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Introduction

This semester concluded Amanecer’s fifth year of solar cooker research and design. The project was founded in 2005 and has since established a partnerships with Grupo Fenix, a renewable energy group at La Universidad Nacional de Ingenieria in Nicaragua, and Las Mujeres Solares de Totalgalpa. Research is conducted primarily in the Bovay Laboratory Complex in Thurston Hall at Cornell University.

Solar cookers are one approach to reducing the global need to burn dung, brush, and firewood for cooking, a problem that affects two billion people around the world, particularly in developing countries.[1] The practice leads to respiratory illnesses, deforestation, and pollution, in addition to placing an economic and social burden on families that must purchase fuel or divert significant time toward collecting it. Our annual visit to Sabana Grande, Nicaragua provides the team with a local perspective on this global issue and allows for productive technical exchanges with Las Mujeres Solares de Totalgalpa. 
A large portion of the team’s Spring 2010 efforts were devoted to continuing work on a prototype concentrating solar cooker designed and built in Fall 2009. The design concept was tested both in the field and via computer modeling, and new design concepts are being explored based on the lessons learned. The trip to Sabana Grande was a focal point of the semester during which we shared our progress on this front and developed research questions to explore further concerning the box ovens. Several members of the team subsequently began laying the groundwork for a new experimental setup that would allow future teams to explore questions relating to box oven insulation and construction techniques. We believe that this semester’s endeavors contributed meaningfully to the pursuit of improved solar cooking solutions for Sabana Grande and similar communities, and future teams should find themselves well equipped to continue furthering the goals of Engineers for a Sustainable World.





[1]    "Reducing Respiratory Illness from Indoor Cooking Fires in Third World." UC Newsroom. University of California, 23 Aug. 2001. Web. 8 Feb. 2010. <http://www.universityofcalifornia.edu/news/article/3514>. 

Concentrating Cooker – Prototype One
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    Figure 1

Description of the problem
The basic insulated box oven has been the primary foundation of Amanecer’s work since inception; however, we have been interested in producing a simple and effective concentrating cooker capable of achieving high temperatures on a cooking surface. Such a cooker would allow for the solar cooking of tortillas, fried dishes, and grilled foods which are inherently incompatible with oven-based cooking. A subteam of the Fall 2009 group conceived a novel design concept that was intended to be powerful, user-friendly and simpler to construct than comparable existing designs. One of the primary goals of this semester was to complete the few remaining construction steps needed for the first prototype and conduct testing on the validity of the design concept and the performance of the prototype. 

Details of the design process that produced the prototype can be found in the CEE 4920 final report of Fall 2009. In addition, Alice Yu prepared a three-session “crash course” early in the semester designed to ensure all members of the team had an expert understanding of the background and thought processes associated with the prototype. The handouts from these sessions can be found on the Amanacer Spring 2010 CD-ROM 

Conventions were established for discussions of the geometry of the cooker and its reflectors: 
· X-dimension: the "width" (left-right from the cook's perspective, i.e. east-west). Right is positive; left is negative
·  Y-dimension: the "length" (front-back from the cook's perspective, i.e. north-south). Forward is positive (closer to the sun); backward is negative (closer to the cook).
·  Z-dimension: the "height" (up-down from the cook's perspective). Up is positive; down is negative.
· The origin (0,0,0): defined to be the desired focal point upon which light should theoretically be converging; the center of the “target” we are trying to hit. Thus, the primary reflector is a section of parabolic trough whose focus is the x-axis. The secondary reflectors are sections of a parabolic trough whose focus is the y-axis. 

BIG Idea competition
An additional sub-component of the concentrating cooker effort was the completion of deliverables for a contest called “The BIG Idea Competion.” Sponsored by Entrepreneurship@Cornell, the competition is for Cornell undergraduates who have an idea for a business or social enterprise. Entrants compete for mentorship opportunities, exposure, and cash prizes. The concentrating cooker concept was entered under the name “The Solar Fire Project.” This was done primarily to raise visibility for the project and for Engineers for a Sustainable World. Further details about the competition can be found at the BIG Idea website (http://entrepreneurship.cornell.edu/BigIdea/). 

“The Solar Fire Project” ultimately made it to the Finalist round and received 2nd place in the “Social Enterprise” track. In addition to the exposure gained via the Final Presentations – presented before an audience of entrepreneurs, faculty, and peers – our participation in the competition contributed to appearances in the Cornell Chronicle and photos in the Daily Sun. A portion of the $1000 prize will be donated to Grupo Fenix. The deliverables prepared for the competition are included on Amanecer Spring 2010 CD-ROM. 

Methods
Construction 

Before field testing could begin, several finishing steps needed to be completed in the construction of the Solar Fire prototype. These included:
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· Building a shutter system on a sliding track to control solar radiation through the cooking hole 
[image: image4.jpg]


[image: image5.jpg]



· Covering vulnerable surfaces with sheet metal cladding in order to reflect stray radiation and eliminate the danger of overheating and combustion of structural components 
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· Devising a pulley system to allow adjustment of the reflector array to accommodate varying solar elevations 
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· Covering the primary and secondary reflectors with mylar to enhance reflectivity 
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· Adding a reflective back panel in order to protect the cook from any stray radiation coming from the reflectors 
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· Adding an indicator attachment to the reflector assembly that allows users to determine whether its angle is properly adjusted for solar elevation; this is done by ensuring that the wooden post casts no shadow upon its plywood base 

