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Introduction

Background
The double box oven subgroup within the Solar Ovens group at Cornell University was formed in the spring of 2012 in response to Las Mujeres Solares de Totogalpa wanting a light, portable oven that could be easily constructed using materials found in Nicaragua.  Once the first prototype was created and tested in Nicaragua, many flaws were found in the design and a second prototype was made in the fall of 2012.  The second design consisted of a larger cooking surface area and a shorter wall height, which would remedy the two biggest flaws of the first prototype.  We did not have time to finish designing a door during the fall of 2012, so we spent the beginning of this semester designing and building a door for the oven and used the rest of the semester to test our oven and take note of any areas that we could improve on.  The primary focus this semester was the oven door, which we wanted to make in a way that would reduce manufacturing time and allow for easy access to the contents of the oven as well as quick changing of the solar cooker bags.  From testing the oven, we may need to create a new door that won’t wear down the cooking bags as well as fill in any open cracks or gaps in the oven to allow for more heat retention.

Evolution of Double Box Oven Designs 
	[image: C:\Users\Jocie\Desktop\Oven Prototype 1 Pix\IMG_0003.JPG]
	Fall 2011

The first prefabricatable oven design was used piano hinges to hold the sheet metal sides forming the inner and outer boxes. This oven had a conventional front opening door and utilized wire frames to hold the glazing. Wooden columns at each corner were used to give the oven rigidity. The insulation used was fiberglass batting.

		 
[image: http://pics-akamai.slickpic.com/MTk1MjUzOTExOGNhMg,,/20120328/Njk3OTQ3ODljYw,,/p/800/nicaragua_154.jpg]
	



Spring 2012

This design employed aluminum angles to make an inner and outer box. The only wood used was for the door and at the top to hold the inner and outer box together. Wire frames were also used to hold the glazing. The insulation used was fiberglass board.

	
[image: https://confluence.cornell.edu/download/attachments/160335394/alex2012%20155.JPG]

	
Spring Break 2012
The two previous designs were brought to Nicaragua. The team set out to build an improved oven using the aluminum angle double box technique, but with a lower wall height and larger cooking area. Steel wire of the size we used and fiberglass board insulation were not available in hardware stores in northern Nicaragua. For this reason, the glazing was stapled to the frame and fiberglass batting was used for insulation.

	[image: C:\Users\labuser\Desktop\IMAG0471.jpg]
	Fall 2012/Spring 2013
Using the design from Nicaragua, the team set out to replicate the results and design an improved door that was simple to construct and allowed for easy installation of the glazing. The insulation used was fiberglass batting. 

	
	


Problem Definition and Goals

Goals
The primary goal of the spring 2013 semester was to complete construction of the fall 2012 double box oven. The most significant component that needed to be implemented was a door with the ability to effectively and easily utilize polypropene solar oven bags. Initially, the team had planned to document and send the finished oven to Nicaragua. {You use ‘polypropene’ here and polypropylene elsewhere.  Both are accurate, but the use of two different names without describing why might be confusing.}
Upon completing the double box oven, the team intended to establish a testing procedure to evaluate the effectiveness of the oven. The basis for testing procedures was to be ASAE’s “Testing and Reporting Solar Cooker Performance” standard. By creating an effective testing procedure, the ESW Solar Oven team would be able to test oven performance across different styles of ovens. In an effort to continuously develop our design, the results from the testing process would ultimately provide valuable ideas for modification.

Reflection on Goals

Fall 2012
Last semester our main goal was to redesign the double box oven to implement the necessary improvements that were noted after the Nicaragua trip in the spring of 2012.  The overall goal was the make the oven’s cooking area larger and design the box in such a way that it could be constructed using only the materials that are available in Nicaragua.  The general method of fabrication was the same as in the Spring of 2012, where we used the aluminum angles to create a frame rather than use wood as is done in a traditional solar oven.  Last semester we made everything except the oven door.
 
