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5. Design Iteration and Analysis

After we translated customer needs into product specifications (see the Appendix for the PDS),
we then translated those specifications into various physical concepts that could potentially
accomplish the needed specifications. When we were first generating concept designs for our
project, we split up the system into subsystems and then generated multiple designs for each
subsystem to choose from. These focused on the higher rated needs/specifications and fairly
reasonable concepts that do not completely disregard non-targeted needs. Some of the concepts
have significant drawbacks for one need or another, but none of the concepts if implemented
would inherently signify the failure of our project. We ran these potential solutions through a
scoring matrix to help determine which solution would be best for our project and customer

needs, with the most benefits and the fewest drawbacks. The subsystems were broken up as

follows:

I.  Bicycle/pump system

A.

moaw

F.

Flywheel with rope
Centrifugal pump
Submersible Electrical Pump
Hydraulic Ram Pump
Deep-well piston hand pump
Deep-well diaphragm pump

II.  Storage tank system

A.

B.

III.  Filter

Single Tank
1. Plastic
2. Cement
Dual Tank
1. Plastic
2. Cement

A. Biosand filter
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B. Activated carbon filters with water ionizers
C. UV filters
D. Chlorine filter

Concept Selection

Bicycle/Pump Subsystem

The major types of pumps we considered for this project include deep-well diaphragm pumps,
deep-well piston hand pumps, submersible pumps, rope pumps, centrifugal pumps, and hydraulic
ram pumps. All of these have been successfully used in different countries with success as hand
pumps. These vary in terms of mechanical complexity, cost, and availability in Guatemala.
Figure 11 (below) illustrates the hand versions of the pumps that could be adapted to be powered
by a bike. These four pumps—deep-well diaphragm pump, deep-well piston hand pump,
submersible pump, and hydraulic ram pump—are all mechanical systems that have been
implemented in various communities around the world. Our research has shown that none of
these have been successfully integrated with a bike, so the functionality rating is a pure estimate.

An additional drawing of a submersible pump can be found in the appendix.
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Figure 11: Drawings of deep-well diaphragm pump (top left), deep-well piston hand pump (top
right), submersible pump (bottom left), and a hydraulic ram pump (top right) [24, Reproduced

without permission].

Below, the rope pump operating principle is depicted in Figure 12. It demonstrates how the

stoppers interact with the main pipe to pull up water. Rope pumps have been integrated with
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bikes before, and Figure 12 depicts the general model that is currently used for well pumps in the

San Andrés community, illustrating the general principle that our project relies upon.
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Figure 12: Schematic drawings of the rope flywheel and pump system [25, 26, Reproduced
without permission].

The centrifugal design depicted below in Figure 13 is the pumping model that last year’s group
(and a group of engineers from Great Britain) have integrated with bike systems in Guatemala

[27]. This model is traditionally electrically powered, and switching to mechanical bike-power
has been found to greatly reduce its ability to pump from a depth [28].This solution is adequate

for low depth solutions that require portability, but is less appropriate for a well pump system.
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Figure 13: Diagram of a bike wheel to centrifugal pump system [29, Reproduced without

permission].

These designs were used to help determine durability, ease to build, usability, and locally

sourced categories of the matrix. By looking at how each different pump subsystem works, it

was possible to critically evaluate which version would fit within the bounds of customer needs

for this project.

While there are not currently available models of bike powered well pumps for all of these pump

models, these are all options that are used with either electrical or hand power with wells around

the world. Because of this, the above matrix includes statistics from the hand powered or electric

powered versions paired with our best estimation of how they would perform if they were
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adapted to be bike powered. The following statistics for how the following pumps perform
without a bike greatly contributed to the Table 10 [30].

Rope Pump:
Range of depth: 050 m
Yield: 0.6 litres/s at 10 m, 0.15 litres/s at 50 m
Centrifugal Pump (electrical powered) [28]:
Head range: Typically, 4-50 m per stage, with multiple-stage pumps to 200 m and more.
Yield: Varies widely, according to many options available in the market
Submersible Electrical Pump:
Depth and yield vary with cost of the system
Hydraulic Ram Pump:
Pumping head: 1-100 m (maximum is about 40 times the supply head).
Yields as percent of inflow: 26% for a 2m drop and 6m lift; 5% for 3m drop and 30m lift.
Deep-well piston hand Pump:
Range of depth: 15—45 m, although depths of up to 100 m are possible.
Yield: 0.25-0.36 litres/s at 25 m, and 0.18-0.28 litres/s at 45 m depth
Deep-well Diaphragm:
Range of depth: 10-70 m
Yield: 0.50 litres/s at 10 m depth; 0.32 litres/s at 30 m; and 0.24 litres/s at 45 m

The scoring matrix below (Table 6) makes it easier to understand which elements of the pumps
are integral to each system and how they would each function for our project. They were
weighted with respect to how essential each factor is to the success of the project from 1 to 2.

The weighted scores are in parenthesis, the unweighted score is above.
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Table 6: The scoring matrix for the bike/pump system. Each category is scored on a scale of 1
(lowest) to 5 (highest). The weight is given to differentiate between the needs’ importance.

