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 Solar Hot Water Course

                                                                                         Solar Hot Water Collector Build I

Project – Build and Test a Solar Hot Water Collector
This is the first of three labs / projects. These labs / projects are designed to allow the learners to build solar hot water systems to see how they perform. There will be two collectors used. They each shall be very close to the same size in area. The object is also to compare how components used affect the performance of the solar hot water system. For this first lab / project it will be your team’s job to construct and test a solar hot water collector using the materials and testing equipment provided. The objective is to find what options / configurations influence the efficiency of a solar collector. The efficiency of the collector with each change will be measured. 
The materials that will be used to construct the heat exchanger include:

· Flexible Pex tubing
· Pex T (2)
· Black background
· Insulation rigid Styrofoam 
· Glass cover

· Wooden box to house the collector

· Wooden support to angle the box
The testing apparatus includes:
· Measuring cup / pail
· Two digital thermometers
· Handheld pyranometer
· Stopwatch
INSTRUCTIONS
You have a few weeks to research simple solar hot water collector designs. During the 2-hour laboratory classes you will construct and test the configurations to determine their effectiveness. You will measure the efficiency of each configuration.
Week 1 

You have this week to research simple solar hot water collector designs. This includes homemade designs from YouTube.  During the 2-hour laboratory class take measurements of each material and sketch how they will be included into the collector design.
Explain the expected outcome for each configuration. Follow the sketching principles you have learned in drawing class. Your sketch should have a border and a title block. This sketch is to be kept clean and is to be attached to your final report.
Also, you will need to design a method for testing the collector. 

Research how the performance of solar collector is measured. You will be expected to rate each component for each configuration used in the solar collector. 

Week 2 

Make a loop using the Pex pipe to fit into the wooden box. The Pex pipe will be filled with water to be heated. The Pex pipe loop will be constructed inside the lab away from any solar exposure. There needs to be two wells to insert the temperature probes. This is where the Pex Ts are used. A way of sealing the probes so water does not leak from the Pex. The water when you put it into the Pex loop will have some energy based on the temperature of the water and the ambient temperature. In this lab / project you are measuring the energy that the water in the Pex loop over time as it is exposed to solar energy. 
Begin measuring & testing:

1. Measure the amount of water required to fill the Pex loop.  Fill the loop inside away from any solar irradiance. Take the temperature of the water and record it when the temperature stabilizes. Connect each end of the loop. The two wells are the top and bottom of the loop.
2. Take the handheld pyranometer outside along with the stopwatch. Record the irradiance every minute. Move the loop to a place outside in the sun at the same angle that the box is at. The loop is not going into the box for this first configuration. Each minute record the water temperatures. Do this for 20 minutes.
3. At the end of 20 minutes use the recorded readings to calculate the efficiency of the collector. 

4. The Energy that the water receives is calculated with Q=MxCx(ΔT) this is unit of energy in Joules. The irradiance recorded is in Watts per meter squared.
5. Q is Joules, M = mass of the water in the Pex loop, C = 4186J/liter for water, ΔT is the change in water temperature for each reading. If the top and bottom temperatures are different, use the average temperature. Explain if there is a difference. The water receives this energy constantly, but you are recording the difference every minute. The ΔT is from one reading to another in the Pex loop.
6. The area of the Pex loop divided by 1 square meter is the multiplier for how many watts were hitting the Pex loop.
7. The Wattage is Joules per second, by taking the average irradiance and dividing it by the seconds for each minute it will result in Joules. Delivered to an area of 1 square meter.
8. Take the multiplier and apply it to the joules calculated from the irradiance. This was the amount of Joules that were exposed to the Pex loop.
9. Efficiency is Q out / Q in expressed as a fraction. Q out is the energy of the water, Q in is the solar energy the loop was exposed to.
10. The next three steps will require the loop to cool and add fresh water.

11. Repeat steps 1 – 8, this time putting the Pex loop in the box.

12. Repeat steps 1 – 8, this time with the Pex loop in the box and putting a black covering on the wood behind the Pex loop and sides.

