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1. Introduction & Purpose
Insulation tests are to estimate the insulation capacities of the materials of interest so that the most favorable material, in terms of performance, weight, and cost, can be installed in solar cookers. Performance is estimated by measuring the temperature difference across the depth of the insulating materials. Weight is estimated by measuring the density of the materials and  calculating the required weight of the material to fill the insulation spaces for a given solar cooker. This semester’s goal was to optimize the insulation for new solar cookers by maximizing the performance while minimizing the weight and cost. The other goal was to approximate the rate of deterioration in insulation performance by running several cyclic tests.  This goal was not accomplished due to fire safety issue concerned with the testing device that the team uses. According to a dozen tests performed, the team could not find any sign of degradation in insulation performance. This semester’s tests had greater variation in result s than last semester’s,  The team is confident that the final result consists of relatively consistent test results, and the attained performance values are pretty solid. 
2. Last Semester’s Progress
Last semester, the team confirmed that fiberglass had better insulation performance than woodchips and rice hulls. Under repeated exposure to  170oC inside the test enclosure, fiberglass had showed a temperature difference of 100oC for a thickness of 2.5 inches. This result would be adequate for a typical solar cookers in which temperature inside reaches up to 150oC. The average test results showed that at 1000 seconds after ∆T (Temperature difference between the inside and outside of the insulated space) value exceeds 10oC, ∆T value reaches 62oC. (Look at the graph below). [I don’t understand this Jae.]
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 As a result, fiberglass has been evaluated as optimal material for solar cooker insulation because of its performance as well as its light weight, low cost, and easy accessibility. Therefore, to look more deeply into different forms of fiberglass, the team acquired denser forms of fiberglass insulation. Unlike the fiberglass used last semester, they are stiff enough to provide structural rigidity. They are 1-in. thick rectangular board shapes, and one side is covered with thin aluminum foil. 
3. Test Procedure
The insulation tests are performed in the same way as in the last semester. 7 thermo-couples are placed as below, and ∆T is the difference in temperatures measured in thermo couple 4 and 6 (Insulation inside and outside).
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The only difference for this semester is the material. Two different forms of fiberglass insulation board with greater density were tested in the same manner. One  important thing to note in this semester’s testing, the ∆T values are not across the depth of 2.5 inches, which is the depth of the testing device. Both forms of denser fiberglass did not completely fillthe testing box.  They only filled  2 inches because denser fiberglass exists as 1 inch thick, relatively rigid boards so that two slabs were stacked inside the testing box.Thermocouple 5 (insulation middle) was placed in between the layers of insulation. To compare the density more clearly, look at the table below.
	Material
	Density (lbs/ft^3)

	Fiberglass (FG) -used last semester-
	0.7857

	Dense FG
	3.269

	Extra-dense FG
	6.435


Although the densities seem significantly different from one another, the weight difference is negligible if you convert them into weights. Imagine a typical small sized, square solar cooker that has four sidewalls with dimensions of 2” thick, 12” wide, and 6” high. Assume the four walls are completely filled with insulation.If you calculate the weight difference between the extra-dense FG and the regular FG, you will get only 1.8 lbs. Not only is the 1.8 lbs very light, but it is less than 10% of the weight of the whole solar cooker, which weighs about 20 lbs. This calculation implies that weight is not very important in selecting the optimal insulation.
4. Result
In order to compare the insulation capacities of two denser forms of fiberglass with the fiberglass used in the last semester, the team developed a way to compensate for that thickness difference. Last semester’s ∆T was measured across the depth of 2.5 inches, and this semester’s ∆T was measured across the depth of 2 inches. The team converted this semester’s ∆T to ∆T across the depth of 2.5 inches. The team could not rely on mathematical relationships in the conversion because there are only two ∆T values, one across the 1 inch and the other across the 2 inches. We could have formulated the mathematical relationship between the thickness and the insulation capacity, by using three temperature data points (insulation inside, middle and outside). However, three data points are not enough to formulate the reliable mathematical relationship without the assurance of its type (ex. Linear, exponential, logarithmic, etc.). Instead of converting the ∆T across 2 inches to 2.5 inches, the team could have converted ∆T across 2.5 inches to 2 inches by linear interpolation between two ∆T values (∆T between insulation inside and middle [1.25 inches] & ∆T between insulation inside and outside [2.5 inches]) because 2 inches are within the range of 2.5 inches. Relying on two or three data points to estimate the point of interest without the assurance of the type of relationships is not a very accurate measurement. See the rough estimation process below.
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Average Values @ 1000 s 

