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Overview
Now in its fifth year, the solar oven group was given an excellent opportunity to address many issues critical to the project. The team was larger than usual, with 10 devoted members, and boasted a diverse range of educational backgrounds. The group was also fortunate to have a Chris Tilger as a member of the team. Chris is currently in his third year of active involvement in the project and provided both perspective and insight into the group’s efforts throughout the semester. The team was also privileged to have access to a larger 1-dimensionally scaled up solar box oven that is more representative of those currently used in Nicaragua. This oven, completed at the beginning of the fall semester, enabled the project team to investigate and test issues more consistently with those actually faced by the Nicaraguan community. Lastly, the solar oven group was extraordinarily lucky to be able to work with Tim Bond. Tim has been directly involved in the solar oven venture since its inception and has invaluable technical and social understanding of the project. 

With this formidable cohort dedicated to the solar oven cause and a brand new oven at the team’s disposal, the group was able to meaningfully address the following issues: (1) Pot Quantity, Distribution, and Sequencing, (2) PIV Heating Characterization, (3) Concentrated Solar Cooking, and (4) Resolving Glass Cracking.  The group’s findings on these four topics are discussed at length individually in subsequent sections of the report. The team divided its human and technical resources according to these issues; however, the solar oven group was unified by the purpose of its investigations. The solar oven group’s client is a very specific rural tropical community. Accordingly, the solar oven team must ensure all of its work is both useful and applicable to the Nicaraguan residents. It is not the group’s ambition to invent the most technologically efficient and powerful solar cookers, but rather to design solar cookers that are most desirable for the people of Nicaragua and their society. With this goal in mind, the solar oven team complimented its technical research and analysis with investigations into the impact of relevant conceptions of technology and unintended consequences. In doing so, the solar oven group strove to ensure that their efforts best serve the residents of Nicaragua.

Pot Quantity, Distribution, and Sequencing 
Description of the Problem

Recently, the Nicaraguan women have requested a larger oven so that they can cook in larger pots and make larger quantities of food.  This request, in essence, is a desire for greater cooking efficiency, an issue that has been around in one form or another from the inception of the solar oven project.  Accordingly, the solar oven team decided to test different means of cooking with the box oven. We investigated cooking in parallel (multiple pots simultaneously) as well as in series (pots in sequence). The team also chose to investigate the issue of heat leakage through the door, a problem the solar oven team noticed during its testing this semester. While the women of Nicaragua have not explicitly mentioned this issue, it directly relates to cooking efficiency and thus merits investigation. The solar oven team hopes that our findings will help empower the women of Nicaragua to cook more food in a shorter amount of time.
Methods

Testing Pots in Parallel

Black pots and their caps were weighed on a scale and the weights were recorded to four decimal places. The cap of the pot was removed and the scale was then tared. Three pounds of water were poured into the pot. The weight of the water in the pot was recorded to four decimal places. The pots were covered and placed in solar oven, with their placement in the solar oven recorded.

Thermocouples were placed inside the oven touching the plate, inside the oven not touching the plate (inside air), and inside the pots in the middle of the pot about half way down the water depth. A thermocouple was also placed outside the oven to record outside air. Once the thermocouples were placed, the solar lights were turned on. During the first experiment, it was noted that two lights were out. To keep the experiment consistent, these lights or lights in similar positions remained off the entire experiment.  

The pots were left in the solar oven until the water inside the pot reached a temperature of 100°C. The pots were removed from the solar oven and weighed on the scale. The total weight of the pot, cap, and water was recorded to see if there was any significant water loss. A total of four parallel cooking experiments were conducted: 1 pot, 2 pots, 3 pots, and 4 pots. See figure 1 below for pot configurations and lighting arrangement. 

	Pot Arrangement
	[image: image62.png]) d




[image: image63.png]


[image: image64.png]


 SHAPE  \* MERGEFORMAT 



	[image: image65.png]Solar radiation
striking the
ground, that can
be potentially
intercepted




[image: image66.jpg]


 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	Lights Turned Off
	18 and 14
	14 and 17
	14 and 18
	14 and 17


Figure 1 - Pot Configuration and Lighting for Parallel Cooking Tests
Testing Pots in Series
A similar experiment was conducted to collect data regarding cooking pots in series. The same procedure as testing pots in parallel was used. However, instead of cooking up to four pots at one time, pots were split into multiple cooking times. For example, to cook two pots of water, one pot was placed in the oven until it reached 100°C, removed, and replaced with second pot filled in three pounds of water. A total of two experiments were run in series: 1 pot followed by 1 pot & 2 pots followed by 2 pots. See figure 2 below for pot placement and light arrangement.

	Pot Arrangement
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	Lights Turned Off
	14, 18, 20, 17
	14, 18, 20, 17


Figure 2 - Pot Configuration and Lighting for Series Cooking Tests
Comparing the Cook Time of 3 lbs of Water with New Door
To compare the cook time of 3 lbs of water with a new door installed on the solar oven, the same procedure as testing pots in parallel with 1 pot was used.  For pot configuration and lighting arrangement see figure 3 below.
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Figure 3 - Pot Configuration and Lighting for New Door Test
Results
Heating in Parallel
We performed four different tests to evaluate the effects of water mass on cooking speed in the solar cooker.  We varied the test by adding an additional 3-lb of water filled pot to each successive test.  Figure 4 below shows the plots of temperature vs. time for the four parallel cooking tests. While the boiling time increased with water mass, the increase was not a direct relationship. The time to boil four pots of water (12 lbs) was far less than four times the amount of time to boil 1 pot of water (3 lbs).
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Figure 4 - Boiling time (minutes) vs. average water temperature (°C) for parallel cooking tests.
To further examine the difference in temperature verses time, figure 5 shows the different temperatures after 60 minutes of cooking in the form of a bar graph.  The data shows that the difference between 1 and 2 pots of water is somewhat small—a difference of 3.3%.  However, the drop in temperature increases somewhat drastically from 2 pots to 3 pots, after 60 minutes of cooking. It is important to note that this drop, nevertheless, is not a decrease in time per unit thermal mass of water. The data shows conclusively that the greater the thermal mass of water heated in parallel the greater the efficiency.
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Figure 5–The difference in temperature reached after 60 minutes of cooking during the parallel heating tests.

Another comparison we implemented was the difference in time it took each pot to reach 95°Celsius (figure 6).  Again, it is clear to see that the difference between 1 pot and 2 pots is relatively small, and then there is a jump between 2 and 3 pots.  Also, the data collected for the 4 pot test, on average, never reached 95 degrees Celsius.  
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Figure 6 – The time (minutes) that it took the average temperature in the pots for each test to reach 95°C.  [The average data collected for the 4 pot test never reached 95°C, hence it’s absence in this bar graph.]

An important note is that the temperature in 3 out of 4 of the pots for the 4 pot test reached 95 degrees.  After 80.6 minutes, 3 pots were at 95 degrees or hotter.  However, there was one pot that remained below 75 degrees for the entire testing period.  Using the data from this pot in the average for the 4 pot test drastically reduced the average temperature for the test.  It is tempting to blame the low temperatures on a misreading of the thermocouple or a mistake in the set-up of the system.  However, we determined that the thermocouple was not broken or msitaken but rather that the temperature in the pot must have actually been less than the temperature in the other 3.

This led us to re-examine the set up of the solar cooker.  The pot in question was located at the front left-hand-side of the cooker as shown in figure 7 below.  Consulting our lighting set up, we noted that there are several lights that are burnt out on the left side of the cooker.  We also noted that this particular pot was near the door and the door eventually had to be fixed due to bowing of the wood.  Both of these issues could have influenced the lower temperature of the water in the front, left pot.
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Figure 7. Visual depiction of weaker lighting zone
Series Testing

The series testing did not prove to be more efficient than the parallel testing.  Heating 2 pots of 3 lbs of water to 95⁰C in series took 32% longer (86 minutes) than heating 2 pots of 3 lbs of water simultaneously.  Similarly, heating 4 pots of 3 lbs of water to 95⁰C in series took 40% longer (112 minutes) than heating the 4 pots simultaneously.  Therefore, based upon observations with up to 12 lbs of water, cooking in series is much more time consuming than cooking in parallel.  The Solar Oven Group does not recommend that the women of Nicaragua cook in series if cooking in parallel is an option.  

