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Project Overview

Primary Goal
* Install a solar air heating system to provide heat

to the RE building during the winter and provide
an alternative method of heating contrary
HEATED

to nonrenewable devices.
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Figure 2: Air Solar Thermal System Diagram

Figure 1: Air-Based Solar Thefma/ Panel
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SolidWorks Assembly

Mounting Materials

* 14-gauge Unistrut

Nylon Unistrut Cone Nuts

5-inch Lag Screws
Figure 4: Solar air heater mounting

Unistrut Pivot Bracket

1.5-inch Square Washers

0.5-inch Locking Washers

Figure 5: Mounting Bracket Figure 6: Solar air heater Mounting
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Circuit Diagram

PVT Panel
a

-t Solid State Relay
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Master Switch  Thermostat

Figure 7: Circuit Diagram

NORTHERN ARIZONA UNIVERSITY

Calvin Schenkenberger



Wind Load Calculations

/A The environment

Wind velocity

115 mph v
Air density

1.056 kg/m3 Vv

The default air density is for 15 °C / 59 °F at
sed level. If you need to change this value,

check our air density calculator.

- The loaded object

Surface area

32 frav

surface angle (i
55 deg
Figure 8: Environmental Wind
Speed

{ When moving air - wind - is stopped by a surface - the dynamic energy in the wind is transformed to
i pressure. The pressure acting the surface transforms to a force

Fw=pgA
=12pVv2A (1)
where
F., = wind force (N)
A = surface area (m?)
pg = dynamic pressure (Pa)
o = density of air (kg/m°)

v = wind speed (m/s)

‘ Note - in practice wind force acting on a object creates more complex forces due to drag and other
effects.

: Wind Load Calculator

[ 1056 < airdensity (kg/m°)

[ 51 2| wind speed (m/s)

[ 8 <larea(md
Calculate!

« Dynamic pressure (N/m2, Pa): 1373
* Wind Load (N): 4120

Figure 9: Wind Speed on
Mounting System
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Dynqmic pressure eee

0.2024 psi Vv

Wind load i

764 1bf Vv

e Reload calculator

Share result Clear all changes

Figure 10: Wind Load
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Purchasing Plan

Bill of Materials
Hame Fart Number |(Quantity |Cost | Make/Buy |Primary Vendor | Manufacturer Part Status  |Total Cost
L Bracket 235244 a 3.37 [Buy The Home Diepat | Superstrut 15-Oct 26.96
B Wiye 643052 1 1758 |Buy The Homee Depat | Master Flow 15-Oct 17.8E
Einch 30 14A7E4 10 9.9 (Buy The Home Diepat | Master Flow Acquired DOE Drip Edge Flashing BO47aE g 8.729 |Buy Acquired 5085
Binch 80 148733 2 8.6 |Buy The Horme Depat | Master Flow Aoquired 17.536 = .
B« 6 adapter 148857 4 14.28 |Buy The Hame Depat | Master Flaw Acquired 57.12 GAF e Raof g _So1setls 1534 {Buy Acquired 1200.51
B inch duct 1013032134 |1 55.58 | Buy The Hame Depat | Master Flaw Acquired 59,95 Cuater Screvs f?‘“’"ﬁaa ! 439 |Buy Aoquired 49
Binch duct 1013032129 |1 67.58 |Buy The Hame Dlepat | Master Flaw Acquired 7 56 ek o s re6s4a1)1 6.1 |Buy SRR s
Duct Insulation 1002502517 |1 27.58 |NIA The Hame Depat | Master Flaw Donated [ SKYSHALO Fipe Flashing 325478041)4 36.57 | Buy Acquired 155.56
10 5 4 1 & regisies bax 1489632 2 12,43 |Buy The Hame Depat | Master Flaw 15-Oct 24,58 Godd Galv Superstrut SB35 2 41 |Buy Heme Deped Superstrut Acguired B2
14 %6 1o 8 regiser bax 351407 1 14,83 |Buy The Hame Depat |Master Flaw 13-Oct 14,0 Gold Gabr L Bracket 410245 8 3.764 | Buy Home Depod Everkilt Acquired 4011
10 & 4 vent 324411 5 15.58 |Buy The Hame Depat | Master Flaw Acquired 27.06) Gold Galr Sgr Wshr 410247 4 10.59 |Bury Home Diepod SuperMag Acquired 4236
14 1§ vent 4073048 al 14.58 |Buy The Hame Di=pat |Master Flaw Acquired 14.0E L2 x5 Lag Screw 473052 10 9.211 |Buy Home De=pod Evarbilt Aoquired 5211
Super Strut dE3FE2 E| 0 By The Hormee Depat | Superstrut Aoquired 0 172 nylan cone nuts 215101 4 7.1435 |Buy Homi= De=pot Supssrstrut Aoguired 28.5E
16 AWG Wire BOCP1SGHET |1 1759 |Buy The Home= Depat | NADEVO Aoquired 17.69 172 lock wshe 50 pk 352937 1 25.79 |Buy Homis Depot Ewarkbilt Auoquired 25.70
Henry Rood Sealant 111305 1 10.53 |Buy Thee Homee Depat | Henry Acquired 10.8E 172 gab wishr 333843 1 24.56 |Buy Homis Di=pot Ews=rhilt Boquired 24 56
ExEixd Junction Box 1D07EIDEZ4 |1 40.55 |Buy The Homee D=pat | Canbex Aoquired 40.55 172 x 5116 galv balt 955367 4 9,048 |Buy Home De=pot Supersirut Acquired 35.10
4x5 1 imch insulaticn a24537 1 1658 EIJ:,' The= Hame= Dtp:t R-Tech .ﬁ.Cqur!d 16.0F 12 x1-172 g-!l'.l' balt 02907 8 1.303 EU&I Home= DEPI:H Euwsrbilt .ﬁ.oquir:d 1047
Duct Tap= 1010742507 |1 13.58 |Buy The Homee Depat | Everhbilt Aoquired 13.8E 1/2 = 15 tpi galv balt 538802 a 10.603 | By Home Depot Everbiltt 4cquired 457
Foll Insulatian 1003620364 (1 11.57 (Buy The Hormee Diepaat | Eveerhbilt Acquired 11.97 Pivating Strut Brit S-EAB1-EfE-Gabl2 55.97 | Buy Flastrers Plus Flex-Strut Shipging 11104
Caulk 362622 1 11.58 |Buy The Horme Depat | GE Acquired 11.56 _—
PVT panel & 1 a By RE Lab A Donated 1] Total R
Salar air pan=| MA 2 a Buy RE Lab Thermix Donated D Tortal Budget Left e
Thermostat BODMDSEFEF |1 23.15 |Buy Amazon Rise=m 15-Oct 23.15
Conduit BOBEWGICH) (1 47.43 |Buy Amazon Anszery 15-Oct 47 4B
Mesh BODSIONYOZ |2 17.59 |Buy R ASHMFSH 15-Oct 35.08 F[g ure 11: Bill Of Materials
Fuse BOTKADVERY |1 0.5 |Buy Amazon SINQIIML 15-Oct 0.5
Salid State Relay 359-G2R-10C5-M1 3.63 |Buy DigiK=y Omron Electranics  |153-0ct 5.63
Fan MR 2 a Buy Diigikay SUHNON Donated o
OndOdf Switch Heawvy Duty Togd 1 12E1l |Buy Ebay Multiservices10 15-Oct 12.61
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Manufacturing Plan

