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Project Description

Primary Goal

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

Important

* Reduce total non-renewable energy usage by
NAU

* Help achieve NAU carbon neutrality plan

1 o
* Keep stored batteries above 40 °F Figure 1: Air-Based Solar Thermal Panel
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Functional Decomposition:

Black Box Model
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Figure 3: Functional Decomposition
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Figure 2: Black Box Model
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Concept Generation: Air Subsystems

Table 1: Air-Based Concept Variants

Solar Panel Thermal Thermal Heat Exchanger
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Concept Generation: Water Subsystems

Table 2: Water-Based Concept Variants

Control Thermal Thermal Heat
Insulation Storage Exchanger
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Concept Advantages and Disadvantages
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Figure 4: Solar Air
collector on top of
building

Pros:

- Takes up no space on
ground

- Greater sunlight view
factor

Cons:

- Difficult winter
maintenance

- Mildly invasive

Figure 5: Smart Thermostat

Pros:

Wifi capabilities built in
for remote access

Cons:

Expensive (minimum
$70)

Gets outside
temperature readings
from local weather
station rather than
system readings

Figure 6: Storage tank with

Figure 7: T-Type

CFWH Thermocouple
Pros: Pros:
- High efficiency _ Stable type of
- High thermal capacity thermocouple

Cons:
- Additional cost
- Requires additional

Can be used during
coldertemperatures

. . Cons:
msulgtlon . - Smallvoltage output

) Requires an additional _ Improper installations
pump can lead to errors for the

system
Proneto corrosion
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Figure 8: Fiberglass pipe
insulation

Pros:

- Protects exposed pipes -
from winter conditions.
Mitigates unwanted heat
losses

Cons: -
Unable to be used in other
system areas that require
additional insulation -
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Figure 9: Radiator inside of building

Pros:

Provides heat for the
building throughout the
day.

Cons:

Tends to take up space
in a small area within
the building

Takes up electricity and
canincrease cost.
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Concept Generation: Full Assemblies

Desgign 5: Coalving Solar Air

Figure 10: Full Design #1

Figure 13: Full Design #5
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Concept Advantages and Disadvantages
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Figure 15: Finalist Design (Water)
Degign 5. Coalving Solar Air

Pros:

- Digital thermostat provides wide controls over how and when the system is F|gu re 16: Finalist Design (AII’)
operating

- Large water storage tank will provide adequate heat storage for overnight use Pros:

Cons: - Wallinsulation can maintain stable temperatures

- Fans can circulate heat

- Temperature can be adjusted through thermostat
- Compact

Cons:

- Mounting system might be heavy

- No backup heat storage

NORTHERN ARIZONA UNIVERSITY

- Harder to disperse the heat without additionalinternal fans and circulation
- Takesupspace

- No additionalindoorinsulation

- Thermocouple recalibration requirements

- Use of water could lead to unavoidable maintenance
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Pipe Fluid Flow Analysis

. EVC Tube Solar Collector CV [26]
Assumptions:

. L 1mi 1 m? k k
m=0Q-p=0.11 L =997 — = 0.001827 :g
m

-lIncompressible min " 60 sec 1000 L
Q = m - ¢p (Tout — Tin)= 0.001827 k9 4184 —‘{C -(100°C — 20°C)= 611.53 W

-Fully Developed Flow ’ !

ﬂ, 11 i . lrmin . 1000000 rerm® mm m
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Thermal Performance Analysis

Assumptions and Conditions Eund?mfgﬂtaltﬂeat
+ ASHRAE Solar Irradiation Data ransrer tquations

= A T -T2
e Both air and water have inlet ar = Aseo(Ts = Tsurr)
temperature of 300 Kelvin (27 AQconv = MAs(Tino — Trni)
Celsius) qcona = kKA(T, — T3)
* Simulation run during solar noon

with minimal cloud cover

. ) . Solution Equations
(maximum solar irradiation)

Nu = 0.023 = Re®8 x pro+

hAs (Tinner _ Tin)
'mcp

Tout = Tin +
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Water Performance
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Air Performance

50 Monthly Outlet and Absorber Plate Temperatures of Flat Plate Solar Air Heater
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Heat Exchanger Literature Review

[8] A. G. Safitra, L. Diana, F. H. Sholihah and C. P. Rahayu, "Experimental Analysis of Artificial Equilateral Triangle Solar Air Heater Using Zig-zag Channel," 2021 International
Electronics Symposium (IES), Surabaya, Indonesia, 2021, pp. 494-498, doi: 10.1109/1ES53407.2021.9593967. keywords: {Fluids;Shape;Solar radiation;Solar heating;Sun; Thermal
energy;solar air heater;zig-zag;temperature;absorber;efficiency},

[9] Fj.o %g?ineeringtoolbox, “Absorbed solar radiation,” Engineering ToolBox, https://www.engineeringtoolbox.com/solar-radiation-absorbed-materials-d _1568.html (accessed Jun. 18,

[10] T. L. Bergman, Fundamentals of Heat and Mass Transfer, 8th Edition. New Y ork: John Wiley & Sons, Incorporated, 2016.