13. Repeat steps 1 – 8, this time add insulation to the sides and back of the wooden box.
Week 3 

This week is to add a glass top to the collector and Repeat steps 1 – 8. 
You now have a comprehensive set of data collected.
FINAL REPORT
The form of the report is an extended lab report. You will state the objective and you will write a procedure that describes what your group did with the various configurations to the solar hot water heater and how you tested it. Follow the traditional instructions for the rest of your lab report. 
Tabulate your data. 

In the discussion:

· Explain with data collected and calculations and how each configuration affected the efficiency of the solar collector.  
· What would you do to improve the solar collector?
· Indicate ways that the process for this project / lab could be improved. 
Examples:

The Pex pipe is 1/2” and holds 0.92 US gallons per 100 feet. 
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The smallest radious is 8 times the outer diameter which is 5 inches, this is now the inside radius of the first full coil. To calculate the effictive radius ½ of the OD (0.625”) needs to be added. The green arrow is the average radius for calculating the length of the tubing.
This effective radius is now 5.31 inches.



The circumference of the inside full first coil is 2 x 3.1416 x 5.31 = 31.73inches.
Continuing to coil the loop adds both radius and length to the loops. The Pex will expand as it heats. The gap if known can b e added to the radius and the length will also increase.
For this example only 6 loops are used.
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Length Length Length Length  Length Length

r= radius Loop1 L1 OD Loop 2 L2 OD Loop 3 L3 OD Loop 4 L4 OD Loop 5 L5 OD Loop 6 L6bOD

Pex Loop Nominal Size OD Thickness ID Gal/100ftLitres/foot 8*OD r eff*2*pi r+OD

Inches 0.50 0.625 0.07 0.485 0.92 0.03496 5 33.38 5.625 37.31 6.25 41.23 6.875 45.16 7.5 49.09 8.125 52.57 8.75

r eff= r eff= r eff= r eff r eff r eff

5.31 5.94 6.56 7.19 7.81 8.37

Total Length 258.74

Total Liters 0.75

circumference of circle is 2 pi r


The ½ inch Pex holds 0.92 US gallons per 100 feet.

After 6 loops the total length is 243.79 inches, that works out to .71 liters of water in the Pex loop.

The area of the loop is the outside radius of loop #6 = pi * r2  =8.75 * 8.75 * 3.1416  = 240.5 square inches or .155 meters square.
The starting temperature for the water measured is 20C.

The Pex loop was placed at an angle of 25 degrees.

The pyranometer reading averaged 800W/m2 over the first minute when it was also placed at the same 25 degrees of incline.

For the first minute the Pex loop would be exposed to this radiation.

The Pex loop is only .155m2 therefore it received 124Watts
800W/m2 * .155m2 is the multiplier from step 6, which is where the 124Watts came from.
The Joules of energy received is calculated by:

Joules = Watt / second * seconds

124 * 60 = 7448Joules

After the 60 seconds the temperature of the loop is recorded. The energy absorbed by the Pex loop will be shown as a temperature rise in the water temperature.

If there is a temperature differential between the two probes, take the average.

Now to apply this energy input to the theoretical 100 percent energy conversion.

Q=MxCx(ΔT) Q is Joules M = mass of the water in kg or liters and the differential temperature measured over the time period.
Mass = .75
C = 4186J/liter

Temperature is measured.

Solving for the perfect energy transfer the Q would equal to the Joules from the sun hitting the Pex loop at Joules.

Solve for the temperature difference = Q / (M*C) = 7448 / (.75*4186) = 2.37 degrees of temperature rise.

For practical collectors of this type the efficiency is 30ish percent depending on the flow rate. With this setup and the flow rate = to the thermal syphoning it may be slightly higher.
For a 1 degree increase after 1 minute the numbers look like this.
	Total Length
	258.74

	Total Liters
	0.75

	 
	 

	Temperature
	 

	Start
	20

	1 minute
	21

	Energy gain
	 

	Q=MxCx(ΔT) 
	3155

	Mass of the water
	0.75

	
	

	Temp difference
	1

	 
	 

	Irradiance W/m2
	800

	Joules
	48000

	Area of Loop inches
	240.5288

	Area of Loop m2
	0.155

	Joules on loop
	7448.632

	 
	 

	Efficiency of collector
	42.4

	Q in
	7448.632

	Q out
	3155.416

	Q out / Q in
	0.42
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