Outdoor testing

Once the prototype was ready for field-testing, the team waited for an appropriately sunny day, placed the solar cooker on a cart, and took it outside into the south-facing parking lot behind Winter Lab. This was done on March 7, 2010 around solar noon. Given Ithaca’s high latitude compared to Nicaragua, the solar elevation at this time was lower than the prototype had been designed to accommodate. However, we were able to lower the angle of the reflector assembly by positioning the front edge of the cooker to protrude past the edge of the cart, allowing us to lower the reflectors below the level of what would normally be the ground. The team decided to test performance qualitatively for the initial run, with the plan that more systematic quantitative tests could be devised if performance met expectations. The following protocol was employed for the qualitative testing run: 

1) Select one of several black pans and place it over the cooking hole
2) Open the shutter to expose the pan to solar radiation
3) Adjust for hour angle by turning the cooker in the XY plane such that the reflectors are facing the point on the horizon directly below the sun
4) Adjust for solar elevation by raising or lowering the reflector assembly until no shadow is cast by the indicator attachment
5) Visually inspect the underside of the pan and tabletop to determine whether light appears to be converging as expected
6) Estimate whether the pan is approaching expected temperatures by placing a small quantity of water inside to boil
Matlab Modeling
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   Figure 2
In addition to field testing, we wanted o test the theoretical concepts underpinning the design – namely, whether the interaction of the two parabolic trough geometries would cause incoming light rays to converge on a point as the design assumed. We felt that the intuitive analysis from Fall 2009 was insufficient and that a more rigorous vector-based analysis was required in order to accurately understand how the light was reflecting from the prototype’s reflectors. To this end, Scott Johnson developed a MATLAB script that would model the three-dimensional trajectories of the incoming light rays and determine how much of it would reach the target.  It also estimates the total incoming power reaching the target.
 

The model starts by expressing the positions and directions of the incoming light rays as vectors.  For each reflection it calculates where in space the light ray will strike the reflective surface and what its new direction will be. After going through all of the reflections, it calculates where the light will land on the cooking platform.  See “How the Reflection Model Works” in Appendix B for a basic discussion of the math in the model.  

 

The file LightRays.m (Appendix C) is a script that creates vectors that represent where the light hits the reflector.  The comments in the file explain how to use the script in more detail.  One can plot the vectors created by the script to see and understand how the light reflects and where it intercepts each of the reflectors and the cooking platform.  

 

The model can be used to test new designs.  By following the same basic method, one could add more reflectors or change the shape of the existing reflectors.  For instance, the prototype currently has a back reflector.  It may be interesting to add the back reflector to the model and see if it improves the power of the cooker.

The model used a different coordinate system than the one used in the design of the prototype, but in the end the script converts the coordinates back to the agreed upon coordinate conventions.
Results
Outdoor testing
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A single outdoor testing run was sufficient to determine that the prototype was performing but falling short of design specifications. The expectation was that the interaction of the primary and secondary reflectors would produce a line through the origin along the x-axis with a bright point at the origin itself. The line would be the result of light reflecting directly from the primary reflector, and the point would be the result of light that had reflected from both the primary and secondary reflectors. However, visual inspection did not support this expectation. Although the primary-reflector radiation did produce a line along the x-axis as expected, the secondary-reflector radiation did not converge on a single point; instead, it appeared divergent and scattered, and it was clear that the amount of radiation landing within the ten-inch cooking hole was less than assumed by the design. 

Qualitative observations of the heating of the pan produced similar conclusions. The pan did grow appreciably hot to the point where it could not be touched with bare skin, and a small quantity of water placed inside could be made to bubble slightly after several minutes, indicating a surface temperature greater than 100 C (212 F). However, it was clear that the pan was not intercepting the 1000 W of solar radiation necessary for desired performance and that it was not reaching the desired temperatures of 450 F. Such temperatures would have produced much more rigorous boiling in the water, based on common experience.

The team decided not to pursue quantitative testing on this prototype, electing to instead focus attention on evaluating the premise of the design. 

Video of the outdoor testing is included on the Amanacer Spring 2010 CD-ROM.
Matlab Model

The Matlab model calculates the efficiency of the cooker as:  
[image: image17.png]


= (amount of light reflected onto the pan) / (amount of light intercepted by reflectors)

The Matlab model shows that the efficiency changes as a function of the zenith angle for small zenith angles, but for Ithaca (where the sun is always at a large zenith angle), the efficiency is always 15%.  This calculation is done without a back reflector.  With the back reflector, the efficiency probably increases, because some of the radiation that is reflected out by the secondary reflector could be reflected back onto the pan.  The following figure shows how the light rays fall onto the plane of the platform.  The green represents the area of the black pan.  The blue dots represents light ray elements.
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           Figure 3
The horizontal line represents the light that is reflected off of the primary reflector that does not reflect off of the secondary reflector.  The remaining blue dots represent the light that reflects off of both reflectors.  This model shows that the once reflected light behaves as originally expected, but the twice reflected light does not behave as originally expected.


Conclusions


Our field testing and MATLAB modeling indicates that the Solar Fire prototype devised by the Fall 2009 sub-team does not perform in the manner that had been assumed under the design, because the twice-reflected light does not converge on a single point. The thought process behind the original design concept can be summarized as such: 

· the primary reflector focuses light in the YZ plane only (toward a line at y = 0, z = 0) 

· the secondary reflector focuses light in the XZ plane only (toward a line at x = 0, z = 0)

· the combined effect of reflection off both reflectors in sequence will result in XYZ focusing (toward a point at x = 0, y = 0, z = 0), allowing two 2D geometries to achieve 3D focusing.

