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Abstract

The project that we have been working on focuses on the FSU developed alkaline membrane fuel
cell. Our team has been tasked with designing and proving the practicality of this device. This is
important for FSU because if a proof of concept like this can be made from scratch it will help
prove that a device such as this one deserves further funding and research in order to pave the way
for a new cleaner energy source. We plan on doing this by making some design changes to some
of the existing cells like overall size and making changes to the gas channels. With the team
working in Brazil we have so far collected crucial data in order to support some of the changes
that we will make to the existing cell design. We have also designed the portable casing needed
for safe transport. Finally, the parts that are needed to begin the manufacturing of the cell have

been ordered so machining can begin early next semester.

Vi
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1 Introduction

This section of the report introduces the background research in order to gain an understanding
of the AMFC and some of its advantages over other cells. Also, the needs statement that is
explained as well as the goals and objectives the team has set for the project. Finally, the constraints

for the design are discussed.

1.1 Background research

Fuel cell technology has been increasingly recognized in the field of alternative energy as
a clean option for future power generation. For this reason, an educational kit using an alkaline
membrane fuel cell is to be created to demonstrate the technology and spread interest in the
concept.

This project aims to build on the research previously conducted on alkaline membrane fuel
cells (AMFC) by the engineering departments of both Florida State University and Universidade
Federal do Parand. Professors Juan Ordonez (FSU) and Jose Vargas (UFPR) were able to produce
and validate a dynamic model to predict the response of a single AMFC according to the variation
of physical properties, as well as design and operating parameters [1]. Based off some of the data
that was gathered we have determined some of the advantages and disadvantages of using this kind
of cell and have displayed the results below in table 1. Using this model, the fuel cell of the
educational kit will be optimized to lower overhead costs and increase functionality.

Though similar Kits already exist in today’s market involving other types of fuel cells, this
kit will be the first to use an AMFC to power the system. Alkaline membrane technology has
shown promising characteristics when compared to other forms of fuel cells, such as a higher
current density, lower cost electrolyte and higher operating temperatures, which should allow for
the production of a more accessible and affordable educational Kkit[2]. There are also some
disadvantages that will bring some different challenges to the design as seen in the table below.
First, the reaction taking place in the fuel cell has an intolerance to CO> which will hurt the
efficiency overall. Also, pure Hz and Oz must be used as fuel for the chemical reaction to take
place within the fuel cell. These problems have been addressed previously in larger scale designs

and will soon be addressed for our smaller scale design as well.
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Advantages Disadvantages
e No expensive polymer membrane is necessary e High corrosivity of the electrolyte
— liquid alkaline solution as electrolyte

e Liquid electrolyte may enable a simple e Electrolyte must be reconcentrated during long

cooling of the stack time
e Activation overvoltage is less than with an e Intolerance to CO, ,

acid electrolyte CO2 +20H —> CO3 + HZO

e  Must use pure H, and O,

Table 1. Advantages and Disadvantages of Alkaline Membrane Fuel Cells

1.2 Need Statement

The sponsor for FIPSE Team 3 is Florida State University and our advisor is Dr. Ordonez
who has been assisting us in reaching the overall goal of the project. Currently the alkaline
membrane fuel cell is set up in a laboratory in CAPS building, the size of the setup is in the
neighborhood of 70 ft2. Florida State and Dr. Ordonez would like for the entire setup to be inside
of a portable case. This means shrinking the setup roughly 30 times its current size. By making the
alkaline membrane fuel cell fit into a suitcase Florida State University hopes to create a prototype
of an educational alkaline membrane fuel cell kit that students can learn with. The team plans to
deliver a fully operational alkaline membrane fuel cell prototype kit smaller than a standard
suitcase by March 22, 2015.

“The current AMFC setup is too large and immobile to be a portable educational kit alkaline

membrane fuel cell.”

1.3 Goal Statement & Objectives

“Deliver a fully functional alkaline membrane fuel cell in a portable case to Florida State
University by the end of the spring 2015 semester.”

