	Concentrated Cooker 

Final Report
	May 20

2011

	Report by Margaret Ding and Catherine Hanna
In collaboration with Tim Bond (Manager, Winter Lab) and Scott Johnson
Solar Oven Project Team, Cornell University Engineers for a Sustainable World
	


Table of Contents


Abstract
2
Introduction
2
Materials and Methods 
3
Cardboard Reflector 
3
Steel Reflector 
5
Results and Findings 
6
Materials 
6
Suggestions for Future Improvements 
7
Construction Method 
7
Materials 
7
References and Bibliography 
8


Abstract 

The objective of the Concentrated Cooker subteam this semester was to continue the work previously completed and rethink our methods. Last semester in the fall of 2010, the team began constructing a concentrated cooker that implemented a petal-constructed 3D parabola as its reflective surface. Previous solar oven teams have built a concentrated cooker prototypes with 3D parabolic reflectors modularly built, and 2D parabolic reflectors.
With regards to the spring of 2011, we aimed to design a cooker that would hold its shape more effectively over time, as last semester’s cooker deformed when it was left in preliminary stage supports while the framework was being built. We experimented with different reflector materials to determine the best options for future teams to use. Two materials we looked at were cardboard and steel. 
We also aimed to obtain temperature data from reflector testing to prove that the concentrated cooker was reaching the temperatures anticipated. However, though testing was attempted, no data was obtained because of Ithaca’s cloudy and rainy days. 
Introduction


The Solar Oven team at Cornell has been improving upon its solar box cooker designs, implemented by a women’s cooking group in Nicaragua called Las Mujeres Solares de Totogalpa. Such box cookers reach maximum temperatures around 180 degrees Centigrade (350 Fahrenheit). This falls short of the 250 Centigrade needed to fry foods such tortillas, which are a staple to Nicaraguan meals. 
Because the solar box ovens cannot fry foods, tortillas are presently being cooked on wood-burning stoves indoors. This can pose health hazards, as typical Nicaraguan housing units do not offer means of proper ventilation. As such, harmful particles and toxins can be emitted into the household atmosphere and inhaled by residents, possibly triggering asthma attacks, allergies, eye and throat irritation, and in some cases, cause cancer from long-term exposure. Furthermore, the process of gathering and cutting wood to fuel the stoves contributes to further deforestation of the already barren area. 

Throughout the academic year, the Solar Oven team has been developing a concentrated cooker with a 3D parabolic (paraboloid) reflector to reach higher temperature ranges. The goal has been to create a design that works well enough to be a possible alternative to wood-burning stoves. The concentrated cooker is able gather heat more rapidly and efficiently than a solar box cooker due to the unique geometry of its reflector. When using a paraboloid, the geometry of the parabola focuses all sunrays of parallel incidence at a single focal point, which concentrates the heat.
In consideration of its potential use in Nicaragua, the cooker design must be conscious of the building materials available in the area. We take this into consideration when designing our cookers. However, our team has chosen to focus on finding appropriate materials and a corresponding design that can successfully fry foods first, and then improve upon this design later to incorporate it into a local context. In addition, taking into account the windy conditions outdoors is extremely important. 

Last semester, a parabaloid 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. To do this, the primary focus was on constructing reflectors with different materials. 

Materials and Methods

Cardboard Reflector
The first design that the subteam constructed used cardboard material for a temporary reflector, to create a quick prototype that would produce the desired temperature results. A series of points were compiled using an Excel spreadsheet (see Figure 1) to create a petal template to work from. Note that the resulting petals have edges that are very close to linear, due to paraboloid geometry.
One boundary point on a petal can be found using “Vd,” which represents the distance along the centerline of a petal, and “from centre,” which represents the perpendicular distance away from the center line of the petal. In summary, “Vd” and “from centre” can be thought of as x and y coordinates where the centerline of the petal is the x-axis (see Figure 2). 
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Figure 1.   Excel spreadsheet showing petal outline points
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Figure 2.   Marking out the segment

Using the petal template, we cut out 16 cardboard petals. These petals were sewn together using yarn, leaving an inner circle with a diameter of five inches. The result is shown in Figures 3 and 4. 
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   Figure 3.   Petals being sewn together     
       Figure 4.   Finished cardboard reflector product

After construction was completed, we proposed to place a mylar sheeting on the surface of the cardboard prototype so that the cooker would be adequately reflective. However, this plan of action was deserted because the mylar would not be effective on the seams, and we decided to pursue more permanent reflector designs. 


