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Introduction

At the start of this Spring Semester, we were aware that the time we could devote to our research on the lenses was limited. Plans for using the lenses were not developed enough to present to the women in Nicaragua, so we put a hold on testing with the lenses to help complete the projects that the group was bringing on the trip. However, we set some goals for the semester with concerning our use of the lenses, especially now that we had the larger lens and frame to work with.

The primary task we set out to complete was to build a stand for the larger lenses that would be easily assembled and adjusted. We also teamed up with Angel Martinez in the interest of designing a solar still that would use the energy harnessing powers of the lenses to distill water at a useful rate. Finally, we hoped in general to continue developing and refining the practical applications of the lenses.

Early Testing

First Semester Testing (Small Lenses):
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First semester testing taught us the basic function of the lenses and gave us a realistic framework for how to proceed with them in the future. 
We obtained two larger lenses (24” by 36”) and were able to perform larger experiments to familiarize ourselves with the function of the lenses:
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Impact of Trip to Nicaragua

After traveling to Nicaragua, we have a better awareness of the capacities and limitations of the solar ovens. We have a greater understanding of the culture and daily lives of the people in Sabana Grande. This insight has shed light on how the lenses could be applied in more pragmatic and relevant ways. For more details on the trip, view the Cornell ESW Solar Cooker Team Wiki. 

Applications of the Lenses to Pursue: 

1. Tortilla Preparation

One of the limitations of the box style solar ovens used by Las Mujeres … is that the families are not able to conveniently cook the tortillas, which are a staple of the Nicaraguan diet. Every morning, all of the women in all of the households cook tortillas on indoor wood burning stoves. Currently, tortillas are also prepared at the Solar Restaurant and there are plans in the works for them to be prepared for purchase at the Solar Mountain. 

The small wood burning ovens that the women use to cook tortillas are essentially steel sheets (griddles) supported over burning sticks that heat griddles up to the necessary temperatures. 
The slabs they heat up are black, and relatively small.  It seems that it would be feasible to heat them up rapidly using the energy from the sun concentrated to their size using fresnel lenses. If the focus of the lens was directed on the griddle plate, it would heat up and the tortilla could be cooked on a part of the plate outside the focus of the lens, since the heat would transfer to the rest of the cast iron. 

For preliminary testing this procedure, we intend to use a cast iron skillet insulated on a wooden block, and position the lens to focus on the edge of the skillet. If the process looks promising, we can proceed with building an appropriate stand for the lenses to hold the lens and griddle or skillet in this position and create a better “stove”. Continuing from there, we can develop and perfect this while addressing safety concerns accordingly.
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2. Water Distilling

Our System for Distilling Water using the Fresnel Lens (Preliminary Stages)
Our system used the Fresnel lenses to focus light on a water bottle with one half painted black to convert the light energy to heat. The bottle had to be completely full of water to stop the plastic from melting, as it did in many of our preliminary tests. Because the volume of water was so high, sunlight was fleeting and time was limited we were only able to reach water temperatures just shy of boiling. 
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System in Nicaragua for Distilling Water 

The system for distilling water that is already in place in Nicaragua is adequate for their current needs, but they are looking to expand it. Each of the women take home a jug of purified water, so a way to improve and expand upon the current system would undoubtedly be welcome.
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The sunlight evaporates the water sitting on the black painted bottoms of each section of the distiller.  The evaporated water (steam) rises to the underside of the glass plate that is at the top of the confined space.  The steam condenses on the underside of the glass where it slides down the decline to a half pipe which channels the distilled water to a large jar or tank underneath the still.  The still pictured above includes four distillation units that work in parallel with each other.  The water does not move from one to anothee, so this still includes 4 independent units working in parallel.  The design allows expansion of capacity by addition of more distillation units.]

3. Augmenting the smaller oven

The smaller oven that was constructed this semester by that subteam does not easily reach high temperatures because it intercepts a relatively small area of light. The cooker intercepts about .15 m^2 of light.  At in incident light intensity of 1.2 kW/m^2, the cooker would make use of .28 kw.  We would be unlikey to ever get that much incident power or light because of Ithaca’s latitude.  A much more likely maximum input level would be .85 kW/m^2 for a useable input of .13 kW.  With the fresnel lens, the area of light intercepted is sufficient for the oven to heat to the necessary temperatures.  The Fresnel lenses we have intercept an area of .55 m^2 (24” by 36”).  At .85 kW/m^2, this would allow the same cooker to make use of .47 kW or 3.6 times as much power.  The cooker without the lens gets close to boiling water. 

4. Fresnel Lens Stand [ongoing goal]

Requirements for a stand:

- Ability to translate and rotate easily with the direction of the sun.

- Ability to stay fixed in one place (once we found the proper angle and position). 

- Easy to construct (Ideally feasible to construct in Nicaragua)

- Light enough to move easily

- Stable and durable
We have brainstormed two potential designs to pursue in the upcoming semester.
Design 1: Rotating Stand[image: image8.jpg]
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Components: 2 wheels or other easily rotating objects that will allow for easy rotation of the lenses. Supports that will hold the lens so it focuses on ground level (or insulation block level).


Design 2: Still
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Components: Design a vessel that will convert light concentrated from the ambient sunlight into heat. Current design has unpainted glass on one side and black painted glass on all other sides in order to maximize the area of the black paint/liquid interface. Potential use of a reflector to ensure that the maximum amount of light enters the still and doesn’t simply land on surrounding areas (reflector pictured is not a good example of what we plan to design). 

Future Goals/Improvements to be Made

Other than the applications of the lenses we find have potential to pursue, one goal is to include a measurement of the intensity of the incident solar radiation with our future testing. Using a pyranometer will allow us to quantify the energy available and the efficiency of the capture of conversion of energy and will give us the actual light intensity available during our tests. 

We also hope to work on developing methods to reduce heat loss, a precaution which our past experiments have lacked. Either shielding the test set up or providing a transparent containment around the target to be heated will protect against wind.  

Conclusion

In conclusion, we learned a lot about Fresnel lenses and the needs of the community in Nicaragua this year, and we are ready to start developing realistic uses for Fresnel lenses for the Solar Women. 