We have determined a number of objectives that we hope to accomplish this semester.
First, we want to have all of the components need be easily accessible for teaching purposes while
at the same time having a reliable fully functional alkaline membrane fuel cell powering a visual
aid. Also, we will have an informational packet that will contain any technical instructions needed
to operate the fuel cell so the teachers using it will understand the proper procedure. The design

for our kit must also have optimized dimensions for easy transportation storage and distribution.
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Since this kit will be used for educational purposes we want to keep the budget within reason in
order to be affordable to teaching staff.

1.4 Constraints

In the design process there a few constraints that we must consider in order have an operating
cell and a successful kit. One of the constraints is that the active surface area of the cell will be
limited based off the size of the platinum electrode sheets. These are the most expensive part of
the project so in order to maintain a reasonable budget the active surface area for the cell will
remain small. The size that is currently being looked is at around 1.96 in?. Another design
constraint is that the entire kit must be below 20 Ibs. to ensure portability. Also, it is crucial that
all of the components we design fit inside a standard briefcase of around 1.4 ft> — 2.0 ft?. Proper
seals will be needed to ensure that gas leaks to not occur. In order to prevent the cell from shorting
out the design must consider that the bipolar plates do not come into physical contact with each

other.
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2 Design and Analysis

This section of the report will focus on the design aspect of the project. We will discuss
some of the different components needs as well as the three different design ideas we have drawn.

Also, we will give an overview of our selection process for the final design and our final choices.

2.1 Functional Analysis

Fuel Storage Tanks

There will be two fuel storage tanks, one will contain diatomic oxygen and the other will
contain diatomic hydrogen gas. They will both have an excess
flow valve, a solenoid valve, and a pressure release vent port. The
tanks will be sized to fit into the suitcase as well as the amount
needed to perform the test. The tanks will have cylindrical
sidewalls and hemispherical ends to remove any pressure
concentration points, as seen in Fig. 1. The gas storage tanks will
be selected to tolerate the 30 psig pressure that the gasses will

need be stored at. Since these are combustible gasses stored under

pressure, safety is the primary concern.

Figure 1. Gas Storage Tanks

Fuel Cell

The primary function of the Alkaline Membrane Fuel Cell is converting energy from the
reaction between diatomic hydrogen and oxygen into usable electrical energy. The system consists
of seven control volumes; two input valves, two body plates, an anode, a cathode, and an
electrolyte. The electrolyte we will be using is a 40% concentration of potassium hydroxide (KOH)
contained between two platinum cloth sheets that act as the anode and cathode. The interior of the
fuel cell consists of channels to increase the surface area of the reaction and also guide the water
produced as a byproduct out of the fuel cell. At this stage of design, it is projected that the body of
the fuel cell will be made of Aluminum 2024 to reduce weight and increase heat transfer, which
will in turn speed up the reaction. From previous tests conducted with steel, we were able to obtain
values of 0.818 V and 6.68 A. However, with our new design we can expect higher voltage and

current outputs.
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2.2 Design Concepts

We have decided on three different concepts for our fuel cell design. The first design that
we came up with involves the fuel cell being placed on a stand that is separate from the case during

operation and can be seen below in Figure 2.

Team 10 Part Name
AMFC | Base-Assembly
SCALE: REV: SHEET = NUMBER:
0500 | 4

Figure 2. Cell Separate From Case Design

NUMEER: PART
10f1 ‘Fm;omm

The cell itself will clip in to a plastic base that will result in it being upright and mostly
stable. Also, the compressed gas canisters will be locked in to the same base as the cell. Another
important thing to note with this design is that everything will be stored in the case. Within the
case will be a foam that functions as padding and will be cut to our required dimensions. Our
second design uses the same dimensions for the fuel cell as the first. This design can be seen in
Figure 3 and does away with the plastic base being used to support the fuel cell from the first

design.
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Team 10: Part Name:

