
Deliverable F - Prototype I and Customer
Feedback

Group Members:

Anmol Brar 300247248
Kate Valentine 300217812
Liangyi Jinjing 300234642

Rayane Laouadi 300250220
Tristan Ruel 300272156

March 6th, 2022



2

Table of Contents
Feedback from Client……………………………………………………………………………3
Prototype I………………………………………………………………………………………..4
Analysis of Prototype I…………………………………………………………………………..6
Feedback and Comments from Potential Users and Clients……………………………...…10
Prototyping Test Plan for Prototype II……………………………………………………...…11
Wrike Update………………………………………………………………………………...…15



3

Feedback from Client

After completing our presentation, the client provided a small amount of
feedback. He said that he completely agreed with our analysis of our three potential
solutions. He reinforced our thinking and helped our team gain confidence in ourselves
and our designs.

In our analysis, we critiqued all three of our designs and chose a design mostly
based on feasibility, complexity, and price. One design was far too complex nor
economically feasible. The other two designs were comparable, however one worked
out to be more expensive than the other so this broke the tie for us. We decided as a
team that nothing was written in stone and that we were flexible, especially with the type
of heat exchanger and whether we used a solar panel or a small wind turbine for power.
However, we were fairly confident in our general overall design.

The client openly expressed his satisfaction with our analysis and agreed with
our choice of solution. He told us that he was excited to see what we accomplished on
design day.The client supported our decision in choosing our solution for many reasons;
He believed that it was the most cost efficient, feasible and efficient design.

He emphasized the importance of the solution being cost efficient and
environmentally conscious. Moving forward, our team will especially prioritize the
environmental impact and cost of our design more than anything else because of his
feedback. His positive feedback also helped our team feel more confident with our
design. Our team will maintain confidence in making future design decisions while
keeping the overall design of our solution, because the client was quite happy with our
solution.
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Prototype I:

The first prototype will be a basic proof of concept and should be made using materials
and components that cost very little (e.g. things found around the house, scraps, etc.).
A simple analysis of critical components or systems should also be included, based on
your current knowledge of engineering science or other material.

Why?

The reason for making this prototype the way we did is just for our team to get an idea
of the basic concept behind our design. It is made out of simple and cost efficient
materials that a team member already had. We chose to make a prototype of the entire
design because we felt as a team that this was the perfect opportunity to see how it all
laid out together and make changes based on our tests that focussed mostly on the
layout of the design. Our first prototype gave us a very solid idea of how the system
would be set up and how the system would work.
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What?

This prototype contains the air intake and the solar panel that are almost the only
portion of the design that remain above ground. The air intake captures fresh air and
feeds it to the system while the solar panel uses solar power to power the mechanical
components of the system. The only mechanical component of the system is the fan,
while the only other components of the system that require solar power are the
automatic valve and the temperature sensor. The air is then sent to the mixing box to be
concentrated. It is then blown by the fan to the heat exchanger, where the heat
exchange takes place. The air is treated by the heat exchanger and then it is sent
through the pipes to the house. In the heat exchange, condensation is generated so the
sump pump is absolutely necessary to ensure the long term functionality of the system.
In our diagram and our plan for our final design, the pipes are all sloped upwards after
the sump pump in order for gravity to bring down all moisture to be treated by the sump
pump. The pipes bring the air to the house where it is filtered and distributed by a fan
and/or connected to the house’s air ducts. We are leaving ourselves some wiggle room
to make decisions and strongly believe that this prototype and future prototypes will help
us to make these decisions. However, this first prototype is a schematic representation
in order for us as a team to better understand our design, so we did not include all
details.

When?

Our next prototype will be made next week, and we will be focusing on one single
subsystem. The subsystem that we deem the most important is the heat exchanger.
This will be built and tested next week. The tests for prototype I have already been done
and the results are in the following section (see Analysis or Prototype I).
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Analysis of Prototype I:

We ran three tests on Prototype I. We found that there was not a large variety of
tests that can be run on our initial paper prototype, however, from the three tests that we
ran, we gained valuable insight and information that will help us move forward.

Test 1, Assess the fluency of our system and observe what changes must be
made for a smoother running system: In this test, we simulated air traveling through the
system by running a marble through the paper system.
We took the following observations on the fluency of the system:
-Corners are difficult for the marble, and will be difficult for air as bends are a point of
velocity and pressure loss due to the friction corners create. Therefore, we should
minimize harsh corners in our design.

