have creasesin it. The creases cannot be removed. Ironing and boiling had no significant
change on the rubber’ s creases. Therefore, for the pump, we recommend that atire tube rubber other
than abicycle sbe used. Truck tire tubes are available in the Mahadaga area (See Truck Tire Tube
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Avallability in Appendix). These would be excdlent snce if they did have creases, they would be
further gpart, and they would aso be of a heavier weight.

3.2  Operation

At the conclusion of our testing we found that the pump performed extremey well. Asone can see
from the results given in Figure 9, the pump was able to attain a Flow Volume Factor (FVF) percentage
closeto, if not exceeding 100%. The FVF isaratio of the actua output volume per stroke to the
theoretica volume displaced by the piston per stroke. (In some sources, the FVF is the Mechanical
Efficiency.) Itisableto exceed 100% because of the inertiaof the water asit islifted out of pump.
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Figure 9 — How Volume Factor for a 15 inch stroke length

4 Schedule

See Gantt Chart in Appendix. Overdl, we were able to Stay generaly on schedule. The testing of the
full-sca e prototype took alittle more time than we expected as we ran into leaking problems. When
those problems were solved, the testing went very quickly.



5 Budget

2" PVC pipe 20 feet 2 $15.00 $30.00
2" PVC Tee N/A 1 $2.00 $2.00
2" PVC 90° Elbow N/A 3 $2.00 $6.00
15" steel rod 12 feet 2 $10.80 $21.60
2" leather cup N/A 1 $0 $0.00
1/16" rubber sheet (bike tire tube) feet 1 $2.00 $2.00
Nuts, bolts, and washers N/A 1 $5.00 $5.00

Items used for more than one pump

Propane torch N/A
Propane tank 14.1 oz.
PVC cement 8 oz.
PVC primer 8 oz.

Testing specific items

2" PVC Union (Sch. 80) N/A
Clear 2" PVC pipe 8 feet
Clear 2" PVC coupling N/A

Purchase price for items in Burkina Faso

2" PVC pipe 20 feet
2" PVC Tee N/A
2" PVC 90° Elbow N/A
15" steel rod 10 feet
Nuts, bolts, and washers N/A

6 Conclusions

A

1
1
1

P NDNWEFEDN

Production Pump Total = $66.60

$0 $0.00
$5.00 $5.00
$3.00 $3.00
$3.00 $3.00

Total = $77.60

$15.00 $15.00
$38.40 $38.40
$10.60 $10.60

OVERALL PROJECT TOTAL = $141.60

$11.76 $23.53

$1.96 $1.96
$1.63 $4.90
$16.34 $32.68
$5.00 $5.00

Production Pump Total = $68.07
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Our pump will be a successful addition to the Mahadaga clinic’s garden. We were able to diminate the
need for a second pump and the pump was able to attain at least 35 feet of head. An ingtruction manud
for repairs and reproduction was compiled and approved by a person in industry (See Pump Ingtruction
Manua in Appendix). It utilizes only parts that are available in Burkina Faso. Though we were unable

to obtain aflow rate of 9 ga/min that can be sustained for 10 minutes, we believe that the amount of

force and the ability to fill the Storage barrelsin atimey manner will be atainable. An Burkinabe adult

male should be able to run the pump for 10 minutes a 6 gd/min with fatigue (See Fatigue Testing in

Appendix).

7 Recommendations for Future Work

Further testing can be done to see if asmaller pipe diameter would produce a better force to volume

output ratio than the current 2 inch pipe. This can be done with just the riser pipe, only the output pipe,
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or both. The problem that will arise, though, is a necessary redesign of the piston and foot vavesif the
riser pipe diameter isreduced. Also, extended fatigue testing on the components can be completed to
determine wesk areas S0 that future pumps can be strengthened and/or that owners are aware and are
ableto repair promptly with the best parts. If truck tire tube can be obtained, testing can be done to
seeif the added thickness without creases will solve the problems with the bicycle rubber. Findly, the
actuaion’s interaction with the pump could be andlyzed for optimum stroke length, stroke rate, and
angle of deflection of the piston rod entering the pump.

The difficulty of our work liesin the limited appropriate materids that are available for congtruction. The
purpose of Dokimoi Ergatal, the organization under which WAP works, isto utilize materidsthat a
particular culture can obtain readily. And in Mahadaga, Burkina Faso, there is not much that is
avalable. PVC for the piping actualy comes fromthe capita, an 8 hour drive away by vehicle. Though
alot of work has been done in Mahadaga and at Messiah, a specific study for new uses of loca
materids to Mahadaga may be judtified. This should be done on an exiting trip and not on its own for
efficiency’s sake.
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Specifications (of Final Prototype)

English Metric
Minimum Head Requirements
Ground Level to Water Levd: 251t 7.5m
Ground Levd to Tower Output: 101t 3m
Output FHow Requirements
Minimum How a Minimum Heed: 6 gd/min 22.7 L/min

(for 15 inch stroke length at 30 strokes/minute)

Dimenson Condrants

PVC riser pipefitsinto an 8 in. diameter well. All other PV C connections and piston shaft connection
are outsde of the wdll.