AMFC Hanging Assembly

SCALE: | REV: SHEET NUMBER: | PART NUMBER

0250 |14 10of1 |S14-SE-P-010

Figure 3. Hanging Fuel Cell Design

Instead of this base fuel cell is being hung by a support pole that is being supported by the
side arms of the case. These arms fold in as the case closes and stay locked while the case is opened
until they are manually unlocked by the user. This allows the fuel cell to be easily supported from
within the case itself. Also, this lets the user quickly assemble the setup with little work. This
design also works because the fuel cell does not have to be completely stationary during operation
so the swaying caused by the hanging will not affect performance. The fuel cell will have two
holes drilled into the top to allow for a hanger to thread through. Our third design takes advantage
of the foam in the case to support the cell during operation as seen in Figure 4.
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Team 10: Part Name:

AMFC Case Assembly

SCALE: REV: SHEET NUMBER: | PART NUMBER:

0200 |1 1 of 1 S14-SE-P016

Figure 4. Mounted to Case Design

There is an indent in the foam where the cell can rest and it does not affect the cell while it
is being stored. The tanks for this design are in the case as well. It is important to consider that
with all three of these designs there are many things that need to be considered. First, since we are
still gathering data for the fuel cell the official sized used has not yet been determined. This means
that for all of the designs we will have to change a majority of the dimensions to accommodate
this. Also, when looking at the fuel cell it is important to consider that it needs to remain perfectly
sealed. This means that we can still make holes in the outer part of the cell in our designs as long
as it is still sealed. So as a result the dimensions of the outer edge material of the cell will change
depending on the size of the holes that are needed.

The benefit of each of these design ideas is that they are relatively easy to manufacture.
Actually the only major manufacturing issue that we would run into would be trying to produce
the plastic base mentioned in the first design. This is due to the fact that it has very unique

dimensions and will have to be 3D printed. This is a problem due to our budget being slightly
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restrictive as it is now. The foam that is in the case can be cut manually by us to any dimensions
needed so that will not be a problem. Also, the case will be purchased separately so no additional
manufacturing will be needed. For our second design we will need to manufacture the arms that
are supporting the case and fuel cell. The design for these arms is simple and can be easily
manufactured in the engineering machine shop. The third design actually involves no additional
manufacturing due to the foam being the support. Finally, if any changes need to be made to the

fuel cell they can be done in the machine shop without issue.

2.3 Evaluation of designs

Seen below in table two is a selection matrix that represents some of the pros and cons of
the three different designs discussed. This data was decided after determining some of the most
important aspects that the cell and case design needs to be considered successful. After weighing
the pros and cos of each design we have decided to use the assembly that is hanging from the case
itself,

Deszizn Portahility Safetv  Afford ability M achinability Ease ofUse Weighted Sum
Tanke Inchided, Mounted fo Caze 3 3 3 3 4 66
Seperate Assembly From Case 3 3 4 4 4 73
Aszzembly Hangs from Case Mount 3 3 3 3 3 T4
Weirht 4 3 3 2 4

table 2. Selection matrix comparing three different designs over five weighted design criteria.

2.3.1 Evaluation Method

The educational kit being produced in this project is unique in the fact that the design of
the fuel cell itself and its accompanying parts doesn’t have much room for fluctuation other than
scalability; most other factors can be adjusted during assembly, such as electrolyte concentration
and gas input pressures. Though adjustments of these aspects can be harmful or beneficial on
performance, in our final design they will remain adjustable to allow the instructor or consumer to
further understand the functionality of an Alkaline Membrane Fuel Cell and review how each
parameter influences the reaction. However, three different design concepts were still able to be
created based on how the educational kit would be packaged or contained when shipped/operated.
After deliberation with our sponsor and the reviewing the needs stated in the project proposal, the
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five criteria found in table 2 were determined to be the most important aspects or standards of the
AMFC educational kit that would be used to influence design selection.