Spring 2013
During the first half of the semester we designed a new door for the double box oven. The new door adds very little weight the oven. The design involves two rectangular frames. One frame is mounted on the top edge of the oven and the second frame is free to take on and off. The second frame is smaller than the first frame and fits snugly within the first frame (similar to a cookie jar). The overall idea was to wrap a cooking bag around the second frame so that it would be held in place when the second frame was inserted into the first. This would make it easier for the user to replace the cooking bag whenever it wore or got damaged. After finishing the door we noticed that there were two possible ways the bag could be wrapped around the door. We decided to design a testing procedure to see which bag placement is better suited toward our oven. This became the focus of the second half of the semester. 



Materials and Cost 

	
	Materials List
	Costs

	Oven Frame
	Aluminum Angles
	$12.00

	Glass
	Reynolds Bags
	$2.00

	Door
	Wood
	$4.00

	Door
	Top
	$4.00

	Insulation
	Fiberglass Batting
	$10.00

	Insulation
	Thermal Tape
	$3.00

	Metal Sides
	Sheet Metal
	$13.00

	Metal Bottom
	Sheet Metal
	$10.00

	Interior Case
	Aluminum Sheet
	$12.00

	Bottom Metal Plate
	Sheet Metal
	$10.00

	Miscellaneous
	Screws
	$6.00

	Total
	
	$86.00



Shown at the left is a final list of the materials used in the double box oven. The implementation of the door and insulation tapes cost an additional $7.00, bringing the oven to a total of $86.00. This total remains well beneath the expected cost of $213.00, established in Spring of 2012. The weight of the oven was 17 lbs, achieving our goal of making the oven lightweight.
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Results

Design
After brainstorming new ways install the polypropylene bags, the team came up with two new approaches to implementing the polypropylene bags. 
Both designs revolved around adding an outer and inner frame to the top of the oven. The idea was to have the inner frame fit snuggly into the outer frame sealing the oven. The outer frame would be permanently attached and the inner frame would act as the door to the cooking area. 

[image: C:\Users\labuser\Desktop\IMAG0471.jpg]
[image: C:\Users\labuser\Downloads\redraftofthefinalreport (1)\IMAG0492.jpg]
Figure 1. Pictured at top is the outer Frame attached to the oven. At the bottom is the inner frame which will hold the glazing. This frame fits snuggly at the top of the oven. 


Using this new door design, the team came up with two different methods of utilizing the polypropylene bags. The two methods are described below. 

Installation Method 1: “Double Slit”
This first method required cutting two slits into the inner frame. The construction of this door can be found in Appendix A. These slits allowed two sheets of the polypropylene bag be installed perpendicular to each other and separated by one inch. 
1
2
3





 
Figure 2. The “Double Slit” installation method uses two sheets of plastic. First, one sheet is installed at the bottom of the frame. Next, the second sheet is installed perpendicular to and above the bottom sheet. The frame is then placed onto oven.


Installation Method 2: “Full Bag”
The second method uses the same frame, but does not require cutting slits into the inner frame. Instead, the frame is placed within a bag.
Figure 3. The “Full Bag” installation is simpler. Simple place the frame inside the bag, and then place the bag on top of the oven.
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Testing
To evaluate the effectiveness of the oven in a quantitative manner, the team utilized ASAE’s “Testing and Reporting Solar Cooker Performance” standard and adapted the standard to test the ovens using the indoor light array in Winter lab. The procedure can be found in Appendix D. This testing procedure was used to compare the two different glazing installations. 