The flaw is that both reflectors influence the z-component of the light’s trajectory; thus, their focusing behaviors cannot be considered “independent” of each other in this fashion. The error was in believing this point to be irrelevant because each reflector operating on its own would direct parallel light onto a line in the plane z = 0 and that the secondary influence on the trajectory’s z-component would thus be merely “redundant” with the first one. In truth, the secondary change in the z-component “stacks” with the primary change in z-component, and the reflected rays are no longer convergent. 

Although the first prototype did not reflect light in the manner initially assumed, it was an illustrative endeavor that will benefit future design work for a concentrating cooker. The parametric vector-based approach used in the MATLAB model can be adapted to model future design ideas and allow them to be tested virtually before being constructed. 

In addition, some design subcomponents developed for this prototype may remain relevant and be retained in future designs: 
Shutter system: the shutter system serves both as a safety measure and a means of modulating the amount of radiation reaching the bottom of the pan, allowing the cook to adjust heat under the pan much like she would on a gas or electric range
Pulley system: the pulley system devised by Nick Chisholm allows the cook to raise or lower the reflector assembly without needing to move away from her position behind the table. This would be a convenient feature to include if future designs also incorporate swing-mounted reflectors. We recommend using rope or cord rather than the wire used for this year’s prototype, in order to make the line more comfortable to manipulate.  

The experience of constructing the prototype also yielded a number of construction insights that future teams may wish to note:

- The reflective mylar should be handled with care and the following practices observed:

· The mylar should be cleaned using an air-gun or other non-abrasive method; using a towel can be abrasive and damage the reflectivity of the material

· Avoid touching the mylar surfaces excessively, as bare skin can leave interfering oils and fingerprints 

· When using spray adhesives to affix mylar to flat surfaces, it is very easy for some of the adhesive to stray onto the “good” side and interfere with the reflectivity. Water, soap, and solvents cannot remove adhesive without reducing the mylar’s reflectivity

· Mylar should be cut to fit the intended surface; any excess should be cut off rather than bent over an edge

· transporting large sheets of cut mylar should be done with two people if possible so that it is well-supported at all four corners; otherwise, it is easily wrinkled

- When cutting sheet metal reflector pieces to fit within a frame, it is better to err small than err large; if you err large, the sheet metal will fail to lie flat and will deform in a manner that can significantly alter its intended geometry

- If future designs use a secondary reflector, the cutting of the secondary reflector should also err on the small side to avoid shading the primary reflector more than necessary
Future work

Although we did not choose to conduct quantitative performance testing on the prototype, future teams may elect to do so in order to corroborate the observed “wattage” with that predicted by the MATLAB model.

Although the built Solar Fire prototype has limited utility from a design standpoint, it can still be used to seek insights related to construction practices. For example, if parabolic troughs will be used in future designs, this year’s prototype could be used as a tool in measuring to what extent small errors in the shape of the trough will compromise its focusing performance, perhaps with the aid of parallel lasers to track the trajectories of incoming light rays (see laser section). This could be part of a sensitivity analysis to quantify the level of stringency needed in ensuring geometric fidelity when constructing a parabolic reflector.

The main priority resulting from this year’s concentrating cooker work, however, would be to explore other design possibilities that meet the design criteria listed on page 18 of the Fall 2009 CEE 4920 report. The Spring 2010 team has begun brainstorming a number of approaches as described in the next section, which future teams may choose to build upon. 
 
Concentrating Cooker - Current Design Approaches
Overview
Given that this year’s design concept does not perform to specifications, creating a second design concept is an open question toward which any number of approaches may be taken. There is a large body of existing work concerning various methods of building concentrating solar cookers. The solar cooking wikia is one example of a resource that can be used (http://solarcooking.wikia.com). The Fall 2009 Final Report also discusses several examples of existing designs and the flaws and merits of various approaches. Although there are a large number of possible designs, our team believes that these characteristics should be retained if possible in the next design:

· An asymmetrical configuration that places the cook on the opposite side of the cooker from the sun, with the sunlight reflecting upwards toward the focus from below. This avoids shadowing the reflector array and provides a setup that is more similar to “conventional” cooking (See Figure 4). 
· A countertop imposed between the cook and the reflector array. This provides extra safety in additional to convenience. (See Figure 4).

· Simple construction that is easy and inexpensive to build from basic materials and tools. 
· Sufficient power to cook tortillas at a 450 F surface temperature (about 1000 W for a small cooking surface such as a 12” cooking pan)

· The cooking surface should be open to the air so that foods such as tortillas can be easily handled
A number of current ideas are suggested in the subsections below.
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Figure 4 – Desired format for concentrating cooker

Alternative Secondary-Reflector Design
This year’s research has determined that two parabolic troughs cannot be made to interact in manner that causes twice-reflected light to converge on a single point in 3D space. However, it may be possible that they could be arranged in a way that causes the non-convergent light to fall within a sufficiently small area to generate useful concentrated heating. For a solar cooker, it is only necessary for light to land somewhere on the surface of the pan, rather than a mathematically unique point in space. Light that is theoretically divergent may be practically convergent if the scatter falls within the desired “target.” Using the same approach used to model the behavior of the Solar Fire prototype, one could experiment with different configurations of reflectors. The incentive for finding such a configuration is that it would spare the builder the task of building surfaces that are curved in three dimensions, such as a paraboloid. These complex shapes add to the expense and difficulty of creating concentrating solar cookers. The original appeal of the Solar Fire design concept was that it used only simple 2D geometries and would thus be far simpler and less expensive to build.
Conducting Concentrating Cooker (El Barra del Sol)

 To avoid the complexity of constructing a 3D parabola or using secondary reflectors, another alternative is to use an “off-center” 2D parabola to concentrate light on a black metal rod or rectangular plate which will conduct heat to the central heating pot. Nick Chisholm and Scott Johnson have begun exploring this possibility.
 