Table 1: Tentative Installation Schedule

PVT Panel Removal
Applying Tarp to Roof
Mounting System Assembly

Refurbish Both Panels

Install New Roof

Building Modifications for
Mounting

Electrical Installation

Building Modifications for
Ducts

Ductwork Installation

Tasklead | Status | Scheduled Date
Brendan Completed on 9/14 9/22/2025
Brendan Completed on 9/16 9/22/2025

Jacob In Progress 10/19/2025
Jacob Completed on 10/13 10/13/2025
Calvin Completed on 10/7 10/7/2025
Brendan In Progress 10/27/2025
Tyler Not Started 11/03/2025
Calvin Not Started 11/03/2025
Joseph Not Started 11/03/2025
Tyler In Progress 11/10/2025

Solar Air Panel Optimization
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Demonstration
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Figure 12: Applying Drip Edge Flashing Figure 13: Installing Roofing Shingles Figure 14: Finished Roofing
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Demonstration

v

Figure 15: Refurbishing Second Solar Panel Figure 16: Replacing Insulation Figure 17: App/ying Tape to Edges
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Demonstration

Figure 18: Finished Solar Panels
Figure 19: Mounting Location
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Gantt Chart

RE LAB SOIar Heater Project start: Mon, 8/25/2025

NAU Capstone Project FALL 2025 Display week: 1
Aug 25, 2025 Sep 1, 2025 Sep 8, 2025 Sep 15, 2025 Sep 22, 2025 Sep 28, 2025 Oct 8, 2025 Oct 13, 2025 Oct 20, 2025 Oct 27
Role and Tasks ASSIGNED TO PROGRESS START END 25 26 27 28 20 30 |1 2 3 4 5 & T (& 9 10 M 12 13 1415 16 17 18 19 20 21\ 22 23 24 25 26 27 28|29 30 1 2 3 4 5 & 7 £ 9 10 11 12{1¥(14 15 16 17 1% 19 |20 21 22 # 24 25 26 % ¥ #
mT[w|T[F[s|s[m|T[w[T|F[s|s[m|T|v|[T|[F[s|s[mM|[T|w[T|F[s|s[mM[T|w[T|F[s|[s|M[T|w|T|F[s|[s|M[T|w|[T[F|s|[s|m[T|w|T[F|s|[s|m[T|w[T][F[s]|s m[T|w|
Br2525 1212125
Hardware Status Update (66% Build) Everyone 100% 9/ 5/25 101325
=Purchashed BOM Calvin Schenkenberger 100% 921725 100825
=Both Solar Panels fulty refurbizshed Jacob and Brendan 100% 922125 101325
=Building / roof modifications installed (Drip edge) Everyone 100% 9/28/25 101325
=Install New Roof Everyone 100% 928/25 101325
=Circuit Diagram (Electrical Components ) Calvin and Brendan 100% 1045025 10M13/25
Peer Evaluation 2 Everyone 0% 1001725 1020025
UGRADS Registration Everyone 0% 1001425 10020025
Draft of Poster Everyone 0% 1001725 1027125
Finalized Testing Plan Everyone 0% 10414425 1027125
Hardware Status Update (100% Build) Everyone 0% 10M8425 114325
>Electrical Installation (Circuitry) Tyler Hedgecock 0% 101325 1020025
=Install Pipe Halo Flashing Calvin and Brendan 0% 104119425 1022125
=Install unistrut guides Jacob Apodaca 0% 10/14/25 101925

Figure 20: Up to Date Gantt Chart
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Moving Forward

Manufacturing

* Mounting the solar air heaters
* Installing electrical

* Installing Ductwork

Testing
* Develop final testing plan
* Begin with initial testing
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Thank You
Questions?