Below the plots of Standardized Cooking Power against Temperature Difference are shown for both methods of installation. 
Installation Method 1: “Double Slit”

Installation Method 2: “Full Bag”




Results
[bookmark: _GoBack]The single measure of performance for the Double Slit installation was 86.595 Watts, while the value for the Full Bag installations was 79.18 Watts.  By this measure, the Double Slit oven should have a greater cooking power. However, these tests were only run once for each installation method. The tests should be repeated for multiple trials to establish if the results are consistent. 
In general terms, both installation methods have their benefits and drawbacks. The double slit installation requires a more extensive construction process, but uses less polypropylene. The design has inherent air leaks where the glazing sides meet the frame. Even so, the double slit method worked better.  The full bag installation has a very basic construction process, but does not have an effective seal between the two layers of glazing.  
This “cookie jar” door design also has its benefits and drawbacks. Compared to previous door designs, the construction process is much simpler. In addition, this door design utilizes materials that are all available in Nicaragua. The bags are easy to install and replace, and the finished product is very lightweight. The drawbacks are that the bags will tear as the inner and outer frames rub together. In addition, it is difficult to completely eliminate the leaks through the door. 




Conclusions

The double box team was able to complete construction of the double box oven. In addition, the team’s new door design was able to effectively and easily utilize polypropene solar oven bags. However, the completed oven still had numerous leaks from construction errors as well as leaks inherent in the door design. 
The team was also able to implement a testing procedure for a standardized method of evaluating the ovens. This procedure was used for both door types. The “double slit” installation was found to have a higher cooking power. These tests will need to be repeated to better understand the variation of the testing method. In the future, an additional thermocouple could be implemented within the oven to measure the air temperature inside the oven. The testing procedure should also be run on existing ovens to compare performance. 
There are many ways in which the oven design could be improved. Further design work can be done on the door to minimize the escape of heat through the door. By employing better carpentry techniques such as miter and lap joints, air gaps between pieces of wood could be greatly reduced. In addition, handles could be added to the inner frame to make access to the oven even more manageable. 
















Appendix 

A.  construction manual 
Following is the complete spring 2013 form of the construction manual. The manual is to be a source of information regarding the oven’s construction and implementation. With each iteration it will be adapted to describe the new oven form.
Table 1: Sheet Metal
	Part Name
	Material
	Quantity
	Size (inches)

	Outer Box Side Panel
	26 Gauge Steel Sheet Metal
	4
	24 x 8.5

	Outer Box Bottom Panel
	26 Gauge Steel Sheet Metal
	1
	24 x 24

	Inner Box Side Panel
	Aluminum Sheet Metal
	4
	20 x 6.5

	Inner Box Bottom Panel
	Aluminum Sheet Metal
	1
	20 x 20

	Black Spray Painted Plate
	Aluminum Sheet Metal
	1
	19 x 19



Table 2: Wood
	Part Name
	Material
	Quantity
	Size (inches)

	Base Blocks
	Wood
	5
	2 x 1.5 x 1.5

	Base Blocks for Black Plate
	Wood
	9
	2 x 2 x 0.5

	Top Cover
	Wood
	2
	2 x 24 x 1.5

	Top Cover
	Wood
	2
	2 x 20 x 1.5

	Door
	Wood
	2
	1.5 x 24 x 1.5

	Door
	Wood
	2
	1.5 x 20 x 1.5

	Door
	Wood
	2
	0.5 x 21 x 1.5

	Door
	Wood
	2
	0.5 x 20 x 1.5



Table 3: Framework
	Part Name
	Material
	Quantity
	Size (inches)

	Aluminum Angles
	Aluminum
	4
	6.5

	Aluminum Angles
	Aluminum
	4
	8.5

	Aluminum Angles
	Aluminum
	2
	20 x 20 x 2 = 42

	Aluminum Angles
	Aluminum
	2
	24 x 24 x 2 = 50









Table 3: Screws and Miscellaneous
	Part Name
	Material
	Quantity
	Size (inches)

	Machine Screws
	Steel
	40
	8 32

	Wood Screws
	Steel
	16
	2.5”

	Wood Screws
	Steel
	33
	1.625”

	Reflective Thermal Tape
	Tape
	~
	~

	Insulation
	Fiberglass Batting
	~
	~



Cut All Metal Sheets
Cut all of the necessary metal sheets as specified in table 1. Some diagrams of the sheet metal can be found below. 