New Door versus Old Door

Approximately one month into testing, a gap between the oven door and the body of the oven was discovered and predicted to be a significant source of heat loss that need not be overlooked.  After attaching a wood stiffener “seal” to the oven door, the 1 pot- 3lbs test was repeated to investigate the effect of the anticipated heat loss on the oven’s performance. 

As shown in figure 8, the addition of the wood seal to the solar oven door did not have a significant impact on the overall temperature performance of the oven.
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Figure 8 - Comparison of performance for the solar oven before and after the addition of the wood door seal.
The time it took the oven to reach 95⁰C decreased from 61.1 minutes for the old door to 59.4 minutes for the new door for an overall difference of 2.6% (figure 9). After 60 minutes, the solar oven with the new door was 2.8% hotter compared to the old door.

The Solar Oven Group concluded that the performance improvement of the oven with the new door was small enough that the data collected for the 2 pot-3lbs, 3 pot-3lbs, and 4 pot-3lbs tests was accurate enough for the purposes of the group’s analysis.

[image: image13.png]Time (min)

61

60.5

60

59.5

59

585

Old Door

New Door





Figure 9 - Comparison of times required for solar oven to reach 95⁰C before and after the addition of the wood door seal.
Next Step for Solar Oven Project

While the Solar Oven Group determined that cooking in parallel was the most efficient method of cooking, the group did not explore the maximum capacity that the oven could handle without being “overloaded”.  This could be a noteworthy topic to investigate in coming semesters.

Critical Theory Issues and Challenges
The solar oven team’s investigation into optimal pot distribution and placement strove to find a solution that is best for the people of Nicaragua. Tim Bond has been in frequent communication with the residents of Nicaragua, and thus served as an excellent resource for determining the people of Nicaragua’s ideas of pot use and cooking and their relation to their daily lives. Through the group’s discussions with Tim, the team was able to determine that the people of Nicaragua are very likely to jam as much food as possible into the oven each time they cook; however, they are flexible on what time they begin cooking. The investigation into the efficiency of cooking in parallel vs. series is strongly affected by these conceptions of cooking technology. 

The group’s suggestions for parallel cooking, which is what the residents of the Nicaraguan community currently employ, can be well understood through the lens of a theory of the relation between technology and society in which society possesses all agency. Since, the community already employs this method of cooking, minor changes to this approach should not change the way cooking impacts their society. Thus, it is reasonable to expect that there should not be any substantial negative unintended consequences of the solar cooker group’s suggestions for parallel cooking.

On the other hand, the group’s investigation into cooking in series is better understood through the lens of a theory of the relation between technology and society in which technology has more agency.  Cooking in series constitutes a major change to the way the people of the Nicaraguan community cook. Such changes are likely to impact the role cooking plays in their community. The increased number of pots requisite for cooking in series might make pot cleaning a more important part of daily life. This additional cleaning time could either socially unify the women of the Nicaraguan community through increased interaction, or it might detract from other more beneficial acts. Part of the solar cooker group’s decision not to advocate a switch to cooking in series was driven by this uncertainty in the potential negative impacts of unintended consequences that might arise from such a change.

Particle Image Velocimetry

Methods

Experimental Setup
Particle Image Velocimetry was performed on the 1-D scale-up Solar Oven at three discrete water temperatures (30o C, 50o C, and 70o C) in order to characterize how the role of convection currents changes over the heating of the oven.  One way to predict and describe velocity distribution in convection cells is the dimensionless Grashof number:
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Where: 
B = distance between hot and cold bodies
ρ = density of fluid at mean temperature
∆T = temperature difference
β = inverse of mean temperature
g = gravitational acceleration
µ = viscosity of fluid at mean temperature

This ratio of buoyant to viscous forces describes a fluid’s natural ability to form convection currents.  Using PIV, we are able to directly measure convection cell mean strength and location over varying heating conditions.  

Due to time constraints, we were unable to alter pot quantity or placement and instead measured change of convection over varying temperature.  During the experiment, we had a thermal sink of a black pot with 5 lbs. of water in the center of the oven.  The field of view covered the right side of the oven from the bottom black plate to the pot on the left side.  In order for the camera to be able to view inside the oven from the front, the plywood door had to be removed and a piece of glass was duct taped into place. Additionally, the back of the oven is covered with reflective sheet metal.  This had to be covered with a piece of cardboard duct taped into place.  We assume these changes had a negligible effect on oven performance.
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Figure 1 - PIV schematic
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Figure 2 - Picture of PIV setup in DeFrees lab.
An Aragon Ion laser was used at a wavelength of 488 nm.  This wavelength was chosen because it provided the highest emission from the particular laser and also was imaged brighter on our particular camera than the other principal emission wavelengths.  In order to spread the beam into a laser sheet, a cylindrical lens was placed above the oven and the sheet was dispersed through the top glass sheets.  

Thermocouples were placed in the pot of water, on the black plate at the bottom of the oven, and on the inside of the glass at the top of the oven.  The thermocouples were sampled at a rate of .1 Hz with a DaqPro Data Logger.  

The oven was heated with 15 halogen lamps located 24” from the top of the oven in an array of:


Figure 3 - Lighting arrangement of halogen lamps above PIV setup.  

The oven started at room temperature and the 5 lb. pot of water started at roughly 20o C before heating with the lamps began.  

PIV Details

The oven was seeded with fly ash and compressed air after it was determined that the particles created ideal images under the condition of an Argon Ion laser sheet and no halogen lamp illumination.  While it was tested to see if good images could be captured under the condition of a laser sheet and halogen lamps, which would ensure that no cooling was occurring during the image capture, there was not enough of a contrast between the illuminated particles and lit background.  We therefore used a fairly short sampling time of about 1 min. and collected 1758 images per temperature to ensure that cooling didn’t take place.  

An image size of 600 x 800 pixels was used as that was the default output of the camera.  An image capture rate of 30 Hz was used because it non-redundantly captured particle movements on the order of 1-3 pixels between image pairs.  
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Figure 4 - Front view of PIV experiment being run.  
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Figure 5 - Top view of PIV experiment being run.  

Data Processing

Once the images were obtained, some data processing had to be performed in order to get the desired results and filter out erroneous data.  Image pairs were processed with a subwindow size of 16pix x 16pix.  This size was somewhat arbitrary, but was hoped to capture high image correlation between pairs.  This choice of subwindow size resulted in a map of mean displacements in each subwindow.  Using an image of a ruler to calibrate distance as well as knowing that the camera image rate was 30 Hz, these displacements were then converted to velocities by the equation:
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The U and V displacement matrices were also run through a simple band pass filter that set a tolerance for upper and lower bounds of displacement and cut out background noise.  Histograms of U and V data for each temperature data set were examined and upper and lower bounds were chosen based on visual inspection.  If a data point appeared outside of these bounds, the data point was set to the mean value at that data point.  
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if U(i,j,k)>upper_bound || U(i,j,k)<-lower_bound





U(i,j,k) = Ubar(i,j,k);
if V(i,j,k)>upper_bound || V(i,j,k)<-lower_bound





V(i,j,k) = Vbar(i,j,k);
Figure 6 - Band Pass Filter schematic and generic Matlab code used to process the data.
Results
PIV was run at three temperatures and vector maps were created displaying mean velocity at each subwindow.  Additionally, video was captured from both the scientific camera and a handheld camera showing convection behavior dynamically.  The handheld video is accompanied on the CD of this report.  We assumed in doing PIV that convection movement was relatively two-dimensional, so convection cell strength can be characterized by looking at the maximum U and V mean velocities (Table 1).  Averaging the two values, we found that convection cell strength increases by 12% from 30oC to 50oC and by 27% from 50oC to 70oC.  

	Temp (oC) 
	Max U velocity (cm/s)
	Max V velocity (cm/s)

	30
	1.64
	0.84

	50
	1.83
	0.97

	70
	1.99
	1.41


Table 1 - Maximum mean velocities in the U and V direction at each discrete temperature.