[11] M. J. Moran and H. N. Shapiro, Fundamentals of Engineering Thermodynamics Michel J. Moran ; Howard N. Shapiro. Hauptbd. Hoboken, NJ: Wiley, 2010.
[12] A. Kumar GB, S. Sushma, L. Priyanka, S. G. Vijay, and G. A. Thoughir Pasha, “Design and implementation of peltier based solar powered air conditioninzg and water heating
S S_t?lél,l’ ’I%gf ré‘i jr& ]2186?]15 218t1e§n9¢(1)tf021%15 Conference on Recent Trends in Electronics, ]njgol}”mation &amp,; Communication Technology (RTEICT), pp. 2604—2607, May 2018.
0i:10. eic . .

[13] A. S, Barrak, A. A, Saleh, and Z. H. Naji, “Ener%/ saving of Air .Conditionin% Sgstem bX oscillating heat pipe heat recovery using binary fluid,” 2019 4th Scientific International
Conference Najaf (SICN), pp. 178-183, Apr. 2019Y. doi:10.1109/sicn47020.2019.901935

[14]T.A.H. & Coolin%, “What is an inverter heat pump: Temp Air,” Temp Air System Inc., https://tempairsystem.com/everything-you-should-know-about-inverter-heat-pumps/
(accessed Jul. 15, 2025).

[15] “W%% g}\)/avelength do solar panels use? the ultimate answer,” ShopSolar.com, https://shopsolarkits.com/blogs/learning-center/what-wavelength-do-solar-panels-use (accessed Jul.

b

[16] “Solar Panel Cost Archives,” Solar.com, https://www.solar.com/learn/solar-panel-cost/ (accessed Jul. 15, 2025).

[17] “Leam about hybrid water heaters: Energy-efficient heating.,” Zenith, https:/zenithheater.com/hybrid-water-heater/ (accessed Jul. 15, 2025).

NORTHERN ARIZONA UNIVERSITY
Tyler Hedgecock



Heat Exchanger Analysis

Assumptions:

Pump Analysis:

1. Neglect Kinetic and Potential
Energy, KE =0 and PE =0 (Fan).
2. Nowork on the system, W_CV=0 Vy — MmUY _ 500134 m/s
(Fan and heat exchanger)
3. ldeal gas model, Q_cp =1.005
kI/Kg™K (Fan). Wey = ml(hl — h)- (Vlﬂ 3 R ) +g(z1 — )}
4. Steady state (Both devices).
5. No heat transfer, Q_CV =0 (pump) =-612.2W
V= 05— Wi gm,(h, + \j + gw) EAL ( . g) [13] 1= 9ev g,
Q_CV = rate of heat transfer (W) — 251 03W +100°C
W__CV= amount of work (W) ?g/:greal\?iiﬁlg(g‘/lsm/s’ﬂ) (U' UDIBQT 4184 o fr: C
m_dot = mass flow rate (kg/s) 2 = height (m) _237.84°C

h = enthalpy (kj/kg)
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Heat Load Literature Review
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Heat Load

Calculate the hourly heat required to maintain the solar shack at

or above 40 °F

Methods:
- Manual Measurements and Analysis
- eQUEST Schematic Design Wizard

Assumptions:
- Symmetrical
- Some eQUEST defaults

Equations: Variables:

- A=L*W - Qs =Btu/h

- O=tan”-1(a/b) - CFM=ft"3/m

- Qs=1.08* CFM * AT - AT =°F
(Sensible heat formula)

[“M eQUEST Schematic Design Wizard ? X

Exterior Windows

Window Area Specification Method: | e EeANE R N G R o)

Describe Up To 3 Window Types

Glass Category Glass Type Frame Type wd (in)
1:[single ClvTint | [Single Clear 1/8in (1000) | [Woodivinyl, Fixed ][ 1.50
2: |- select another v

Typ Window  Window sill %% Windaw (floor to ceiling, including frame):
Width (ft)* HE (ft) He (ft) orth  South  East  West

Figure 22: Attic Insulation

.|

r) % window is 2.7% and net (flr-to-ceiling) is 2.7%.

PHILIPS

Flgu re 24: 25 Watt Light

Figure 25: Measurement

Figure 26: Generated 3D Model
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Heat Load

Electric Consumption (kWh) Gas Consumption (Btu)
{x000,000)
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[ area Lighting B Misc. Equipment Bl Pumps & Aux. [ water Heating Bl Space Heating

Task Lighting [l Exterior Usage [l ventilation Fans T Pump Supp. ] Refrigeration

Figure 27: Summary of Energy Consumption

Peak consumption: 7.68MMBtu = 10.32 KBtu/h
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Thermal Battery Literature Review
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Thermal Battery

Assumptions: Heat loss Analysis
* The thermal conductivity (k) of water is
assumed to be 0.6 W/m-K, representing liquidwater at room _ k-A-AT
temperature. Qoss = X
* The heat transfer area (A) is approximated as 0.05 m>, assuming
contact between the heating coil and water. Q=m Cp AT
* The thermal path thickness (x) is 0.1 m, representing the distance
heat travels through the water. a0 e PO TR Cver Tne

300

* The initial water temperature is assumed to be 20°C, simulating a
cold start before heating.