Inner Box Panels
[image: Description: L:\Oven Presenation\2012-11-05 19.34.38.jpg]
Inner Box Bottom Panel (20 inches square)
[image: Description: L:\Oven Presenation\2012-11-05 19.36.20.jpg][image: Description: L:\Oven Presenation\2012-11-05 19.36.38.jpg]
Inner Box Side Panel (6.5 inches by 20 inches)
[image: Description: L:\Oven Presenation\2012-11-05 19.37.16.jpg]

Outer Box Panels
Not Pictured: Outer Box Bottom Panel (24 inches square)
[image: Description: L:\Oven Presenation\2012-11-05 19.38.18.jpg][image: Description: L:\Oven Presenation\2012-11-05 19.39.00.jpg]
Outer Box Side Panel (8.5 inches by 24 inches)
[image: Description: L:\Oven Presenation\2012-11-05 19.39.40.jpg]

Vertical Aluminum Angles

[image: Description: L:\Oven Presenation\2012-10-29 19.56.47.jpg][image: Description: L:\Oven Presenation\2012-10-29 19.57.23.jpg]











Wooden Base Blocks

[image: Description: L:\Oven Presenation\2012-10-29 19.59.43.jpg][image: Description: L:\Oven Presenation\2012-10-29 19.59.58.jpg][image: Description: L:\Oven Presenation\2012-10-29 20.00.09.jpg]








Aluminum Angle Assembly
NOTES: When cutting sheet metal, take into account the thickness of the aluminum angles
1. Take the 50 inch length of aluminum angle and mark 2, 24, and 24 inch long portions.  Using a machinist’s square, make a 90 degree angle at the 2 and 24 inch markings.
2. Using a vertical band saw (or a hack saw) cut on the outside of the line such that the final angle is slightly greater than 90 degrees.  There should be 2 of these cuts at the 2 and 24 inch marks.  File the cuts down so that they are smooth.
3. Repeat steps 1 and 2 for the other 50 inch length of aluminum angle.
4. Now take the 42 inch length of aluminum angle and mark the 2, 20, and 20 inch long portions.  Using a tri-square, make a 90 degree angle at the 2 and 20 inch markings.
5. Using a vertical band saw (or a hack saw) cut on the outside of the line such that the final angle is greater than 90 degrees.  There should be 2 of these cuts at the 2 and 20 inch marks.  File the cuts down so that they are smooth.
6. Repeat steps 4 and 5 for the other 42 inch length of aluminum angle.

Bending Angles
1. Take a block of wood and align the corner with the center of the 90 degree cut.
[image: Description: C:\Users\Joonyoung Hwang\Desktop\1.jpg]
2. Using your hands, grasp the angle firmly and bend it around the corner of the wood.
[image: Description: C:\Users\Joonyoung Hwang\Desktop\2.jpg]
3. Using a hammer, lightly tap the angle close to the corner (locations indicated by arrows) of the wooden block, so that the aluminum angle corner conforms to the wooden block.  This will make sure the angle is bent exactly 90 degrees.  Take care to not bend the corner too tightly, which will fracture the metal at the bend.
[image: Description: C:\Users\Joonyoung Hwang\Desktop\3.jpg]