Convection cell strength increases markedly between temperature points.  As is seen from the Grashof number (eq. 1), increasing mean temperature and increasing dynamic viscosity have the effect of lowering the natural convective forces, but the increase in difference between the pot of water and ambient air increase enough to still cause an increase in convection strength.  This leads us to believe that a smaller thermal mass (less water) would equilibrate to the ambient oven air faster and that convective forces may not play as strong a role in its heating.  On a cooking scale, the 5 lb. pot of water may actually be a small amount of thermal mass to put in such a large oven, but it also leaves a large open area for the convection cell to set up (a large B3 term in the Grashof equation).  It is difficult to know without more tests whether the larger thermal mass of food in a real oven (helps convection) and the smaller volume for convection cells to set up in (hurts convection) would increase or decrease the role of convection heating.  

From the PIV and heating mechanism isolation tests, we conclude that weather stripping the oven should have a positive effect on convection heating in the oven.  With convection playing such a large role, air escape across a large temperature gradient (the leak) should have a very negative effect on oven performance.    

We also note that these PIV results generally agree with the heating mechanism isolation tests.  Of the three mechanisms, we can only expect that energy gained from radiation will remain constant from the beginning of heating through all temperatures.  As the black plate gets hotter relative to the pot, we expect that conduction’s role in heating would increase.  And finally, as convection cell strength increases (as is seen in PIV) we expect the role of convection to also increase.  While the contribution of the three mechanisms was more uniform across temperatures than we might think, there was a definite decrease in radiation’s contribution at high temperatures.   
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Figure 7 - Vector map of mean displacements at 30°C.  
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Figure 8 - Vector map of mean displacements at 50°C.  
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Figure 9 - Vector map of mean displacements at 70°C.  
Critical Theory Issues and Challenges

The investigation of the heating mechanisms behind food cooking is an interesting project for the solar oven team to delve into.  It adds knowledge that will potentially affect the way in which future ovens are constructed and/or used.  The effectiveness of these changes is largely unknown without testing, so care must be taken to give advice without first knowing all of the performance implications.  We believe that showing the handheld video of the PIV experiment being run would help users of the oven visualize and understand how heating takes place in the oven.  

We have found that convection plays the largest role of the three heating mechanisms during our experiment.  We therefore stress the importance of sealing cracks in the oven.  We have also found that preheating the oven has a large effect on cooking time, but comes at the cost of requiring greater preparation and planning.  It could also potentially affect the glass strength if very high temperatures are reached before food is placed in the oven.  We also discuss black plate thickness, which would reduce cooking time if increased.  This additional thermal mass would require even longer heating up and would again require greater planning and preparation on the part of the user.  It also increases the material cost of the oven, which could deter users for a potentially small gain in performance.    

As there is an existing methodology and good deal of knowledge concerning the way in which the current oven design is built and used, it would be difficult to convince the users of the oven to change the design or use based on new information gained from these experiments.  While it would be easy to recommend that Las Mujeres Solares change a design parameter that would boost the efficacy of convection currents or that black plate thickness changes in a way that better promotes conduction, both of these undervalue the societal implications these changes would have.  Making a major change to the design process would possibly slow the production rate and could lower the income stream that the Solar Ovens bring to Las Mujeres Solares.  Similarly, a change in cooking procedure could have the positive impact of cooking faster at higher temperatures, but could come at the cost of negatively impacting the users’ interaction with the technology; if they are told to change the procedure they are used to and are unable to notice the difference (a few percent faster or hotter cooking will go unnoticed) for a reason they are unable to understand (energy transfer mechanisms), they will be less likely to heed future advice.    

Concentrated Solar Cooker
Description of the Problem

The solar box cooker presently in use by the members of Las Mujeres Solares de Totogalpa was developed over several years in order to avoid cooking on a wood burning stove. This cooker relies on the absorption of sunlight by a black body and conversion of the light energy to heat air, cooking food primarily via convective heat transfer.  Though this is attractively simple in design and highly effective for many cooking needs, it is not suitable for applications that depend on conductive heat transfer (contact with a hot surface).  This includes making fried foods and cooking tortillas, a staple of the Nicaraguan diet. 

A sub group of the solar oven project this semester decided to expand the range of food which can be cooked by the sun in order to further eliminate the use of a wood burning stove.  The team decided to devise a concentrating solar cooker to satisfy those cooking functions that are not compatible with a box oven design.
Research and Comparison of Existing Concentrated Cookers

Parabolic Dishes
The team initially examined design options that rely on a reflective parabolic dish.  The geometry of a parabola takes incoming light that is parallel to its own line of symmetry and reflects the rays such that they converge on a single point in space called the focus.  This focusing of sunlight can result in very high temperatures in a dark object placed at the focus.  However, there were a number of issues with using a parabolic dish.  In a review of existing parabolic cookers, none of the designs reviewed could be used to fry foods, as they relied on enclosed pots and/or clear plastic bags as the cooking vessel.  This is related to the fact that the cooking vessel must intercept rays from many angles, unlike a flat cooking griddle that is heated from below by a wood fire.  Likewise, a parabolic dish is somewhat awkward to use, as energy is aimed at a point hovering in space, requiring the cook to reach across the dish to reach the cooking vessel, which can create performance problems when the cook's shadow falls on the dish and blocks the sun.  There are also safety concerns that users could easily burn themselves by accident if a hand strayed too close to the focus, the location of which is not visually obvious.
Non-Dish Concepts
Through further searching, however, the team uncovered three designs that did not rely on a parabolic dish as the reflector. Professor Bowman's FIT Concept 3, Professor Bernard's independently-developed NELPA cooker, and the Xavier Devos open focused cooker pictured below:
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Bowman FIT Concept 3

Bernard’s NELPA Solar Cooker

  Devos Cooker

All three designs share several characteristics that make them very interesting as inspiration for this team's concentrating cooker.  The user-interface is very similar to stove-top cooking, as the cook can stand behind a table with solar energy being directed onto pots and pans from below.  This allows the cook to access the pot while cooking, so adjustments to the food such as patting of a tortilla can be done easily.  Additionally, the cook's position behind the table also means that no shadow interferes with the reflector array, and the table top protects the user from being burned. 

The Bernard and Bowman cookers rely on a linear array of flat panel reflectors rather than a 3-dimensional parabolic dish.  This simplifies construction and is more intuitive in its design, since the modular reflectors can be thought of as individually angling to reflect sunlight onto the cooking element.  The two designs also differ in a number ways, which the team will carefully consider in formulating its own Nicaraguan design.  Bowman's FIT Concept 3 uses mirrors set in a straight line, in which each mirror flips up to an angle appropriate for reflecting solar radiation toward the cooking element.  By contrast, Bernard's NELPA cooker appears to use an array of mirrors set into an approximately parabolic configuration.  Although Bowman's linear array appears easier to design, the curved shape of the NELPA array saves space and allows the cooker to be folded into a convenient "packet" when not in use.

The Devos cooker utilizes a different design which is wider, increasing the collector area. The Devos concentrator is asymmetrical, with a complicated shape, close to a truncated paraboloid which is composed of piecewise mirrors.  This design has a focus which is thrown off center and is located out of the sunlit zone that gets to the concentrator.  Therefore, all the solar incident rays can be collected. Another special component of the Devos cooker is a device which can regulate the heat under the pot. A shutter and an indicator allow the cook to reduce or increase the heat under the pot based on the intensity of the sun at a given time.  This adjustment can be paralleled to turning up or down the gas or electric on a basic stove and can certainly be easier than adjusting the heat on a wood burning stove.