We are using a method for constructing the 2D parabola that is different from the one used in the Solar Fire prototype. Instead of forming the shape from sheet metal, we will bend a sheet of fiberboard into the proper shape. It will be coated with mylar as has been done previously. We believe that this fiberboard surface would be smoother than a metal surface because metal folds and wrinkles. Curved plywood is used similarly to make ramps for skateboarding.

 

The light will be reflected to a black bar which is in thermal contact with the cooking surface, for example a black pan. The top of the bar will be insulated with mineral wool to prevent contact with the wooden frame and minimize heat loss.

 

With approximations, defining the temperature profile of the system is a reasonably simple heat transfer problem. There will be a term for radiative heat transfer to the bar, radiative transfer from the bar, convective transfer from the bar to the air, and conduction through the bar to the cooking surface. Work is currently ongoing to derive a steady-state solution to the problem. 

So far this semester, we have constructed the single reflector and replaced the old reflector in the prototype.  Before the summer we plan to connect a bar or rod to the prototype and use thermocouples to test the performance of the conduction concentrating cooker without a pan in place.  If all goes well, we plan to continue our research of this cooking method next semester.

Piece-Wise Reflectors

If the above design approaches do not prove successful, it may be necessary to resort to using a piece-wise reflector. This approach can be implemented in many different ways.
One design mounts flat reflective rectangles that are all independently angle to direct incoming light at the target.  These pieces could be connected to a flat frame that swings on an axis, similar to the reflector assembly used in the Solar Fire prototype.  They could either be fixed in position or connected by ball in socket joints.  The ball and socket joints would allow for easy adjustments, but may be hard to implement.  
Another design mounts flat pieces to a 3-D parabolic frame in a manner similar to the Devos described in the Fall 2009 report.  Wood is the traditional construction material we have used in the past.  It may be a good idea to investigate other building materials (metal wires, cloth, etc.) that may reduce the cost and/or weight of the cooker.

Yet another idea involves cutting half parabolas for the frame of the reflector.  These parabolas are arranged into a star shape or clamshell.  Wedges of fiberboard or a similar material could be bent to fit the shape of each section of the frame in order to create a paraboloid shape.

These are just a few of many possible ideas based on the concept of a piece-wise reflector. Given that piece-wise reflectors are the most common strategy used to implement concentrated solar cooking, it is worthwhile to do a careful analysis of existing designs before attempting to build an original design.

Laser Diagnostics and Parallel Lighting Setup
Lasers can be a useful tool for evaluating the reflector geometry of a built prototype and assessing how effectively it is directing light onto the target. They can provide information at a more detailed resolution than possible by simply taking a prototype into the sunlight and taking temperature readings. Temperature readings can be influenced by many factors not related to the geometry of the reflectors. If a prototype does not perform as expected, lasers can help determine whether this is due to a flaw in the shape of the reflector and what areas of the reflector are specifically at fault.

In order for lasers to provide accurate information, they must be able to approximate a set of parallel light rays. Alice Yu has constructed one system in which 20 standard key-chain laser pointers are mounted in a set of wooden boards that have been drilled with holes that fit the diameter of the pointers precisely. These holes were created using a drill press and should be almost perfectly perpendicular to the surface of the boards. These boards can be mounted on the same metal scaffold used to hold the lamps for box-oven testing and clamped in place to correct any warp that may exist in the boards. The result is an array of laser pointers whose beams are very close to parallel. These beams can be aimed at a prototype’s reflectors and their trajectories observed.

Another approach would be to use a single powerful laser pointer that shines upon the prototype from very far away. The beam can be directed at different areas of the reflector in turn to observe its characteristics. Because of the large distance, the angular difference would be very small such that the incident angle of the laser beam with respect to the reflector would be virtually the same no matter what part of the reflector you are aiming for. 

The team has also discussed the possibility of simulating parallel sunlight using a halogen lighting setup similar to the one used to conduct box oven testing. This would involve fashioning reflective inverted parabolic troughs that would sit inside the lamp casing above the rod-shaped light element and create parallel light in a manner similar to how the reflectors inside a car headlight turn a point source of light into a parallel beam. However, it is not yet certain whether the proposed system would generate truly parallel light or whether it would remain dispersive in one or more dimensions. We may reinvestigate the possibility of such a system if the need arises for repeated performance testing of a proven design under controlled conditions.

 
Future Work

Throughout the last week of finals and next semester we plan to continue researching the conducting rod design.  We will test the basic design with temperature sensors.  We also plan to build models and compare our tests with what the models predict.  If the results of the test look promising, we plan to design a new cooker optimized for the use of a conducting rod to transport the heat to the pan.
We also plan to brainstorm alternative means of configuring a system of primary and secondary reflectors such that a larger portion of the incident radiation is captured and directed onto the target. All ideas would be modeled in MATLAB to determine whether they should be considered as the basis for a new prototype.

It is recommended that future students attempting to construct a solar concentrating cooker conduct a thorough design phase before beginning construction. The strengths and weaknesses of existing designs should be evaluated during the brainstorming process. The ideal cooker is powerful, simple to make, and safe to use. MATLAB modeling can help predict the viability of a design before it is constructed, and laser diagnostics and field testing can help characterize its performance after it is constructed. If an initial prototype satisfies basic criteria, it would be worthwhile to find ways to reduce materials to make the design less bulky while simultaneously reducing its cost.