∆ T (1 layer) = 39.1 ˚C

∆ T (2 layers) = 64.7 ˚C
Rough Estimation
∆ T (2.5 layers) = 74.7 ˚C
1st layer increment = 39.1

2nd layer increment = 64.7- 39.1 = 25.6

3rd layer increment = ? = 15?
2.5 layer increment = ? = 10?
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Average Values @ 1000 s 

∆ T (1 layer) = 38.4 ˚C

∆ T (2 layers) = 57.7 ˚C

Rough Estimation
∆ T (2.5 layers) = 63 ˚C
1st layer increment = 38.4

2nd layer increment = 57.7- 38.4 = 19.3

3rd layer increment = ? = 10
2.5 layer increment = ? = 5
This calculation is based on the increment of ∆T with an increment of 1 inch thickness. As you can confirm graphically and algebraically, ∆T is not doubled when the thickness is doubled, but it becomes a little less than the doubled value. According to this decreased rate of increments in ∆T with increasing depth, ∆T across the depth of 2.5 inches (2.5 layers) was roughly estimated. You can see the final result more clearly by looking at the table and graph below.
	Type
	∆T (˚C ) @ 1000 secs
	Thickness (in.)

	Fiberglass (FG)
	62
	2.5

	Dense FG
	75
	2.5

	Extra-dense FG
	63
	2.5
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Fiberglass with the intermediate density showed the greatest insulation performance. Fiberglass with the highest and the lowest density showed about the same performance as each other. Results for each type are the average of six or more tests, in which no inconsistent results or outliers were included. The results for Dense FG and Extra-dense FG were the rough estimates based on the previously shown calculation. Dense FG clearly outperforms the other two by about 10˚C.
5. Conclusion
The same material with different densities produces different insulation performance. Increase in density does not necessarily increase the insulation performance. It is well known that air convection plays a significant role in insulation, and I think the density of the material is directly related to air convection. The denser the material is, the less room there is for the air to circulate inside the material. Therefore, denser material would decrease the insulation performance. However, if the material is too loose, in other words if there is too much room for the air to circulate, the insulation performance will more likely to follow the performance of complete void, which is pretty low. As you can confirm by the result, there is a specific density of the material that maximizes its insulation performance
6. Recommendations
Although the Dense FG attains the best insulation performance, I would not recommend using it over the regular FG (the least dense form of fiberglass). One reason is that Dense FG is more expensive and slightly heavier than the regular FG. The major reason is that the flexibility of the regular FG batting is greater. The strongest advantage of the  FG batting is that it could easily fit into whatever shapes are needed, whereas the denser forms of FG are not flexible enough to easily fit into non-rectangular shape or the walls of various different thicknesses. In addition, the regular FG can increase its density by easily compacting it inside the structure so that there is possibility of increasing the insulation performance easily by squeezing a little bit more material inside the structure while still being economical than using denser forms of fiberglass. 
Other  recommendations are not to use metal inside the solar oven because I have observed that the metal inside the testing box, which is exposed to high temperatures over 150˚C, deforms and buckles easily under several uses 
More thermocouples should be placed within the insulation materials in order to better capture the temperature profile through the depth. To protect fiberglass from moisture, a very thin metal sheet can be used to cover the exterior of fiberglass to prevent water or organic compounds from permeating through. The life expectancy of fiberglass is very long, but it is  vulnerable to moisture and organic compounds. Therefore, it is very important to protect the fiberglass from moisture in order to increase the durability of solar cookers.