This AMFC educational kit would ideally be used in an educational setting, teaching any
interested parties about the possibilities and benefits associated with the alternative energy source.
In order to make the fuel cell marketable and competitive, it was determined that safety should be
the paramount concern when considering design concepts. Other criteria relative to the consumer,
such as portability and ease of use were weighted higher than the aspects pertaining to the fuel cell
construction in order to ensure proper functionality and durability of the educational kit and its

components.

2.3.2 Selection of optimum Design

Of the three design concepts being considered, it was determined that the Alkaline
Membrane Fuel Cell and its associated components would be better utilized by creating a kit that
encompassed both the tanks and the fuel cell, with the assembly hung from a crossbeam running
across the open case. This design reduces some of the frustration involved in the machining and
streamlining of the kit for mass production as well as allowing for increased portability with one,
self-contained Kit. There are some trade-offs however, since including the tanks within the case
allows for the possible transportation of combustible contents under pressure if proper safety
measures aren’t followed. This also increases the overall cost of the kit since more space is required
within the case for the oxygen and hydrogen tanks, though the decrease in machining cost due to
the simplicity of the packaging could offset some of this difference. One of the major advantages
to this design concept is the reduction in area needed to operate the educational kit, as well as the
ability to more easily demonstrate each step in the assembly of the Alkaline Membrane Fuel Cell.
Also it is important to note that even though this has been selected as the final design the
dimensions have not yet been finalized. This is due to the fact that the fuel cell size is still being
determined based off of factors like performance and budget. Though with the recent return of the
team members from Brazil we expect to have this complete within the first few weeks of the spring

semester.
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3 Risk and Reliability Assessment

Being an educational Kit, our first and foremost concern is providing a safe and reliable design
to get prospective engineers interested in fuel cell technology. There are certain risks inherent in
the use of an Alkaline Membrane Fuel Cell that will need to be taken into consideration or
overcome in order for the completion of this project next spring, whether they are performance

risks or pose a hazard to the consumer.

3.1 Performance Risks

The potassium hydroxide solution used for the electrode in this AMFC design is corrosive,
which could cause a problem with the long term reliability of the design if not handled properly.
Our team hopes to mitigate this issue with the use of stainless steel bipolar plates, however the
possibility of corrosion still looms with any impurities in the plate material, or at working fluid
inlets/outlets. The functioning prototype that exists at UFPR does show signs of corrosion at the
aforementioned locations, though it has continued to remain operational over extended use without

diminishing performance which is promising.

3.2 Safety Risks

Likely to be our most significant risk, the storage of the working fluids (Oz and H>) is a
paramount concern when developing our final project. One design consideration requires these
gases to be compressed in storage tanks at high pressures within the educational kit. Both diatomic
oxygen and hydrogen are combustible at high temperatures, and additionally hydrogen burns clear
making it difficult to contain in case of combustion. There are safety measures that can be taken
to significantly reduce this risk such as pressure relief valves and pressure regulation valves,
however we are also considering removing the need for compressed gas storage and its associated
risk depending on feasibility.

A less significant, yet nonetheless important risk arises from the nature of the chemical
reaction taking place within the fuel cell. As the atomic bonds are broken between the oxygen and
hydrogen atoms in the diatomic gases heat is generated within each control volume, the intensity
of which is dependent on the proximity to the reaction as can be seen in the following Results and

Discussion section. After several tests with the prototype at Univseridade Federal do Parana, no

10



Team 10. Alkaline Membrane Fuel Cell Kit

excessive heat generation that would pose a hazard to the operator or anyone in proximity was
observed.