 
Solar Box Oven - Insulation Test Setup
Description of the Problem

The insulation in the solar box cookers plays a vital role in performance. The current insulation technique involves using wood shavings in the gaps in the wall and in the bottom of the box cooker. This is done to reduce the convective heat transfer in the walls and floor of the oven. While this is the currently practiced technique for insulation, it is a known fact that the box ovens perform better during their first year of operation than in the years after. One of the theories associated with the diminished performance of the ovens over time is that the constant heat flow through the walls causes the insulation to settle to the bottom, and at that point the insulation would no longer be preventing convective heat transfer in the upper regions of the wall. And with an expected life of 10-12 years, diminished operation after the first year is something that needs to be analyzed. The motivation for this experiment is to essentially prove or disprove theories on the insulation in the box cookers and to improve the design in the most effective and economical way possible. A subteam consisting of Harrison Ko, Drew Hart, Abby Sterle, and Leif Paulson was formed following our trip to Nicaragua in order to begin work on this problem.
Experimental Setup
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    Figure 5 - Concept Drawing

The idea of the insulation test is to isolate heat transfer through a single wall of a solar oven. Figure 5 depicts an insulated box with some sort of heat source on the inside. The heat inside the box will travel the path of least resistance, and with the other five faces of the box insulated it can be assumed that the majority of heat transfer is going through the experimental wall. 

The experimental wall will be built to mimic the walls of a conventional solar oven. The main difference would be the interchangeable interior of the wall. The typical solar oven wall consists of a pine frame with insulation to fill in the hollow space. The experimental wall of this setup will be built the exact same way with the only exception of being able to change the insulation for different tests. This is done to be able to get the most relevant data from the setup.
The insulated box is designed to have the five non-experimental faces have a thermal resistivity far greater than that of the experimental wall. In the case of this experiment, the thermal resistivity is assumed to be similar to that of air. The faces of the experimental box were decided to be approximately ten times the thermal resistivity, to ensure that heat will most likely travel through the experimental wall. The high thermal resistance of the insulated walls is very easy to achieve since thermal resistance in series is additive. This allows for the insulated walls to simply be extra thick to increase the thermal resistance.
The experiment will be conducted to obtain the most relevant information possible. The plan is to measure temperature of the inside air, the outside air, and on many locations on the wall. The idea of is to obtain simple data from the air temperature measurements, as well as to obtain a heat gradient from the measurements through the wall.
The two basic factors of how well the solar oven is insulated can be described by two characteristics: the time it takes the oven to heat up to cooking temperature and how well the oven retains the heat. Therefore, the plan is to heat up the inside air of the box until it reaches a typical cooking temperature for the solar box cookers (~300˚F) and then immediately shut off the heat source. At this point, the time it takes for the inside air to become equal with the outside air can also be measured. These measurements can provide practical characteristics of different types of wall designs and insulation materials.
Initially, the goal of this experimental idea was to be able to obtain an R-value for the experimental wall. After further research however, it was determined that obtaining an official R-value was rather arbitrary, and that as long as the data can be characterized in a logical and scientifically sound manner it can still be applied practically.

Construction
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    Figure 6 - Current Assembly

Our goal in construction is to make a box apparatus which has five highly insulated sides and a sixth side which is easy to change and manipulate so that a variety of insulation types can be tested.  Ideally, the apparatus would mimic the performance of one of the real box ovens in terms of the relevant mechanisms for heat transfer out of the box, so we are using one of the old 30in x 30in box cookers as an internal frame and template.  We have available sheets of mineral wool insulation, which is heat resistant and has an R-value around 3.1which is heat resistant and has an R-value around 3.1ft2 ℉ hr/Btu. Using three inches of mineral wool on each side gives an R-value contribution of approximately 10.  Due to the rough and comparative nature of our calculations, this value need not and cannot be very precise.
We also have sheets of scrap plywood which will serve as an external frame.  Our simple construction will consist of the box oven internal frame without the door, surrounded on five sides by three inches of mineral wool and plywood walls to hold it together.  The plywood will be held together with L-clamps, and the construction does not need to be precise except that there can be no gaps in the insulation.  The final side, which replaces the door of the oven, will be constructed nearly identically to an ordinary box oven wall, except that it must be easy to disassemble to change out the insulation, so we will not use silicone as a sealant.  The removable wall will be attached in some way which makes it easy to repeatedly take off and put back on with a tight seal.

Next semester the team will look for an appropriate heating element to place inside the apparatus as a heat source.  The power cord for the heating element and the thermocouple wires will be put through one of the back corners of the insulated box with minimal heat loss.

Future Goals
Since no experiments have actually been run, the future goal of the insulation test is to get the apparatus ready for experimentation and to run experiments. Ideally, the experiment should be set up with computer software that can automate the experiment to obtain consistent results. That software, combined with the finished construction of the experimental wall is currently the most integral factors for the future work of this project. 

After the experiment is set up properly, the first tests should be to determine whether the experimental setup is effective or not. This can be done by simply comparing a test with no insulated filling against a test with a much insulated filling (e.g. mineral wool).

Assuming the test works properly, it is important to investigate the problem of the diminishing performance of solar cookers over time. While the theory is that the wood chip filling eventually settles to the bottom of the wall, there is no evidence to support this claim. The first order of business would be to validate the issue with the wood chip insulation. 

After validating the problem, solutions should be investigated and tested to determine the most economical and effective solution for the solar box cookers. It is even possible to imagine a completely different wall design arising from this experiment.
Nicaragua Technical Summary 
During spring break, Amanecer travelled to Sabana Grande, Nicaragua to build solar cookers with Las Mujeres Solares de Totalgalpa and conduct our annual technical exchange. This year, we gave a presentation on our work relating to the concentrating solar cooker and presented an update on the research that had been done by the Fall 2009 CEE 4920 class. During the week, we built two 30”x30” solar box ovens. Over the course of this process, we watched for possible opportunities to improve oven design or construction methods, as well as research questions that future teams may wish to investigate. At the conclusion of the trip, we produced a document entitled “Grupo Fenix Oven Brainstorm” summarizing our ideas. Items on the list were labeled with icons to indicate whether they represented possible changes to construction practices, possible design adjustments, possibilities for future testing, or some combination of the three. A copy of this document can be found in Appendix D. 