-Although it’s helpful to have a large mixing box, the marble continued to enter the
mixing box and not exit through the pipe as the pipe exit is about 40% up on the side of
the mixing box. We imagine this will also be difficult for the air, as it will have to fill up
30% of the mixing box before it begins to exit. Therefore, the pipe should be placed
lower in the mixing box.
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Test 2, Assess the practicality of our system using unbiased perspectives: In this
test, we explained our prototype and design to individuals who had no prior knowledge
regarding a geothermal heat system. We did this to ensure that our prototype made
sense to others outside of the team as it's very easy to believe that your own design is
sensical and perfect when you are so invested in it, so that is why we wanted outside
perspectives.
We obtained the following results from doing this test:
-Once the reasoning behind the sump pump and the plan to incline the pumps after the
sump pump to encourage moisture to flow towards the sump pump, many individuals
agreed that this is a wonderful idea.
-It was not clear to many individuals whether the temperature sensor was above ground
or below ground. We need to clarify that the temperature sensor is above ground and
senses the temperature of the air at the intake point.

-Many individuals did not understand why a solar panel was needed. After explaining to
individuals the use of the solar panel (to power the fans, the temperature sensor and the
valve) they agreed that it’s positioning is perfect. There was a general consensus that
the only above ground components should be as close together as possible as to
remain out of the way.

-Many individuals thought that the mixing box was a bit of a waste of space and
resources and that as long as our intake is efficient, the air should not need
concentrating in the mixing box. This caused us to deliberate as a team, and we have
not reached a decision. The individual who mentioned this had a very valid point and we
will further deliberate at our next team meeting to decide whether to keep the mixing
box or not.
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-Many individuals agreed that a fan is necessary in the underground system to keep the
air moving, which encouraged us as we were slightly on the fence about the fan in the
underground portion of the system. Now we are confident that it is necessary.

Test 3, Assess the size of the components of our prototype and decide on
lengths of pipes/ sizes of subcomponents. We were hoping to do this by placing the
prototype in a small scale diorama that would emulate where the design would actually
go. Instead, we ended up drawing the diorama on the photo, due to complications
regarding the accessibility of the actual prototype as our team is fairly spread out and
cannot meet in person right now.
We obtained the following results from doing this test:
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-We realized that the entrance of the pipes to the home needs to be much lower as it
will take less resources to have them enter the basement. So the blower fan and the air
filter, as well as the entrance of the pipes to the house must be lowered.
-We also have the objective of making sure that everything is maximum 5 ft
underground. Based on this schematic, we are staying true to that objective.
-We also decided that if we keep the mixing box, it will be small: around 6 inches cubed,
so much smaller than it is represented in the first prototype.
-Based on this diagram, we decided that the heat exchange chamber that includes the
thermal storage medium is perfectly scaled. The top of it will be roughly 2-3 ft
underground and it will be 3ft deeper, and 5 ft long.
-The sump pump is not to scale, it will be much smaller around 1 ft cubed and it will
connect to the sewage system.
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Feedback and comments from potential users and clients:

“Sounds like a wonderful idea and you guys seem to have a great handle on things.”
-John V

Thanks John V!

“How long does it take to install? Is it bulky and in the way? What is the price like?”
-Val V

It is a one day affair, Val! It is relatively quick and easy to install as it is a simple system.
As long as everything is out of the way, the installers will simply dig in your backyard
and install the heat exchanger and connect the pipes to your already existing air ducts.
Once the soil is redistributed on top of the system and grass is laid down, the only
portion of it that protrudes from the ground is the solar panel and air intake, which can
be placed out of the way. The overall design should remain cost efficient at under $1000
and the operation is even cheaper- essentially free besides fan repairs every 10-20
years.

“I think it would be great if it stayed out of the way. I like playing in my yard with my
dogs.”

-Hugh V
No problem, Hugh! The only portion of the system that is above ground is the solar
panel and the air intake, which can be placed just about anywhere in the yard as long
as it's relatively close to the system. You still have plenty of space to play with your
dogs.

“Why would I choose your design over my already existing air conditioning unit and
furnace?”

-Anne V
Good question, Anne V! Our system is completely net-zero. This means that it does not
generate any harmful emissions to the environment. It operates solely on renewable
power; it uses the geothermal heat of the earth in the heat exchange and the electrical
components are run by the energy from the solar panel. On top of this, the system is
very economically efficient. Besides the cost of purchasing the system and installation,
there are no other costs associated with maintaining the system, besides a simple fan
repair if it ever malfunctions, which will only be every 10-20 years. The unfailing and
unlimited source of power from the sun and the earth will not let you down!

“It’s great! Very environmentally friendly. 9/10 Zacs would recommend.”
-Zac V

Awesome, Zac. Glad to hear you’re excited for our design.



11

Prototyping test plan for prototype II:

Tes
t ID

Test
Objective

(Why)

Description of
Prototype used

and of Basic
Test Method

(What)

Description
of Results to
be Recorded

and how
these results
will be used

(How)

Estimated
Test

duration
and

planned
start date

(When)

Stopping
criteria

1 Measure the
efficiency of
the heat
exchanger.
Efficiency =
(Tout - Tin)/
(Tground - Tin)

Prototype II is a
heat exchange
chamber.The
chamber is a
rectangular
shape with
concrete walls
and fins. The
interior is filled
with heat storage
material
composed of a
mixture of  sand
and water. The
heat exchange
piping runs
through this
sand and water
mixture.