11
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4 Procurement

There are no active purchase orders, however this does not mean that the team is behind
schedule. Currently certain components of the educational kit are under further analysis, the cause
for the further analysis is the need to get as much correct as possible the first time around. The
budget does not allow for miscalculation, especially for the stainless steel components. The
following materials are ready to be ordered once design dimensions have been unanimously
approved. Stainless 304 Steel for the bi polar plates (Item # 1NZR4), Raw aluminum 2024 flat
stock (Item # 2EYL7) for supports and crossbeam. Case and foam inserts (BP-990) are also ready
for order as soon as the final design is certain. The tricky components to purchase are the
compressed gases, to combat this challenge, our advisor and sponsor Dr. Juan Ordonez is aware
of the need and we will determine the needed supplies by the end of January. The other needed
components mentioned in the budget summary are being looked into further. The KOH solution
and the sheets specifications along with suppliers are being finalized by the Brazilian part of the
team.

Machining will be necessary for the metal components within the educational kit. The team
has spoken to the FSU machine shop and they have been made aware of the needed components.
Once the materials have arrived next semester the materials will be sent to the machine shop along
with detailed engineering drawings. The foam insets will be made custom by the team once the
full design is set, that way each component of the kit fits securely within the padded case.

Though no orders have been placed yet, the team is confident in the timeline feasibility and
are set up to have a strong spring semester cumulating in a successful alkaline membrane fuel cell

educational kit prototype.

12
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5 Communications

Our team effectively communicated throughout the semester to keep track of our progress
and our goals. The main form of communication between members at FSU were text messages
and phone/skype calls, which proved to be the most effective method to get ahold of each member.
Due to our circumstances, approximately half our team is located in Curitiba, Brazil, conducting
research and tests on the alkaline membrane fuel cell. Thus, our communication was setup through
both text messages and video calls. The text messaging application known as WhatsApp was used
to communicate with the Brazil members. Email was also used to communicate less urgent
information.

Although our communication with our advisor has not been as frequent as expected,
meetings have been set up when our advisor has been available. Any updates and concerns with

the project have mainly been sent through email.

13
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6 Environmental and Safety Issues

The educational kit and its comprising parts do not pose a risk on the environment. The
KOH solution can be disposed of once it is diluted properly. While handling the KOH solution the
user will need to be wearing gloves. If contact is made with the skin simply wash them as soon as
possible. Some people can get a slight reaction to the KOH if contact is made. This would involve
having some slight redness and itching of the skin. Since the current plan is to ship the KOH in
pellet form and have the user mix the solution themselves there is little risk of leaking during the
transportation process. Also, the sell will be sealed during operation to prevent leaking during this
stage as well.

The transportation of the oxygen and hydrogen is another important safety concern when
dealing with the case. The gas that will be transported will be under very low pressures so from a
safety standpoint there will be no issue. Transportation will be limited to ground transportation
since these gasses will not be allowed on planes. Also, the tanks will need to stay away from any
fires in order to limit the risk of ignition which is very low. Another thing that we have considered
when dealing with the gasses is leaking. Since we will be not using very much gas for our
application as well as them being stored under such low pressure if there is a leak the gasses will
quickly dissipate into the air and cause no effect on the room or its occupants.

Since we will be dealing with a device that produces electricity there is naturally a safety
concern. The two bipolar plates will not be making contact with each other so there will be no risk
of a short. Also, the wiring that will be used to power our device will be insulated properly. Overall
the components are safe to use as long the user is properly educated on the procedure. A detailed
pamphlet and DVD will be provided with the kit to demonstrate proper use and disposal of the
fuel cell components. The product produced by our team will not in any way be produced and
distributed without taking every precaution necessary to prevent harm to the public and the

environment.

14
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7 Project Management

Methodology is a key part of the product in order to produce an alkaline membrane power cell
with portable capabilities. A good representation for our methodology can be seen below in Figure
5.

« Component Specifications
Fuel Cell Design IRl L T
« Pro Engineering Drawings No

Sponsor

Approval on
Design

= Are the components easy to mass manafacture?
* Can the protoype be economically feasible on a larger scale of
production?

