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Introduction


The Solar Oven team at Cornell has been continuously improving upon its solar box cooker designs, implemented by a women’s cooking group in Nicaragua. Such box cookers reach maximum temperatures around 180 degrees Centigrade (350 Fahrenheit). This falls short of the 250 Centigrade needed to fry foods, such as the staple tortillas. Therefore, the team has been developing a concentrated cooker with a 3D parabolic reflector to reach this higher temperature range. 

Last year, a reflector prototype using the petal method of construction was completed. Testing showed the 3D parabolic reflector had the potential to yield high temperatures in a matter of minutes. However, the prototype was adhered using non-permanent methods and thus lost shape before being effectively proven to fry food. This year, our subteam’s objective was to create a reflector that could withstand potential deformation over time and yield the desired temperature data. 

Work Accomplished


Cardboard Reflector
The first design that the subteam attempted to construct involved the use of cardboard material as the foundation for the parabolic reflector. A series of points were compiled using an Excel spreadsheet (similar to those used to construct the parabolic reflector from last semester) to help trace each petal onto the cardboard. 
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Figure 01   Excel spreadsheet showing petal outline points

Once each of the sixteen petals was outlined, scissors were used to cut them out. These petals were then sewn together using yarn and a makeshift bent iron rod to model a sewing needle. After all of the peals were sewn together, an inner circle with a diameter of 5 inches was left cut out. 
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Figure 02   Petals being sewn together     
       Figure 03   Finished cardboard reflector product

After construction was completed, the goal was to place a sheet of mylar on the surface of the cardboard prototype so that the cooker would be adequately reflective. However, the addition of mylar was never attempted as the team realized that the cardboard cooker was not sturdy enough to hold its own shape, and would easily collapse or blow away in windy conditions. Additionally, should the cardboard get wet, it would easily loose its parabolic form. Therefore, we decided to construct the same parabolic structure using steel sheeting instead. 

Steel Reflector
To construct the steel reflector, petals of identical geometry of those used in the cardboard prototype were cut with a margin of half an inch on either side. The petals were then bolted together at strategic points lying on the petal edges. Five bolts per edge were used.
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Figure 04   Steel reflector almost near completion


While we were bolting the petals, we discovered that due to the small size of the bolts chosen (2-32), the shear instigated during bolt tightening often caused the bolt to fail. We were unable to tighten them snugly. After the reflector was fully assembled, we found that the geometry was severely lacking. The steel was too stiff to be effectively held in place by the select number of bolted points, and did not curve appropriately. Additionally, due to the small 5/32 drilled holes, the accepted margin of error during construction was greatly reduced, which also presented fabrication difficulties. 

Although the steel sheeting was a material that could be structurally sound on its own, we concluded that it was too stiff to model the 3D parabolic shape we needed. More holes and bolts would not have solved this problem. A more ductile material with an appropriate support system to maintain the reflector’s shape is recommended.

Suggestions for Future Improvements

The subteam’s efforts this year continued the method of petal construction to create the reflector. Although this method should technically enable great precision in molding the reflector’s 3D parabolic geometry, it is lacking in actual execution. Any material too flimsy cannot stand on its own and changes shape from its surroundings; any material too stiff is ineffectively held in place by the point-to-point construction system.

There are two options to address this problem. The first is to continue with the petal construction method and create a holistic support for the reflector such that it is unable to fall out of shape. The second is to use another method altogether. This might mean using a stiff support mold and wrapping shiny material (such as cloth) around to create the reflector. 

Things to keep in mind are the reflectiveness of the materials used. Most metal sheeting has a grain to it, and does not reflect purely to a point. A suggestion might be using a mylar overlay. However, this could prove to be ineffectual due to the geometry of the reflector, and the difficulties of fitting a sheet to a 3D parabola. Additionally, it may be important to think about using local building materials that are easily available for purchase within the area. However, finding an acceptable and adequate design that successfully reaches high temperatures should be first priority.
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