Assembling the Frame
1. Take the 50 inch long angles that have been bent and form a rectangle that is 24” x 24”.  The outer box bottom plate should be able to fit into this frame.  Remember to take into account the thickness of the aluminum angles when cutting sheet metal.
2. Clamp the two angle pieces together after they form a rectangle.  Drill a hole through the overlapping pieces of angle on each side of the rectangle and bolt the frame together.  Make sure the hole is at least an inch from the corner, as we will need to bolt the vertical angles later.
3. Place the side wall panel so that it is against the inner side of the bottom frame.  Drill a hole through the wall where the wall meets the hole near the corner.  Now drill three holes through the wall and angle evenly spaced along the length of the side, then bolt the wall into place.
4. Repeat step 3 for the rest of the walls.
5. Align the 8.5 inch vertical aluminum angle with the corner of the outer box.  Drill a hole at the bottom and bolt into place.  Now drill a hole at the middle through the angle and the wall.  Bolt all the new holes that have been drilled.
6. Repeat step 5 with the rest of the vertical aluminum angles.
7. Assemble the inner box frame using steps 1 to 6 using the inner box angle components and inner box walls.

Wood and Insulation
1. Cut the base blocks and top cover pieces with dimensions as indicated in table 2.
2. Attach 1.5 x 1.5 x 2 inch wooden blocks to the outer bottom panel using wood screws in the following arrangement.
[image: Description: L:\Oven Presenation\2012-12-03 18.06.22.jpg]
3. Attach the top cover pieces of wood to the inner box using wood screws, the final result of this step is shown below
[image: Description: L:\Oven Presenation\2012-12-03 18.06.32.jpg]
4. Fill the outside box with fiberglass batting as insulation as shown in the picture below
[image: Description: C:\Users\Joonyoung Hwang\Desktop\5.jpg]
5. Slide the inner box into the outer box carefully (making sure that the fiberglass batting stays where it should) and using a drill and wood screws, attach the outer box to the wooden top cover.
[image: Description: L:\Oven Presenation\2012-12-03 18.05.26.jpg]
6. Attach 2 x 2 x 0.5 inch wooden blocks to bottom of 19 x 19 inch aluminum plate spray painted black. Rest plate within box.
7. Line edges and corners with reflective thermal tape.

[image: ]











Door
[image: C:\Users\Alex\Desktop\image (1).jpeg]
1. Set four pieces of wood, 1.5” x 1.5”, upon the outer perimeter of box’s top. This will be considered the outer frame for the door.
2. In constructing the inner frame, first cut four pieces of wood, 1.5” in height and 0.5” in width to cover the remaining exposed wood on the oven’s top. 
a. There will be 2 longer pieces and 2 shorter pieces.
3. Once each piece is cut to the appropriate dimensions, it then needs to be slotted.
a. For slotting the wood, begin by using a drill bit (bit diameter equal to the saw that will be used) and drill a hole 0.5” from one end and 0.25” from the bottom.
b. Next, feed the blade of the scroll saw into the hole and cut a slot to the point 0.5” from the other end.
c. Repeat this process for the piece of equal length. Then implement the same procedure for the two shorter pieces, cutting the slot 0.25” from the top of each piece instead.
4. Arrange each piece of the inner frame so that pieces of equal length are opposite each other and attach the wood with wood glue.
5. To create the polypropylene glazing, now feed a piece of appropriate width through the two slots of equal height across the oven and another piece through the other two slots.
6. Upon placing the inner frame, a tight seal should be created through contact with the outer frame. The door is complete.



SIDE VIEW
TOP VIEW















Alternate Design
1. Alternatively, the door may also be designed without the slot approach. Rather, create the same inner and outer frame, using exactly the same dimensions as explained in the initial design.
2. Once the outer frame is set in place and each piece of the inner frame is cut to appropriate size, skip the slotting step. Set the inner frame using wood glue, as described in the primary door design.
3. Now, the polypropylene glazing can be created by sliding the inner frame into a polypropylene bag and placing the encased frame in its designated location.
4. Upon placing the inner frame, a tight seal should be created through contact with the outer frame. The alternate door is complete.




B. construction Notes 

As the construction process for this double box oven bridged two semesters, the following includes notes from fall 2012 and spring 2013:
We had trouble producing angles that were bent at 90 degrees. If the angles are not precise, the frame will be skewed. Therefore, when cutting the aluminum for the angles, use the vertical band saw as opposed to sheers, for the process is considerably easier and more precise.

