Data Analysis

Team Members:  Nicholas Chisholm, Rustom Meyer, Akta Patel, Vicky Tian
Note: 
Small ovens: the ovens that were built prior to Fall ’08   

Medium oven: “1-D scale-up” - the oven that was built in Fall ’08, scaled up length-wise

Large oven: “2-D scale-up” - the oven that was built this semester, Spring ’09, scaled up length-wise and height-wise
Compiling Data

We collected the data from Spring ’08, Fall ’08, and this semester (Spring '09).  The new light system was built during the Fall '07 semester, so the data in this report was all taken using that light system.  When tests were run, thermocouples were placed in any of several locations in addition to the water in the pot(s): inside air, inside wall, inside glass, black plate, outside air, outside wall, outside glass.  Not all of these places had temperature data taken for a given test, so the available data is scattered over the possible temperature sites with many missing areas.  The past tests have been run with certain experiments in mind, but the goals of the tests were not always well documented.  We have collected all the data available into a spreadsheet tracking all the important parameters (listed below), and have also compiled the raw data (.csv or .lmv files) in case future groups want to look more closely at the specific measurements.  Data was taken from several folders on three of the computers in Winter Laboratory in Thurston Hall.  The test data was located in Excel files, with descriptions of the tests in Word documents.  No efforts have yet been made to sort and catalog the information systematically.
Analyzing Data 

The following variables were considered when analyzing the tests:

· Total mass of water in cooker 

· Cooker volume 

· Cooker height 

· Area of glass 

· Horizontal black area 

· Number of pots 

· Pot size 

· Pot arrangement 

· Wind speed 

· Silicone caulking 
The following data was also recorded for the tests when data was available:

· Inside wall temperature at water temperature 40C 

· Inside air temperature at water temperature 95C 
These variables were compared amongst the different tests to determine the effect each had on the time to heat water from 40C to 95C. For most tests one of the above variables was varied while the others were maintained constant.  We have collected and graphed sections of the data that reveal how cooking time varies as a function of some parameters.
Black Horizontal Surface Area 
The effect of horizontal black area was determined by analyzing the tests that had changed the black area in some way.  Different tests were: standard (black lid on pot, no area covered), half black plate, no black plate, in addition to silver lid on pot. These tests were run in Spring '08 with the smaller cooker with 1 pot of 5lb water, centered. As hypothesized, increasing black area decreases time to cook.
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Number of pots 

This graph shows the effect of splitting up a constant amount of water (5 lb) into a different number of pots (1, 3, 5). These tests were run with the smaller cooker.  The time to heat up the water decreases by separating the water into more pots. 
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Silicone vs. No Silicone (No wind) 

The tests were done with the medium cooker built in Fall ’08. Each test had 5lb of water in 1 pot, centered. Tests were run to assess the significance of adding silicone caulking on the outside and inside glass panes.
Time to cook without silicone is 51.9 minutes, which falls between the confidence interval of the tests with silicone.  Therefore, there's no statistically significant difference.  However, we only ran one test without silicone caulking.  The no wind condition may also contribute to the statistical insignificance. 
	 Tests with Silicone, no wind
	Time (min)

	Average of the standard tests with silicone
	51.525

	Standard deviation of standard tests with silicone
	1.391342 

	Significance level
	0.05 

	Confidence
	1.36349 

	Confidence interval
	50.16-52.89 


Wind Speed 
The wind speed tests were done with the medium cooker built in Fall ’08. Each test had 5lb of water in 1 pot, centered.  The water should take longer to heat when the fans are blowing across the oven.  Unexpectedly, the water heated up faster on the medium fan setting than the low setting, although this is likely statistically insignificant. More tests would give better results.
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Oven Capacity

Oven capacity tests were done with the medium cooker built in Fall ’08. The pots each had 1lb of water in them and they were centered. Three tests were run: 1pot with 1lb of water; 2 pots with 1lb of water each; 3 pots with 1lb of water each.

Data indicates that more water takes longer to heat.  However, for the tests that were run with 1, 2, and 3 pots, the results showed that they are still within the optimal range.  If the mass of water is doubled, time to heat is not doubled. Diminishing return has not taken effect yet.  More tests are needed to determine the capacity function.    
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Recommendations 

Testing 

More testing on the medium oven should be run to determine the oven capacity. Number of pots and mass of water in each pot could be varied for these tests.  Similar tests should be run to determine the oven capacity for the small oven and the large oven.

Wind speed tests should be performed on the large oven to better determine the effect of wind speed, and wind speed with or without silicone caulking.  A good number of tests should be run without wind to get standard data.  Then wind speed could be varied to low, medium, and high, before silicone caulking.  Then with silicone caulking, wind tests should be performed again on no wind, low wind, medium wind, and high wind. 

When not doing the oven capacity testing, less water (than the standard 5lb) should be used to reduce cooking time, and hence to speed up testing.

Thermocouples
New thermocouples should be purchased, as many of the current ones are malfunctioning.
