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Project Description

Primary Goal

• Implement a solar air heater to provide heat to 
the Renewable Energy Lab to offset the current, 
nonrenewable, method of heating.   

Important

• Help achieve NAU carbon neutrality plan

• Keep stored batteries above 40 °F

• Provide affordable renewable heating for low 
infrastructure areas

Figure 1: Air-Based Solar Thermal Panel
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SolidWorks Assembly

Figure 2: CAD Model

Figure 3: CAD Model

• 2 cold air inlets (1 in big room and 1 in smaller room)
• 3 heated outlets (2 in big room and 1 in smaller room)
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Design Description:

Figure 4: Ballooned CAD Drawing Figure 5: Bill of Materials
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Circuit Diagram

Components

1. PV/T Panel (V1) – DC Volage Supply

2. Fuse (F1) – Current Control

3. Buck Converter (R1) – Voltage Control

4. Mechanical Relay (RLY1) – On/Off Switch

5. Fan – Electrical Load

6. Thermostat (V2) - Voltage Supply for Relay

Future Additions

• In depth routing configuration

• Implement emergency shutoff Figure 6: Circuit Diagram for Solar Thermal System
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QFD

Figure 7: QFD
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Mounting Analysis

Assumptions:

-Uniform Snow Distribution of 20.9 in on solar 
collector [40]

-35° tilt

-Wind speed is 25 mph or 11.176 m/s [41]

-Snow is "normal"
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Results:
Diameter of bolts ¼"

Figure 8: Bolt Size Table [39]

Figure 9: Mounting Calculations



Energy Analysis

Assumptions
• Building Temperature 55 Fahrenheit

• ASHRAE Solar Irradiation Data

• Incident Radiation Angle from 0 to 
71.25 degrees

• Inlet Temperature same as building 
temperature
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Fundamental Heat 
Transfer Equations

Temperature Equations

Energy Equations



Energy Calculation: Dynamic Output

Brendan Frazier

Figure 10: Dynamic Angle Energy Output

Figure 10: Energy MATLAB Code



Energy Calculations: Daily Output

Brendan Frazier

Importance

• Evaluate solar thermal energy 
captured with a dynamic angle

• Are we still meeting 30% 
requirement in winter

Results

• December – 15% Heat Load Covered

• January – 15% Heat Load Covered

• February – 16% Heat Load Covered

Figure 11: Daily Energy Output



Photovoltaic Solar Analysis
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Assumptions:
1. Polycrystalline panels: λ_a = 0.85 

[15]
2. Glass panels: λ_c = 0.7 [10]
3. Solar panels positioned on roof: θ = 

16.77°
4. Absorber plate temperature: 

T_a=333.15K
5. Cover plate temperature: T_c = 

313.15K
6. G = 5.461 kWh/m^2 [38]
7. Diffuse Surface: ε = α

Solar Energy Absorbed Heat loss

Voltage

[10]

[10]



HVAC Routing Analysis
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Assumptions :
ACH is 4 (the recomended value to satisfy ASHRAE)
Square ft is 471.f ft^2

Results: We will need a minimum of 273.15 CFM to 
maintain the buildings safety requirements Figure 12: Duct sizing by CFM



Ductwork Cost Analysis

Table 1: Ductwork BOM

Calvin Schenkenberger

- $740 Spent on Ductwork
- Ductwork is not cheap

o $150 Spent on 8 inch elbows
- Majority of our design



Future CR and ER Calculations

Customer Requirement Status Future Work

Reduce Headload 30% Completed Improvements on irradiance angle

Operate in Winter Completed None

Primarily use renewable energy Completed None

No major modifications Partially Completed Perform validation on mounting

Comply with codes Not Completed Reconfirm design against relevant 
building codes

>4 hours of maintenance annually Not Completed Perform maintenance time 
approximations

10-year payback period Not Completed Perform cost and time analysis

Must not overheat the building Partially Completed Reconfirm thermostat configuration

Table 2: Customer Requirement Fulfillment
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Failure Mode and Effect Analysis (FMEA)

Primary Subsystems
• Electrical Controls

o Fuse
o Relay
o Buck Converter

• Mounting System
o Brackets
o Rails
o Bolts

• Energy Harvesting
o PV/T and Air Solar Panels

• HVAC Routing
o Ducts
o Insulation

Table 3: FMEA Breakdown

Brendan Frazier



Failure Mode and Effect Analysis (FMEA)

Future Testing
• Structural testing on mounting 

brackets and rails

• Improved volumetric flowrate testing

• Improved temperature input to the 
building (constant inlet temperature)

Equipment Required
• FEA Analysis on brackets and tensile 

testing machine required

• Hot wire anemometer (specifically 
built for HVAC testing)

• K-type thermocouples and DAQ 
software and program
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Schedule & Budget

Total Budget Available: $1,092 total
• $500 provided by the Renewable Energy Lab
• $500 provided by Home Depot Bill of materials
• $92 dollars raised from GCB fundraising

Anticipated Expenses 
• Roof mounting
• Ducts, insulation, Vents
• Electrical
• Misc

Tentative Budget Schedule
• BOM due 08/7/2025
• $350 dollar remain
• Important dates 08/25, 10/16, 11/6
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Summer Gantt Chart
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Figure 12: Summer Gantt Chart



Fall Gantt Chart
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Figure 13: Fall Gantt Chart
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Customer Requirements

Customer 
Requirement

Software Simulation Mathematical 
Modeling

Physical Prototyping CR Status

Reduce heat load by 
30% in winter

Mostly Fulfilled 

Operates in winter 
climate conditions

Mostly Fulfilled

Use primarily solar 
energy

Mostly Fulfilled

No major structural 
modifications

Mostly Fulfilled

Comply with relevant 
codes

Not Fulfilled

>4 hours of 
maintenance yearly

Not Fulfilled

Must not cause 
building to overheat

Partially Fulfilled
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Physical Prototyping
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How does variable voltage affect 
flow rate?

• Approximately 20% drop in CFM for 
every 2 volts

Design Information

• Provide battery power to fans to 
ensure max operation and efficiency

Figure 1: CFM Based on Applied Voltage



Energy Calculation: Dynamic Output

Brendan Frazier

Figure 3: Dynamic Angle Energy Output

Figure 2: Energy MATLAB Code



SolidWorks Flow Simulation

Figure 4: Air Collector Flow Simulation
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