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Corrected Ideal Tank Temperature vs Time
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Air Loss Equations: | Values | Units
Red Feather Development group would like a thermal storage device . s o | |
that can provide heat for the home at n|ght The g0a| IS to deve|op a §120 Major head loss 20.40386 ft HX S In DUCt Platform Wlth Tank DeS|gn CAD
_ g f .
device that captures and stores heat from the sun’s rays, stores that = o0 (,i,,o,r;;,.s ilread oss 8882351 ft Components

heat, and then releases the heat during a winter night. The materials
should be within the price range set by the Red Feather group and their
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Table 2: Liquid Loss Calculations
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customers. This design uses a water-filled, insulated storage tank as a Liquid Loss Equations: | Values | Units
- - - . 400 1 2 3 4 5 6 7 8 Reynolds Number 19952.15
thermal storage device, in addition to two separate pipe networks used Time (hours) Swamee-Jain 0.024944
for charging and discharging it. During testing, an Arduino monitors the Figure 1: Ideal Temperature Values vs Time Major head loss 61.76753 | ft
temperature of the outlet air and the storage fluid to evaluate system E,'I?:c‘)': Foad Joss gﬁgizgi =
. . . RESULTS 265 '
parameters. This system is powered by a solar panel during the day, =
= Print Results System output may range from 249 to 273 kWh per year near this location.
and by a charged battery at night, to ensure continual operation. Each Cick HERE for more information. Table 3: Heat transfer coefficient (h) Calculations in
element of this system, can be divided into five main subsystems: the Month Solar Radiation AC Energy Value Liquid-to-Air Heat Exchanger
air pipe network, the fluid heating network, the storage tank, the January e s : IS”:”cta;e Temp‘:rat‘:f)”s) 2705 E
niet remperature| 1
temperature-monitoring system, and the power supply. F:ﬂb’“? 550 " ? outlet Teriperatureﬁo) 150 :
April 7:53 27 3 Mean Temperature ™ 95 F
May 7.72 27 3 Air Density(rho) 0.995 kg/m~"3
_ June 8.08 26 3 Inlet Velocity(air) 5 m/s
R e q u I r e m e n tS July 6.9 2 2 Mass Flow Rate(air) 6.30E-04 kg/s
S;i::er ::: Z z Specific Heat Capacity(air) 1.009 KJ/kgK
October 6:00 - ) Delta Temperature Log Mean 65.23 K C I . d R d t -
1. Eff ivelv h he h °F N 5.05 18 2 Average Heat Transfer Coefficient(hbar) 1.12E-02 KW/mA"2K
e_Ctlve y eatt e_ ome '[.O 60 _ _ December 4.38 17 2 Heat transfer Value(Convection) 0.070 KW O n C u S I O n S an eC O m m e n a I O n S
2. Environmental Resistance: Device Operates in Outdoors Temp 20 to — . voes . 238.6719362 BTU/hr | | o |
60°F Fiqure 2: AC Energy Month Production * With designed heat exchangers, heat transferred successfully between liquid heating
3. Eﬂ‘ectlr\]/? Therr;al Storage Budget:hWatle In Tank Heated to 175°F T t IOOp, water in the tank, and air in the air heating IOOp
4. Straightforward Design: no more than 12 parts eS | ﬂ : _
5. Easy Installation: Dimensions 4ft x 8ft and <500lbs g Greater power/heat output heating element (4,566W) necessary to heat the water in
. (o)
6. Delivery Time: <150 miles away * Leak Test: . Liquid Loop Test: + 8-Hour Test: the tank to 175°F
: PO 1. Testl-F I PO -
7. Reliable Design: 7 days a week / 4 months e est1-Found severa 1. Test 1 — Liquid flowed / seal 1. Test1 - f « Three parallel 50W solar panels can power the given blower and pump. A battery and
8. Dealing with Weather handles 5Ibs of water damage Insufficient Reservoir rose from - - - : - :
2. Resoldered all Leaks 2. Developed tighter seal method £5 °F 10 59 °F / Air Inverter compatible with the solar panels is necessary for future solar implementation
3. TeStIZ - No Leaks Found 3. Test 2 — Liquid flowed / seal rose from 56.4 °F to » More fitting components, such as HVAC-specific blower or suction, would improve
« Air Velocity Test: sufficient 585 °F : :
_ _ 1 Test 1 — failed - . Liguid-Heating Test: . Solar Test. effectiveness [Look at_sec.ond to last paragraph of final report for future
Th eoretic a| AN a| y SIS 2. Cut down length of piping 1. Test 1 — Liquid reached 110 °F 1. Test 1 — battery recommendations to fill this out]
. Test 2 — Air fl locity of : - : : : . :
. 13 : ;;tls rHlow veloclty of - after 100 minuets 7"’ not charge « Improved insulation on the tank, reservoir, and exposed piping would greatly improve
i converter )
Heating Tape: 4. ully assemble device. incompatible design to not lose heat.
« Heating underpowered for providing necessary heat. : 15' T/ESt 3 —Air flow velocity of
A1 M/S