Bike / Pump | Dura | Cost | Ease to | Ease | Flow | Locally [ Stability | Depth | Total
System bility build of use | Rate | Sourced Score
Weight X1.2 | X1.8 | X1 X1 X2 |X2 X1 X1.5
Flywheel 3 5 5 3 3 5 4 4 32
with rope (3.6) 19 |5 (3) (6) (10) (4) (6) (46.6)
Centrifugal |3 3 1 3 4 2 3 2 21
pump (3.6) |54 | (D) 3) ® @ 3) 3) (31
Submersible |3 1 1 5 5 1 3 4 23
Electrical (3.6) [(1.8) | (1) (5) (10) () 3) (6) (33.4)
Pump
Hydraulic 5 2 2 2 3 3 4 3 24
Ram Pump | (6) (3.6) | (2) (2) (6) 3) (4) 4.5 |[@31.))
Deep-well 2 5 4 2 2 5 4 2 26
pistonhand |(24) [(9) |4 (2) 4) (10) 4) 3) (38.4)
pump
Deep-well 4 3 2 3 4 3 3 3 26
diaphragm 4.8) |(54) |2 3) (8) (6) 3) 4.5) |(@36.7)
pump

[24,25,26,27,28,29]

Going through the various designs, it appears that the most effective and applicable solution is
the bike powered rope pump. It is the simplest, cheapest design—a scalable solution for the rural
Guatemalan community. The biggest drawback of a rope pump is the slow flow rate and possible
deterioration over time. While there are risks with a rope getting roughed up over time
(especially if there is exposure to sunlight), it is also the most replaceable part of all possible

pump systems. It is not realistic to expect a village of Guatemalans who make a few dollars a day
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to replace a pump from the U.S. that costs a couple hundred dollars, but the community does
have access to rope at local hardware stores. By adapting the rope pump system to be bike
powered and gearing it down significantly, it is possible to pump water from at least 45 meters at
our ideal flow rate of 19 liters/min with relative ease, meeting the specification that anyone from
children to the elderly can pump their own water on the bike. Additionally, rope well solutions
are used in local communities, so it is something that they are already aware of how to
maintain—the primary change is the implementation of a bike. By keeping this as a simple,
mechanical solution, it can be completely locally sourced and easy to repair the system as

needed.

Storage Tank Subsystem

After the water is pumped, it needs to be filtered and stored, entering the storage tank subsystem.
Depending on the setup, the bici-bomba may require one or two storage tanks. Two tanks would
allow for any kind of filter, including the biosand filter shown in Figure 14 below. This would
allow the water to enter the biosand filter at a different rate than it is pumped from the well.
Below is a sketch of the two tank system. We decided to change the tank volumes to be larger in
order to better provide for the needs of whole families, the target “customer.” We also
considered the idea of adding a meter to the top tank to indicate the water level. This would help
the community keep the filter running and leave water for the next family to use the system. It
would allow people to know if they pumped in a comparable amount of water to what they

withdrew.
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Figure 14: The two tank system with biosand filter for water purification.

In addition to the number of storage tanks, the storage tank material is integral to this
subsystem’s functionality. The two general options are a hand formed cement storage tank or a
purchased plastic storage tank. Market research found some primary characteristics of both styles
of tanks [31]. Their functionality was weighted with respect to how essential each factor is to the
success of the project from 1 to 3. The weighted scores are in parenthesis, the unweighted score

is above.
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Table 7: The scoring matrix for the tank system. Each category is scored on a scale of 1 (lowest)

to 5 (highest).

Tank System | Strength | Durability | Cost | Weight | Size | Safety | Effectiv | Total
eness Score
Weight X1 X1.5 X2 X1.2 X1 X1.8 |X3
One Plastic 2 2 5 5 4 4 1 21
Tank (2) 3) (10) |(6) 4) (7.2) 3) (35.4)
Dual Plastic 2 2 4 4 2 3 5 23
Tank (2) 3) (8) (4.8) (2) 4.4) (15) (39.2)
One Cement 4 4 2 2 4 3 1 23
Tank 4) (6) 4) (2.4) 4) (4.4) 3) (27.8)
Dual Cement |4 4 1 1 2 2 4 21
Tank 4) (6) (2) (2.4) (2) (3.6) (12) (32)

The matrix demonstrates that there are multiple solutions that effectively address the problem.

Previous versions of this project have used a cement tank. While it has been a passable solution,

a cement tank is very heavy and can be dangerous if the infrastructure is not perfect. It is

impossible to repair which was not accounted for on the matix. After discussing the needs for

this project with the team and Maya Pedal, the cost of materials, the ability to be locally sourced,

and functionality were established as the cardinal elements for the storage system. Maya Pedal’s

specific comments regarding prioritization of needs are quoted in the interview portion of the

appendix, where they mention the importance of cost and being locally sourced. With the weight

for these factors given based on customer needs, this led us to the decision to go with a dual

plastic tank system.
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The effectiveness of dual tanks paired with the weight and cost of the plastic tank make this the
best water storage method for this project. The dual tank system allows our system to provide
water in a more timely fashion by being able to store approximately 200 liters of water at one

time while allowing water to be slowly filtered in 20-40 liter increments.

Filter Subsystem

The purpose of the filter subsystem is to clean the well water to drinkable levels in an efficient,
cost effective manner. Our partner, Maya Pedal, received donated biosand filters from a clean
water non profit organization called Pure Water for the World. They wanted us to use a biosand
filter with our system so it could be a scalable solution. However, they also claimed that the filter
can only guarantee removal of up to 98.5% of pathogens from the water. Therefore, we needed
to design a solution to remove the remaining 1.5% of pathogens while still using the biosand
filter. Below in Figure 15 is a drawing of the biosand filter that is provided by Pure Water for the
World [32]. The filter provided will most likely be a CAWST Hydraid filter, one of the most
commonly available biosand filters. It is a well known solution backed by documented research

as mentioned in the biosand portion of our background section [33].