In addition to the research questions posed in the document, the following are general questions that are of interest to Las Mujeres Solares:

1) What design changes would help Las Mujeres Solares bring down the costs of the ovens they offer for sale? Note that this primarily means reducing material costs.

2) How can the ovens be made to look more elegant and professionally constructed, and thus more marketable?

3) What accounts for the decline in oven performance over the course of its expected life, and how might this be mitigated?
Nicaragua Reflections
Francis Vanek (Faculty member accompanying)

The following is a mixture of impressions from the trip and suggestions for what might be done differently in the future.

My overall impression is that the trip is highly beneficial to all involved: to the students, who get a real-world sense of the context for solar cooking, for Mujeres Solares, who benefit from the interaction, and for the other groups visiting the Centro Solar (such as the MIT team) who benefit from the cross-fertilization of ideas.  Even if the students do not return to Nicaragua on a regular basis or even ever, the project at Cornell benefits each time that a group travels there, because the body of knowledge on the Cornell side grows with each visit.  I had not fully appreciated the value of the trip until traveling there myself.

Suggestion 1: in a future trip it would be good to integrate solar cooking into the work days as well as solar oven construction.  As long as the team is at the Centro, and there is sun (which there was almost every day, and in fact it never rained in the entire week), for relatively short amounts of extra time spent, students could be cooking simple dishes in the collection of existing ovens, to get a feel for how the technology works in practice.  I cooked a dish on the last day, but in retrospect we could have been doing this every day.  As the old sales slogan of various retailers says, “we use what we sell” – getting experience with using solar ovens (other than in the rarified conditions of the solar oven lab) will help the team to be stronger.

Suggestion 2: I was extremely impressed with the team of eight students’ ability to form a cohesive unit, to coexist well with one another, and accomplish the task without stressing each other, in other words maintaining very positive team spirit.  In fact, in future Spring break trips, if neither Tim nor I were able to go, I have confidence that a team of students could make the trip without being accompanied by a faculty member.  It is especially helpful that Grupo Fenix members Susan and Erica met us at the Managua airport and accompanied us to and from the Centro, assuming this could be done in the future, the team of students could make the trip from Ithaca to Managua by themselves and be accompanied after that.

Suggestion 3: we could investigate providing a chop-saw to the Centro.  This would speed up and make more accurate the building of the ovens.  We could think about whether it makes more sense to bring it on the trip, or bring the funds and purchase in-country.  The latter choice might do more to help the local economy, which could be of benefit.  Alternatively, we might think about bringing down several basic hand tools, of the type that are commonly needed, so that students working on ovens are not short of tools.

In conclusion, I wish to express my gratitude to Tim Bond for his ongoing work to supervise the project, to the students who went on the trip, to our hosts from Grupo Fenix and Mujeres Solares de Totogalpa, and to the community that surrounds the Centro in Sabana Grande.  Much exciting community development work is taking place there, of which solar ovens are just a part.  I feel fortunate to have been able to participate.

Alice Yu
I think the trip to Sabana Grande, Nicaragua was a definite highlight of the semester. In many ways, it was a culmination of our technical efforts over the last academic year and also served as an effective launching ground for next year's research. From a personal standpoint, it was also extremely enjoyable and a unique cultural experience. Overall, I think the trip went smoothly and was well stewarded, and I will cherish the memories for a long time.

I was a little nervous on arrival, given that this was my first solar oven trip and my first time traveling to rural Latin America. However, this feeling quickly evaporated upon meeting Erica and Susan in the airport. They were completely at ease and took care of all logistics in a calm and confident way that made it easy to let go, not worry, and just take in the surroundings. I do think future students should be given stronger encouragement to exchange money for local currency (we were told that we wouldn't need to spend cash on anything, but this ended up causing some inconveniences), but other than that, I think the logistics were handled very well. 

Erica and Susan were very generous with conversation and eager to share, giving us a feel for the local culture, ambiance, language, etc. From the beginning of the trip to the end, I was constantly pestering Susan to help me with my local Spanish; she was always very helpful and never once gave an impression of impatience. By the time we arrived at the solar center to meet our host families, I felt at ease and ready for the week. Upon arrival, we were quickly divided up and sent our separate ways with our host families for the night. Although it would've been nice to spend some time together as a large group to break the ice, I found my host family to be very warm, hospitable, and welcoming. 

The language barrier was a struggle, especially at the beginning, but I personally thought the experience was greatly enriched by this challenge. Without any English speaking companions in the house, I had to push myself to reach out to my hosts and be sociable, practicing what little vocabulary I knew and finding creative ways to communicate. Things may have been easier if I had been sharing a house with a more conversant guest, but I personally think I would still choose to be the only guest in the house even if this was an option.

Our first full day in Nicaragua was spent relaxing and exploring the canyon. I found this to be a great way to ease into the week and “get our feet wet”; it helped me feel more at home with the area by the time we began our solar center work the next day. The natural beauty of the canyon was a great experience. I also had a chance to interact with some locals who were not in any way affiliated with our program, which was a great cultural experience. Despite my extremely rudimentary Spanish, I actually managed to have a decent conversation with a group of young men from Ocotal and even learned some new vocabulary that benefitted me later in the week. Similarly, our side-trips to Totalgalpa and Ocotal later in the week was a nice chance to catch a glimpse of Nicaragua outside of Sabana Grande. It was interesting to see how much the lifestyle varied even within a small geographic region; I think these experiences helped give me a slightly better rounded perception of the area.