Prototype

A\ Construction

= Obtain needed materials

Yes | WELEIEEUIIEE o Turnover engineering drawing to the machine
shop

* Does the machine shop
manafactured cell

Manafactured function as intended?
cell Testing « Lifecylce testing

* Extreme condition
testing

Yes

Are the issues easily fixable? Yes
Large cost for redesign No

Successful Product and Proiect

Figure 5. Methodology Block Diagram

At first, our goal was to understand the technology behind these fuel cells, this includes research
of previous advancements in fuel cell technologies as well as understanding the basic theory
behind the chemical energy transfers that occurs. Also, before testing occurred we made sure to
understand the proper gas ratios needed in order to not damage the equipment being used. Now
that the team has a grasp on the theory and background of AMFC technology, the next step is to
verify the design process fits what is needed. The design process has been a joint effort with Brazil
to ensure that the designs meet and exceed the expectations. Within each design flexibility has

15
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been included so that when construction occurs, any issues will have so room to maneuver and fit
together seamlessly. The team is still in the design phase, and ahead of schedule on it. Below is a
flow diagram outlining the requirements each stage has and the path for the future. After each
milestone the team will ensure each objective is met before continuing, if the objective has been
met the work will flow down, if the objectives are not met then the project flows up until the

objectives can be met.

7.1 Schedule

The Gantt chart shown in Figure 6 is designed to keep the team on pace to finish successfully,
a large component of staying on pace is visualizing the steps needed to get to success. The first
large block of time is the background research. During the background research phase the team
reviewed the current technical reports on the cell to obtain a better understanding of what is needed
to make a successful kit. Also, during this time we met frequently with Dr. Ordonez in order to
address some of the questions and concerns that we had.

Then, after enough information was gathered we communicated with our team in Brazil to help
gather and understand the data that they were gathering while testing an existing fuel cell design.
From this data we managed to determine the ideal membrane concentrations as well as some
important data points that we can compare are tests to when we perform them in the spring.

Now the team is finalizing the design of the fuel cell. This is a joint operation between
Brazil and FSU. This has been difficult and holds as a continually changing process. This includes
components and there specifications along with engineering drawings for each. The timeframe for
the design portion is 65 days long. The timeline for the design phase has been ahead of schedule
due to dynamic team communication amongst FSU and Brazil members. The team has currently
decided on a finalized design concept. This is important because the dimensions of the design will
be changing based on the finalized dimensions of the fuel cell. Also, the team has taken this design
idea to our sponsor and it has gotten the necessary approval.

As this was taking place other team members spoke with vendors in order to more accurately
obtain a shipping timeline for the materials needed and to adjust the budget in case any unexpected

€XPenses occur.
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Figure 6. Gant Chart

17



Team 10. Alkaline Membrane Fuel Cell Kit

7.2 Budget

The Alkaline Membrane Fuel Cell educational kit has a budget of one-thousand dollars.
This budget brings forth some serious challenges. Though the goal is to develop an AMFC kit as
financially prudent as possible, often when developing such a product a much larger budget is
allotted for the initial designs and prototypes. This is because designing a kit that can be produced
on a larger scale requires a great deal of design and optimization work. Each part must be
engineered without error because there is not enough room in the budget to make major errors.
When discussing the budget there are two core groups of cost, primarily the single time purchases
that will ideally last the life of the product, then those that are consumed during the process which
must be purchases cyclically. The single time purchases consist of structural kit components
including the case ($55), the foam inserts ($35), the structural supports and crossbeam ($63), the
bi polar plates ($202), and the tubing/wiring ($11). This is a conservative budget with extra
anticipated costs built in the budget to ensure design flexibility. The bi polar plates are a large
portion of the budget however this is a good investment as stainless steel takes care of the corrosion
issue experienced in Brazil with using brass. The other group of costs, the recurring, will be
budgeted for all test runs during the optimization stage as well as the initial prototype. After that
point the recurring costs will be the responsibility of the investing party. The anode and cathode
sheets ($TBD), the KOH solution ($10), hydrogen gas ($TBD), and the oxygen ($15) all will be
recurring costs. Not including the few costs that are still being finalized, the total cost is $381. This

is much higher than desired but a seemingly realistic budget to produce a working prototype.
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8 Results and Discussions