Test method:

Hair dryer blows
warm air through
the piping
system. Use
three
thermometers to

The results
include the
inlet
temperature,
the outlet
temperature,
the storage
medium
temperature
and the air
flow rate.

These results
will be used
to calculate
the efficiency
of the heat
exchanger
and optimize
the flow rate
to get the
best
efficiency.

Will be
carried out
on the
weekend of
March 12,
13.

Measure the
outlet
temperature
continuously
until it
stabilizes
within 0.1
degrees
celsius. When
reaching this
limit the
measurement
will stop.
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measure the hair
dryer inlet
temperature,
outlet
temperature
from the heat
exchanger and
the storage
medium
temperature.
Use a flow meter
to measure the
flow rate of the
hair dryer. Three
settings of the
hair dryer flow
rate will be
tested (Low flow
rate, medium
flow rate and
high flow rate).

2 Analyzing
the
integration of
the heat
exchanger in
the system
and the seals

Prototype: We
will use
prototype II

Test method: For
this test, the goal
will be to ensure
that the heat
exchanger is
compatible with
the rest of the
system. We will
want to
standardize our
pipe fittings
through the
system or utilize

To ensure
the quality of
the seals that
we have, we
can
submerge the
entire heat
chamber in a
bath of water
and run air
through the
system. If air
comes out, it
will bubble,
this will allow
us to see if air

Once we
have a solid
prototype, so
on the
weekend of
March 12,
13.

The stopping
criteria would
be once we
see no
bubbles
ensuring all
fittings are
correct and
proper
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the proper
adapters to
ensure that all
connections are
airtight.

comes out
and where.

3 Analyzing
the
dimensions of
the heat
exchanger
and
determining
the perfect
dimensions

Prototype: We
will use
prototype II

Test method: For
this test we will
be using the
method of trial
and error, this
will help gather
more data on
what dimensions
of the heat
exchanger are
the most
effective at
exchanging heat
while being
efficient.

These
results will be
different
dimensions of
the heat
exchanger,
using this
measurement
s we will
determine
what
dimensions
offer the most
amount of
pros, in
conclusion
we will
choose the
overall best
qualified
dimensions

Once we
have a solid
prototype, so
on the
weekend of
March 12,
13.

The stopping
criteria will be
when our
results stop
getting
improvements
, once this
occurs we will
have the best
possible
dimensions.

4 Assessing
structural
soundness of
the heat
exchanger

Prototype:
Prototype II, a
comprehensive
prototype of only
the heat
exchanger

Test method: We
will be applying
pressure on all
six sides of the

Results will
mostly be
collected
qualitatively
by observing
the reaction
of the heat
exchanger to
some force
from all four
sides. If we

This will
take around
15 minutes
and will be
done the
weekend of
the 12th and
13th of
march.

The stopping
criteria will be
when we
have applied
a 25 pound
weight on top
of the heat
exchanger,
and applied
pressure that
we estimate
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heat exchanger.
When the heat
exchanger is
underground, it
will receive
pressure on all
six sides from
the soil around it.
We will place
increasingly
heavy weights
on top and place
it on a table and
individuals will
apply pressure
on all four
remaining sides.

notice dents,
crack bends
or
malfunctions
in the heat
exchanger,
we know that
it needs to be
much
stronger.

to be equal to
around 25
pounds, and
the heat
exchanger
withstands
this for a
minute.

5 Getting
feedback on
the design

Prototype: We
will use
prototype II

Test method:
Explaining our
prototype of our
heat exchange
chamber to an
outsider to
ensure it makes
sense, and
taking their
feedback.

Once again,
we obtain
qualitative
results here.
We will get
feedback on
our prototype
and use
comments
and concerns
from
unbiased
perspectives
to improve
the quality of
our system.

This will be
done once
the heat
exchange
prototype is
built, and it
will be done
over time.
Group
members
will ask
family and
friends for
their
feedback
before
March 14th.

The stopping
criteria will be
once we’ve
received
feedback from
5 different
individuals
outside of this
course.
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Wrike Update

https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=Tfa5SFJkswZicWCw
0r0qCCPyYYRx1kXx%7CIE2DSNZVHA2DELSTGIYA

https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=Tfa5SFJkswZicWCw0r0qCCPyYYRx1kXx%7CIE2DSNZVHA2DELSTGIYA
https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=Tfa5SFJkswZicWCw0r0qCCPyYYRx1kXx%7CIE2DSNZVHA2DELSTGIYA