When measuring the lengths of aluminum angle, we need to take into the account the thickness of the aluminum angles themselves.  This caused some difficulties and some bending of the sheet metal since some of it had to be forced in.

Initially, we had the machine screws orientated upward through the base of the inner box. These machine screws would have interfered with pots or pans resting on the surface, so we had to reverse their orientation. So as to save time, avoid orienting screws or other parts in ways that will interfere with the cooking process.

In constructing and setting the walls of the inner box into place, precision in measurements and drilling is key. If the aluminum sides must be forced to accommodate the machine screws, they will bend. When a side bends, it produces gaps through which insolated air can escape. Avoid forcing the sides to fit a hole by securing a properly dimensioned side exactly where you want it and drilling.  Tolerances are critical.

Properly fitting the wood top for covering the insulation is tricky. To ensure that measurements are correct, finish both the inner and outer boxes before measuring the necessary lengths and widths of each piece of the wooden top. Do so by placing the inner box where you want it, inside the outer box and measuring. If you do not, the wooden top likely will not fit.

We first tried to drill through the aluminum sheet while it was held in a vice. This bent the aluminum sheet slightly. The easiest way to prevent the bending of the aluminum sheet is to place a scrap wooden block behind the aluminum and drill through the aluminum into the wood. This will evenly support the aluminum as you drill and prevent bending.

We need to implement better wood working techniques, particularly Miter joints, to decrease the presence of leaks. {Miter joints are pretty tricky and considered difficult to make well.}

There needs to be a better overall method of documenting the equipment used in construction, so that there is no trouble relocating equipment needed later in the process.



C. Testing procedure

Adapted from ASAE Standard: ASAE X580 for Cornell ESW Solar Cookers


Purpose: To provide a consistent and relatively accurate method for evaluating solar cooker performance using the light array in Winter lab. 

Set up
Loading. Cookers shall have 7,000 grams of water per square meter of intercept area. The water shall be placed in cooking vessels painted black. The mass of water shall be determined with an electric balance to the nearest gram. 
Temperature sensing. Water and air temperature should be sensed with thermocouples. One thermocouple junction shall be immersed in the water in the cooking vessel(s) and secured 10 mm above the bottom, at center.  Thermocouple leads should pass through the cooking vessel lid inside a thermally nonconductive sleeve to protect the thermocouple wire from bending and temperature extremes.  The sleeve should be secured with 100% silicone caulk to reduce water vapor loss.  There should be one thermocouple for measuring the temperature of each container of water.  One thermocouple is used to measure ambient air temperature.

Testing
Recording.  The average water temperature (C) of all cooking vessels in one cooker shall be recorded at one minute intervals.  Solar insolation (Wm-2) ambient temperature (C) and wind speed (ms-1) shall also be recorded at one minute intervals.  A pyranometer is used to measure the incident light intensity. 

Calculating cooking power.  The change in water temperature for each one minute interval shall be multiplied by the mass and specific heat capacity of the water contained in the cooking vessel(s).  This product shall be divided by the 60 seconds contained in a one minute interval, as:

Pi = (T2 – T1)MCv/60		       [1]

where:
Pi 	=   cooking power (W)
T2 	=   final water temperature
T1 	=   initial water temperature
M	=   water mass (kg)
Cv	=   heat capacity   (4186 Jkg-1K-1)
  
 Calculating interval averages.  The average insolation, average ambient temperature, and average cooking vessel contents temperature shall be found for each interval.

Standardizing cooking power.  Cooking power for each interval shall be corrected to a standard insolation of 700 Wm-2 by multiplying the interval observed cooking power by 700 Wm-2 and dividing by the interval average insolation recorded during the corresponding interval.

Ps = Pi(700/Ii)			       [2]

where:

Ps	=   standardized cooking power (W)
Pi	=   interval cooking power (W)
Ii	=   interval average solar insolation (Wm-2)

Temperature difference.  Ambient temperature for each interval is to be subtracted from the average cooking vessel contents temperature for each corresponding interval.
 