The Devos shape and fabrication of the piecewise mirrors can be difficult to replicate and therefore the team has chosen a design which combines aspects of all three prototypes.  The team has selected to develop a tabletop frame and two parabolic shapes which can move simultaneously in a swing component to focus the light onto a 10 inch diameter.  The selected design also utilized the concepts of adjusting the heat as proposed by the Devos cooker.
Development of the Design
Design Criteria
In developing our concentrating solar cooker, our team sought to honor the following criteria:

1. Safety – The design should minimize the danger of burns and dazzling associated with using the cooker.
2. Power – The design should reliably yield enough heating power to cook common Nicaraguan foods, particularly tortillas. It should also be possible to modulate the power output to suit the cooking application.
3. Ease of use – The design should be comfortable and convenient to cook on. It should be compatible with current cooking implements and cooking habits. Ideally, it should be easy and intuitive to adjust for varying solar conditions.
4. Durability – Both the frame and the reflectors should be sturdy and hard-wearing.
5. Ease of storage – The design should be easy to transport and store.
6. Ease of repair and maintenance – The design should enable repair and maintenance using household tools and few specialized skills. Parts used should be replaceable and/or repairable and should be modular where possible.
7. Ease of construction – The construction of the design should be within the scope of readily available materials, tools, and skills. The cost of materials and construction should be minimized.
In particular, the team chose to emphasize safety and power when constructing the prototype, to help ensure a robust, useful, and compelling proof-of-concept. 

Core Concept

The design devised by this year’s team represents a novel contribution to the pursuit of simple, low-cost, yet robust solar cooking. Although it shares several defining characteristics with previous designs, the core design concept is unique within the context of this application. 

A survey of existing literature reveals an apparent conundrum between simplicity and power. Concentrating cookers must gather solar radiation from a relatively large area and direct it onto a relatively small area. A simple 2-dimensional parabola shape is able to focus radiation in one dimension only – e.g. a parabolic trough can reflect light onto a line, but not onto a point. This limits their focusing power; however, 2D parabolas are simple to make, as one can simply bend a piece of sheet metal or other flexible material. By contrast, a 3-dimensional paraboloid is able to focus radiation in 2 dimensions—e.g. a mirrored satellite dish can reflect light onto a single point. However, 3D paraboloids are very difficult to build by hand and impossible to construct continuously from flat elements, relying instead on piecewise approximation of the appropriate geometry. 

This conundrum is exemplified by a comparison between Bernard’s NELPA cooker and the Devos cooker. In the aerial-view schematic shown in figure 1, the simple shape of the NELPA’s concentrator is only able to focus light in the Y dimension, whereas the complicated shape of the Devos’ concentrator is able to focus light in both the X and Y dimensions. The NELPA is much simpler to construct, but the Devos is significantly more robust, using its wide design to intercept a larger area and yield higher power.
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Figure 1 - Simplicity vs. Power in the Bernard (left) and Devos (right) cookers

The design created by our team, however, combines the simple geometries of the Bernard cooker with the power of the Devos cooker using a simple yet powerful concept. It features inverted, secondary reflectors that reflect sunlight after it has struck the primary reflector. The wide primary reflector focuses radiation in the Y dimension (much like the Bernard cooker), whereas the inverted secondary reflectors focus radiation in the X direction. The use of two separate concentrator geometries rather than one allows the design to simplify each reflector component, which greatly reduces the cost and complexity of construction without sacrificing the area of solar radiation that can be captured. Figure 2 depicts our own design alongside graphs of the parabolic geometries at play, depicted in green. The reflectors form a single assembly that pivots like a swing to accommodate varying solar elevations.




Figure 2 - Combining simple geometry with wide area using the secondary-reflector concept

Determination of Targets and Parameters
Upon arriving at our core design concept, the team had to identify our design constraints and boundary conditions in order to arrive at appropriate dimensions and specifications. The team began by determining what power output would be necessary in order to achieve the desired performance. To this end, research was conducted on Nicaraguan cooking needs and habits. Advisor Tim Bond knew from previous trips that the women of this village cook tortillas in aluminum pans, the largest being perhaps 12” in diameter. The team thus decided that a round cooking hole 10” in diameter should suffice and sought information on what wattage would be sufficient for heating a surface of this size. 

Nicaraguan tortilla recipes found online indicated that tortillas could be cooked on a modern electric kitchen griddle set to 400-450 degrees Fahrenheit. Since electricity converts to heat with nearly 100% efficiency, the wattage of various electric griddles served as an excellent reference for the solar power needed. The team discovered one model whose small size was comparable with the 10” cooking hole. The Presto “Liddle Griddle” measured 8.5”x10.5” –only slightly larger in area—and drew 1000W of electrical power. For the concentrating solar cooker, the team assumed a 10% loss in power due to the known properties of the aluminum that would be used as reflective material in Nicaragua. Thus, it was determined, that the cooker should intercept 1111 W of solar power.

The standard assumption of solar insolation used for the box ovens was 1000 W per square meter (as measured perpendicular to the sun rays), a figure that was corroborated by online research. This meant that our design’s reflector assembly needed to be large enough to intercept sunlight falling on an area 1.111 m2 in size.

Our next step was to decide upon a goal for what solar elevations our solar cooker should accommodate. Solar elevation is one of two angles that characterize the sun’s movement over the course of a day. The solar azimuth is the angle between the sun and due north, and the solar elevation is the angle between the sun and the horizon. A cooker can be adjusted for solar azimuth by simply turning the entire cooker around a vertical axis to face the sun at all times. However, an angular adjustment to the swinging reflector assembly is necessary to adapt to changing solar elevation. 

The team decided that a useful cooker should be operable for a minimum of 2 hours per day on the shortest day of the year. Tim Bond gave us an approximate Nicaragua latitude, from which we calculated that solar elevations ranging from 52o to 90o should provide just under 2 hours of cooking on the shortest day of the year and 6 – 8 hours during the summer. The section titled Solar Elevation Calculations for Concentrated Cooker, found on the following page, provides complete calculations. 
Having determined the desired area and range of movement for the reflector assembly, the team was equipped to seek appropriate dimensions and focal lengths for the primary and secondary reflectors.  To this end, the team created models of the reflectors in an excel spreadsheet to allow us to experiment with various parameters and observe the effects. This excel file, named Concentrating_solar_cooker_VISUALIZER.xls is on the CD and should also be available on the website.  

The “primary reflector” tab graphs a parabolic shape relative to the ground, incoming sun beams, and the tabletop (i.e. the focus of the parabola). The user is able to adjust the inputs for focal length, tabletop height, and solar elevation. The allowable tabletop height was constrained by human comfort, as it needed to be low enough for comfortable cooking. This, combined with the desired range of solar elevations, placed a constraint on how long the reflector assembly could extend in the Y direction. If the assembly was too long, we could see that the reflector would run into the ground before it could swing low enough to reach the position for 52o solar elevation. Alternatively, it could extend above the edge of the tabletop as it is swung high to accommodate 90o, creating a safety hazard as the tabletop would no longer be between the reflector and the cook. Experimenting with various focal lengths allowed us to optimize the shape of the parabola to avoid these tendencies. We found that the maximum length that could be achieved in the Y-direction, given the constraints, was about 1.0 m as measured perpendicular to the sun’s rays (or 1.2 m as measured parallel to the ground when positioned for 52o solar elevation). This occurred with a primary reflector focal length of 0.7 m. 

Knowing this, we knew that the secondary reflectors needed at least 1.1m of “useful width” in order to provide the power necessary. The “secondary reflector” tab in the excel  modeler graphs a parabolic shape relative to the tabletop and to the lower bound of how far the reflectors may extend. The allowable height of the secondary reflectors was found by subtracting the tallest point of the primary reflector from the total tabletop height. With this number in place, the user is allowed to experiment with the “intersect width” (which is a function of focal length). The modeler then calculates the resultant width of the X-dimension, given the height constraint. It also gives a corrected, “true width” to account for energy “wasted” from sunlight that lands on the flat space between the edge of the cooking hole and the beginning of the secondary reflector. From this model, we were able to determine that an intersect width of 0.75m gave a total width of 1.613m and a “true width” of 1.117m. Thus, we were able to achieve the collector surface area required and could feel confident about anticipated performance as we began construction. The section entitled Concentrated Cooker Technical Specifications, found on the following page, provides a summary of the concentrating cooker’s dimensions and technical specifications.
Solar Elevation Calculations for Concentrated Cooker

The solar elevation angle is the angle formed between the sun and the horizon. Thus, the solar elevation is 0o at sunrise or sunset and 90o when the sun is directly overhead such that objects do not cast a shadow. It is often denoted as (S and can be calculated using Equation 1:
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Where: 
(S = solar elevation angle




h = hour angle, in the local sidereal time




( = current sun declination




( = local latitude

The hour angle h is an expression of solar time for a given point on earth. It is the angle through which the earth must turn in order to bring the meridian of that point directly under the sun.  Thus, the hour angle is 0o at solar noon and changes by 15o with each hour of the day. The hour angle is considered negative in the AM and positive in the PM.

h = [(Current Solar Time) – (Solar Noon)] * (15° / Hour)


         (2)

The sun declination (  is the angle between the sun’s rays and the plane of the earth’s equator; it can be found using Equation 3:
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Where: 

N = day of the year (number of days spent since Jan 1)

Thus, the solar elevation at any given time and place can be calculated based on 3 inputs: local latitude, current hour, and current date.