Primi
Maintains prime, so that after 24 hours, a1 strokesis required to output water.

Materids

Actuation Connection Type: Threaded Connection on Piston Shaft (12mm - diameter)
Congtructed from materias available in Burkina Faso.

Materia Cost: 52,020 CFA ($US - $68)



Gantt Chart

Wednesdays throughout 2001-2002 School Y ear

. =l =] = >| = = o]
Assigned Task |&|8|5|8|818(8|z|2|2|2|2|&|&|&]|slsl5|5|5|8|8|8|8|z|2
E MR RE R AR A REI R MAEE R EHE ERHE
Specifications Iﬁ.
Check Vave Research
Seal Research
Check Valve Analysis e —

Seal Analysis *
Seal Testing Setup —

Final Design Proposal
CheCk Va|ve Te§|ng Setup Iﬁ
Prototype Construction .
Component Dra\Nl ng Iﬁ
Iﬁ

17-Apr
24-Apr
1-May

27-Mar
3-Apr
10-Apr

20-Mar

Prototype Testing
Iﬁ

Pump Testing
Final Project Report

Actua Completion date
Check valve analysis will be done through testing

Milestones

ofe®
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Check Valve Testing Setup




20
Fatigue Testing
April 20, 2002

I've done some more thinking about [the actuation motion—Iat pull-down], and I'm convinced it's not
redly amatter of strength but endurance if you are expecting individuasto do thiswork for 8-10
minutes.

Let medigressand review -

The motion you are using can be done once by most men at aforce equivaent to 85% of their body
weight. Once you get below a certain amount of force, strength is somewhat gill important, but the
ability to continue becomes much more a matter of endurance. For the movement you are looking &,
thiswould be true, in my opinion, when individuas are moving goproximately 20-25% of their body
weight.

| did alittle experiment on mysdf and was able to do 16% of my weight for 8 minutes at 300 reps (1.6
seconds per rep), and | was not fatigued at theend. A bit bored but not really tired - | certainly could
have gone on consderably longer. For me that was aresistance of 24 pounds. It al depends what
typica weight (for the average male) that you want to use, | suppose. The key istha ancethisis
endurance oriented, there will certainly be atraining effect for those who choose to do this; i.e. it will get
easer withtime.

If you still need to determine HP or some other factor related to the work being done, let me know, if
you think | may be ableto help. Or if there is other information you needed that | didn't provide.

The average mae should be able to sustain a power output of 50 - 70 watts for at least 10 minutes
(perhaps even 100 watts).

Good luck,
Doug

Doug Miller, Ph.D., CSCS

Hedlth and Human Performance Department
Messah College

Grantham, PA. 17027

717-766-2511 EXT 3340
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Truck Tire Tube Availability

Hi Mike,
Surprise! Our e-mail worked wdl this morning (not always the case), and | dready have an answer to
your question.

Danid, our Burkinabé business agent, says that truck tire rubber is not usudly availableright in
Mahadaga, BUT can dmost certainly be found within 25-50 kms. (at Namounou or Digpaga).

Hope this helps. Thanks for the work you're doing.

God bless,
Kathy
[Kathy is the business secretary at the SIM country headquarters in Ouagadougou, Burkina Faso]

----- Origind Message-----

From: Michadl Foster

Sent: Thursday, May 09, 2002 12:45 AM
To: Kathy Call

Subject: Truck tires?

Hello Kathy,

My nameis Mike Foster and | work with the West Africa Project and Dokimoi Ergatal at Messiah
College, PA. My senior project this year has to improve the existing design of the rower pump being
used in Mahadaga. To help finish up my report | was hoping that you could tdl me how available truck
tire rubber (the inner bladder) isin Mahadaga.

The reason | am asking is that we have been trying to use bicycle tire rubber. To get rubber flapslarge
enough to cover our check valves, we have had to cut into the crease that isin the tire. This crease
doesn't flatten under the water pressure and allows water to leak through. Our thought

isthat the larger rubber bladder of truck (or any vehicle tire) would have a creases far enough apart so
that aflap could be cut out without a problem.

If you could get us thisinformation before Monday, it would be fabulous. Understanding how
communication isin Burkina, we know that will probably not be possible. Thank you for your help!

Mike Foster