* The heat source temperature is setto 80°C,which is safe and
efficient for solar-heated water.

* The specific heat capacity (cp) of water is4186 J/kg:-K, a universal
constant for water.

250

200

150

100

Temperature of Storage Medium (°C)

50

* The volumetric flow rate is assumed to be 3 liters per minute, with O s a3 s 5 o
a total simulation time of 3600 seconds (1 hour). . “rl”;‘”“””‘es’h . i
. 45.2 megaJOUleS 1 hour Of heatmg igure ermal Battery heating over an hour
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Summary of Calculations

Table 1: All Engineering Calculations

T e O e

Heat Load

Water Out Temp.

Air Out Temp.

Radiation
Absorption

Water Pwr Out

Heat Exchanger

eQUEST 10.32 KBtu/h - Mass flow rate 0 0.001827 ke/s
1 =1, ¢ Al ~Tn)  ~B5 Celsius Vel. of water "= % 1.262 mm/s
mep
T”w ~34 Celsius RE's # Re— " f 108.206 N/A
o wteoso0_gy 152:14  W/m*2 F.F. lam. flow fm = & 0.5915 N/A
P=Q+A+a 11.7 kWh/day Maijor hl b= fum % 0.053 m
O-mc,.ar 4.545 MJ Minor hl hm =K+ 4128%10%7  m
- Total hl b — o hn. 0.053 m
Pressure P=p-g-h 10298.9 Pa

NORTHERN ARIZONA UNIVERSITY

Jacob Apodaca



Pugh Chart

Table 1: Air and Water Based Full Design Concepts

Criteria Design 1 | Design 2 Design3 | Design 4 Design 3 | Water Air Datum
(Jacob (Brendan | (Tyler (Joseph (Calvin Datum
Air) Water) water) water) air) Water Datum:
Energy . < + ] c Water Air Datum Vacuum Tube Solar Collector Kit [26]
Stored Datum Air Datum:
Insulating 5 : + : +  |Water  |AirDatum | Artica 4000 Series Solar Air Heater [37]
Power Datum
Head 5 + - + 5 Water Air Datum
Pressure Datum
Exchanger + 5 + 5 - Water Air Datum
Efficiency Datum
Life - + - + + Water Air Datum
Expectancy Datum
Cost + + - + + Water Air Datum
Datum
Total +1 +2 0 +1 +2 Water Air Datum
Datum
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Desigh Selection

Table 1: Decision Matrix

Criterion Weight Design 2 (Water) Design 5 (Air)
Energy Stored 25% 21.2 19
Insulating Power 20% 13.2 14.6
Head Pressure 5% 2.6 3.4
Exchanger Efficiency 15% 11.6 11.2

Life Expectancy 20% 15.4 18.2
Cost 15% 9.8 12.8
Total 100% 713.8 79.2
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CAD Model
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Figure 31: Assembly of Concept

Figure 30: Engineering Drawing of Concept
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WBS: Gantt Chart
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Project Budget and

Overview

Total Budget Available: $1,000 total
* $500 provided by the Renewable Energy Lab

* $500 required to be raised by the team to cover unexpected purchases
and extra materials

NORTHERN ARIZONA UNIVERSITY
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Anticipated Expenses

*Solar Collector Materials (pipes, absorber plate, glazing): $300
‘Thermal Storage Tank / Insulated Water Tank: $250

Pump, Valves, and Circulation Hardware: $200

*Mounting Frame and Structural Hardware for Roof: $150
‘Insulation and Sealant Materials: $120

*Control Unit, Sensors, and Temperature Gauges: $100
*Miscellaneous and Contingency Funds: $180

e Total Estimated Expenses: ~ 1300

NORTHERN ARIZONA UNIVERSITY

Joseph Meza



Fundraising

* Business Sponsorship: Approach local hardware or plumbing
supply stores in Flagstaff for material donations or small

sponsorships.
* Leads: Grand Canyon Brewery owner looking to sign a write off
* Raised 63% PLEASE HELP Support Our

Engineering Department

Looking to raise 500 dollars to support our capstone project for
materials and supplies in order to complete the project of
building a renewable energy lab solar heater for the lab.

Goal = 500 s — Please add a
Ei‘:ﬁﬁ e comment of your
e %ﬁ name and tag @Nau
NAU 3 ? 3 and claim your 10%
El L2 m{% off GCB Entrees!!!
venmo

Figure 33: Fundraising Flyer at GCB
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