In designing the concentrating cooker, our team sought to ensure that the cooker would be useful for a minimum of 2 hours per day in Nicaragua. The solar angle equations given above allowed us to calculate the minimum solar angle the cooker must therefore accept in order to meet this boundary condition. The local latitude in Nicaragua is about 13o N, and we use an hour angle of ±15o in order to bound one hour before and after solar noon. Since the smallest number of useful cooking hours occurs on the shortest day of the year, we calculate solar declination ( using N = 355 (corresponding to the winter solstice, December 21):
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Concentrating Cooker Technical Specifications 

	Reflector Assembly
	Tabletop
	Performance

	· Total width: 1.613 m

· “Useful width”:  1.117 m
· Length (horizontal at 52° sun): 1.2 m

· Primary reflector focal length: 0.700 m

· Secondary reflector focal length: 0.188 m

· Minimum solar elevation: 52°
	· Cooking hole: 10" across
· Tabletop depth: 18”
	· Minimum solar elevation: 52°
· Estimated power output: 1000 - 1200 W


Construction of the Concentrated Solar Cooker
Components
A – Side Panel for Secondary Reflector 

B – Secondary reflector fin

C – Primary reflector

D – Secondary reflector

E – Frame

F – Cook top


Materials

¼” plywood – reflector assembly

½” plywood – cook top surface

2X4 boards

Sheet metal – reflector assembly

Mylar – reflector assembly

Various fasteners: 1”, 2” screws, & wood glue

The Process

The construction of the parabolic cooker went fairly smoothly due to the careful and lengthy design process. The team began construction on the cooker Nov. 28, 2009 and attached the table top Dec. 8, 2009. Work began on the secondary reflectors first, since they required the most construction time. Side panels for the secondary reflector were cut from ¼” plywood. Next, the fins were cut from ¼” plywood. These fins would attach the sheet metal to the side panels and form the parabolic shape of the secondary reflectors. The fins were designed such that the sheet metal would slide into slots cut into the fins at the top, and strips of ¼” plywood were glued in a straight line along the base of the side panel to hold the bottom of the sheet metal. ½” plywood strips and wood glue were used to attach the fins to the side panels. Pieces of ¼” plywood were glued to the bottom curve of the side panels to fold the parabolic shape of the primary reflector.  See figure 1 below for further details. 
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Figure 1 – Construction of Secondary Reflectors
The frame of the cooker was built next. This was fairly simple as it was constructed entirely from 2X4 boards, and held together by 2” wood screws. The entire reflector assembly was attached from the side panels of the secondary reflector to the frame by two bolts. The three figures below provide additional detail.
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Figure 2 – Building the Frame




    Figure 3 – Building the Frame Continued
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Figure 4 – Attaching a Secondary Reflector to the Frame
Once the secondary reflectors were attached to the frame, the primary reflector was slid into place, and 4 struts were attached underneath the sheet metal reflector, connecting the secondary reflectors together. This completed the reflector assembly, which is able to effectively “swing” from the frame to compensate for the varying solar angles. The struts were attached to the side panels of the secondary reflector using metal L-brackets and 1” wood screws. 

The basic cook top was made from ½” plywood. A 10” diameter hole is cut in the middle. A 10” hole was the design specification the team had calculated given the parabolic shapes of the reflectors. The cook top and hole have not yet been insulated to prevent the cook top from burning. See figure 5 below for further detail.
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Figure 5 – Constructing the Cook Top
Future Testing

The concentrated solar cooker prototype has only recently been completed, so the team is looking forward to testing it as much as possible. Initially, the maximum temperature the cooker is able to reach would like to be known, simply by running tests outside in varying conditions. Also, different reflective materials could be tested, keeping in mind the materials available in Nicaragua. As the design is a prototype, testing would initially be aimed toward finding out if the cooker performs to the standards it was designed for.
Future Modifications

There are a number of future modifications possible for the concentrated solar cooker. The reflective surface of the cooker may be increased, or decreased depending on its current power output, as well as different cook top designs could be used. The team has considered a few different cook top designs to hopefully allow the cooker to have more than one cooking area. Also the team has future plans to attach to the cook top something that would effectively control the amount of light coming through the hole, and thus control the temperature.  Portability and durability are other areas the team would like to improve on the cooker.
Critical Theory Issues and Challenges
With the development of this concentrated solar cooker, the experience of frying a tortilla would completely change.  Currently, the women of Nicaragua use a wood burning stove to heat an aluminum frying pan early in the morning.  The tortillas are all cooked before the children are sent to school and the men of the household leave for work. The sun may not be strong enough early in the morning to actually fry the tortillas effectively, so the women would have to adjust their daily schedule to accommodate for this difference.

Cooking with the team’s design would require a basic knowledge of solar insolation and how it changes through the course of the day. The swing would have to be adjusted approximately every fifteen minutes to focus the sun onto the cook top. Moreover, the cooker is obviously more effective when the sun is the strongest, and on days when the sun is in the sky for the longest. Therefore on longer summer days, it may be possible to cook for eight hours, whereas on the shortest winter days, the cooker may only be effective for two hours. Additionally, safety must be addressed. It is important to instruct users on the proper procedure of frying with the cooker. For example, a pot must be in place on the tabletop or the shutter must be closed when focusing the parabolic swing in order to prevent retinal damage.  Looking directly at the focus is damaging to the eye. To bridge this knowledge gap the subgroup would like to provide a brief Spanish language manual, and provide a tutorial for cooker usage and safety upon arrival in Nicaragua during spring break.

Glass Breaking/Cracking Issue
Description of the Problem
In the beginning of the semester, the team was faced with the issue of glass breaking and cracking in the solar box oven. There were two major hypotheses made on this issue: (1) Shrinkage of wood under high temperature caused normal stress on the glass, (2) Shear stress developed between the silicone caulking and the surface of the glass around the edges. With the glass breaking incident at the end of September, the solar oven team was given an opportunity to test the above hypotheses. The first hypothesis seemed to be irrelevant to the incident, since the oven was designed to have a plenty of room between the wood-frame and the glass. However, the team found chunks of silicone caulking filling in the gaps between the frame and the glass. This could have provided the necessary normal stress to break the glass. The second hypothesis was rejected since it is very unlikely that silicone caulking could have caused such major stress on the glass; silicone is a relatively flexible material.

The team as a whole agreed in the beginning of the semester that the following points must be done: (1) study the strain behavior of glass under changing temperature, (2) investigate how glass can break under high temperature, (3) propose some of the ways that this glass breaking issue can be best avoided. Jay (Hyuk) Jeon chose to investigate the “glass breaking issue.” 

The glass breaking investigation is not yet complete, so the solar oven team can not yet provide a conclusive technical solution for mitigating or eliminating glass cracking. However, from the September incident and the data collected so far, the team is able to provide a simple safety measure to prevent glass failure. When the empty oven is left unattended and is receiving sunlight, the temperature in the oven rises very high and very quickly; therefore, we strongly urge that the people of Nicaragua do not leave their solar ovens in direct sun while empty for very long. 

