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• Red Feather does work primarily on the Hopi Reservation and in 
Navajo Nation

• 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
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Figure 1: Full System Schematic



CAD Draft

Figure 2: CAD Assembly GIF



Our current system is yet to be fully assembled but is current in several partially 
assembled pieces (Subassemblies).

Figure 3:
Air to Liquid Heat Exchanger

Figure 4:
Liquid to Liquid Heat Exchanger

Figure 5:
Bulk Components

Figure 6:
Electrical Components









• Final prototype manufacturing begins with subassembly 
preparation
• Heat exchangers should be coiled to fit the duct
• Heat exchangers are completed by soldering on 

appropriate pipe extensions and fittings
• Next, it is necessary to build the tank cap housing, 

which will be made from 2x4 wood pieces, plywood, 
and a planting box.

• Once the cap is completed, the reservoir, pump, and 
pipe fixtures can be mounted or removed as needed 
for testing

• Holes are drilled in the lid of the water storage tank, 
and fluid storage reservoir

• Heating tape should be wrapped around a length of 
straight pipe that is attached to the pump

Figure 7: Coiling the Heat Exchangers 



• Prior to full assembly, the team will test each heat exchanger
• Circulation and electronics tests for each
• Electronics testing determines basic functionality of 

systems
• Circulation testing runs air or water through the heat 

exchangers, checking for leaks and pump or blower 
deficiencies

• Once this is complete, the team can move to assembly
• The two coiled heat exchangers should first be nested 

together in the duct. The liquid-to-liquid heat exchanger is 
on the bottom to facilitate convection

• The Liquid to air heat exchanger on top and is supported 
/suspended by  four horizontal pipes

• Once the duct package is assembled, it should be carefully 
lowered into the tank with the four inlet/outlet pipes 
arranged at the top

Figure 8: Ensuring that heat 
exchangers fit in the duct



• Assembly (continued)
• The team will cut the manway lid according to the heat 

exchanger in/out arrangement
• After this the lid is replaced, and the cap set on top
• The reservoir and piping for the liquid-to-liquid 

heat exchanger will then be filled with a 5% propylene 
glycol solution. Once full, run the pump, adding 
additional fluid if needed. Watch to make sure it 
operates nominally

• External pipes should then be joined to the heater and 
pump setup, as well as the duct system and fan blower 
responsible for delivering the system’s heat

• Once these are installed, the team will carefully 
connect solar panels, battery, and any other remaining 
electrical components

Figure 9: Current Tank Cap Design



• …Once the heating loop has been filled and is running properly, the 
Arduino system should reflect this
• Since the loop should remained filled with fluid, the pump can 

be turned off and on as needed
• The device should operate automatically once time is set, 

based on sensor inputs
• During the day, it will begin the “charge” (heating) loop. At 

night, the discharge loop should release heat through the duct 
into the desired area
• This should probably be based on both temperature and 

time
• After initiating the loop, and starting the device, it should cycle 

through processes as designed.



• Who oversees what in the future:

• Tech Analyses:
• Piping/HVAC/Circulation – Wesley
• Heating Loop #1: Heat input to tank, pump, liquid to liquid – Noah
• Heating Loop #2: Heat exchanger and heat coil, liquid to air – Randall
• Solar Panels: How to connect, series/parallel – Brittney 
• Heating tape/Heating up water pump – Jessie 

• After Tech Analyses:
• Finish CAD/Update Website – Noah 
• Testing/Analyzing Tests – Team
• Final Report/Presentation – Team 
• Poster - Team



The First major testing will be done on the 2 main subsystems

Subsystem 1: Liquid to Air Heat Exchanger
• Basic test of electrical components to see if they are 

functioning properly.
• Testing will be done for how well the air circulates 

through the piping system. This includes testing 
waterflow throughout the heat exchanger to see if 
there are any leaks

Subsystem 2: Liquid to Liquid Heat Exchanger
• Preform basic test on electrical components to see if 

they are functioning properly.
• Testing will be done to see how well the Propylene 

Glycol circulates through the piping.

Required materials for testing:
1. Anemometer
2. Blower
3. Water (acting as liquid 

substitute for propylene 
glycol)

4. Arduino and LCD Thermostat
5. Thermocouples

Deliverables:
1. Air Velocity
2. Evidence 
of water leaking/not
leaking



Required materials For testing:

1. Propylene Glycol
2. Arduino and LCD Thermostat
3. Thermocouples
4. Anemometer

Deliverables:
1. Air Velocity
2. Air/Liquid Temperatures
3. Time for temperature changes
4. BTUs (Calculated from Temperature 
change and material properties)
4. Uninterrupted run time of device



Engineering 
Requirement

Derived from this Customer 
Need.

Method of measurement
Unit of 

Measurement
Target ER Testing Procedure

Device maintains 
consistent house air 
temperature (60deg 

F)

Device should maintain 
comfortable indoor temperature 

throughout night.

Thermometer or
Temperature Sensor for 

temperature of air

Fahrenheit

BTU/h

60F

10,000 BTU/h

Over a 14-hour period, 
the device outputs 

10,000 BTU/h

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

Run device for several 
day/night cycles with 

projected lows around 
20 F; if device 

maintains minimum 
heat output over 20 or 

sub 20 F nights, it 

passes the test

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

Measure the 
temperature of the 

water of the storage 
tank. Over 14 hours, 
how  much does the 

temperature decrease?

Device budget is 

within $2,000.

Device should be within purchasing 
capabilities of Red Feather and the 

relevant clients.
Pricing Dollars $2,000 Bill of materials



Engineering 
Requirement

Derived from this 
Customer Need.

Method of measurement
Unit of 

Measurement
Target ER

Testing 
Procedure

Device has no 

more than 12 unique 

parts.

Design should be straightforward. Counting Unitless <=12 Bill of materials

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 weig

ht

Feet,

Lbs.

4ft.x 8ft

<500 lbs.

Measuring tape

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 Odometer

Device should work 

without interruption 

or maintenance.

Design a reliable design.
Amount of time device works 

without stopping.
Days 7 days

Device functions 

without stopping for at 

least one week.

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

Submerge the 

electronic components 

case within a bucket of 

water to see if the 

water is sealed out.



To be completed:

Completed:


