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• Many homes on the Navajo nation and 
Hopi Reservation don't have adequate sources of heat during 
the evening, many rely on coal or wood-fired stoves
• They have started implementing solar furnaces, but that doesn’t 

provide heat at night



• The project is to create a thermal storage device that can store enough heat 
to warm a house at night.

• All the materials used must be locally sourced, easy and within the budget 
set by Red Feather

• The design for the thermal storage device needs to be straight forward and 
not too large

• It needs to be reliable and durable in the environment it is in



Engineering Requirement Derived from this Customer Need Method of measurement Unit of Measurement Target ER Proof

Device maintains consistent 
house air 

temperature (60deg F)

Device should maintain comfortable 
indoor temperature throughout night

Thermometer Temp
erature Sensor for 
temperature of air

Fahrenheit BTU
/h

60F
10,000 BTU/h

To meet this, device must output 10,000 BTU/hr. This 
number is based on the output of modernized hybrid stoves 

used on the Navajo reservation as part of their air quality 
control program, and is intended to reflect the type of heat 

source the project intends to replace [1]

Device works in environments 
with outside temperatures 

ranging from 20 degrees to 60 
degrees Fahrenheit.

Device should provide consistent heat 
source to keep houses warm at 

night, functioning within standard season 
range of Navajo Nation and Hopi 

Reservation temperatures.

Thermometer or Temperature 
sensor

Fahrenheit 20-60F

Heat loss calculations based on a house with concrete block 
structure, plywood floors and ceilings, and aluminum siding 

determined a heat loss roughly equal to the above 10,000 
BTU/hr number. As such, the device must be able to 

maintain this heat output over the course of several cycles of 
operation on cold nights.

Equation: 𝐻𝑒𝑎𝑡 𝐿𝑜𝑠𝑠 =
!!"#$∗∆$
%!"#$

Device stores heat in an 
effective method.

Device should provide consistent heat 
source to keep houses warm at 

night AND device should store heat 
during the day and release it at night.

Heat equation, using mass, 
material qualities such as the 
specific heat of the medium 

fluid, and a measured change 
in temperature

Fahrenheit 175F

It was necessary to find a thermal fluid that could most 
efficiently store the required amount of heat. The 

following equation was used: Q=cm∆t to calculate the 
necessary volume of different storage fluids, which were 

tabulated for comparison.





Device budget is within $1,500
Device should be within purchasing 

capabilities of Red Feather and the relevant 
clients.

Pricing Dollars $1,500 On Bill of Materials the total cost is $1251.51

Device has no 
more than 12 unique parts.

Design should be straightforward. Counting Unitless <=12 On Bill of Materials there are 11 parts

Device able to install onto a 
variety of homes.

Device geometry should fit a variety of 
housing situations (no roof cave-ins)

Device dimensions and weight Feet, Lbs.
4ft.x 8ft <500 

lbs.
Reference Bill of Materials

Materials should have minimal 
delivery (transit) time

Materials should be readily available in the 
region Transit time of materials Miles <150 miles

Distance from/to a Home Depot:

39.3 miles from Leupp 
48 miles from Cameron

62.4 miles from Joseph City
62.4 miles from Bird 

74.1 miles from Tuba City 
103 miles from Hopi Reservation

Device should work without 
interruption or maintenance.

Design a reliable design. Amount of time device works 
without stopping Days 7 days

We will need to test the device by running it without 
interruption to see if it continues to work or fails. This is 

one of the testing procedures for next semester.

Device should be able to 
withstand all weather conditions.

Create a durable and robust design.
Amount of water on the 

electronics case that can be 
withstood over time.

Lbf, Volume of water
5 gallons of 

water
Test the waterproof case next semester
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Task Plan Start Date Plan End Date

Finalizing and Purchasing Parts
(including Testing Procedure parts)

1/11/2021 1/25/2021

Meet with Clients 1/15/2021 1/29/2021
Website Development Check-up 1/27/2021 2/3/2021
Concept Check-up 2/3/2021 2/5/2021
Building Prototype 2/5/2021 2/12/2021
Parts Analysis 2/17/2021 2/26/2021
Testing Procedures 3/5/2021 3/13/2021
Testing Procedures Results/Analysis 3/17/2021 3/27/2021
Meet with Clients 3/31/2021 4/2/2021
Preliminary Report 3/31/2021 4/11/2021
Final Report 4/14/2021 4/25/2021
Website Final Check-up 4/21/2021 4/25/2021



Bill of Materials

Part number
Part 

description Manufacturer Dimensions Weight Quantity Unit Cost
Total Cost for 

Part

1
Heating Fluid 

Pump Ferroday
10.2 x 7.6 x 6 

inches 4.59 lbs. 1 $79.99 $79.99

2
Liquid to 

Liquid Heat 
Exchanger

Duda Energy 7.5" x 2.9" x 
2" 2.58 ft2 N/A 1 $57.55 $57.55

3
Liquid to Air 

Heat 
Exchanger

Outdoor 
Furnace Supply 24" x 24" N/A 1 $225.00 $225.00

4 Heating Band Omega
8 ft length, 1 

in width N/A 1 $93.49 $93.49

5 Copper Piping Cambridge-Lee 10' and 1" dia N/A 1 $34.77 $34.77

6 Storage Tank Norwesco
32" dia. x 

67"H and 210 
gallons

65 lbs. 1 $276.00 $276.00

7 Fan Ridgid 13 x 12.3 x 
10.6 in 12.25 lbs 1 $79.97 $79.97

8 Battery Crown 12.19 × 7.19 ×
14.13 in 92 lbs. 1 $235.00 $235.00

9 Electricity 
Solar Panel Canadian Solar 3.44 ft x 6.92 

ft N/A 2 $71.88 $143.76

10 Arduino ELEGOO
3.15 x 2.36 x 

0.39 in 2.24 oz. 1 $12.98 $12.98

11 Thermocouple
s Aideepen 3.7 x 3.1 x 0.3 

in 0.81 oz. 5 $2.60 $13.00