Strain in Glass Experiment

Omega Bond 200
The previous team from last year failed to obtain correct data for strain in glass under changing temperature; they did not use the appropriate adhesive that would not soften under high temperature. This year, an epoxy called OMEGA Bond 200 was used (figure 1); its physical properties are also attached below (figure 2). The preparation and curing time of using this epoxy totals to about 10 hours. The epoxy comes as a twin package dividing the resin and the catalysts. First, the package must be heated up to about 150°F for about an hour. Second, the “green” divider must be removed to mix 100 parts of the resin (black) and 10 parts of the catalysts (white) until the mix is uniform in color—the package is already in 10:1 ratio for the resin and the catalysts. After the product is properly mixed, it can be applied to the surface. This adhesive only cures under high temperatures. Curing time takes 8 hours if it is put in the oven under 250°F, and less time if placed under higher temperatures.
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Figure 1 – OMEGA Bond 200




              Figure 2 – Physical Properties of OMEGA Bond 200
Strain Gages/Wheatstone Bridge System
Both on the glass and the thermally neutral material (ceramic), two strain gages are attached in perpendicular directions (figure 3). This double strain gage was used because the glass is not a perfectly isotropic material; therefore, it will have different measurements in each direction. After the strain gages were attached to the glass and the ceramic, three wires had to be soldered onto each strain gage.

The diagram below (figure 4) depicts the general setup of the Wheatstone Bridge System. In order to record the strain measured by the gages correctly, the system must be setup so that it would become unbalanced when the strain is measured from the gages. When the strain is applied on the strain gages, the resistance of the wire change and the bridge system becomes unbalanced. Then, the voltage is read as a measure of this imbalance and is directly related to the change in the resistance of the wires.
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Figure 3 – Double Strain Gage
     Figure 4 –Wheatstone Bridge System                                      Figure 5 – Strain Gage in Use
There are two strains that are recorded by each gage on each material. One is the deformation of glass under high temperature and the other is the deformation of the gage itself. To obtain solely the strain in glass, the strain that is read on the ceramic must be subtracted from the strain measurements of glass. In order to calibrate, the strain in glass under a certain temperature must be subtracted from the strain in ceramic under the same temperature. The image below (figure 5) shows the strain gage in use and also highlights the thermocouple and ceramic.
Strain in Glass Data Analysis
After all the preparations mentioned above were complete, Jay Jeon performed a total of two trials for the experiment. One pair of strain gages was attached on the inner glass of the oven and another pair was attached to the piece of ceramic. A total of four thermocouples were used to measure the temperature of ambient air, the oven air, the ceramic, and the inner glass. The halogen lamps were turned on for about an hour and a half to let the oven reach the peak temperature. Then, the lamps were turned off and the oven door was opened to let it cool down. Each test was stopped when the oven cooled down near to about the room temperature. 
Temperature vs. Time

The following two graphs show the temperature as a function of time for the two tests. 
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Figure 1 – Temperature vs. Time for Test 1
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Figure 2 - Temperature vs. Time for Test 2

The above plots show that the glass and ceramic cooled down (Test 2) significantly faster than it heated up (Test 1). The piece of ceramic was placed on the black plate, so it reached the highest temperature of all four measurements in the graph. The temperature of glass was about 20°C below that of the oven air for both tests, while the ambient air in the lab stayed the same. Since the cool-down of “test 2” was significantly faster than the heating up of “test 1”, the strain will also differ between the two tests, as discussed in the following paragraphs.
Strain vs. Temperature of the Glass and Ceramic

 The four plots below show the relationship between strain and temperature in the glass and the ceramic for the tests. 
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Figure 3 – Strain vs. Temperature for the Ceramic in Test 1
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Figure 4 – Strain vs. Temperature for the Ceramic in Test 2

Test 1 was done when the oven was already cooled down to the room temperature while test 2 was done following the cool down of test 1. Therefore, test 2 did not start from the room temperature—the glass and ceramic were at 30°C when the test began. This explains the difference in the above two ceramic plots. In test 1, the cool down was moderate since the doors were kept shut as the lamps were turned off. This allowed the glass and the ceramic to recover the strain more smoothly, as indicated by the absence of a gap between heating and cooling in test 1. In test 2, however, the cool down was extreme since the doors were opened and the lamps were turned off. With the faster cool-down rate, the glass and the ceramic responded faster in its strain behavior and the end points reached positive values as they reached the room temperature. In test 1, the strains do not cross zero because it never recovered to its room temperature.
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Figure 5 – Strain vs. Temperature for the Glass in Test 1
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Figure 6 – Strain vs. Temperature for the Glass in Test 2
The above plots also clearly show a fluctuation in strain in every temperature interval. This is probably due to strains in both glass and the gage itself. The ceramic strain graph does not fluctuate as much because there is no strain in the thermally neutral material (ceramic); the only strain measurement that is read is the strain in gage itself. As shown in figure 6, the glass in test 2 reaches a higher peak temperature and starts with a higher temperature (30°C) than the glass in test 1(20°C). In figure 5, it clearly shows on the graph at what point of temperature the door was opened. This appears to correlate with a significant change in the trend of the graph.
Calibrated Data

The two graphs below are the “true” strain in glass after the calibration of subtracting the ceramic strain from the glass strain. The plots show a fairly linear relationship between the strain and temperature of glass. Also, the difference in the slope between the two perpendicular directions (0 and 1) proves that this glass is not an isotropic material—its strain in the 0 direction is larger than that of 1 direction. 

[image: image58.png]0.0008

TEST 1 Calibrated DATA
(True Strainin Glassvs. Temperature)

00007

00006

00005

0.0004

00003

00002

00001

000

2000

4000 5000 5000

10000

12000

——Glass 0 - Ceramic 0

——Glass 1-Ceramic 1





Figure 7 – Calibrated Data for Test 1
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Figure 8 – Calibrated Data for Test 2
Future Experiment

If none of the hypotheses proposed in the “Revisiting the Purposes” are the actual causes of the glass breaking of the solar oven, there is another direction to take for investigating the glass breaking issue. It is possible that the uneven heat distribution and the high rate of temperature change in glass may be connected to the breaking issue. It is known that the temperature inside the oven cannot go up anywhere near to the melting point of glass. Technically, as long as the heat distribution is more or less uniform around the glass and the rate of temperature change is moderate, the glass should not break. The glass would just wait until the glass reaches the melting point without ever breaking. This is similar to the glass breaking phenomenon when the extremely hot water is poured onto a glass surface. Glass is a poor conductor; this means when one side of the glass is significantly higher than the other side of the glass, this will cause high stress distribution within the glass and eventually the glass would break. In the solar oven case, the inner glass is placed in between the inside of the oven and the outer glass. The glass is insulated by the silicone caulking around the edges. The diagram below explains a possible way the inner glass could break.
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If the temperature under the inner glass rises quickly due to convection of heat and becomes significantly higher in temperature than the space between the outer and the inner glass, the rate of strain in the bottom will be faster than the top. This can cause enough stress to break the glass if the difference between the top and the bottom of the inner glass is big enough.

This is only a speculation, but it is worth the investigation since it is a common mode of glass failure. In order to investigate this, one would have to measure the temperature on the top and bottom of the glass with the thermocouple while measuring the strain on the top and bottom of the inner glass. From this data, one would be able to see the difference in the top and bottom stress of the glass. This experiment does not require additional or new equipment to test; therefore, the team next semester should consider looking into this mode of failure and investigate whether or not this is a probable cause of glass breaking.
Critical Theory Issues and Challenges
By investigating glass strains and wood shrinkage and expansion, the team is making an effort to find the real source(s) of glass cracking and breaking. If this problem can be solved, the people of Nicaragua can avoid a big hassle of replacing such delicate and expensive material each time it breaks. However, there may be a conflict between our intention to eliminate further glass breaking problem and Nicaraguan’s argument that glass breaking is no longer a problem. While we argue that glass breaking problem still exist and we think that it could cause serious injuries, the people in Nicaragua may not believe that glass cracking is a serious issue. Tim Bond has informed us that this is in fact a prevailing attitude . This resistance should be kept in mind when developing any solution that the team might propose to the people of Nicaragua. For instance, the team might want to avoid suggesting any idea that involves a drastic change to the design of the solar oven. The people of Nicaragua might be resistant to adopting such a change since they don’t believe there is a problem; however, if the change is less drastic, the people might be more willing to adopt the revision. The solar oven team could also take the approach of striving to explain to the people of Nicaragua why the glass breaking is an issue. While this can be quite a technical subject, it is reasonable to believe that it could be effectively communicated. 
Personal Reflections

Abby Sterle

 At the beginning of the semester, I was slightly hesitant to dive into a project about which I had basically no prior background knowledge.   However, I am so thankful to have had the opportunity to explore an entirely new topic and further my research and team building skills through Engineers for a Sustainable World.   The Solar Oven project was unlike any project I have ever worked on at Cornell in that the research we were completely was going to have an influence on the health and well-being of several Nicaraguan communities.  I have never been apart of a global project like such. This experience truly opened my eyes to the need for more collaboration between communities of the Global South and inspired students and graduates like ourselves who have been blessed with an education that has provided us with the tools to make a difference.   