Of course, our days at the solar center were the main substance of our trip, and I found them to be very worthwhile. I think Monday's technical exchange could've been condensed somewhat, but it was very interesting all the same, especially as I didn't know that much about the history of Grupo Fenix. Delivering a bilingual presentation with a translator was a new experience for me, but the audience seemed receptive to what we had to say. Constructing the box ovens with the women was very enlightening. I found myself constantly impressed by their expertise and simultaneously humbled by their openness to feedback and collaboration. The list of possible improvements and research questions we brainstormed over the course of the week has given us a great deal to work on for the remainder of the semester and beyond. The technical and cultural exchange that took place on the last day served as a capstone for the week, with an opportunity to talk to a lot of people I hadn't had the chance to meet until then. Overall, I think we gained a lot from the trip, and I hope that the Solar Women and Grupo Fenix found the collaboration just as beneficial to them as it has been for us.


Harrison Ko
I had a rather different experience than most of the members of our group being that it was my second time going on this trip. This is not to say of course that the experience was diminished in any way, in fact I would say that having the previous experience enhanced my trip in different ways. I believe that I approached this trip with a different mentality, and in turn got something different in return.

My housing experience was very different this time since I had actually met 3 of the members of my household the previous year. I actually worked with Rumalda the year before, and I remember Luis Miguel and Malrowe. They were very outgoing and it was very easy to get along with them and to be a part of the family. I tried to ask as many questions as I could to learn all that I could about how they do things. In fact, I actually learned how to make the tortillas which I considered to be an accomplishment. Luis Miguel and I got along quite easily by playing card games, this expanded to the others in the family and soon every night was like a party, it was a fantastic experience.

The group of people we had this time was interesting, since there were a number of people who actually had very little experience with the construction of the solar box cookers. I definitely felt like we got a lot more out of this trip than the women did, and that is not bad thing. I really liked the fact that we could learn so much to help give us different perspectives on things. Overall I was very pleased by the work our group was able to accomplish and by how well we all got along. 

Tim not being on this trip did feel rather odd since he has been the most stable force of this project. I initially was a bit worried, but the trip turned out okay and everyone seemed to be able to handle the situations very well.

On the more science side of things, I finally realized this time around what our main advantage is over the women in Sabana Grande, and this was our ability to run controlled experiments. I realized that we were most certainly not taking full advantage of all the opportunities that we have at Cornell to investigate the issues with the oven. This experience helped me come to the decision that we needed to split up the team more and to design new experiments. Overall this trip was a great motivator to get things done, and helped me remember everything that our team stood for.

Abby Sterle 
The Solar Oven Team spring break trip to Sabana Grande, Nicaragua has forever changed my view of the world.  I could not be more thankful that I had the opportunity to share this experience with my peers.

Before going to Nicaragua, I had never traveled out of the United States.  Needless to say, I was a little bit nervous about the trip to an entirely foreign culture where little to no English was spoken.  I do not speak any Spanish and thus was very curious to see how communication with the women and my house family would work out.

Logistically speaking, I loved staying with a host family and would recommend that for future trips.  It was very helpful having another student from MIT stay with me because she was fluent in Spanish and I was clearly not.  I also enjoyed traveling with a small group of Cornell students.  I think that a group of size 8 to 12 would be ideal.  At times, the presentations felt a little bit long – but I think they are necessary to exchange information properly.  I also enjoyed taking part of the day to go for a hike and walk around Ocotal.  In future years, it may be nice to explore the area a little more or spend some time in Managua.

Overall, I cannot say enough about how positive an experience this was for me.   To see people living in such poverty – only a 3-hour plan ride from the US – was shocking.  No one could have prepared me for the lifestyle of the families with which we stayed.  The bucket showers, latrines, wild chickens, small televisions, and open fires were among the many things that I found fascinating about my stay.   I have an entirely new appreciation for the technologies and daily habits that have become staple features of the western world.  However, the most astounding part of it all was that the families seem to be just as strong, if not stronger, than most that I see in this country.  They are doing the best they can with the little that they have and for this reason, I could not help but to put them on sort of pedestal throughout my week’s stay.   I have been taking a look at my friends around Cornell and wondering what it would be like to place them in a small, one bedroom home in Nicaragua.  Would they have any idea how to feed themselves?  Gather water?  Would they complain about the lack of air conditioning and the intermittent electricity?  I think that most (including myself before this trip) will have no concept of life in such poverty until they experience it first hand.   

I am so proud of the women at the Solar Center for staying motivated to make a change in their community.  I think that their determination and optimism will be something I remember for the rest of my life.  These women and their families have inspired me to continue working to make this world a better place for us all and for that, I will always thank them.

                  

Drew Hart
I thought the trip was perfect. I think I learned more about development and the lifestyle and culture in rural Nicaragua than I could have any other way. Having time to hang out around the house with our families in the evenings was really important. Yelba and Skarleth were amazing hosts and there were definitely no problems. I had a lot of fun at home. Building ovens was fun and it was good to spend some days doing work to feel like we were giving something back. If we had had more time I would have liked to learn more about building the PV systems but in the week we had I thought the program was fine. Susan was a great leader and teacher. I’m definitely planning on going back next year.