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 (see Figure 5). Five bolts per edge were used (see Figure 6).
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       Figure 5.   Reflector almost near completion

Figure 6.   Five bolts on each edge

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 might not be curved enough to model a true paraboloid. The stiffness of the steel created a shape that had less curvature than the cardboard reflector. Additionally, due to the small 5/32 drilled holes, the accepted margin of error during construction was greatly reduced, which also presented fabrication difficulties. Only testing could prove if this reflector’s geometry was effective or not.
The final reflector (see Figure 7) was deemed slightly dangerous as the bolts were protruding from the back of the reflector surface. This potential hazard makes carrying the prototype relatively difficult. Additionally, the weight of the steel could contribute to the prototype lack of ease in mobility after attached to the frame. 
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Figure 7.   Completed steel reflector and testing device
Results and Findings
Unfortunately, due to the weather at the end of the semester, testing was never conducted. Many attempts were made, but the constant cloud cover kept affecting the temperature data. 

This issue persisted last semester as well, with the aluminum prototype that was completed. Ideally, at the beginning of next fall semester (preferably in September while Ithaca is mostly sunny) the new team should focus on testing both the aluminum and steel reflectors to determine how well each material conducts heat. This data will allow the materials to be compared to one another and will offer insight into an appropriate material to use for the next reflector design. 
Materials
So far, this subteam’s members have pursued paraboloid reflectors made of aluminum sheeting, steel sheeting, and cardboard. The aluminum is more malleable than steel and is easier to mold to the desired geometry. It also has greater constructability, as it can be cut with shears and holes can be hammered through. However, it also requires a more comprehensive support system to maintain its shape. 

The steel sheeting provided many issues in the area of constructability, as it had to be machine-cut and drilled. It is stiffer than aluminum, so the main consideration when constructing a support system is weight support over shape support (although shape support should still be incorporated). 

The cardboard used in the prototype was too thin to be sewn together in the manner implemented. However, sewing is a compelling and potentially effective method of adhering the reflector pieces in petal-based construction.


Suggestions for Future Improvements

Construction Method
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 also an extremely tedious construction process. Construction involves the cutting of petals (in our case 16), making holes along the edges, and connecting the holes or adhering the petals to one another. One must note that any material too flimsy cannot stand on its own requires support to maintain its shape; any material too stiff fights the point-to-point construction system holding it in place. This petal-based construction problem may be addressed by choosing a suitably malleable reflector material, and creating a holistic support for the reflector such that it is unable to fall out of shape. 
An idea worth pursuing may be implementing tension-wire structural support instead of outer cradle supports. These wires would be placed at multiple levels and angles inside the reflector, to bend and hold the reflector material in the correct shape. With this method, the focal point must be designed to be located substantially outside the reflector.

Another option is to use another method altogether. In one of our brainstorming sessions, we thought of a cloth-wire method that might provide greater constructability and repeatability. This would use a reflective cloth to create the paraboloid geometry, and wires or bendable metal pulled through loops to hold its shape, much like an umbrella or tent. This would avoid petal construction altogether. However, cloth material may prove problematic in windy conditions. 
Materials 
The reflective properties of the material used should not be forgotten. Most metal sheeting has a grain to it, and does not reflect purely to a point. An easy way to see this shining a point light with a laser on the material surface. A mylar overlay can make any material reflect well. However, this could prove to be ineffectual depending on the geometry of the reflector, and the difficulties of fitting a sheet to a 3D parabola. 
Additionally, it is important to eventually think about using local building materials that are easily available for purchase within the area. Finding an acceptable and adequate design that successfully reaches high temperatures should be first priority.
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