« EXxperimentation showed (Figure 3) output 216.2W

« 4,566W is necessary to heat the tank to 175°F In 8 hours RES u ItS Referen C eS

Heat Transfer Through Convection:

« Heat transfer rate through convection for the liquid to air heat Temperature of Water over Time Resevoir Liquid Temperature vs Time [1] R. J. Houghtalen, H. N. H. C., and A. O. Akan, Fundamentals of hydraulic engineering systems. Hoboken:
exchanger was 239 BTU/hr. - T . Figure 4 (on the right): Bhour o o3 Pearson Education, Inc, 2017.
* Refer to table 2 for calculations g > .”...----'""' test results: change in z* — [2] Y. A. Cengel and J. M. Cimbala, Fluid mechanics: fundamentals and applications. Singapore: McGraw-
Solar PV System: - oo temperature of the liquid inthe 5 . .o Hill Education, 2020.
. i i 2 go o reservoir, which was §55 °® oo : . : : - : : :
Total monthly load .requw.ed 'S 15.9505 kWh on average g 5 ,.-"" V700017 + 508X + G128 equivalent to the water in the Esa o0 3] L. L. C. Engineers Edge, “Air Density and Specific Weight Table, Equations and Calculator,” Engineers Edge.
. éc enecrlgy.produrc]:nolr(\]I (F{?ure 2) g:eatg:] than load i A o tank and got the liquid up to ! [Online]. Avallable: https://www.engineersedge.com/calculators/air-density.htm. [Accessed: 21-Mar-2021]
« Future designs should utilize panels with a greater wattage to have a e o o n . . o - . . . . .
S P s J 9 ‘ 0 R oo 59.45°F. o 4] “Air - dynamic and kinematic viscosity.” [Online]. Available: https://www.engineeringtoolbox.com/air-absolute-
larger factor of safety and more reliability. Time (min) ° ’ ) ° ° 0 . . .
T ont Heat in Tank Time (hours) Kinematic-viscosity-d 601.html. [Accessed: 21-Mar-2021]
ransient Heat in Tank:
. . Fi 3 (above): Liquid “ ” i i : : - 19-Mar-
- Idealized charge loop operating at 175°F would not be capable of ngautifr?g T(eaS tORVeeS)UIIt Slqw [5] 2I;’)\Z/l/;/atts, PVWatts Calculator. [Online]. Available: https://pvwatts.nrel.gov/pvwatts.php. [Accessed: 19-Mar
providing adequate heat. comparing the temperature of _ | |
- Demonstrated inadequacy of heating tape, and that losses were water in the reservoir over time Alr Temperature vs Time
. . . . 59
negligible compared to necessary heat in. as the heating tape heats up . . Figure 5 (on the left): 8-hour

51 inches of piping connecting
the pump to the liquid-to-liquid
heat exchanger.

Pipe Flow:

 Liquid-to-Liquid piping experiences 63.4 ft
 Liquid-to-Air piping experiences 20.4 ft

« Data can be seenintables 1 and 2 56.5
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o o the 8-hour heating cycle a 40- A k I d
o minute air discharge cycle was C n O W e g e m e n tS
monitored with the max

o o temperature being like the Red Feather Development Group, Chuck Vallance, Dr. Sarah Oman, Dr. David Trevas, Terry Baxter
liquid.

Temperature (F)


https://www.engineersedge.com/calculators/air-density.htm
https://www.engineeringtoolbox.com/air-absolute-kinematic-viscosity-d_601.html