Td = Tw – Ta			       [3]

where:

Td 	=   temperature difference (C)
Tw 	=   water temperature (C)
Ta 	=   ambient air temperature (C)



Results

Plotting.  The standardized cooking power, Ps, (W) is to be plotted against the temperature difference, Td, (C) for each time interval.
Regression.  A linear regression of the plotted points shall be used to find the relationship between cooking power and temperature difference in terms of intercept a (W) and slope b (WC-1) or Ps = a + b Td.  No fewer than 30 total observations from three different days shall be employed.  The coefficient of determination (r2) or proportion of variation in cooking power that can be attributed to the relationship found by regression should be higher than 0.75 or specially noted.
Single measure of performance.  The value for standardized cooking power, Ps, (W) shall be computed for a temperature difference, Td, of 50 C using the regression relationship found according to Regression section
Reporting.  A plot of the relationship between standardized cooking power and temperature difference shall be presented with the equation.  The report shall also state the standardized cooking power at a temperature difference of 50 C.
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7.202800000000309E-2	1.4744649999999986	2.6169520000000013	1.9486020000000011	4.6382380000000047	5.8484979999999958	5.4699980000000039	6.3078900000000004	7.3290310000000005	7.5733049999999977	9.2543159999999958	9.8282580000000053	9.9579390000000032	10.566291	12.868765999999997	12.292336999999996	14.814160999999995	13.756473999999997	14.246415999999996	16.354996999999997	17.359452000000005	19.025623000000003	19.801991000000001	20.807112999999998	22.24887	22.879254	23.580793000000003	24.318068	24.501852999999997	26.347173999999999	24.868197000000002	25.932473999999999	27.811232999999998	27.138489999999997	29.387494	30.667663000000001	30.848789	30.357520000000001	31.826109999999993	33.292758000000006	33.242373999999998	34.450761	33.742632000000008	36.499171000000004	36.562525999999991	36.918534000000001	37.977845000000002	37.594380999999998	37.769541000000004	39.413072999999997	37.783228000000008	39.125703999999999	40.371153999999997	42.349599999999995	40.938386999999992	40.115834	42.128844999999998	43.21853200000001	43.608294999999998	45.182085999999998	45.831421999999996	44.933219999999999	46.541505999999991	46.937363999999995	47.953128000000007	47.976239	48.920324999999998	146.60101110734934	130.06120457509408	140.63471313404128	124.17982196969996	150.88872210244864	118.33581978622956	139.60439685888412	133.98394137188066	139.08430862628896	138.82190983774333	127.91197748148053	133.00734105736262	127.4634124183917	127.24575240254352	137.60586878909027	121.51815932829302	131.86282317821798	131.63309546710209	126.15274297880558	120.7003522234448	125.74479601198156	135.99071079453975	104.44443086398873	125.14656209418274	114.5397937897434	119.56510586627303	119.38158859800747	114.01999989117837	113.85399549775195	113.68887410641915	118.68107360447173	108.20513677676644	123.48225031647203	97.620590691661263	123.13935117047633	97.35068638532789	117.68754908317693	102.19689620405474	107.16746215083867	112.11816055053387	101.79130390947823	96.583651900809926	101.5434746554629	96.349509179228136	101.29814724071015	96.117721129898058	101.05546883223508	90.844285465322912	100.82147327767046	90.634572468308789	105.61588030696048	80.379680497805779	90.334793257839451	85.227067652657439	95.151716840492753	80.044434036614973	89.959517368445177	89.864153142432542	79.799548122907481	84.704919081845944	84.621181050055782	79.566877071482736	74.526995460424885	84.386008159370547	79.346568049355866	79.27372037670861	74.253117644676053	Temperature Difference (°C)
Standardized Cooking Power (Watts)
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