Since the design of the Alkaline Membrane Fuel Cell and its components remain unchanged
regardless of design, the computational analysis of the system yielded the same results for each
concept. Using the mathematical model in FORTRAN our team was able to predict the response
of various aspects of the fuel cell, such as how the pressures of the fuels affect the generation of

current and the transient behavior of temperature that occurs while the reaction takes place.
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Figure 7. Dimensionless fuel cell pressure vs current

Figure 7 above depicts the theoretical pressures of select control volumes of the fuel cell,
including the transient pressures of the diatomic hydrogen and oxygen gases as they flow through
the fuel cell. It can be noticed that the inlet pressure of the gases (CV1 and CV7) were assumed to
be constant, and yield a constant current throughout the test. However, when analyzing the other
control volumes it’s apparent that the pressure of the fuel is inversely related to the energy
generation of the fuel cell. As pressure steadily declines, the current produced by the AMFC
increases. This parameter is intentionally left alterable by use of pressure valves in order to
demonstrate the effects of fuel characteristics on energy generation, however the use of lower

pressures would reduce the storage tank size requirement.
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As the chemical reaction between the hydrogen and oxygen takes place, heat is generated
within the control volumes of the fuel cell. In order to determine whether this poses a hazard to
the consumer, each control volume was analyzed separately within the response projected by the
mathematical model. As seen in Figure 8 below, the overall temperature of the Alkaline Membrane
Fuel Cell increases exponentially over time as the reaction takes place, however a temperature
gradient is produced within the casing of the fuel cell. The temperatures at the inlets of the H2 and
02 gases (CV1 and CV7, respectively) are significantly lower than the other sections of the fuel
cell due to the nature of chemical reactions, and the heat that is given off as atomic bonds are
broken. Though the higher temperatures are found within the middle control volumes of the AMFC

which would not be exposed, the gradient will be taken into account when forming design concepts

in order to reduce the possible risk of injury to consumers.
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Figure 8. Transient Behavior of Dimensionless Fuel Cell Temperatures
Tests have also been done in order to determine the optimum percentage of KOH solution
that is needed within the fuel cell. In order to determine this value several tests were run at different
KOH percentages and the results can be seen below in Figure 9. The voltages and current were
determined through the testing in order to determine the wattage. As expected the increase in
current causes a decrease in voltage. Also, based off of the testing done the ideal value for the

KOH is 40 % which will result with a wattage of just under 3 watts.
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Figure 9. Output of cell with relation to KOH solution

The last test that was performed on the fuel cell is a measurement of decreasing resistances

at certain times during operation. This test was done over the time of 330 minutes and the results

can be seen below in Figure 10. The results were found from an open circuit to a closed circuit.

Also, we can see that there is actually a drop in overall voltages after the cell has been running for

around 300 minutes. This should not affect our overall results because with our application of the

cell we do not plan on using it for such an extended period of time.
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Figure 10. Current Density vs Potential at Sequentially Decreasing Resistances
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9 Conclusions

Within this semester we have accomplished many things with our senior design project.
First, we have finalized on our design by choosing to have the fuel cell hanging during operation.
This is because it is believed to be the most reliable and stable design that will maintain these
qualities through frequent use. Another thing that has been accomplished this semester is the data
that has been gathered from the Brazil team. Through this data we have managed to determine that
the ideal ratio for the KOH solution is 40 percent to obtain peak wattage. We have also been
viewing some of the items needed for purchasing and have determined that there are some things
that still need to be finalized over break before purchasing can be made. This is because the budget
does not leave us very much room for error. Overall with the final design selected and purchases
soon on the way the project is still very much on track to be completed by the end of the spring

semester.
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