 

Jocie Kluger
Overall, I think the procedures of the trip went very well. We were quickly met by Erica at the airport and our bus ride to Totagalpa went smoothly. Susan and the Mujeres Solares gave a warm welcome to all of us. I felt very comfortable leaving the group to go to Mayra’s home. Her family was also very hospitable, and I felt at home.
The trip to the canyon was a good idea. It was exciting to see the cliffs carved out by the water, and it was great to swim in the water after walking around in the heat. It was also a good idea to go to this closer destination rather than the beach because we had just spent an entire day traveling.
Susan gave a good introduction about the Solar Center. Before this trip, I did not know much about why we researched the ovens. Now, I feel well informed on what the Solar Center is about. I found it especially interesting that the Solar Center is about creating a renewable energy research center in Nicaragua. It seems to be a unique approach to development, and it sounds like it is working well!
I liked constructing the ovens. It was exciting to get hands-on experience in building something after taking courses that don’t offer physical applications. My confidence and skills with tools definitely improved. It was great to watch the Nicaraguan women construct the ovens. They were very good at it. Observing the tools, materials, and construction procedure used in Nicaragua is very valuable for directing the research at Cornell and understanding the purpose of the research. I also liked bonding with the other Solar Oven students during the construction process.
I liked going into the city Ocatal to shop around, visit their really cool garden, and eat at a restaurant with live music and flushing toilets!
It was a nice finale to the week when students from MIT, Nicaraguan universities, and Cornell came together with Solar Center personnel to summarize research. I liked learning about my Nicaraguan peers. I liked learning about new initiatives and approaches in development.
A few things that could have been different:
Sometimes, all of the Cornell students left for lunch, but the Nicaraguan women continued to work on the ovens. This somewhat undermines the purpose of giving a workshop, so it would have been better if the women took a break too.
When the Cornell group split into two teams to make the ovens, it came to 5 people per team. Sometimes, there were not enough tasks or materials for everyone to work at once. It might be better to get more tools or split the students up into smaller groups.
It would be better to contact our families in the States sooner- as in within a day that we arrive in Nicaragua- rather than a few days in, just to give our parents a break.
People were told that they wouldn't need cordobas, but it turned out that having the equivalent of $5 or $10 would have simplified some transactions.
 

Scott Johnson
 Before I went to Nicaragua, I had never been to a “developing” country.  I had never taken any formal Spanish classes and only knew a few phrases.  I had been to Spain and Italy, but many people there spoke English, and being with a group, it was easy to get away with only speaking in English.  So my stay in Nicaragua submerged me in another culture for the first time.  When I first met with my mother, I understood almost nothing of what she was saying.  I was lucky enough that my brother was learning English and could help me translate.  Even so, I found myself eagerly wanting to learn Spanish, so that I could communicate better with my family.  I believe that I learned more Spanish in a few days than what I could ever learn in classes.

We went to Somoto Canyon, Totogalpa, and Ocotal.  The canyon was beautiful and it was great to experience the culture of the cities.  It was nice to see areas of Nicaragua outside of Sabana Grande, but I am glad we did not spend too much time outside of the village.  I enjoyed getting to know my family, and I think it is important for people going on this trip to spend a lot of their time with their families.  Overall it was a nice balance.  The people everywhere were friendly.  

I knew that as part of our trip, we would exchange knowledge with the women.  We would show the women what we had learned from out lab at Cornell, and the women would show us what they had learned from using the ovens and doing experiments in Sabana Grande.  However, I did not realize how much I would learn from the women.  Their experience with solar oven construction and use has made them a great source of knowledge about the ovens.  But I learned much more than just about solar ovens.  I learned about the culture of Nicaragua, the people and the impact the solar ovens have made on the village of Sabana Grande.  

I left Nicaragua with a greater understanding of sustainable development, and how it can be achieved.  The trip has motivated me to do more work with the solar ovens so that when I return to Nicaragua, I can bring along with me new ideas for the solar ovens and knowledge that I can share with the women.

Nicholas Chisholm

This was my third trip to Nicaragua as a member of the solar cooker team. Obviously I think that it is a worthwhile experience if I keep going back. This time around I stayed in another new household with my "mom" Frederlinda Perez Lopez, her mother, father, brother, son, niece, nephew, and a few other people I never placed in the family tree. This time around I also had a semester and a half of introductory Spanish under my belt which made communicating much easier.

The cooperative appears to be coming along quite nicely these days. Local men were making adobes for the new restaurant building throughout our stay. The group has gotten their name out and won several prestigious development awards. I am excited to see what becomes of the Solar Center in five years' time.

During our stay we constructed two ovens in under three days, which is a notable accomplishment and a testament to both our group's competancy and the women's ability to act as living construction manuals (they are very experienced now). We identified some changes to the box oven construction process, which I believe have been outlined in the report. The most difficult stage in inserting the panes of glass into their slots and production would be significantly easier and faster if the slots are made an eighth of an inch thicker. We should test the negative effects of the wider glass/wood gap on oven performance next year. Again, this was the single most difficulst stage and should be addressed.

It is difficult to get a feeling of how frequently the box ovens are used in the community because we are only in the village a short time and we spend the best cooking hours away from our home-stays at the Center. My Frederlinda used her oven to sun roast coffee. All of my meals at home came from the wood stove from what I could tell. We need to be focused on creating efficient, cost-competitive cookers that people will use. I don't know if there is a better way to promote cooker use in the village than making better ovens, or if it is our place to suggest some other program.

The people are kind, the food is good, the weather is remarkably better than Ithaca's in March, so this isn't "giving up" spring break in any sense. The best part of the trip is experiencing the Nicaraguan culture and seeing life in a developing country where solar technology can actually make a significant improvement. The trip is very important because it offers the necessary perspective for motivating our work back at Cornell. 
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