As a team, I was incredibly pleased with the dynamic of our project team.  I enjoyed have the opportunity to work with engineering students of different disciplines and found that each team member added something unique to the group.  In my “Personal Goals” statement from the beginning of the semester, I wrote that I was interested in broadening my understanding of environmental and sustainable engineering research and career possibilities.  The Engineers for a Sustainable World class discussions, conversations with team members, and the Solar Oven project itself have heightened my understanding of the importance and feasibility of providing sustainable solutions to all people of the world.

I am satisfied with the efficiency results from my sub-team this Fall, but only wish that we could have had more time to continue with our work.  I would definitely recommend this course to anyone who is interested in learning about sustainability and/or providing practical service to others.  Plus, as I have discovered this semester, there is always more work and research that can be done.
Leif Paulson

At the beginning of the semester, I was excited to take part in a class, which would allow students to put engineering skills to practice. The goal I set out for myself was to simply be able to apply engineering practices to a real life situation in a useful, creative way. Looking back, I feel that I was able to achieve the goal I set out for myself and have gained many more positive experiences then I had expected.

In choosing the direction we would take with the solar oven, we ended up splitting into various subgroups, so the group as a whole could focus on a number of different aspects of the solar cooker. I ended up choosing to investigate parabolics, and how it could be applied to solar cooking to possibly help the oven reach higher temperatures. It was an exciting, and fulfilling undertaking, since it was an opportunity to learn about something I had no previous knowledge of and hopefully use it to help the people of Nicaragua improving their cooking opportunities.


Once our parabolic subgroup was formed, we began brainstorming on how we could design something to achieve higher temperatures using parabolic reflectors to focus light. We spent a good portion of the semester coming up with a design. I was particularly happy that we were building something from scratch and were eventually able to come up with something that we had designed ourselves, rather than using a previously constructed design.

Having the opportunity to work together on something and spend the time to thoroughly think of a reasonable design was a fulfilling experience. I think our group succeeded in properly considering every aspect of the problem and designing our solar cooker accordingly. Because of our preparation, construction has gone very smoothly and has encountered few problems. Having access to all the equipment in the lab has made construction of our project very enjoyable and has made me thankful to be able to take advantage of the opportunities we have as students at Cornell.

Apart from working in our subgroup, I think the solar cooking team as a whole has succeeded this semester in that we have been able to successfully address a number of different issues regarding the solar cooker. In order to accomplish this we have embodied a team atmosphere and have communicated very well with each other over the course of the semester.  Looking at everything we have accomplished over the semester, and they way our solar cooking team has interacted with each other to reach our goals together, I feel I have been able to get what I set out to achieve in this course and much more.

Katie Weible

I really enjoyed being on the solar cooker team and I have learned a lot this semester.  That being said, the solar cooker team was definitely not what I expected!  Rereading my original goals for the semester, I think I certainly achieved some of them but I had one very specific goal that I did not end up working towards.  After our first meeting as a team, I thought that I would have the opportunity to work on researching a PV encapsulate.  As our group work progressed, this was not an avenue that our group chose to pursue.  Thus, I was not able to achieve that goal but I was able to redirect my interest towards other aspects of the project.

I ended up being a member of the “testing/pot placement” sub-group within the solar cooker team.  The tasks of this group included coming into the Winter Lab on Saturdays to perform testing and then compiling the data and analyzing.  I was able to meet my goal of committing enough time and effort to the project through our testing schedule.  I learned a lot about the solar cooker, how it was designed, how testing works, what a thermocouple is, and more.  

The testing provided us with true to life data that needed formatting, compiling and analyzing.  This provided a challenge much different than that of some classes where the data is fabricated and the results are anticipated.  Testing of the solar cooker resulted in data that (hopefully) resembles what men and women experience in Nicaragua.  Using Microsoft Excel and our analytical skills, we were able to provide feedback and suggestions that may be able to aid Nicaraguans in future cooking methods.  
An unexpected achievement that I did not include in my original set of goals was learning more about web design!  Although I have little to no web design skills, my team mate Jess Bloom shared her knowledge of Dreamweaver with me and I am in charge of updating the website regarding the solar cooker and the testing that we performed.  This was definitely a pleasant surprise as I have always had an interest in web design but never had anyone to guide me.

In terms of the overall progress of the group, I think that we actually did a good job of setting reasonable goals and doing the work necessary to accomplish them.  I wish I could have been more involved in the other sub-groups of the team (PIV and concentrated cooker) but I’m pleased with the work that I was able to accomplish.  

One of the greatest lessons that this experience has taught me is the importance of taking advantage of the opportunities we have as Cornell students.  It is so inspiring to see Los Mujeres de Totogalpa succeed at designing and building solar cookers in Nicaragua—even to the point of winning “First Prize in the Business category for the 2009 ERA prize.”  Seeing their success encourages me to get the most out of my Cornell education so that I’m able to use my engineering skills for the greater good—whether that means continuing work with the solar cookers or something else, I’m excited to continue growing as an engineer for a sustainable world.
Jessica Bloom 










At the beginning of the semester several solar oven team members made a decision to deviate from the box oven group and develop a new product. We envisioned a product that would allow the women of Nicaragua to fry tortillas, a staple of their diet which could not be cooked by the traditional box cooker already being tested. Throughout the semester we researched possible designs and solar conditions of Nicaragua, modeled our ideas, and finally decided on a product to be built and tested. 

This decision granted a great deal of freedom for me to explore different technologies that have been developed and tested, and decide how we could take the best elements of these designs to create our own. I enjoyed learning about the designs, how they work, and how they can be implemented. There were many factors we needed to consider in order to adapt a concentrated solar cooker to Nicaragua. It was challenging to develop a product which could accomplish everything we wanted. I learned that many design decisions involve tradeoffs. For example, we had to develop a product that could perform on almost every day of the year (based on solar altitude), this required a bigger collection area, which meant a larger, less portable design. 

Additionally, I had the opportunity to work in a group with varying interests and experiences. While I was very interested in renewable technology, some group members had more experience working with the developing world, and some members had more experience with construction. These differences allowed me to learn more about the developing world, and how basic, readily available materials could be utilized to develop a new product such as a concentrated cooker. I have always been more focused on new, innovative technology, but it is also important to understand how the same basic properties of the sun can be applied to a low technology solution. Additionally, I had the opportunity to work with power tools and actually construct the design we had developed throughout the semester, Working with various saws and drills was definitely a useful experience, and I am glad I was able see the design leave the drawing board, and become a tangible product. 

Throughout the semester I have accomplished only a third of goals I set in August. I am satisfied with how I was able to delve into design, and learn more about the global south, yet I am disappointed I was not able to establish communication with the women’s group in Totogalpa as well as work thoroughly on the website. However, before the semester is over, the website will be up to date and complete, and hopefully I will establish a relationship with the women of Totogalpa in future semesters. 
Hyuk Jeon

In the beginning of the semester, I joined the Solar Oven Team simply to learn more about the technology and see the extent of its practicality for public use. I did not know this project has been continuing from previous years and I was not aware of the team’s connection with the users in Nicaragua. As I learned more about the project and its impact on the community in Nicaragua, I was glad to be a part of a team that pursued global sustainability in a local level and brought improvements in the lives of the users in Nicaragua.

Looking at the long-term relationship between the team in Cornell and the people in Nicaragua, it immediately reminded me of my own trip to Maracaibo in Venezuela; I was part of a team that organized annual trips to Maracaibo to provide school supplies to local schools that lacked government funding.  For a team to bring a change or to have any kind of impact on another community, a long-term relationship must be established between the two groups in order for it to be successful. The annual trips were only possible through constant communication between the team and the people in Maracaibo and it took a significant amount of preparation time before every trip. The goals of our team were made through communication with the people in Maracaibo and through independent research within our capabilities and limits. The connection between the team and the people in Nicaragua made me realize how important it is for a team to establish a long-term relationship in order to successfully bring a desired impact.

After the introduction to the project, our supervisor, Tim Bond, gave us a list of issues at hand. We separated into sub-groups taking different issues. I chose to be in a sub-group, “Glass Strain”, and I ended up being alone in the group. My goal was to study the glass behavior under high temperature. Knowing that using super glue is not an adequate adhesive for this kind of experiment, we used epoxy glue that can perform under high temperature for the first time. This adhesive took preparation for use while super glue did not require any preparation.

Due to conflicting schedules the last few weeks, the glass strain experiment has been moved back and I am yet to analyze the data. However, I am expecting to obtain the strain and stress over time with the data provided. This will fill in the gap where the previous team left empty (since the strain gages came off as the glue melted under high temperature).
Brian Macpherson

Over the course of this semester, I have come to learn a good deal about the Solar Oven group.  While I knew nothing about the Solar Oven group coming into the semester, it sounded the most similar to the AguaClara project that I have previously worked on.  I had few goals coming into the semester other than gaining more experience working with sustainable technology for the Global South, but quickly learned that it would be necessary to work well as an overall team-member, work well in sub-groups and communicate with the larger team, and to complete my own mini-project.  

We decided early on to essentially break into smaller groups in order to tackle individual projects more efficiently.  In terms of effectively completing tasks, I think this “divide and conquer” strategy did its job well as we would have never accomplished as much as we did with everybody contributing to all areas.  In terms of the individual experience each member had, however, I think many group-members missed key ideas and experiences that other sub-groups were having.  Communication was set up through wiggio.com, which worked well at first but broke down mostly to using email by the end of the semester.  As a result, I learned quite a bit about oven testing in the beginning of the semester when I completed one test, but from then on out concentrated and really only dealt with the PIV section of our group.  I also learned little about the parabolic reflector that’s being constructed or the glass strain testing.  

By doing the PIV experiment, we had to disassemble and reassemble the test oven, which helped me learn the ins and outs of its construction and setup.  We are also working on analyzing the data, which will aid in the understanding of how heat transfers from the sun to the food (convection, conduction, and radiation).  
Noah Zallen
From our first solar oven meeting I was excited not only to learn about a fascinating sustainable technology, but also to gain experience working and leading a project group. In our first meeting we established team roles, and I volunteered to coordinate all our duties throughout the semester. This ended up consisting of coordinating and compiling the project proposal, technical update, and final report. I enjoyed working with everyone on our team and believe that any successful project with 10 people is an invaluable experience.
I also learned a lot about sustainable engineering. This consists of far more than simply a device that has low impact on the environment. It also involves understanding the power and influence of the cultures involved and the resources, both technical and intellectual, available to the region. I think this is an incredible valuable lesson not only for sustainable engineering, but also for life in general.

I enjoyed learning about each subgroup’s work during our team meetings and am very thankful that we decided to split our resources in order to get more work done. As a member of the pot placement group I was able to get to understand the box oven rather well. My only regret is that I was not able to be more involved in the concentrated solar cooker or the PIV testing as both are fascinating subjects to me.
Alice Yu

Sometimes, things just work.

At the risk of sounding over-the-top, I think my involvement in creating a concentrating cooker for the Solar Oven team has been one of the most fulfilling experiences of my time at Cornell. It actually managed to exceed my fairly lofty expectations. I feel that the right mix of people, resources, and information came together to produce something that is truly innovative and worthwhile. More than any other class project I’ve worked on, this one took on a life of its own and became more than just an assignment. I found myself motivated not by grades or by the expectations of others, but by the potential I saw in our design and by my eagerness to see it realized. In a relatively short span of time, we created something that I can truly look back upon and say that I am proud of. The most exciting part is that this is only the beginning.

Advisor Tim Bond was a tremendous asset throughout the entire process. He was always quick to forward relevant resources to us that he had found, and it was he that found the Bowman and Bernard designs that proved to be our key sources of inspiration. When we came up with our secondary-reflector design concept, his experience was key in translating this from a theoretical concept to a feasible construction plan, and he was always quick to provide a reality check on how best to assemble a given geometry. He was also extremely accommodating with his time, coming in for hours at odd times to help us when we asked. 

I had initially worried about the size of the group being an issue, but everything worked out quite well. Perhaps because of the number of smaller sub-projects available, it seemed that everybody was engaged and always had things to do. My own sub-team got along quite well and complemented each other’s strengths effectively.
Looking back at the goals I wrote at the beginning of the semester, it’s satisfying to see the extent to which many of them were realized in one form or another. I definitely gained experience working in an engineering lab and felt quite at home in Bovay by the end. My sub-team ended up using a very diverse selection of power tools and equipment, and I was pleasantly surprised to see the extent to which we were trusted to manage ourselves and run amok in the lab. I also gained some of my best experiences yet applying the scientific method independently and working effectively in a team. I certainly anticipate that this project will have an international focus and make a difference, as I’d hoped. Surprisingly, even the time management goal worked out somewhat, at least when it came to our construction schedule. I still need to work on handing in document-based assignments in a more timely fashion, however. 
I fully intend to continue working on this project next semester as an independent study and am very excited for its future. In particular, I cannot wait to bring the design to Nicaragua over spring break and collaborate with the local community on its improvement. If all goes well, the design will be mature enough that it will be useful immediately, but I also hope to come away with local insights on solar cooking and suggestions for a better design. With the proper commitment and stewardship, I think this cooker could go very far and make a big difference for human well-being and environmental health. I hope that future teams will continue to develop and promote this design and that they do not hesitate to contact alums with updates or questions. 
Barbara Wang

Overall, my experience on the solar cooker team has been a positive one.  My original professional goal of this semester was to apply topics like heat and mass and thermodynamics to a physical problem, like building a new cooker. I ultimately elected to work on pot testing rather than building the parabolic cooker and accomplish my personal goal instead. When reviewing which project I wanted to work on, I decided to work on pot testing because it was specifically asked for by the Nicaraguan women. This allowed me to potentially directly impact the lives of these women by determining the most efficient way to cook meals. 

In addition to accomplishing my personal goal of giving back to the community, I was also able to work with engineers of a different field. The solar oven group broke up into subgroups. Working on pot testing, I worked closely with three civil engineers. It was interesting to see the different working style and group dynamic of another major as I tend to work with the same three people within my major. 

In assessing the group, I think we worked well as a team. Although we were initially disorganized, splitting the large group of 10 members into smaller subgroups improved our productivity greatly and allowed us to delegate tasks effectively. One downside of this strategy was that I didn’t get to really understand what the other subgroups were working on. It would have been helpful to have short summaries of progress every Monday during section form all the subgroups. 
Chris Tilger

The Cornell Solar Project Team is an excellent example of technically savvy individuals using their skills to analyze and better a sustainable effort.  I believe the this semester’s team was very successful in achieving the goals for the class and those specified by Mujeres Solares and can see some of the longer term project being finished and tested in the spring.  Having ten people on board this semester made organization tricky, but the establishment of four subgroups seemed to handle it well.  Everyone in the group contributed significantly to each of their research goals, and it was nice to see past difficulties such as strain in glass figured out.

My own personal part of the project, heat transfer mechanisms and particle image velocimetry, along with Brian Macpherson was fulfilling and somewhat comical.  After speculating on heat transfer in past semesters, we finally were able to develop tests to separate the different component of heating apart.  These results should open up a future way to look at testing and improving performance.  The particle image velocimetry part of project involved a lot of planning and moving the whole solar oven setup from Thurston Hall to Hollister Hall.  Other team members and I saw using over one-hundred thousand dollars worth of laboratory equipment to analyze a very simple form of cooking as a humorous example of what engineers with resources do.  The analysis, however, will prove valuable to describe convection to people.

As always, Tim Bond’s assistance is much appreciated and invaluable to the Solar Oven Project Team.  His insights on matters both technical and social are helpful for the project and related critical theory.
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